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Perinatal medicine is among the most challenging and
beautiful areas of study and practice. It deals with
events before birth, when the fetus is a patient and
during the immediate neonatal period. The World
Association of Perinatal Medicine is dedicated to the
study of all aspects of perinatal biology, physiology,
screening, diagnosis, management and ethics, with
the goal of continuous quality improvement in the
care of maternal, fetal and neonatal patients.

This textbook is based on a previous work that was
produced by the European Association of Perinatal
Medicine in 1998. Because perinatal medicine is now
a global area of study, it is appropriate that the current
textbook is a product of the World Association of
Perinatal Medicine. The bonds that link perinatolo-
gists together transcend geographic, political, reli-
gious and lingual differences, resulting in a
globalization that optimizes clinical care.

This textbook consists of over 200 chapters divided
into 20 sections, which span the depth and breadth of
the field. Beginning with the history of perinatal med-
icine and ending with the challenges facing this spe-
cialty in developing countries, this book is a
comprehensive text designed to provide insight and
guidance to clinicians throughout the world with
state of the art information, written by the world’s
leading perinatologists.

We are grateful to the authors of the 205 chapters
and the editors of the 20 sections, who have worked
so diligently with us to produce this textbook, which
we believe bears testament to the importance and
success of international collaboration in perinatal
medicine.

Asim Kurjak
Frank A. Chervenak

Foreword
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Birth and youth of prenatal
and perinatal obstetrics*
E. Z. Saling

xxv

Introduction
Singular observations of the infant in the prenatal
period, as well as the first elementary attempts at diag-
nostics and therapy, stretch back over generations,
centuries and up to thousands of years. However, until
the beginning of the 1960s, the only possible method
of clinical ‘assessment’ of the intrauterine patient,
apart from the fetal movements observed by the
mother herself, was auscultation of the fetal heart
beats with a simple stethoscope. The following state-
ment made in 1966 by two English pediatricians
Dobbs and Gairdner in an editorial in Archives of
Disease in Childhood aptly sums up the situation:

Up to now the formidable inaccessibility of the
human foetus has meant that foetal medicine
(apart perhaps from foetal electrocardiography
[author’s note: which was in a basic experimen-
tal state and should not be mistaken for cardio-
tocography.]) has virtually not existed. In an age
when man has been able to measure most things
from an atom to a galaxy, it is thus paradoxical
that to measure his own size during the most
critical and precarious period of his life, he still
has to depend upon the extreme fallibility of the
palpating hand.

Thus, today we can draw the following conclusion:
systematic exploration of the intrauterine space
during pregnancy and labor did not start until the
1960s. This, therefore, can be considered the begin-
ning of prenatal medicine and the related clinical
subspecialty ‘prenatal and perinatal obstetrics’.

According to Dobbs and Gairdner, four innovative
techniques brought about the real breakthrough. They
stated:

With the advent of the techniques of amnioscopy
and foetal blood sampling and of amniocentesis
and foetal transfusion, we witness the end of the

long period of foetal inaccessibility, and we
hopefully believe the start of the science of foetal
medicine.1

Amniocentesis and fetal transfusion
As far as we have been able to ascertain, the first
report about amniocentesis appeared in 1881 by
Lambl, as a means of decompressing a hydramnion.2

In 1930, Meness et al. performed the first amniogra-
phy.3 Not until 70 years after Lambl’s first amniocen-
tesis was this technique used by Bevis in 1952 for
diagnosing Rh erythroblastosis.4 This was an impor-
tant prerequisite for both spectrophotometric analysis
of amniotic fluid5 and the first trials involving the
treatment of the preterm fetus with severe Rh dis-
ease,6 developed by Liley in Australia. Liley is espe-
cially renowned for the development of his ‘Liley
Scheme’, which has been used as a nomogram for
bilirubin limits. With this method, clinicians were
provided with information enabling them to decide
whether the fetus should be treated by intra-abdomi-
nal blood transfusion or if the pregnancy should be
terminated when the fetus was sufficiently mature, in
order to perform an exchange transfusion immedi-
ately postpartum. Today, amniocentesis is one of the
standard techniques used in various fields of prenatal
obstetrics.

Intrauterine transfusion, developed by Liley in
1963,6 was used in cases of severe Rh erythroblasto-
sis. This measure is one of the very first milestones
of prenatal obstetrics in so far as it was the first real
breakthrough in intrauterine, i.e. fetal, therapy. The
effectiveness of intrauterine transfusion can be
explained by the fact that the fetus resorbs through
its peritoneum the compatible donor blood that is
injected into the peritoneal cavity. Gradually, the
donor erythrocytes reach the fetal blood circulation
via the ductus thoracicus.

*This chapter covers a period of limited time and has therefore been taken over unchanged from the first edition

I
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In the meantime intrauterine intraumbilical
transfusions have been performed since 1986 mainly
with the help of ultrasound7 and even intracardial
transfusions have been described.8

Fetal blood sampling
Of broader clinical importance, fetal blood sampling
during labor – as a method of daily routine in the
labor room – was the main step initiating the start of a
completely new medicine, which up to that point was
non-existent.

Before the introduction of fetal blood analysis
(FBA), we were using other techniques, which, subse-
quently, brought us nearer this special new field.
Several of the progressive steps described have been
achieved by us as clinically engaged obstetricians.
Today, these activities seem rather curious in so far as
such efforts have belonged to the domain of neonatol-
ogists for some decades.

At the end of the 1950s we started examinations to
determine the most effective method for resuscitation
of an asphyxiated newborn immediately after deliv-
ery. At that time, the thorax compression methods,
mouth-to-mouth respiration, intragastric O2 insuffla-
tion and various other methods were still being used.9

We came to the conclusion that most of these methods
were not effective enough.10 This motivated us to
develop equipment for endotracheal O2 respiration
and we began to prove its efficiency. One component
of the equipment was a laryngoscope for newborns,
which, according to a recent recommendation in a

textbook of anesthesiology,11 is particularly suitable
for the intubation of very small premature newborns.

An important development was that for the very
first time we had been successful in catheterizing the
aorta of the newborn immediately after delivery via
the easily accessible umbilical arteries.12 We used this
method for a new two-catheter technique (Figure I.1)
of exchange transfusion in erythroblastotic new-
borns13 and, in addition, we withdrew samples for
blood analysis from the central circulation of the
asphyxiated newborn to prove the efficiency of the
different techniques of resuscitation.10 For these
examinations, in cooperation with K. Damaschke, we
developed a fast micromethod in order to determine
the oxygen saturation in very small blood samples.14

A decisive step forward was the idea of withdraw-
ing fetal blood samples from the presenting part of the
fetus in cases of Rh erythroblastosis, thus enabling
us to perform, before delivery, the most important
serologic and hematologic examinations, such as the
Coombs test, hemoglobin concentration, hematocrit
and the blood group. This resulted in important
progress in some cases of severe Rh erythroblastosis as
it enabled us to begin exchange transfusions shortly –
in six cases, 5–10 min – after delivery.15

The fast O2 microanalysis, which had recently been
developed, and the knowledge that blood samples
could be taken so easily from the skin of the presenting
part of the fetus provided us with the additional idea of
performing fetal blood gas analyses. This was the birth
of FBA. Almost at the same time, equipment for mea-
suring pH in micro blood samples was developed and
we were also able to examine fetal acid–base balance.

xxvi Birth and youth of prenatal and perinatal obstetrics

Figure I.1 Two options using the two-catheter technique for exchange transfusion in a newborn: infusion and simultaneous
exfusion to and from the aorta (left) and infusion into the venous system and simultaneous exfusion from the aorta (right).
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The first FBA during labor with pH and O2 saturation
measurement and pCO2 calculation was performed on
June 21, 1960. This was the first documented direct
approach to the human fetus before birth.

Information on FBA was first published in the form
of a report of a lecture presented at an official meeting
of the Berlin Society of Obstetrics and Gynecology in
1961.16 The first original article appeared in a journal
in 1962.17 In 1984, the latter publication became a
so-called ‘citation classic’ of Current Contents after it
had been identified by the Institute for Scientific
Information in Philadelphia as one of the most cited
items in its field.

Only a day later, on June 22, 1960, a blood sample
for FBA was taken from the buttock of a fetus. In addi-
tion to the FBA during labor for the first time, for clin-
ical purposes we performed an acidity measurement
in blood from the umbilical artery and vein of this
infant. Thus, the complementary assessment of the
newborn by also measuring the pH in umbilical ves-
sels, employed by many obstetricians today, was also
created. The best routine assessment of the newborn
immediately after delivery is achieved by the Apgar
score for the basic clinical status, combined with our
acidity values giving information about the biochemi-
cal status of the newly born baby. Historically, the two
above-mentioned days were of special importance in
the field of combined examination of the acid–base
balance in the fetus and neonate immediately after
delivery. The way in which we practiced the method
can be seen in Figure I.2, in which the rubber stamp
used in the labor room is described. The first publica-
tions describing the combined diagnosis of the new-
borns’ condition, using the modified Apgar score as
the clinical (physical) part and our acidity score as the
biochemical part with the recommendation for rou-
tine clinical use, appeared in 196518 and 196619 in
German as well as in 196820 and 197421 in English.

FBA received international attention through the
activities of the Montevideo group. Joseph Bieniarz, a
coworker of Roberto Caldeyro-Barcia for many years,
with knowledge of the German language, undertook
the task of reviewing German scientific literature. In
this way, our first publication on FBA in 196217 and
our studies published later in 196322 concerning nor-
mal fetal blood gas and acid–base values during labor,
of which actual pH values (Figure I.3) were the most
important, aroused particular interest in Montevideo.
In 1964, Roberto Caldeyro-Barcia, who unfortunately
passed away on November 2, 1996, organized a his-
toric meeting. The invited guests were Stanley James,
Edward Hon, Fred Kubli and myself. A photograph of
the main participants and a short report on this inter-
national symposium can be found in the Editor’s
Preface in the first issue of the Journal of Perinatal
Medicine.23 After this meeting, FBA also attracted
attention in North America and was introduced step
by step in many places, its importance becoming
accepted clinically and for research purposes.

Amnioscopy
Another procedure that was developed at the begin-
ning of the 1960s and which immediately became
widespread is amnioscopy, a report on which was first
published by us in 1962.24 This procedure is based on
the fact that hypoxic risks to the fetus in late pregnancy
progress very slowly in most cases and that in more
than 99% of these fetuses, passage of meconium actu-
ally occurs, which can then be detected amnioscopi-
cally (see below). A further advantage of amnioscopy is
that amniotic fluid remains green for several days, and
therefore it can safely be diagnosed by amnioscopic
checks at intervals of 48 h. Amnioscopy continues to
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Figure I.2 Rubber stamp for summary of all results obtained
concerning fetal and neonatal assessment.19,20 In the first
column the time in hours and minutes, actual pH and pH qu 40
(pH after equilibration of a blood sample with 40 mmHg pCO2;
this pH expresses the metabolic acidity and can directly
be compared with actual pH values) of the lowest fetal blood
pH measured during labor are recorded and in the second
column (UA), the umbilical arterial actual pH and pH qu 40
immediately after delivery. The points achieved in our main
score (MSc), a modified Apgar score, and in a subsidiary scoring
system (SSc) are recorded in the left and right hand boxes,
respectively. The subsidiary score contains the timed first breath,
the first cry, the regular respiration and pink flash after delivery
and is more objective and more reliable than the Apgar score.

Figure I.3 Actual pH values of fetal scalp blood samples and
of blood from umbilical vessels during different stages of normal
labor (x ± 2 s). Cx, cervix dilatation (cm); II, second stage; Pf,
presenting part on pelvic floor; Po, on pelvic outlet.18–20
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enjoy widespread popularity, particularly in countries
with limited financial resources, because it is simple to
use and does not require a great deal of equipment and
takes only a short time. Furthermore, amnioscopy, as
already mentioned, is very reliable in its early selection
of fetuses at chronically advanced hypoxic risk. The
method fails if a fetus with amnioscopically clear amni-
otic fluid, i.e. no passage of meconium, should die.
This happened only eight times in more than 12,000
supervised high-risk pregnancies, i.e. only 0.6/1000.25

Some pathophysiological backgrounds that gave
amnioscopy such a high diagnostic reliability are
based on common circulatory reactions special to the
fetus and can be explained by the concept we devel-
oped in 1966, namely, the O2-conserving adaptation
of the fetal circulation.26,27

This concept, now more than 30 years old, repre-
sents the basic principle for the Doppler diagnostics
used today (Figure I.4). Our explanation in the 1960s
was that the borderline oxygenated fetus reduces its O2
consumption by restricted circulation of those organs
that are not of vital importance and increases, rela-
tively, the circulation in the vital organs such as brain
and heart. Reduction of different areas of circulation
has been found by Dawes in many animal experimen-
tal studies.28,29 According to our concept, the intestinal
organs are also affected, where the intestine reacts
with hyperperistalsis. As a result, there will be a pas-
sage of meconium with high certainty during the last
4–6 weeks before the date of birth, which can be easily
detected via amnioscopy.

The results of Doppler ultrasound investigations
initially achieved by Arabin et al. in our Institute as
early as 198730 provided an interesting new confirma-
tion of our O2-conserving adaptation concept, at this
time already 20 years old. In severely growth-retarded
fetuses even when a loss of enddiastolic blood flow
velocities had already occurred in the umbilical artery
and in the fetal aorta, there was an increase in the end-
diastolic flow in the common carotid artery. Since
then many further confirmations have been published
in the same direction.

Many years after our publications the new term
‘brain sparing effect’ appeared in the Anglo-American
literature. This was certainly regrettable as the col-
leagues who created this new term and ‘rediscovered’
the known principle overlooked two decisive facts:

(1) There was already a more appropriate term,
which had been in existence for many years,
without the necessity of formulating a new one.

(2) The new term, as far as it went, was incorrect
since the pathophysiological situation concerned
contains not only a ‘brain sparing’ but also a
‘heart sparing’ effect and possibly also sparing
effects on other organs, for instance, the adrenals.

Some of the following comments about ‘birth and
youth of pre- and perinatal obstetrics’ are mainly
based on our previous report about ‘historic landmarks
of perinatal medicine in obstetrics’.31
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Figure I.4 Our first concept of the oxygen-conserving-adaptation of the fetal circulation.26,27 Left: Normal arterial supply, with full
oxygenation, to heart, brain and all other parts. Right: Reduction of oxygen supply leading to vasoconstriction in the extremities,
abdominal viscera and lungs. Local hypoxemia leads to anaerobic glycolysis.
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Cardiotocography
In 1968, 8 years after FBA was introduced, car-
diotocography also became available for clinical use.
Cardiotocography is one of the important landmarks
in prenatal obstetrics. Historic steps lead back to
Pestalozzi, who in 1891 recorded the heartbeats of a
twin in breech presentation with a sphygmograph32

and also Hofbauer and Weiss, who recorded the first
phonocardiogram in the year 1908.33 Cremer was
successful in designing the first electrocardiogram in
1906.34 The first continuous cardiotachogram, con-
ducted from an anencephalic fetus, was described by
Caldeyro-Barcia and coworkers in 1958.35 The elec-
trode was inserted into the rump of the fetus through
the abdominal wall of the mother, using the harpoon
principle. The same principle was successfully used
by Rech in 1931 in animal experiments.36

In 1966, with his ‘one-poled’ silver–silver chloride
electrode (CLIP-electrode), that could be inserted vagi-
nally, Hon introduced direct fetal electrocardiotocogra-
phy during labor.37 An electrode is fixed on the fetal
head; a second counter-electrode lies in the vagina
where it is in contact with the mother. The spiral elec-
trodes most widely used were developed by Junge
in 1967.38 All these recordings of the fetal heart rate,
combined with the recording of the intrauterine
contractions, pioneered by Caldeyro-Barcia and Hon,
required the use of very complicated equipment and
could, therefore, only serve experimental and scientific
considerations. The real breakthrough leading to prac-
tical clinical usage came in the mid-1960s, when
Hammacher, in cooperation with Hewlett and Packard,
was successful in developing the cardiotocograph
(CTG), which is still known by the same name today.
The equipment was based on the phonocardiographic
principle and enabled the elimination of all disturbing
noises by electronically controlled comparisons of the
time interval between two successive first heartbeats
and two successive second heartbeats.39 In this way it
was possible to achieve reliable, specific registrations of
the fetal heart rate. The first prototype of the equipment
for routine use was tested by Hammacher in Düsseldorf
in 1966. Widespread clinical usage started in 1968. The
first systematic comparisons between pathological
cardiotocograms and the acid–base balance of the fetus
were published by us in 1968.40 Doppler ultrasound
cardiotocography found widespread popularity in the
1970s due to the simplicity of applying the wide-angled
transducer operating on the abdominal wall of the
mother. However, due to the considerable deviations
from the real beat-to-beat variability that sometimes
occurred, it was heavily criticized. It was not until the
beginning of the 1980s that ultrasound cardiotocogra-
phy was accepted in expert circles; this happened after
the industry – namely the Toitu company in Japan –
employed the so-called ‘auto-correlation principle’ in
1977, which made a recording available that was much
more in accordance with the beat-to-beat variability.

From the very beginning we have warned against
using cardiotocography as a single method and we
introduced the combined fetal monitoring during
labor for the first time by recommending the use of
both methods – CTG routinely and, if indicated
(abnormal CTG), additionally FBA. This was, already
in 1968, the start of combined electronic and bio-
chemical monitoring of the fetus.40 This kind of mon-
itoring remains the safest and most efficient way of
supervision of the fetus during labor, provided it is
used clinically according to our experience and to
the recommended strategy. In the meantime a great
number of papers have been published in which FBA
formed either solely or partly the subject matter. We
also contributed and tried to explain further basic
aspects, additional clinical findings and recommen-
dations as well as criticisms about misuse of modern
fetal monitoring during labor.41–46

In connection with such a critical statement we
once gave a humorous, less scientific but impressive
and illustrative description of the advantages and dis-
advantages of cardiotocography in simple terms.44 For
this purpose we took an example from nature:

The cardiotocogram situation can be compared
with the screaming of monkeys in the jungle: when
danger is imminent they always scream. When there
is a threat of hypoxia, the CTG is almost always sus-
picious or pathological. But monkeys have the typical
attribute of screaming much too often; especially
when there is no danger at all. The CTG often does
this too, in the figurative sense. It is suspicious or
pathological, but there are no real reasons to suspect
dangerous fetal hypoxia – as measurements of the
acid–base balance can clearly prove. This is unfortu-
nately the reverse side of cardiotocography which
many obstetricians either fail to recognize or push
aside with naive credulity. If the newborn are vigor-
ous after operative delivery – as regards their acidity
and clinical state – then many colleagues excuse their
management by saying that a hypoxia had just been
avoided by well-timed intervention. Anyone who per-
forms FBA, can give enough examples how often such
excuses are self deception or a misguidance to the
patient.

Unfortunately, too many clinicians and investiga-
tors did not follow the recommendations we had
expressed from the very beginning, namely not to use
cardiotocography as a single method to supervise the
fetus but to combine it with FBA when an abnormal
heart rate pattern appears. The adverse effects of the
last 30 years are well known. They range from the
polemic public discussions about fetal monitoring
to recent debate about the rare intrapartum origin of
cerebral palsy. We think most of such negative conse-
quences could have been avoided with the use of
combined electronic–biochemical supervision. So, for
instance, the argument that false estimation of ‘mod-
ern monitoring’ was the main reason for the wrong
conclusion, that cerebral palsy was so often caused by
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malpractice of obstetricians in the labor ward, is not
correct from our point of view. This misleading
assumption would never have been made if combined
supervision of the fetus during labor (CTG plus FBA) –
which has now been available for almost three
decades – had always been correctly used everywhere
as a standard method in routine practice, for the
pathogenetic contradiction (cerebral palsy without
proven hypoxia) would then have been obviously
recognized at the very beginning and not now after
almost 30 years.

Ultrasound scanning
Without doubt, one of the most important landmarks
of prenatal obstetrics is ultrasonic diagnostics. It not
only serves to supplement the typical attribute of the
obstetrician’s acknowledged palpatory skill, but in
many respects competes with it as an instrument of
equal or superior capability.

The ‘father’ of obstetrical and gynecological ultra-
sonic diagnostics is Ian Donald. Donald et al. in 1958
published the first scans of fetuses aged 14 gestational
weeks.47 Donald and Brown published pictures of a
hydatid mole, a hydrocephalus and the first prenatal
measurements of the biparietal diameter with the
help of the A-mode procedure in 1961.48 This was
the beginning of fetal biometry and the diagnosis of
gestational age later improved by measuring the
crown–rump length. Sonographic placental diagnos-
tics began when Gottesfeld demonstrated cross-
sectional pictures of the placenta.49,50 Important steps
forward were made in the diagnosing of malforma-
tions through the progress achieved in ultrasonic
techniques and by the detailed presentation of fetal
organs, particularly with the gray-scale technique
developed by Kossoff et al.51

Sonographic vitality diagnostics started with the
first registration of fetal movements in the 7th week of
gestation by Donald,52 and also with the first registra-
tion of fetal heart movements with the help of the
Doppler procedure performed by Callaghan et al. in
1964.53 In 1967, Kratochwil and Eisenhut reported on
evidence of fetal heart actions in the 6th week of
gestation with the help of the A-mode procedure.54

In 1973, Reinold reported on qualitatively different
movement patterns of the fetus and their prognostic
value.55 In 1971, before real-time ultrasound had been
developed, Boddy and Robinson gave proof of fetal
thorax movements with the help of an A-scan.56

Stimulated by studies resulting from animal exper-
iments by Dawes,29 numerous systematic investi-
gations of fetal breathing movements, among others
by Gennser,57 were undertaken with the help of real-
time procedure. Studies on the complex behavioral
pattern of the fetus in early pregnancy were published
by De Vries et al.58 and on behavioral states in
advanced pregnancy by Nijhuis et al.59

Blood flow measurements using the ultrasound
Doppler technique are a new landmark in prenatal
supervision. With the help of this technique it was
possible to make non-invasive measurements of the
uterine and fetal blood flow, which allow conclusions
to be drawn concerning the placental hemodynamics.
The first report on the use of the Doppler technique
for examining fetal blood flow in the umbilical artery
was published in 1977 by Fitzgerald and Drumm.60

Studies followed on the first measurements in the
umbilical vein, by Gill,61 and on measurements of
blood flow in the fetal aorta, by Eik-Nes et al.62

Campbell et al. presented a new important contribu-
tion in 1983 enabling us to measure the uteroplacen-
tal flow.63

Tocolysis
Another step forward during the ‘youth era’ was the
application of betamimetics to inhibit contractions.
The now classical term tocolysis was introduced by
Mosler in 1964.64 The use of tocolytics for prevention
of prematurity is now obsolete as prematurity is
caused mostly by ascending infection. At the present
time, the real task of tocolytic substances applied
antepartum is to postpone premature labor for a short
period of a few days to perform lung maturity treat-
ment of the highly endangered premature fetus.

There is no controversy as to the advantage of using
betamimetics during labor for intrauterine resuscita-
tion. The first clinical applications were undertaken
in 1969 by the Galdeyro-Barcia group65 and shortly
afterward by Gamissans et al.66 and Esteban-Altirriba
et al.67 It has been confirmed that acute hypoxic com-
plications in the fetus can be relieved by the adminis-
tration of a relatively high dose of bolus injection or
an infusion to the mother. The use of tocolysis during
labor has also proved to be of clinical value in cases
with hypertonic or hyperactive uterine dysfunction.
Tocolysis has also led to considerable improvements
in the external version of the fetus from breech to ver-
tex presentation. Unnecessary cesarean sections can
be avoided using this method and a number of infants
are spared the risk of vaginal breech delivery. We per-
formed an external version near term under tocolysis
for the first time in 1974, published in 1975.68 The
method, when properly applied, does not provide
any serious risk to the fetus. Up to now, no infant has
died as a result of the use of this method in over 2000
versions performed in our department.

Cervical ripening
Further progress in modern obstetrics was achieved by
the introduction of cervical ripening by prostaglandin
application into routine practice by Calder in 1975,69

after Lippert had developed the prostaglandin gel
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principle in 1973 in this country for use in artificial
abortion.70 By means of general local administration
(extra-amnially, intracervically, intravaginally) of pro-
staglandin E, numerous operative deliveries can be
avoided in cases with an unripe cervix.

Lung maturation diagnostics
The clinical picture of ‘respiratory distress syndrome’
was first described by Hochheim in 1903.71 In 1947,
Gruenwald suggested that there was linkage with the
surface tension in the lungs.72 Clements called the
postulated component reducing the surface tension
‘pulmonary surfactant’ and discussed its central impor-
tance as an antiatelectasis factor in 1956.73 In 1959, for
the first time, Avery and Mead suggested a relation
between low surface activity and the occurrence of res-
piratory distress syndrome.74 Graven reported in 1968
on the determination of phospholipids in human and
monkey amniotic fluid and assumed an association
between a low concentration of phospholipids and the
probability of respiratory distress syndrome develop-
ing.75 Gluck et al. were able to prove a close relation
between the phospholipid content of the amniotic fluid
and fetal lung maturity. They started their work in 1968
and in 1971, published the most often cited study on
this particular subject.76

Lung maturation therapy
Neonatal morbidity and mortality have been decreas-
ing during the past decades. The reasons for this are:

(1) There has been improvement in neonatal inten-
sive care, particularly in artificial respiration
techniques and application of surfactants.

(2) The widespread use of tocolytic substances has
enabled us to delay premature delivery until lung
maturation can be improved with the aid of various
drugs. The glucocorticoids hold the leading posi-
tion in this group.

In 1968, Buckingham et al. developed the hypothesis
that glucocorticoids promote fetal lung maturation –
on account of the stimulation of alkaline phosphatase
proved in experiments on animals.77 Liggins sup-
ported this hypothesis in 1969 with his observations
during artificial induction of labor: the lungs of pre-
maturely induced lambs that had been given gluco-
corticoids were clearly more mature than the lungs of
lambs of the same gestational age that had not been
treated in this way. He postulated, after this chance
observation, that glucocorticoids bring about an accel-
eration in the formation of surface-active substances
in the lung via enzyme induction.78

In 1972 Liggins and Howie, in their epochal
prospective study, were able to transfer the experience
achieved in animal experiments to human beings.79

The occurrence of respiratory distress syndrome after
antepartum administration of betamethasone to the
mother could be reduced from 24% to 4.3% compared
to the control group, who received no therapy.
According to Liggins and Howie, the preventive effect
of betamethasone is all the more efficient the lower
the gestational age (26–32 weeks).

General discussion and conclusions
The last part of this contribution is directed to further
historical facts, to some general views and to struc-
tural consequences. Basically, some points should be
taken into consideration when describing the history
of this new ‘prenatal medicine’ or ‘prenatal obstetrics’
as a whole. We believe that such a recapitulation is of
importance as our mainly foreign colleagues, particu-
larly the younger ones, no longer seem to be aware
how, where and when this new medicine started.

The foundation of scientific associations concerned
with this speciality developed accordingly. In 1967,
the first national society, the German Society of Perinatal
Medicine, was founded. One year later (1968), in
Berlin, we started the first international society, the
European Association of Perinatal Medicine.

The term ‘perinatal’ instead of ‘prenatal’ in the
German and European societies has been chosen
because, from the very beginning, we wanted to
achieve close cooperation with neonatologists. In fact,
it mainly concerned and represented the medical
progress that prevailed in the prenatal area and was,
for instance, reflected in 80–90% of topics of prenatal
medicine at nearly all German congresses in this field,
each of which attracted more than 2000 participants.

The Society of Perinatal Obstetricians in America
was founded in 1977 and represents one of the most
dynamic national societies in the world at the present
time.

During our lifetime not only has outer space been
opened up in such a spectacular fashion, but also on
a biological level an equally important development
has started rolling and has still by no means come to
a halt; I mean the medical exploration of our own
‘intrauterine space’, our ‘prenatal cradle’. Very few
people are aware of this fact.

A disastrous conclusion drawn by many influential
colleagues in our country and also in many other
places was to think from the beginning that we were
dealing with a special narrow and limited field – a
field of medicine of particular interest to only a few
colleagues and practiced mainly by the younger ones
from time to time. And so it was thought, based on the
conventional all-round structure of obstetrics and
gynecology as a whole and according to the status quo
ante, that all these revolutionary events could be
taken into consideration and the rotation principle
could still be maintained. The consequences of this
grave error of judgment continue, even today, to give
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cause for concern to a wide extent in some parts of
Europe.

Realization of structural consequences began at an
appropriately early stage in the United States. The set-
ting up of ‘Units of Maternal–Fetal Medicine’, begun in
1972, made successful the consequent use of the pre-
natal part of perinatal medicine within the framework
of the complete field of obstetrics and gynecology.

The term ‘fetal medicine’, which is still used today
in the form of ‘maternal–fetal medicine’, had probably
not been considered enough when it was introduced
at the very beginning for clinical purposes. Unfortu-
nately, it does not include the embryonic period,
which also belongs to our clinical competence. The
consequence is that other subspecialties have been
more aware of this and are using this term, for exam-
ple, in the name of their society, namely, European
Society of Human Reproduction and Embryology. We,
therefore, prefer the general term ‘prenatal medicine’,
which some colleagues use erroneously for only a
special subordinated field, mainly for diagnostics of
anomalies and some special therapeutic procedures
in early pregnancy. As an alternative, the term ‘pre-
and perinatal obstetrics’ would be appropriate, if
preferred.

On the basis of the enormous progress already
achieved in 1967, we recommended a structural
reform of the discipline in our country and the setting
up of units of modern obstetrics and prenatal medi-
cine.80 However, up to now many European university
departments, particularly in our country, do not have
such units. The consequences are depressing as
regards highly qualified research activities and our

international image. Due to the lack of the necessary
requirements, not enough interested colleagues could
remain working in this field for a longer period to
become adequately specialized and to obtain appropri-
ate career chances. Consequently, some of the European
countries concerned have only a few internationally
reputed ‘perinatal obstetricians’.

The birth and youth of prenatal obstetrics and peri-
natal medicine were to a large extent a product of
European clinicians and scientists, although many
impulses in numerous fields of medicine since the
Second World War have come from abroad, particu-
larly from North America. It is therefore particularly
commendable that the European Association of
Perinatal Medicine again took up the initiative and,
under the leadership of such a powerful and out-
standing colleague as Asim Kurjak together with the
participation of so many renowned experts, is pub-
lishing an extensive current review about our great
field of perinatal medicine.

These great steps forward have by no means come
to a halt, as many opposed to this direction of develop-
ment have been artlessly suggesting for years. It would
be most improbable if a practically newly opened
extensive area – as represented by the intrauterine
space up to the beginning of the 1960s – should be fully
explored medically within only 38 years. The work
will certainly go on and perhaps when the next gener-
ation period is over, several of the modern achieve-
ments, of which we are so proud today, may be
regarded as obsolete. New pioneers will take over our
role then, and the next generation will again continue
this course of medical science and course of life.

xxxii Birth and youth of prenatal and perinatal obstetrics
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Memories of the World
Association of Perinatal
Medicine
S. Sakamoto

The First International Congress of Perinatal Medicine,
1991, was the first global meeting of scientists, clini-
cians, midwives and persons who are concerned with
perinatal medicine. Although academic exchange in
this field had been active on the regional level, this
congress was the first worldwide meeting of its kind
following agreement at the Rio de Janeiro FIGO meet-
ing in 1989.

How was the World Association
of Perinatal Medicine (WAPM) born?
Its history
On the occasion of the new publication on perinatol-
ogy, we had better look back at the history of the
international congress of perinatal medicine to know
how the WAPM started its activity.

Since the 1960s, there has been a scientific break-
through in perinatology, due to the remarkable devel-
opment of medical science. As a result, many
federations of perinatology were born: the European
Congress of Perinatology, first started in 1968, the
high-level scientific exchange system in the USA, the
Asia Oceania Federation of Perinatology (1979) and
the Latin–American Federation (1980s).

The idea of having an international-level body for
perinatal medicine came to the mind of the pioneers.
In Europe, Prof. E. Saling took up the initiative to set
up the international congress of perinatology, which
was unfortunately discontinued, and Prof. E. Cosmi
proposed the foundation of the international-level
federation on the occasion of the European Congress
of Perinatology, Rome, in 1987, and preparatory work
has just started. In 1989, on the occasion of the FIGO
Congress, Rio de Janeiro, Prof. R. Caldeyro-Barcia, a
famous perinatologist from Uruguay and former FIGO
president, had a meeting with the invited participants
from about 40 countries, around 70 doctors, for a dis-
cussion on how to set up the international body. The
objectives were unanimously approved, but it was
hard to decide on a method of setting up the proposed

federation. Then I proposed ‘Let’s have one interna-
tional congress under a suitable person in a suitable
place, and at the end of the congress, Mr. Chairman,
you should have a general assembly and ask the
delegates again to vote whether the foundation of
an international body is necessary or not?’ Prof.
Caldeyro-Barcia and all the participants agreed with
this idea and finally nominated me as the president
of the congress, requesting that the congress be
held in the autumn of 1991 in Tokyo. Preparation for
the congress was expected to be completed within
2 years.

The congress was held under the name of the
First International Congress of Perinatal Medicine,
in November 5–8, 1991, at the Keio Plaza Hotel in
Tokyo, and was attended by 1580 participants from
45 countries, and a total of 516 invited and oral and
poster papers were presented. It was a great success.
Prof. R. Caldeyro-Barcia chaired the general assembly
held immediately after the congress was over and
about 60 delegates from 45 countries attended. They
rated the first congress very highly and the founda-
tion of an international body the, World Association
of Perinatal Medicine, was unanimously accepted.

Thus, the WAPM was satisfactorily formed. All
members signed as founders. Annual fees, etc. were
carefully discussed, but as the discussion took time,
the chairman proposed the election of officers and
entrusted them with the preparatory work.

I was then elected as the first president of WAPM.
Other officers were also elected.

I thought the second congress should be held in
Europe and I proposed Prof. Cosmi as the president
and Rome as the venue. As Cosmi and I worked for
FIGO as members of the executive board, I knew he
had a strong wish to be the president of the congress.
Then, the chairman closed the session, with congrat-
ulatory remarks.

I believe that WAPM is really Prof. Robert
Caldeyro-Barcia’s legacy, just as FIGO, IFFS and
IAMANEH are called Hubert de Watteville’s legacy.
And the First International Congress was nominated
naturally as the first congress of WAPM.

II
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Progress and development of fetal medicine up to the First Congress, 1991 xxxv

His Imperial Majesty Akihito’s
opening address
His Imperial Majesty Akihito kindly attended the
opening ceremony of the First International Congress
of Perinatal Medicine and welcome party with Her
Majesty Michiko.

The success of this congress, I believe, was due to
his speech, which was full of deep thoughts and stim-
ulating messages.

At the request of the sixth president of WAPM,
Prof. Kurjak, I quote here our emperor’s address:

It is my heartfelt pleasure to convene the First
International Congress of Perinatal Medicine in
Tokyo, where the East meets the West. Perinatal
cares, which address the safety and happiness of
mother and child, have always been pursued in
earnest by both obstetricians and pediatricians.
At last, in 1968, the academic outline of perina-
tal medicine, called perinatology was estab-
lished in Europe. Hence, perinatal medicine has
become new and important area in academic
fields. During the following two decades, with
remarkable advancements in science, important
discoveries were made, in succession, about the
fetus, which previously had been kept in a black
box. It is truly noteworthy that neonatology also
has become a brilliant specialty, and academic
findings are now vigorously exchanged in feed-
back between researchers. As a biologist, I fully
understand that perinatology in a broad sense
consists of maternal medicine, fetal medicine
and neonatology.

I am deeply impressed that scholars from
many specialties reached beyond their own ter-
ritories and exchange expertise to establish a
new academic branch, the core of which is new
life. I am convinced that deep reverence of life as
well as love of mankind has made it possible.
I would like to praise the pioneers and their
followers who gather here today.

When we reflect on the situation of mother
and child at a global level, we realize that the
achievements from advanced studies benefit only
people in advanced nations. I am pained to think
that young mothers, newborn babies and infants
in many developing countries where people face
problems associated with population explosion
do not benefit from the fruits of advanced stud-
ies. All lives, great or small, have an equal right
to enjoy happiness and maintain dignity. I pray
that you take that initiative to extend helpful
hands to these less fortunate people.

In this International Congress, not only
advancements from studies but also other efforts
are joined to spread reality-based information.
In that regard, the Congress will make great
achievements. It is my sincere hope that the
Congress will create a milestone.

The Emperor and Empress are extremely concerned
with perinatal medicine. His Majesty spoke with infi-
nite care to make sure no word was left unheard.
Everyone at the opening ceremony could not help but
be captivated by his Majesty’s warm personality. It
was the moment when people who have taken sepa-
rate ways to reach the peak of perinatal medicine
came together to achieve the ideas of the future.

Progress and development
of fetal medicine up to the
First Congress, 1991
Fetal care was initially developed to prevent fetal dis-
orders by improving obstetrical care related to labor
and delivery. It became clear that neonatal care, in col-
laboration with obstetrics and pediatrics, was essential
in obtaining a better prognosis in newborn infants,
which led to the establishment of perinatal medicine.

Since the 1960s, 20 years have passed. Perinatal med-
icine has achieved tremendous progress in safe care for
mother and child. Furthermore, as neonatal care has
developed to neonatology, fetal therapy is now becoming
a new scientific field – fetal medicine. However, looking
back, the scientific level at around 1980 was like this.

Development of perinatology
Experiments in perinatal medicine, such as patho-
physiology of the fetus and neonatal hypoxia and
metabolic analysis of thermogenesis of neonates, were
carried out during the 1960s.

Progress in fetal medicine
Progress in fetal therapy can be divided into three
phases according to therapeutic objectives. The first
decade, 1960–1975, is defined as a period of fetal
emergency care. Many trials were concentrated on
diagnosis of fetal distress (this word has since been
changed) and resuscitation of newborn infants.

The following decade, 1975–1985, was a period
of long-term management of abnormal fetuses during
pregnancy. The introduction of ultrasonographic
observation brought about new diagnostic techniques
in fetal inspection.

This decade, and the following 5 years (1985–1990),
brought a new era of fetal therapy in which we can
apply individualized diagnostic measures and thera-
peutic devices to different types of fetal disorders.

Establishment of fetal emergency care
Fetal emergency care was established by the progress
in fetal monitoring. Cardiotocography and chemical
diagnosis of fetal blood gave a very accurate diagnosis
of fetal distress. Biochemical analysis of maternal
hormone secretion and blood enzymatic distribution
also provided criteria for placental dysfunction. These
led to diagnosis of chronically affected fetuses.
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Therapeutic effects, caused by oxygen inhalation and
maternal infusion therapy, could be satisfactorily
evaluated and gave more accurate timing of emer-
gency care for the fetus. However, caution against
unnecessary management due to overdiagnosis was
advised elsewhere.

In this period, diagnostic criteria for fetal distress
by different methods were proposed by distin-
guished researchers. Pathophysiological diagnosis for
encephalopathy of the fetus and neonate, and fetal
endocrinology have become subjects of extensive
research.

Long-term management of fetus in utero
The second decade of progress in perinatology was
defined between 1975 and 1985. Progress in ultra-
sonic diagnosis of the fetus resulted in the second
advanced stage in fetal care. Abnormalities in fetal
growth could be accurately diagnosed by fetometry. In
addition, a cross-sectional view of the fetus gave us a
new indication for therapeutic measures, such as fetal
surgery, fetal biopsy, reproductive physiology, etc.

Blood flow determination by Doppler ultrasound
enabled us to monitor circulatory conditions in the
fetus. These contributed to long-term management of
the fetus in utero.

Congenital hydrocephalus develops rapidly around
the 28th week of gestation.

Close observation of cerebral thickness gives the
exact timing of induction of labor. Radical neuro-
surgery to construct permanent drainage followed by
delivery saves the baby from mental disorders.

Accurate diagnosis of placenta previa and precise
determination of fetal growth could be easily obtained
by ultrasonography.

Intrauterine blood transfusion, or even an exchange
transfusion through the umbilical vein when blood
incompatibility occurs, could be carried out by guided
catheterization under ultrasonography.

Genetic diagnosis done by amniocentesis, chori-
onic villi sampling and neonatal blood sampling,
developed during this period, was also one of the
remarkable advances in fetal medicine. Some of the
inborn errors of metabolism that affect the mental
development of the newborn, such as methyl maronic
acidemia or galactosemia, can be treated by maternal
administration of cyanocobalamin or a low-galactose
diet for the mother. Folic acid therapy has been
recommended to prevent fetal spina bifida. 

A typical medical intervention in the handicapped
fetus with hydrocephalus is described as an example.
Enlargement of BPD was clearly shown ultrasono-
graphically. Progress of ventricular dilatation and
thinning of the cerebral cortex by CT were carefully
monitored along with fetal growth and maturation.

Our case was born at 36 weeks of gestation by
cesarean section followed by neurosurgery of contin-
uous drainage. Both the fetus’ maturation tolerance

to surgical stress and the prognostic limitation of the
ventricular enlargement were carefully taken into
consideration in determining the time of delivery.

By CT scanning, performed 1 week after surgery, a
remarkable reduction in ventricular size was noted.
The baby recovered smoothly and obtained normal
mental development at the age of 1 year.

Individualization in fetal therapy
Advances in bioengineering and molecular biology in
recent years contribute greatly to the scientific basis
of perinatal medicine. Feto-maternal interaction of
growth factors and endothelial functions of chorionic
villi gave basic consideration of the pathogenesis of
intrauterine growth retardation (IUGR).

Feto-maternal interaction was clearly demon-
strated by IGF-1 regulation in relation to fetal growth.
This is an example of research work picked up from
many works.

Production of IGF-1 is switched over from the
maternal liver to the placenta. Activity of IGF-1 in the
placental environment is regulated by the autocrine
function of the villi and paracrine function of villi
and decidua. The hPL and placental GH stimulate
IGF-1 and its binding protein production in the mater-
nal liver. Binding protein is also regulated by protease
from deciduas. These facts suggest that duplicate
cycle for IGF-1 regulation functions during pregnancy.
Fetal growth factors are independent of the maternal
side; however, they show their activity substrate
dependency on maternal transport of nutrients. IGFs
mainly have three types of structure, IGF-1, -2 and -3,
and they have different functions. Other growth fac-
tors concerning the fetal growth should be studied
carefully.

Coagulation and fibrinolysis system – thrombomoduline
This system is another example of the new approach
to analyze placental circulation in PIH. It became clear
that trophoblast has an endothelial function maintain-
ing smooth blood circulation in the intervillous space,
where most slow and complicated blood streams exist,
and easily forms infarction during abnormal condi-
tions, in cases such as PIH. Our data clearly indicated
decreased trophoblastic thrombomodulin activity in
PIH, which referred to endothelial function. This is
one of the explanations for the fact that remarkable
IUGR takes place in severe PIH. Endothelial function
in pregnancy is also an important field of study.

Fetal surgery
A direct therapeutic approach to the fetus, such as
catheter replacement and experimental trial of gene
manipulation, may lead to radical treatment in utero.
Open fetal surgery may lead to complete correction
of fetal anomalies. Direct catheter replacement in
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half-delivered fetuses with urethral obstruction at the
30th week through the incised uterine window was
first performed in 1990. The window was closed and
the amnion was supplied through a catheter. The baby
was successfully managed for a considerable period
in utero after surgery. Radical urethral reconstruction
was performed in the neonatal period. This shows
that fetal medicine is obtaining general consensus for
clinical use.

Several years ago, the international symposium
‘The Fetus as a Patient’ was held with the high expec-
tations by all perinatologists. Fetal medicine, which
started from emergency care of fetal distress 25 years
ago, is now able to apply total medical care to the
fetus. Our hope symbolized in ‘The Fetus as a Patient’
is now being realized.

Finally, I would like to conclude by saying,
‘Whenever, wherever, we have our hopes and dreams,
they will certainly be realized and bring a brighter
future in perinatal medicine’.

The above examples are samples of perinatal
research and treatment performed around the 1980s.
More developed research work had been performed by
the pioneers, but member of which were quite limited.

In this book the most developed data will be
described. You may find a dramatic development in
perinatal medicine in the period from 1991 until 2005.

Closing remarks
While the 20th century was the era of advance in
science and technology, with the emphasis on

physics, the 21st century is the era of chemistry and
the genome, and can be called the period of respect
for life and establishment of human dignity. People
who are sick or suffer from extreme poverty long for
the normalization of the quality of life and the life
worth living. It is our duty to deal with such evidence
and respond to the wish of those countless people.
Naturally, these actions require highly advanced sci-
ence and appropriate as well as reasonable means of
healing.

Medicine must not only be highly advanced but
must also bring peace to lonely souls. Life-long
education also is our own choice and duty, imposing
on our experience. Physicians must be always disci-
plined to be humble. Medical care should not be ruled
by temporal good intention or judgment, but should
aim at the future of humankind, especially of the
mother and child.

For the younger generation:

• What we should do, is taught by the mind and
body of patients.

• What we should not do, we learn from the history
of evidence, and valuable experience.

Last, I would like to close my remarks with my own
view for medicine, which was first proposed in the
1991 Congress.

May our international festival of academia be a
forum and an opportunity to turn human dreams
to hopes, and hopes to reality, thus bringing to all
humanity true peace and happiness. (1991)
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Perinatal medicine in the
United States
E. J. Quilligan

It is always difficult to set a date as to when perinatal
medicine began in the United States. During the
1940s, 1950s and 1960s there seemed to be a signifi-
cant increase in research, both basic and clinical,
regarding the pregnant mother and her fetus. This
was fueled by the increase in federal grant funds, the
increased numbers of full-time faculty in Obstetrics
and Gynecology and the developing technology that
would allow measurement of hitherto inaccessible fetal
and maternal parameters. For example, the intrauterine
catheter allowed the development of a new under-
standing of the work required by the uterus during
labor and how abnormalities of the contraction pat-
tern may lead to abnormal labor.1 The development of
more sophisticated electronics allowed the recording
of the fetal heart rate throughout labor.2

Another factor important in the development of
perinatal medicine was the growing awareness that a
pregnant patient with medical complications, such
as diabetes, needed completely different care from a
non-pregnant diabetic. In the past it was usually the
case that the obstetrician managed the pregnancy and
an internist managed the diabetes. This occasionally
led to difficulties as the two physicians were not
working in concert. It was found that the well-
prepared obstetrician could manage both with better
outcomes for mother and fetus.

A more specific date can be set for the beginning
of the subspecialty of maternal fetal medicine in
the United States. The American Board of Obstetrics
and Gynecology, under the leadership of Gordon W.
Douglas, MD, organized a meeting in 1969 to deter-
mine the feasibility of subspecialty certification or
boards in Obstetrics and Gynecology.3 I was fortunate
to chair the discussion on maternal fetal medicine. It
was the consensus of our committee, and ultimately
the Board, that there were adequate numbers of obste-
tricians and gynecologists who were primarily inter-
ested in maternal fetal medicine from a clinical and
research standpoint to justify a subspecialty board or
certification. A similar conclusion was reached with
regard to oncology and reproductive endocrinology.
The next 2 years were spent in developing the sub-
specialty divisions and getting the necessary approval
from the American Board of Medical Specialties.

It was decided that rather than being subspecialty
boards, the parent board would offer certificates of
special competence in the areas of maternal–fetal
medicine, oncology and reproductive endocrinology.
This was primarily due to the fact that the American
Board of Medical Specialities had recently granted
several subspecialty boards and had a temporary
moratorium on new ones. We felt it was of no partic-
ular advantage to be a subspecialty board.

The American Board of Obstetrics and Gynecology
did establish divisions of Maternal Fetal Medicine,
Oncology and Reproductive Endocrinology in 1969. I
was appointed the first head of the division of Maternal
Fetal Medicine. There was one representative of the
parent board in our division, Dr Harry Prystowsky.
There were four additional members of the original
division, Donald L. Hutchinson, MD, Edgar L.
Makowski, MD, Joseph Seitchik, MD and Fredrick P.
Zuspan, MD.

The purposes of our division were as follows: (1) to
improve the health care of mother and fetus suffer-
ing from diseases peculiar to or related to gestation,
by elevating the standard of education and training
related to abnormal obstetrics, enhancing the recruit-
ment of qualified physicians in this field, by improv-
ing the organization and distribution of patient care
and increasing knowledge; (2) to evaluate the qualifi-
cations of educational programs offering training in
maternal and fetal medicine for the purpose of pro-
viding improved patient care and adequate prepara-
tion and experience for the physician intending to
become a specialist in this field; (3) to define period-
ically and to publish from time to time the details of
formal training, which the division considers essen-
tial to attain eligibility for the examination; (4) to
establish procedures whereby the knowledge and
skills of a candidate for advanced certification may be
evaluated, and examinations designed to determine
the individual’s competence as a specialist in mater-
nal and fetal medicine and (5) to recommend to the
Board for advanced certification of physicians who
have demonstrated to the satisfaction of the Division
their possession of special knowledge and a high degree
of professional competence in the management of
disorders of the mother and fetus.4
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One of the first major decisions that had to be made
was one that affected all the divisions, namely, how to
treat those individuals who considered themselves
subspecialists but had no formal training or had train-
ing that had not been Board approved: the grandfa-
thers. Three choices were available: (1) have no
grandfathers, make all candidates undergo board-
approved training; (2) permit anyone who thinks they
are qualified take the examinations, which would be
for a specified period of time, and (3) allow all grand-
fathers to receive a certification. There was a lively dis-
cussion of this question with many feeling there should
be no grandfathers. The threat of a protracted suit in
one of the other divisions led us all to accept the
second option: permit those who thought themselves
qualified to take the examination. This option would
be open only for a period of 2 years after the initial
examination. The candidates choosing this option were
required to submit an application, which described
their residence training and any fellowship training
they had taken. In addition, we required a case list of
all complicated pregnancies they had managed during
the previous 2 years as well as the total number of nor-
mal pregnancies they had managed during the same
time period. A bibliography of all articles, book chapters
and abstracts, including reprints of original articles,
was a requirement. The type of application gave the
Division the material needed to make a judgment as to
whether an individual qualified as a grandfather.

The number and type of examinations were rather eas-
ily determined. The parent board had both written and
oral examinations. All subspecialty divisions decided to
follow that example. The scope of the written exami-
nation included (1) genetics, biochemistry of genes and
chromosomes, gene transformation in man, cytogenet-
ics and karyotyping, population genetics and genetic
counseling; (2) teratology, knowledge of embryology,
drugs that affect the fetus, viral effects on the fetus, bac-
terial effects on the fetus and radiation effects on the
fetus; (3) maternal physiology; (4) fetal physiology;
(5) effects of maternal disease on the fetus; (6) effects
of pregnancy on maternal disease; (7) immunology;
(8) evaluation of fetal welfare during pregnancy and
labor; (9) newborn adjustments and adaptations to
health and disease; (10) infection in mother and fetus,
diagnosis and therapy; (11) immunologic disorders;
(12) intrapartum disorders and (13) general knowledge
of investigative concepts and techniques and the
knowledge necessary to critically evaluate studies in
maternal and fetal medicine. An individual passing the
written examination was eligible to take the oral exam-
ination after 2 years of practice. The 2 years of practice
was waived for grandfathers. Requirements for the oral
examinations included a case list for the 2 years of prac-
tice and a thesis of original clinical or basic research.
The oral examination was conducted by two examiners
and a neonatologist questioning the candidate for 3 h on
the thesis, case list and knowledge of maternal–fetal
medicine including investigative concepts.4

The Division developed the required training
program, which was of 2 years’ duration with the
following requirements: (1) training could be obtained
in one or more institutions; (2) at all times there must
be evidence of a patient population adequate to assure
the candidate of a satisfactory experience; (3) compre-
hensive care of maternal and fetal disorders requires
(a) a high-risk pregnancy unit with adequate numbers
of pregnant patients presenting special problems
defined as high risk, adequate supervision by indi-
viduals competent in the care of high-risk pregnant
patients and adequate laboratory and monitoring
equipment, (b) a genetics unit with a qualified geneti-
cist and laboratory to perform genetic analysis includ-
ing karyotyping and biochemical studies, (c) a
newborn care unit with a noenatologist director and
adequate numbers of newborns requiring intensive
care and (d) a pathology service with a qualified fetal
and newborn pathologist and (4) there should be a
program director certified as a Diplomate of the
American Board of Obstetrics and Gynecology who is
judged to be qualified to direct such a program. The
last requirement was soon changed to a person certified
as a subspecialist in maternal–fetal medicine. Each
new training program was inspected by one or more
division members.

A significant number of changes have occurred
since the initial candidates were examined in 1973.
After the second oral examination the neonatologists
were not used since this area was felt to be primarily
in the realm of a new subspecialty within pediatrics,
neonatology. In 1975 the case list for oral examination
was reduced to 18 months before the application was
submitted.5 In 1977 obstetric anesthesia was added to
the scope of the oral examinations and an obstetric
anesthesiologist was a required part of the training
program.6 The 1978 bulletin did specify that ‘The pro-
gram must include two university-level courses, one
in qualitative techniques which should include
biostatistics and other areas such as epidemiology
and research design and implementation. The second
course must be relevant to the specific subspecialty.
Both courses must be approved by the division. All
courses must have an examination which the candi-
date must pass’. Also in 1978 the thesis requirement
was changed to a paper in press or published within
the past 3 years in a peer review journal.7 In 1979 the
ultrasound unit was required in the training program
and ultrasound became a part of the written and oral
examinations.8 In 1986 a Guide of Learning was pub-
lished by the Board, which gave a much more com-
plete outline of the scope of knowledge required by a
subspecialist.9 Perhaps the most significant change
occurred in 1998 when the division decided to
lengthen the training to 3 years.10 The Division, from
its inception, felt that research was a very important
part of the training program. This was evident in the
first bulletin, which stated: ‘The candidate must pos-
sess (a) an understanding and general knowledge of
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investigative concepts and techniques as they relate to
maternal health and fetal development and (b) the
knowledge necessary to evaluate studies relative to
maternal and fetal medicine’. It was expected, though
not specifically stated, that one of the 3 years be spent
in research.

The type of practice for a maternal and fetal medi-
cine subspecialist has changed significantly during the
30 years since the inception of the division. Initially,
the subspecialist was primarily a consultant for preg-
nancy with complications. With the development
of sophisticated ultrasound and the increasing under-
standing of genetic abnormalities, a significant portion
of the subspecialist’s time is spent doing ultrasound.

A reasonable question might be what is the result of
the development of the subspecialty of maternal and

fetal medicine?  This can be answered both numerically
and philosophically. Numerically, there are currently
62 approved programs in maternal and fetal medi-
cine. There have been 1542 candidates certified.
Philosophically, I believe it has resulted in significantly
better care for the pregnant patient with complications.
This is difficult to prove because there have been so
many changes in practice during the same time period,
such as the development of neonatal intensive care
units, antepartum fetal monitoring and the develop-
ment of ultrasound. All of these and more may have
resulted in the significant decreases in perinatal mor-
tality and stillbirth rate. The integration of care in a
single individual who is focused on the pregnant
patient with a complication such as diabetes or hyper-
tension, in my opinion, must result in improved care.

xl Perinatal medicine in the United States
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A perspective on perinatal
medicine
E. V. Cosmi

The process of fetal growth and development of the
human fetus at birth has always attracted the attention
of scientists. Hippocrates, 460–370 B.C., suggested that
when the onset of labor is near ‘the fetus becomes
agitated and breaks the membranes’. Leonardo da Vinci
said that ‘the child grows daily more within the body of
its mother that when it is outside of the body, and this
teaches us …’. In the 17th century Sir William Harvey
suggested a direct role of the fetus in the initiation of
parturition, a concept that was endorsed by Van
Deventer in the same century and by Spielberg in 1882.

Subsequently many animal experimentations and
human observations have attempted to discover the
many mysteries of fetal and neonatal growth and
development, the features of the cardiovascular and
respiratory systems, some relevant aspects of energy
metabolism, temperature control and their integration
by hormonal and nervous mechanisms, the role of the
placenta, the initiation of labor, the transition from the
intrauterine to the extrauterine life of the fetus, etc.

Considering comparative physiology it has been
recognized that general principles should hold in every
species with peculiar adaptation to particular needs.

Some species lend themselves well to a particular
type of study, e.g. the fetal lamb, because it is
relatively large and comparable by weight to the
human fetus and because the uterus of the ewe does
not at once contract, has been used for various
studies, including fetal breathing movements (FBMs)
and lung maturity. The fetal rhesus monkey has been
studied mainly because its brain is more closely
related to that of the human fetus and of the newborn
at birth; furthermore, since the lamb’s brain is only
1.3% of body weight at birth, whereas that of the fetal
rhesus monkey is 12%, the latter is a better model for
studying the distribution of cardiac output (CO).1

Finally, the hemochorial placenta of the rhesus
monkey and also that of the pig are more suitable for
the study of placental transfer of gases, other supplies,
and drugs than the cotyledonary placenta of the ewe.

The beginning of fetal physiology is rooted in the
measurements of placental and fetal growth and in
comparative studies of placental histology that were
made long before physiologic data could be collected
and properly understood. The pioneers of this approach

are many; they include Sir Joseph Barcroft (1946)2

and, around the 1960s, D. H. Barron, H. Prystowski, C.
A. Villee, P. Grunewald, R. Margaria (Turin, Italy), R.
E. Cooke, E. Ramsey, I. Leitsch, F. C. Hytten, E. G.
Makowski, F. C. Battaglia, G. Meschia, A. N. Rudolph,
G. S. Dawes and others.

Because perinatal biology encompasses marked
differences among mammals in placentation, fetal and
neonatal development, and in the adaptation made by
the mother during pregnancy and lactation, the young
of different species are often said to be at different
maturity at birth. Nevertheless, most mammals and the
human infants have one thing in common, i.e. they all
must have developed, by the time they are born, the
circulation and the lungs, which will permit main-
tenance of an independent existence outside the uterus.
Initially, following acute experiments in animals,
Barcroft2 believed that the fetus was living in utero
under conditions of anaerobiosis or semianaerobiosis,
thereby introducing the concept of ‘the Everest in
utero’, i.e. the fetus living under low oxygen tension.
This concept was further supported by the low pO2, pH
and high pCO2 found at birth in the umbilical arteries
and vein of the human fetus. Chronic experiments
performed in several pregnant animals and their
fetuses have refuted this misconception and have
shown instead that the oxygen supply and consump-
tion, and the acid–base status of the fetus are similar
to that of the mother.3–8 These results have been
substantiated in the human fetus by James et al.9,
Caldeyro-Barcia,10 and Saling.11 They have found that
during labor and delivery fetal pO2 and pH decrease
whereas pCO2 and buffer base increase.

The introduction of the micromethod of P. Astrup
of blood sampling and acid–base status analysis has
permitted the confirmation of these studies in animals
and subsequent studies in the human fetus and
neonate. Normally, although the PaO2 of the fetus is
around 30 Torr, hemoglobin-O2 saturation is around
90%, also because of the double (maternal and fetal)
Bohr effect on the O2 transfer across the placenta.12

Another concept that was put forward was that
although the fetus has a relatively high tolerance
to noxious agents, many noxious factors can affect
its normal intrauterine development, physiologic
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performance, and subsequent adaptation to the
extrauterine life. These factors may originate in the
mother, the placenta, or in the fetus itself. Other sources
of trouble include environmental, nutritional, pharma-
cologic, and toxicologic factors; hematologic, hormonal,
metabolic, immunologic, and genetic disorders; and
infections diseases (for a review see Cosmi and
Caldeyro-Barcia12).

Considerable efforts have been made to elucidate
the morphology and the physiology of the placenta
because the homeostasis of the mammalian fetus
depends almost entirely on its function and on
maternal homeostasis. Chorioallantoic placentas differ
remarkably in shape and structure from one mammal
to another and their classification on the basis of shape,
morphometry, morphology, function, and the presence
or absence of a maternal (decidual) component has
resulted in considerable controversy.

In humans the implantation and subsequent
development of the placenta depend on certain
changes in the endometrium that culminate in the
formation of the decidua. Basically, the human
placenta has a chorioallantoic structure in which the
precocious differentiated mesoderm of the allantois
forms the umbilical cord.

Prof. P. M. Motta from the University ‘La Sapienza’
of Rome has contributed significantly with electron
microscopy to clarify the process of implantation of
the fertilized human ovum.13

In humans shortly after fertilization, the ovum is
implanted and the trophoblast erodes the endometrial
capillaries. At the end of the second week the endo-
metrial veins have been eroded and communicate with
the lacunar spaces. At about the 15th day, endometrial
spiral arterioles are eroded and maternal inflow to the
intervillous space is established. By the 16th day the
entire surface of the ovum is covered with branching
villi containing vascular primordia. Between days 20
and 21 after the beginning of nidation the chorionic villi
show a well-defined ultrastructure with a relatively
undifferentiated Langhans’ layer and highly differen-
tiated syncytiotrophoblast layer, located peripherally.
By days 22 and 23 the embryonic vessels have formed
an anastomotic network of channels within the villi. By
12 weeks, other villi are found, which fill the inter-
villous space. Each primary villus with his branching
and rebranching villi constitutes a fetal cotyledon,
which is the functional unit of the placenta. The villous
core contains fetal capillaries, fibroblasts, the Hofbauer
cells (which are morphologically similar to macro-
phages, originate from the mesemchyma, and possess
pinocytotic and histiocytic activity), and other mesen-
chymal elements.12

One of the major advances in perinatal genetic
diagnosis has been the introduction by Bruno
Brambati (Milan, Italy) of chorionic villi sampling,14

which can be performed at 9–10 weeks’ gestation,
thereby offering earlier diagnosis than amniocentesis
and the analysis of the amniotic fluid (AF), which is

performed between 14 and 18 weeks’ gestation, or
cordocentesis which is performed around 20 weeks’
gestation for hematologic problems, infections, meta-
bolic and enzymatic diseases. However, chorionic
villi and cordocentesis are coupled with significantly
higher complications than amniocentesis. The basement
membrane contains immunoglobins IgG and IgA,
which probably represent maternal blocking anti-
bodies to trophoblastic antigens, thereby preventing the
rejection of the placenta. Various proteins are produced
by the placenta in increasing amounts during gestation.
Some, such as pregnancy-specific β1-glycoprotein (SP1,
PSβ1G), pregnancy-associated plasma protein C
(PAPP-C) and α2-glycoprotein (PAPP-α2G), are prob-
ably trophoblast-specific antigens described by
Bohn.15 These are mainly released into the maternal
circulation, where they can be measured and used as
an index of placental function, whereas other proteins
have enzymatic or hormonal activity. Recently, for
prenatal genetic diagnosis the following tests have
been introduced using maternal blood: (1) double
test – determination of PAPP-A and human chorionic
gonadotropin β (hCG-β) (free) performed between 9
and 13 weeks’ gestation vis à vis fetal nuchal
translucency; (2) triple test – determination of hCG-β
or hCG-β (free), α-fetoprotein, and free estriol between
14 and 19 weeks; (3) quadruple test – as above plus
determination of PS-β at the same gestational age; and
(5) pentatest – as above plus inhibin. The reliability of
these tests is much less than that of amniocentesis
and fetal cell culture. However, they may be indica-
tive of certain fetal chromosomal abnormalities.

Different types of fetal nucleated cells have been
found in maternal blood by Adinolfi16 and our
group,17 providing the possibility for non-invasive
prenatal diagnosis of genetic abnormalities; however,
the results of these and further studies have been
inconclusive. The same holds for the study of fetal
nucleated cells obtained by washing of the cervical
fornix.

Lo et al.18 and Farina et al.19 have studied the DNA
of fetal cells in maternal circulation for non-monogenic
diseases such as abortion, pre-eclampsia, and IUGR.
Although promising, this approach needs further
studies.

The placenta, like the fetus and the mother, pro-
duces certain enzymes and hormones that influence
not only its function but also those of the other two
compartments – e.g. composition of the nutrients
supply from the maternal circulation to the fetus,
maternal and fetal metabolism, and eventually fetal
growth. Conversely, placental function is influenced
by fetal and maternal enzymes and hormones. The
placenta possesses enzymes that are absent in the fetus,
and enzymes lacking in the placenta are present in the
fetus. The integrated placental and fetal functions act
as a unit, and the feto-placental unit is indispensable
for the production of most steroid hormones as
suggested by Diczfalusy20 (see below).
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Several enzymes have been isolated and their
activity varies during gestation, i.e. lysosomal hydro-
lase activity reflects the need for specialized functions
(e.g. lysosomal hyaluronidase, which probably plays
an important role in the regulation of placental
permeability, increases with gestation).

The human placenta synthesizes and stores carbo-
hydrates, lipids, proteins, nucleotides, and nucleic
acids,12 possesses mixed function oxidation systems
and aryl hydrocarbon hydrolase involved in the
transportation of xenobiotics and epoxides.12 It is
rich in 11β-ol-dehydrogenase, which converts active
steroids into inactive 11-ketosteroids. Therefore, the
question has been posed as to whether certain corti-
costeroids, e.g. betamethasone, administered to the
mother reach the fetus in sufficient quantities to elicit
their biological effect – i.e. acceleration of fetal lung
maturity (FLM).12 The placenta also contains mono-
amine oxidase and catechol-O-methyltransferase,
which significantly effect the transfer of the cate-
cholamines. Renin is also produced by the placenta.
This enzyme is released into the AF. The placenta is
unique in its capacity to form proteins and steroid
hormones, i.e. hCG, hPL, hPRL, human chorionic
thyrotropin, somatomedins C and A,21 and adreno-
corticotropic hormone (ACTH) related peptides, i.e.
hCG, α-melanocyte-stimulating hormone, thyroid-
stimulating hormone, and luteinizing hormone releasing
factors, β-lipotropin, and β-endorphin, as demonstrated
by Fraioli and Genazzani.22

The placenta produces large amounts of progesto-
gens and estrogens in increasing concentrations during
pregnancy. These hormones have important effects,
such as the regulation of fetal growth, development,
and sexual differentiation; uterine growth and con-
tractility; the onset of labor; and uteroplacental blood
flow. Estrogen production is not due solely to the
placenta but to the interaction between the mother,
placenta, and fetus, which act as a unit.20 The pro-
duction of E3 involves the formation of precursors by
fetal and maternal adrenals; 16α-hydroxylation of
DHAS and E1 or E1 sulfate by the fetal and the maternal
livers; and aromatization by the placenta. The con-
centration of E3 in body fluids increases steadily
throughout a normal pregnancy.

Concerning the fetal circulation in the mature
placenta, it is worth mentioning that in the definitive
(tertiary) villi, arterioles and veins are given off from
axially oriented trunks to supply and drain an
extensive anastomosing capillary network, which lies
superficially beneath the surface syncytium. Fetal
blood is in close contact with maternal blood, being
separated by a thin syncytiocapillary membrane.23

Information on the fetal circulation has been derived
principally from animal experiments, using a variety
of methods, i.e. cineangiocardiography, blood gas
analyses, blood flow measurements by electromag-
netic flow meters, distribution of radioisotope-labeled
microspheres, dye dilution, radioisotope methods,

and Doppler ultrasound. Some of the findings from
these experiments have been corroborated for the
human in studies of the human fetus itself.

A variable portion of the blood returning from the
fetal placenta via the umbilical vein is distributed
to both right and left lobes of the liver and reaches
the interior vena cava via the hepatic veins. The
remainder of the blood returning from the placenta is
shunted directly to the inferior vena cava via the
ductus venosus in amounts varying between 20% and
90% of umbilical–portal blood flow. In the left atrium,
blood from the inferior vena cava mixes with blood
coming from the pulmonary veins in a ratio of about
4.5:1. Thus, the abdominal organs, the lower body,
and the placenta are supplied with blood with a lower
pO2 than the coronary circulation, heart, neck, and
brain.24

The right and the left ventricles work in parallel
by virtue of the presence of the foramen ovale and
the ductus arteriosus. Approximately 40% of the
combined CO returns to the placenta, while only 7%
flows through the lungs; the remainder perfuses body
tissues. To define fetal CO, Assali et al. introduced the
term ‘effective CO’ – i.e. the total volume of the blood
that is distributed to the body and the placenta.25 This
represents the sum of the left ventricular output
and the ductus arteriosus blood flow, and does not
include coronary blood flow and the flow to the
lungs. Rudolph had introduced the term ‘combined
ventricular output’, which represents the total volume
of blood ejected by both ventricles and includes
pulmonary and coronary flows.24

It has been suggested that changes in differential
CO that may occur in the fetus as a result of changes
in the venous return or outflow impedance are adjusted
homeometrically by the Frank–Starling relation-
ship.7,25,26 Rudolph24 (from the Cardio-Vascular Insti-
tute of San Francisco, directed by Julius Comroe) has
criticized this theory and indicated that the Frank–
Starling mechanism is essentially inoperative in the
fetal myocardium because of the large shunts between
the left and the right sides of the heart, and because of
the fact that the two ventricles work in parallel. Thus,
in contrast to the adult, the fetus has only a limited
ability to increase CO by increasing stroke volume. The
increase in CO is accomplished primarily by increasing
the heart rate (HR).

The cardiovascular system of the fetus is under the
direct control of the autonomic nervous system
through peripheral chemoreceptors and baroreceptors.
In the human fetus the clearest evidence for autono-
mic activity is the transient bradycardia associated
with uterine contraction and abolished by administra-
tion of atropine to the mother, as shown by Caldeyro-
Barcia et al.27 The fetal cardiovascular system is
capable of responding to various humoral and pharma-
cological agents.

Moderate fetal hypoxemia and/or hypercapnia
cause a rise in arterial pressure, vasoconstriction in
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the lungs, and little change in umbilical vascular
resistance. At the same time, umbilical, coronary, caro-
tid, and superior sagittal sinus blood flows increase,
ensuring a better oxygen uptake and supply to vital
organs. Fetal heart rate (FHR) increases initially in
response to hypoxemia, but if hypoxemia persists and/
or becomes more pronounced, bradycardia develops.

Fetal hypoxemia of a marked degree and/or
acidemia also induce an increase in blood flow to vital
organs (i.e. heart, brain, and adrenal glands), but cause
a decrease in blood flow to non-vital organs (i.e. lungs,
gut, spleen, kidneys, and the carcass). The selective
vasoconstriction in the latter organs is accompanied by
hypertension and bradycardia and later, if it persists, by
anaerobic glycolysis and metabolic acidemia. Although
hypertension tends to increase perfusion pressure
and umbilical blood flow, with marked hypoxia and
bradycardia umbilical blood flow will fall.12

The cardiovascular response of the fetus to hypoxia
and acidosis with redistribution of the systemic
circulation is a defense mechanism for conserving the
oxygen supply to vital organs and for adjusting to the
effects of accumulated metabolites, such as carbon
dioxide and hydrogen ions. This defense mechanism
is similar to that of diving mammals – e.g. the ability
of the fetus of the seal and of other mammals to
survive its mother’s prolonged dives,28,29 also called,
less precisely, the brain sparing effect. However, it is
limited, for although CO remains virtually constant,
the blood redistributed to vital organs may be diverted
away from the placenta, thereby further reducing the
oxygen supply to the fetus.12,24 A fall in CO will cause
a marked reduction in umbilical blood flow. The
survival time of the asphyxiated fetus depends on the
concentration of glycogen in the myocardium before
the asphyxial episodes.

FHR and ECG: FHR and ECG monitoring are the
oldest and most frequently used methods of fetal
surveillance.30,31 The ultrasound technique, based on
the Doppler principle,* is the method most widely
used for recording FHR. Concern still exists as to
its relative value, accuracy of interpretation, and
prognostic significance. Caldeyro-Barcia et al.30,31

combined the recording of uterine contractility with
FHR monitoring. Subsequently, Hon et al.32 applied a
similar method and obtained analogous results.

Direct fetal ECG was obtained by placing a bipolar
electrode directly on the fetus either transcervically or
by maternal transabdominal puncture. With this
method one detects changes in ECG pattern and FHR
that may coincide with early alterations in fetal
homeostasis and neonatal morbidity. The technique
has been refined by the use of special nonpolarizable
clips, suction, hooks, or other types of transcervical
electrodes, monitoring devices and group averaging of

a series of consecutive ECG complexes.32,33 In Italy,
fetal ECG has been studied extensively by Pardi et al.34

Opinions pertaining to alterations in fetal ECG and
their reliability and accuracy in predicting fetal
distress vary considerably. Prolongation of the P–R
and Q–T intervals, widening of the QRS complex, and
isoelectric or inverted T-waves have been observed
in conjunction with fetal hypoxia and acidosis.
Shortening of the Q–T and P–R intervals with peaked,
biphasic, and inverted P-waves, and inversion of the
T-wave have been also recorded in the presence of
severe fetal asphyxia. Forms of ‘arrhythmias’ have
been observed – i.e. nodal extrasystoles, atrial flutter,
atrial and ventricular premature beats in the form of
persistent bigeminy, paroxysmal atrial tachycardia,
and heart block. However, in both the human and the
animal fetuses, no definite relationship was found
between ECG abnormalities and the acid–base status
of the fetus. Although ECG abnormalities could
represent a possible early sign of fetal distress, their
significance in relation to fetal homeostasis and
neonatal outcome has not been settled.4,12

Doppler ultrasound has been recently introduced in
the study of fetal circulation and several vessels
including umbilical artery (UA), descending aorta,
internal carotid artery, middle cerebral artery (MCA),
ductus venosus and renal artery have been investigated.
Preliminary statistical correlations between perinatal
complications and abnormalities in indices of flow resis-
tance have been reported, suggesting a potential role for
Doppler ultrasound in the management of high-risk
pregnancies. Several indices have been introduced to
analyze flow velocity waveform, including pulsability
index (PI) and resistance index, by several groups
including Arduini and Rizzo,35 Campbell and Bower,36

Kurjak et al.,37 and Chervenak and McCullough.38 It has
been found that absent or reversed diastolic blood flow
of UA and low PI in MCA are often associated with
alteration of FHR. However, no reference values on large
population studies are available for flow velocity
waveforms. Transcutaneous pO2 and pulse oximetry
and computerized FHR have also been introduced to
improve the accuracy of the latter with variable results.

Fetal breathing activity in utero has been a matter
of controversy for a long time. Rhythmic, periodic
FBMs were observed and/or recorded in humans
between 1888 and 1911 by Ahlfeld,39 Weber,40 Ferroni
of Florence,41 and Reifferscheid,42 and in animals
from 1781 until 1941.12,43 These reports have been
almost universally ignored or discounted as artifacts,
and subsequent studies have in general denied that
FBMs are normally present in utero, provided the
fetus is not disturbed by physical stimuli or asphyxia.
They have been rediscovered around 1970 in the fetal
lamb by Dawes and coworkers,44,45 Condorelli, Cosmi,
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and Scarpelli.29,46–48 Studies in human fetuses have
demonstrated that FBMs are normal phenomena of
intrauterine development.12,43,48 Observation of both
animal and human fetuses have indicated that FBMs
might provide an index of fetal well-being.42,44 In the
human fetus, FBMs have been studied by injecting
isotopes into AF, by means of force transducers placed
on the maternal abdomen, and, more precisely, by
ultrasound. Various systems have been used to quantify
ultrasonic signals of FBMs, including A-mode, con-
tinuous Doppler systems, T-mode, time–distance
recording systems, and real-time B-scan.12,43

Recently, we have measured nasal flow velocity
waveforms (NFVW) with continuous or power Doppler,
vis à vis the thoracic and abdominal movements, in
more than 1800 human fetuses49 and have observed
that during gestation the fetal respiratory patterns are
similar to those we had observed in preterm and term
newborns,50 i.e. they start at around 20 weeks’ gestation
as abdominal movements followed by thoracic move-
ments and NFVW as gestational age advances. We
have correlated FBMs during gestation with FLM and
have found that the full development of FBMs indi-
cates FLM.49

Amniotic fluid indices: Amniocentesis and the
analysis of AF have been introduced successfully by
Bevis,51 Liley,52 and Freda et al.53 for the spectro-
photometric analysis of AF at wavelengths between
300 and 700 nm in case of Rh alloimmunization and
erythroblastosis fetalis. When AF contains bile pig-
ments that absorb monochromatic light at wavelengths
between 525 and 375 nm, there is an elevation above
the expected slope of the curve, with a peak around
400 nm. The magnitude of this departure from the
expected curve (between 525 and 375 nm) is pro-
portional to the concentration of bilirubin and related
pigments, while its width is constant and reflects the
condition of the fetus.12,52,53 Liley’s method offers a
more precise quantification of AF bilirubin con-
centration, but the upper limits of normality are too
low, leading to an overestimation of the degree of fetal
compromise. Freda’s method takes into consideration
the trend rather than the absolute concentration of
bilirubin and related pigments. During the same year
Freda introduced Rh gammaglobulins for the pre-
vention of Rh alloimmunization;54,55 since then, the
disease has practically disappeared.

Amniocentesis has been widely used for culturing
and karyotyping of AF cells by Valenti et al.56 and
Steele and Breg.57 Recently, diagnosis of many genetic
diseases has been performed particularly after the
completion of the study of genome mapping and the
introduction of fluorescence in situ hybridization and
polymerase chain reaction techniques. It is possible
to diagnose fetal sex and a variety of genetic dis-
orders including Down’s syndrome, Duchenne/Beker
muscular dystrophy, deafness, cystic fibrosis, fragile
X-syndrome, hemoglobinopathies, e.g. hemophilia,

inborn errors of metabolism. Amniocentesis is
performed between 14 and 18 weeks’ gestation.

Fetal lung maturity: In recent years various labo-
ratory tests for AF constituents to predict FLM have
been developed. They can be divided into biochemical
[determination of surfactant phospholipids (PLs)] and
biophysical methods (e.g. surface tension, micro-
viscosity).12 Gluck et al.58 were the first to demonstrate
that the lecithin–sphiengomyelin ratio of AF provides
an index of FLM. This ratio can be used to predict
whether or not neonatal respiratory distress syndrome
(NRDS) will develop in the infant if born within 24–48
h of amniocentesis. The same group measured other
AF PLs, i.e. phosphatidylinositol and phosphatidyl-
glycerol, and introduced the lung profile.59 Clements
et al. in 1972 introduced a simple and rapid screening
method: the shake test.60 Various tests have been
introduced,12 including lamellar body count and
Doppler ultrasound.61 These tests have good predictive
values, high specificity, and sensitivity.

We have demonstrated that fetal urine contributes
to AF PLs,62 although in much lower concentrations
than fetal pulmonary PLs.63

The pulmonary surfactants play a critical role in
the survival of the fetus in the extrauterine life,
especially in case of premature delivery and other
forms of high-risk pregnancy, because a prompt and
effective ventilation is required at birth. In turn, this
depends on the alveolar stability (alveolar resistance
to collapse) and thus on lung maturity. When FLM is
not fully reached, delivery almost invariably results
in NRDS. This disease is responsible for a major
portion of perinatal mortality and morbidity (including
neurologic and intellectual defects).

In recent years our understanding of perinatal lung
development and of the pathophysiology of neonatal
lung adaptation has increased considerably as a result
of intensive studies by various investigators. Much
experimental work has focused on the functional
significance of the surfactant system of the lung
during transition from fetal to neonatal life, on its role
in the pathogenesis of NRDS, and on various methods
that can facilitate the adaptation of the premature
infant to extrauterine life.64

In 1903 Hochheim65 first described the formation of
hyaline membrane in the lungs of two infants dying
from respiratory insufficiency in the neonatal period.
Because of this finding, the term generally used to
describe this disorder until 1959 was ‘hyaline
membrane disease’ (HMD). Subsequently, it was
realized that early pathologic hallmarks of HMD are
atelectasis and intra-alveolar edema [in part perhaps
representing unresorbed fetal pulmonary fluid (FPF)],
whereas hyaline membranes, which develop at a later
stage of the disease, may be absent in infants dying
within a few hours of birth. The membranes are made
up of degenerated epithelial cells, blood cells, fibrin,
and components of the alveolar lining layer.

A perspective on perinatal medicine xlv
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NRDS begins shortly after birth. The classical
picture of tachypnea, expiratory grunting, sternal and
intercostal inspiratory reactions, inability to maintain
adequate oxygenation in room air, cyanosis, the
diffuse hypolucency, and the air bronchogram at chest
x-ray, all indicate alveolar instability, i.e. decreased
functional residual capacity. Expiratory grunting
represents an attempt by the newborn infant to
overcome alveolar collapse. In fact, by prolonging the
expiration and increasing the pressure within the
alveoli, the neonate obtains a better diffusion of
oxygen across the air–blood barrier. It is noteworthy
that the method of therapy with mechanical ventila-
tion of the lung under positive end-expiratory pres-
sure is based on this premise. In fact, Gregory et al.
noted that when cyanotic babies cried they turned
pink as a result of Valsalva’s maneuver.66 The clinical
picture of NRDS may be mimicked by ‘transient
tachypnea’, or the so-called NRDS type II, due to slow
resorption of FPF. However, this latter symptomatology
usually disappears in less than 24 h, whereas that of
NRDS lasts at least 24 h.60

The pathophysiology of NRDS was poorly under-
stood until the discovery of pulmonary surfactants.67,68

In 1959, Avery and Mead69 were the first to demon-
strate the deficiency of surfactants in saline extracts of
lungs from infants who had died of NRDS. Several
subsequent reports have confirmed that lungs of
newborn infants with NRDS have a high surface
tension70,71 and therefore tend to collapse. This finding
is in agreement with the abnormal characteristics
observed in pressure–volume curves from lungs of
infants with NRDS: high opening pressure required to
inflate the alveoli; more important, poor ability to
maintain a residual volume of air once all distending
pressure is removed; and small hysteresis between
inflation and deflation curves.63,70,71

Under normal conditions, the surface tension on
expiration is extremely low because surfactants are
present in the alveolar air–liquid interface. King and
Clements72 have suggested that the alveolar stability is
determined by low surface compressibility. Colacicco
and Scarpelli,73,74 in their in vitro studies on surface
properties of pulmonary dipalmitoyl lecithin, have
indicated that surface tension is virtually zero and
have thus substantiated the original ‘zero surface
tension, antiedema’ theory of Pattle.67 The impli-
cation of this is that surface tension is of primary
importance in maintaining alveolar stability in the
newborn infant as compared to older individuals,
since the former have less rigid chest walls, and
therefore the opposing force to alveolar collapse is
low.64,71 Many diverse theories have been proposed to
define the etiology and pathogenesis of NRDS, most of
which emphasize the prominent role of surfactant
deficiency, secondary to prematurity. Liggins75 showed
in the 1960s that ablation of the anterior pituitary gland
of the lamb fetus resulted in prolongation of preg-
nancy, whereas subsequent administration of ACTH
or corticosteroids initiated labor. In the latter case, the

preterm newborn seldom had serious lung problems
such as RDS. This indicated, both to Liggins and
Howie76 and to Avery,77 that administration of gluco-
corticoids to the mother might accelerate FLM.
Liggins also demonstrated a primary role for proges-
terone in the maintenance of pregnancy in the sheep
model, an observation that led to the estrogen–
progesterone ratio hypothesis developed by Csapo.78

Controlled clinical trials have been performed with
i.m. injection of one, two, three doses of betametha-
sone (12 mg each, 24 h apart), dexamethasone (12
mg/day), or hydrocortisone (a single dose of 100 mg)
to the mother. The results have been in general
promising with few side effects. To avoid these it has
been suggested by NIH consensus conferences and the
European Study against Immature Lung that one course
of betamethasone should be used, avoiding a second
course of 1 week later.79,80 Other drugs have been used
both in animals and in humans to accelerate FLM, with
less promising results than glucocorticoids.79 Cosmi
et al.81,82 have injected supplementary surfactant (SS)
obtained from pig lungs into the amniotic liquid close
to the nostrils of the human fetus after the admini-
stration of aminophylline to the mother to induce
FBMs, thereby favoring the entrance of SS into the fetal
trachea and upper airways, in cases of severe fetal
distress and/or preterm labor, and have obtained good
results. These findings have been confirmed in humans
by a Chinese group83 and in animal experiments.84 It
should be noted that after the pioneering study of
Fujiwara in 1980 supplementary surfactant has been
used successfully for the treatment of rescue babies, i.e.
with NRDS, and recently for early (prophylactic)
treatment of NRDS (for a review see Cosmi et al.80).

Other important discoveries have been made in
perinatal medicine, i.e. that prostaglandins have a
definite role in parturition, followed by the observa-
tions that there is a surge of certain prostaglandins in
maternal plasma and urine during parturition, that the
administration of drugs such as aspirin and indo-
methacin suppresses uterine activity, and that admini-
stration of prostaglandin precursors (either exogenous,
e.g. arachidonic acid, or endogenus, e.g. PLs from fetal
urine into the AF62) is capable of inducing labor. It is
now universally recognized that certain prostaglandins
are clinically effective for induction of labor.

A link between infection and preterm delivery
was proposed by Romero and Mazor85 in 1988. The
paradigm of infection-driven preterm labor has led
to a better understanding of the cytokines produced by
the placenta and the fetal membranes and by deciduas.
It triggered the discovery of new uterotonins such
as interleukin (IL) 1β, IL-6, tumor necrosis factor,
endothelin-1, and transforming growth factor β-1, and
of certain uterine relaxants, such as relaxin, prosta-
glandin inhibitors, thromboxane, and, more recently,
nitric oxide. Cytokines and eicosanoids appear to
interact on each other’s production in a cascade.

At this point the complexities of the labor–delivery
issue are abundantly clear as fetal–placental–maternal
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parameters search for a unifying mantle (placental
insufficiency, fetal distress, and endorphins?) or new
biologically active substances (peptides such as
corticotrophin releasing hormone, placental activin,
and oxytocin?).

The unique stresses, both positive and negative,
that Homo sapiens brings to the ‘evolutionary’ picture
are also quite considerable. For example, preterm labor
is now linked to social, economic, and environmental
factors, including low economic status, poor working
conditions, environmental pollution, maternal mal-
nutrition, and substance abuse with cocaine and other
drugs, smoking and alcohol being particularly offensive.

Stress generically and related biologically active
substances such as oxytocin, antidiuretic hormone,
catecholamines, and certain placental hormones also
involved in the perception of pain have been recognized
as labor inducers. Indeed, humans and animals under
stressful conditions tend to initiate labor. The best
example is given by the siege of Leningrad during
World War II, when half of the pregnant women either
aborted or delivered preterm overnight.

Notable advances are being made by researchers and
public health officials to ameliorate the social economic
challenges and to find new therapeutic approaches,
e.g. in the areas of pain relief, inhibition of preterm
labor, and fetal therapy, including surgical approaches.
The pioneering transabdominal intrauterine recording
method induced five decades ago by Alvarez and
Caldeyro-Barcia10,12,30 has led to useful observations on
the pharmacology of the human uterus and on the
effects of uterine contractions on the fetus. Many utero-
inhibitory drugs have been introduced and tested with
different results.86 A major advance of pain relief during
labor and delivery has been the introduction of regional
(epidural and spinal) blocks with the i.v. prophylactic
hydration of the mother combined with 1000 NS or 500
dextrane solution 1 h before the block to avoid
hypotension from sympathetic blockade.86,87

Many formidable challenges remain. For example,
the mode of delivery, vaginal vs. cesarean section, is a
matter of continuous debate; the biophysical approach
to fetal monitoring during labor is moving into the era
of computers and maybe of nanotechnology; the
invasive technique of fetal scalp blood sampling and
acid–base status determination have been replaced by
pulse oximetry and other techniques. Ultrasound and
Doppler technology, including three-dimensional
imaging, have entered the labor world. New methods

of pain relief are sought and used with increased
frequency. New technologies are being introduced at
such a pace that soon they will be extended to the
home environment, where the use of telemedicine88

can be applied, not only for monitoring uterine activity,
blood pressure, and maternal glycemia, but also in the
neonatal cardiorespiratory system for the diagnosis and
treatment of apnea of prematurity and sudden infant
death syndrome.50 Assisted reproduction techniques
also pose a particularly intriguing challenge to the
perinatology team, i.e. the obstetrician, biologist,
neonatologist, anesthesiologist, midwife, and nurse,
because of the increased incidence of complications
during pregnancy, labor, and delivery. Among the
opportunities brought by the new technologies that
address the fetus and its mother directly, are the
questions of propriety and ethics,38 which are among
those covered in many symposia, workshops, con-
gresses, and books on perinatal medicine.

It is noteworthy that in 1984 I founded in Erice
(Sicily, Italy) a permanent School of Perinatal Medicine,
which is very active. Furthermore, around the same
year, I founded the Italian Society of Perinatal Medicine,
which is composed of the above specialists. In 1988 I
Founded the World Federation of Perinatal Medicine
which in 1991 became the World Association of
Perinatal Medicine.

It seems that we are now in a period of development
of that art, which may be characterized as the period
of assimilation into academic medicine and medical
practice. To some degree or other, each one of us has
known the aura of anxiety in which perinatal medicine
is cast. To whom does it belong? Obviously, it belongs to
the perinatologist. But then, who is the perinatologist?
Of course he is each one of us. He is the obstetrician,
the fetologist, the neonatologist, the pediatrician, the
anesthesiologist, the basic scientist, … . He is in fact the
amalgamation of all and in this amalgamation he loses
the primordial title as he practices and becomes the
perinatologist. At some centers he is so designated, and
his discipline – perinatal medicine – is so recognized.
But at too many other centers he continues to strive to
dispel the anxiety and to complete the assimilation.
There is no question that the fall of departmental
barriers will result in even greater achievements in this
new era of perinatal care. Eleanor Roosevelt once said
that we are indeed one world and should strive to live
our lives that way. Similarly, perinatal medicine is a
unified body of knowledge, a science in its own right.
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1 Transition at birth
O. D. Saugstad 

3

Introduction
The transition from fetal to postnatal life is character-
ized by a number of dramatic changes in physiologi-
cal, biochemical, immunological, and hormonal
functions. The fetus is fully dependent on the mater-
nal supply not only of oxygen and nutrients but also
of a number of hormones and other important sub-
stances. The thermal control of the fetus is also taken
care of by the mother. Intestinal and breathing move-
ments as well as non-shivering thermogenesis are
partially inhibited. Large organs such as the lungs
and liver are not very active. The fetus is also asleep
most of the time. These are some important reasons
why the oxygen requirements and metabolism are
low in fetal life. Cardiac output is low with a low sys-
temic blood pressure. A relatively low blood glucose
level and oxygen supply is therefore sufficient to ensure
substrate for energy metabolism at this stage.

During the last trimester the fetus prepares itself to
meet the extrauterine milieu; energy stores are estab-
lished, minerals and trace elements are deposited,
both white and brown fat accumulate, the lungs
mature both structurally and biochemically. The last
means that the surfactant system matures and the
antioxidative defense develops in order for the fetus
to breathe and to be able to withstand the sudden
increased oxidative stress induced by the high oxygen
concentration in ambient air. Many epithelial transport
functions of different organs mature in late fetal and
early neonatal life.

After birth, the newly born infant is responsible for
its own oxygenation and ventilation. The partially
inhibited status of the fetus is immediately reversed
at birth. It is awake, aroused, breathing, and crying.
Metabolism increases with a subsequent increased
oxygen demand, and the newborn can initiate lipoly-
sis and mobilize glucose. The higher oxygen con-
sumption of the brain is one reason the newborn
brain is more vulnerable to hypoxia than in fetal life.
The sharp increase in oxygen exposure makes it necessary
for the newborn infant to protect itself from oxygen
toxicity. Transition to birth is therefore not only a
matter of redistribution of the circulation, maturation
of the lungs and the surfactant system with alveolar

gas exchange, it is much more complex and probably
only a small part of this is understood. In the follow-
ing some of these aspects will be discussed.

Growth
General principles
The greatest growth rate in human life occurs in the
fetal period. The increase from a fertilized egg to a
term newborn infant is in weight 6 ×1012, in length
5000-fold, and in surface area 61 ×106. After birth,
growth slows down, still the greatest postnatal
growth rate occurs immediately after birth.

Prenatal growth is dependent on maternal, placen-
tal, and fetal factors. In the first trimester growth
occurs by increase in cell number, in the second
trimester there is an increase both in number and in
cellular size. In the third trimester growth is mainly
by cellular growth since the rate of mitosis slows
down. During the first two trimesters the fetus has
reached approximately one-third of its term weight.
In this period only 50 g of fat is accumulated in con-
trast to approximately 500 g deposited in the last
trimester. Of the approximately 95 kcal/kg/day needed
by the fetus 40 kcal are spent for growth. Prenatal
growth is dependent on autocrine and paracrine
growth factors such as insulin-like factors 1 and 2;
however, insulin also plays a major role in prenatal
growth. Macrosomia is a well-known effect of fetal
hyperinsulinism, and these children have increased
body fat at 1 year of age. Abnormal patterns in insulin-
like growth factor (IGF) 2 gene expression may lead to
the Bechwith Wiedemann syndrome. These infants
are large with elevated insulin levels.

Postnatal growth is mainly regulated through pitu-
itary growth hormones (GHs), thyroid hormone, and
other hormones. GH is high in the fetus; however, the
number of GH receptors is low. That GH plays some
role in fetal growth is reflected in the poor growth of
children with GH deficiency or GH receptor defi-
ciency (Laron syndrome), and its action is mediated
by IGFs. During the first weeks of extrauterine life GH
falls, and already in the first day of life a pulsatile
release of GH is detected with a pulse periodicity of
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73 min, with higher peaks and more frequent pulses
found in small for gestational age (SGA) than in
appropriate for gestational age (AGA) infants. This
pulsatility is controlled by the stimulatory GH-releas-
ing hormone and the inhibitory somatostatin, both
produced in the hypothalamus. Thyroid hormone is a
major factor in postnatal growth and an acute eleva-
tion with a peak in thyroid stimulating hormone
(TSH) is found immediately after birth, with a decline
the first 5–6 days after birth. Leptin is produced in
adipose tissue and also regulates growth. Its role in
fetal life is unknown, but high concentrations are
found in the umbilical cord with a gradual decrease
over the next 3 months. Androgens decrease leptin
values, so that girls have higher concentrations than
boys from birth; the significance of this seem not to be
understood.

The changes in body composition the fetus under-
goes with the advancement of gestation is a progres-
sive decrease in total water, extracellular water,
sodium, and chloride and an increase in intracellular
water, potassium, calcium, and magnesium. The post-
natal body composition changes are characterized by
an increase in adipose tissue with a peak around 4–6
months, a progressive decrease in body water with a
relative increase of intracellular water.1–6

Fluid shift
In early fetal life approximately 95% of the fetus is
water, which gradually decreases throughout gestation,
being 80% at 8 months and 75% at term. Mode of deliv-
ery does not seem to influence this. Simultaneously
with this decline in body water there is a drastic
decrease in extracellular and a gradual increase in intra-
cellular water. This tendency continues until 9 months
of age, when body water constitutes 62%. However, the
total body water related to surface area does not change
very much in this period. Maximal intracellular water
of 43% of body weight is reached at 2 months of age at
the same time when extracellular water is 30%. The
term newborn loses 5–10% of its body weight and the
preterm more. This is mainly due to loss of water; how-
ever, it is not clear whether this loss is predominantly
from the extra- or intracellular space or perhaps both.

In the newborn’s first days of life the blood volume
is to a large extent dependent on placental transfusion
at the time of delivery, which can be up to 25–50 ml/kg
within 3 min. Whether or not this increase in blood
volume of 50% is harmful is not clear. A delayed cord
clamping may lead to a gradual increase in hematocrit
within a couple of hours. This is caused by plasma loss
of 30 ml/kg the following 4 h due to a shift of fluid from
the plasma into the interstitial space in addition to an
increased urinary output.7,8

Recently, it has become clear that specific water chan-
nels, aquaporines, play an important role in water trans-
port and water balance. Aquaporines 1 and 4 have been
found in the brain, 9 in the skin, 2 in the kidney, etc.

The newborn kidneys’ reduced ability to concentrate
the urine is probably due to the lack of aquaporines.
Aquaporines are active also in the perinatal period and
probably are important for removing fluid from the lung
and in so-called transitoric tachypne of the newborn.

Carbohydrates
Glucose is the major source of energy in fetal life and
the fetus is entirely dependent on glucose delivery from
the mother. It seems that the human fetus does not pro-
duce glucose until the end of gestation, and the brain
requires a continuous glucose supply that is received
from the mother – at term at a rate of 4–7 mg/kg/min.
This equals 6–10 g glucose/kg/day and represents
approximately 60% of the calories needed by the fetus.
Glucose is transported by facilitated carrier-mediated
placental diffusion. Several facilitated glucose trans-
porters have been identified and recently cloned. They
comprise a family of structurally related families and
are designated GLUT. The primary function of these is
to mediate the exchange of glucose between blood and
the cytoplasm of the cell. Several of these GLUT are
present in early fetal life.

Blood glucose is lower in the fetus compared with
the mother but there is a significant correlation
between maternal and fetal levels at least if the mater-
nal levels are not too low (< 4.4 mmol/l), below which
fetal concentrations are independent of maternal
levels. At birth, the transplacental supply of nutrients
is abruptly interrupted. The newborn infant therefore
has to produce glucose from its own endogenous
stores until feeding is started. At birth blood glucose
is 60–75% of maternal levels and then falls over the
next 1–2 h stabilizing at 2.5–3.3 mmol/l (45–60 mg/dl)
in healthy term infants within 24 h. Maternal glucose
supplementation during labor and delivery seems to
blunt this decrease. With the initiation of feeding it
increases, and after 24 h is between 2.5–5.0 mmol/l
(45–90 mg/dl).

Glucose can be metabolized to either lactate, which
occurs in anaerobic conditions, or to acetyl coenzyme
A (Ac-CoA) under aerobic conditions. Pyruvate can be
metabolized to either lactate or Ac-CoA; this is partly
regulated by the relative amounts of the isoenzymes of
lactate dehydrogenase (LDH). In adult brain the LDH
isoenzyme composition favors aerobic oxidation of
glucose but in the fetal and newborn brain the LDH
composition allows anaerobic glycolysis. The pla-
centa is impermeable to both insulin and glucagon,
which are produced by the fetus at least from the 10th
week of gestation. Glucose stimulates insulin in the
third trimester only.

In late gestation, approximately 50% of the glucose
is converted to glycogen in the liver and muscle, and
to fat in the liver and adipose tissue. Glucose storage
is regulated primarily by insulin but also by glucocor-
ticoids. Glycogen is low until approximately 36 weeks
of gestation; however, it triples in the liver until term,
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when it reaches a maximum both in the liver and in the
skeletal muscles. In other organs such as myocardium
and lungs the peak is reached somewhat earlier, declin-
ing toward term. Postnatally, glycogen is the initial
substrate for glucose, but only for a few hours. Within
24 h after birth the glycogen stores are more or less
exhausted. Gluconeogenesis from fat and protein is
therefore necessary to meet the metabolic demands,
and this is in principle a postnatal event. Fat is there-
fore an important substrate for glucose production in
the early newborn period. Although key enzymes for
gluconeogenesis are present in the liver from early
fetal life, gluconeogenetic activity is not expressed in
utero, at least not until near term. In late gestation,
fetal gluconeogenesis therefore occurs and may con-
tribute to fetal glucose levels especially if the glucose
supply from the mother is reduced, for instance, during
maternal fasting or by intrauterine growth retardation.
Initiation of lipolysis and gluconeogenesis is promoted
by hormonal and enzymatic changes occurring in the
first day of life. The insulin/glucagon ratio rapidly
decreases after birth and the high postnatal concen-
trations of catecholamines, cortisone, and TSH con-
tribute to this. In the newborn infant glycerol can be
converted to glucose, contributing up to 20% of the
hepatic glucose production. It has been shown that
preterm infants of less than 28 weeks’ gestation have
the capability of gluconeogenesis from glycerol.9–13

Proteins
In the second and third trimester protein synthesis is
especially high, however, with a reduced rate toward
term. The term newborn infant has about 0.5 kg of
protein after a many-fold linear increase in the last
half of the gestation. Protein synthesis slows down
toward term but is still high, approximately fivefold
higher than adult levels. In fact, not only synthesis is
high in fetal life, but breakdown of proteins is also
increased, giving a high protein turnover in the fetus.
There is a substantial difference between organs, with
the highest rate of protein synthesis in the placenta,
heart, and liver (half-life 1 day) compared with a half-
life of 1 week in muscle. A number of growth factors
may be responsible for this, such as IGF-1. For this
reason the amino acid concentration in fetal plasma is
higher than later in life, and the fetal/maternal amino
acid ratio in plasma is high with a peak in the second
trimester, when it is approximately 3:1, falling to 1.5:1
toward term. Intrauterine growth retardation is char-
acterized by a falling fetal/maternal plasma amino acid
ratio mainly due to an augmentation in the maternal
levels.

Amino acids are transported across the placenta by
both a direct active transfer of essential amino acids
and placental cytosolic synthesis of non-essential
amino acids. A number of amino acid transporters – at
least 12 – have recently been identified. The rate of
amino acid utilization is about 4 g/kg/day, similar to

the estimated intake of very premature infants. A protein
intake in the postnatal period of 2.8 g/kg/day is close
to the minimal intake needed to ensure weight gain
and nitrogen retention equal to intrauterine rates, and
a protein intake of 3–4.3 g/kg/day is recommended.
Some amino acids that are non-essential in postnatal
life are essential in fetal life due to inadequate matu-
ration of enzyme systems. One example of this is the
absence of cysthionase, making the fetus completely
dependent on the mother’s cystine supply. During the
first hours postnatally there is a rapid fall in plasma
amino acid levels.14,15

Lipids
The fetus requires both essential and non-essential
fatty acids from the mother, and fat represents one-
sixth of the body weight at term.

Free fatty acid supply to the fetus may occur
through a process of facilitated membrane transloca-
tion involving a plasma membrane protein, placental
synthesis and release into the umbilical circulation,
or lipolysis of triglycerides, lipoproteins, or phospho-
lipids from either the maternal or the fetal side. The
free fatty acid concentration and composition in the
fetus reflect maternal values. It is well known that
maternal manipulation with diet may change the
growth and development of the fetus. For instance,
mothers fed a diet high in docosahexenoic acid deliver
babies with higher birth weight. These children seem
to mature earlier and have a higher IQ at the age of
4 years. Triglycerides are hydrolyzed to fatty acids by
lipoprotein lipases, which are secreted by capillary
endothelium. Lipoprotein lipase is stimulated by
insulin and is present in fetal life with low activities in
muscle and heart but higher in the lungs. This may be
of importance for surfactant synthesis and maturation.
After birth, the activity of this enzyme increases both
in preterm and term infants. However, in preterm
infants the clearance of circulating triglycerides is
reduced due to a lower enzyme activity than in the
term infants, and this activity seems to be directly
related to the degree of prematurity. In the human
fetus, the enzymes for cholesterol and lipoprotein
metabolism develop early in gestation. As low-density
lipoprotein (LDL) receptor expression also increases in
gestation serum cholesterol and LDL decrease to levels
lower than that observed in early postnatal life. In
breast-fed infants these metabolites increase rapidly
and are doubled from day 1 to day 7 of life but are still
only half of the adult levels.

In the last 8 weeks of gestation subcutaneous fat
increases rapidly from approximately 20 to 350 g, and
deep body fat from 10 to 80 g. The total fat content
increases from 6 g at 22 weeks to 500 g at term.

Fatty acid catabolism is an important energy source
in postnatal life. High concentrations of free fatty
acids and glycerol soon after birth indicate the onset
of lipolysis and lipid oxidation. Free fatty acids and

Growth 5
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glycerol increase sharply and peak around 120 min
after birth. Beta-oxidation of fatty acids occurs in the
mitochondria. Ac-CoA is transesterified to carnitine
by carnitine acyltransferase located on the inner mito-
chondrial membrane. Fatty acid oxidation is limited
in the fetal myocardium because of a low concentra-
tion of carnitine and a limited number of mitochon-
dria. Liver, brain, placenta, and lung also have limited
capacity to oxidize fatty acids. After birth, however,
fatty acid oxidation increases substantially and
remains high until the time of weaning.

Lipogenesis is found in fetal tissue from 12 weeks
of gestation and is stimulated by insulin and inhibited
by glucagon or cAMP. Fatty acid synthesis declines
after birth when the diet is milk, which is rich in fat.
Placental transfer of ketone bodies in contrast to glyc-
erol has been described. The fetus uses ketone bodies
as substrates for oxidation and lipogenesis.10,16–19

Mineral metabolism
The placenta actively transports calcium to the fetus
to allow rapid fetal skeletal mineralization. From
20 to 26 weeks of gestation fetal levels are maintained
about 0.25 mmol/l (1mg/dl) above the maternal level.
In the last trimester calcium stores quadruples. In
humans two-thirds of the mean 30 g calcium in a
healthy term fetus are transported in the last trimester.
At birth the constant calcium supply is interrupted
and there is a normal fall in serum calcium in the first
hours after birth, reaching a stable level after 24–48 h
of age of about 2–2.25 mmol/l. During the next few
days there is a subsequent gradual increase, resulting
in serum calcium of about 2.5 mmol/l at 1 week of age.
In one study serum ionized calcium concentrations
decreased from a mean 1.45 mmol/l at birth to
1.33 mmol/l at 2 h and 1.23 mmol/l at 24 h of age.

At birth parathyroid hormone is low, increasing
two- to fourfold during the first 2 days of life, giving
an efficient response after 3–4 days. In contrast, calci-
tonin levels are high in the newborn, thereby inhibit-
ing calcium mobilization from bone. Magnesium, zinc,
and phosphorus are also transported actively across
the placenta from the mother to the fetus. During the
first week of life magnesium levels show small varia-
tions, correlating directly with serum calcium and
inversely with phosphorus. Adequate zinc levels are
needed for normal fetal growth and postnatally the
requirements are approximately 2 mg/day. Zinc defi-
ciency in infancy may lead to failure to thrive
and reduced immunological function. Globally, zinc
deficiency represents a major health problem in
infancy.20–23

Hormones
The endocrine system is involved in growth, repro-
duction, cellular nutrition, as well as energy, thermal,

cardiovascular and fluid homeostasis. Many hormones
do not cross the placenta but are found in the fetus
around 10–12 weeks of gestation. This is true for GH,
insulin, prolactin, and thyroxin.

Prolactin may play an important role in regulating
fluid balance in fetal life. At term its levels are 20-fold
higher than adult levels and decline rapidly in the
first weeks after birth. This reduction may be linked
to the decline in total body water after birth. Prolactin
may also have a maturational effect on the pulmonary
surfactant system in combination with glucocorti-
coids and thyroidea hormones. Thyrotropin-releasing
factor regulates TSH and prolactin secretion. As early
as 12 weeks of gestation it is clear that the fetus pro-
duces thyroxin and around 13 weeks of gestation
TSH-producing cells have been identified. TSH both
stimulates growth and contributes to differentiation of
the thyroid gland. TSH does not cross the placenta
and tri-iodothyronine (T3) and thyroxine (T4) do not
cross in sufficient quantity for the fetus. The fetus is
therefore dependent on its own pituitary and thyroid
hormones in addition to supply from the mother. In
contrast, thyrotropin-releasing factor crosses the pla-
centa and stimulates fetal TSH. Fetal total and free
T4 as well as thyroxin-binding globulin values
increase during the gestation and reach the level of
the mean adult values around 36 weeks. In umbilical
cord blood TSH is low and increases rapidly within
the first 10–15 min after birth, and T4 reaches a peak
after 48 h as a response to the high TSH concentration.
TSH remains high the first days of life before it reaches
its low normal adult levels. The half-time of T4 is much
shorter in the neonatal period compared with adult
life, making the thyroxin requirements many times
higher than in the adult period.

From the eighth week of gestation the fetal adrenal
converts prenenolone to dehydroepiandrosterone
sulfate, which in the fetal liver and other tissues is
hydroxylated to 16-hydroxy-dehydroepiandrosterone,
which passes to the placenta and forms estriol. Since
estrogen is important in maintaining pregnancy the
fetus therefore contributes to this itself.

The fetal adrenal cortex promotes fetal organ
enzyme maturation and in the last part of gestation
adrenocortico-tropic hormone and cortisol levels
increase in the fetus influencing maturation of enzyme
systems in the lung, gastrointestinal tract, and possibly
other organs. After birth, cortisol levels decrease, reach-
ing adult levels by the age of 2–3 months.2,22,24–27

Stress at birth
There is a dramatic activation of the adrenal, the sym-
pathetic, and the parasympathetic systems toward
term. The sympathoadrenal system develops in fetal
life and the newborn infant has large adrenals and
extra chromaffin tissue in the paraganglia. The adre-
nal cortex matures toward term and releases substan-
tial amounts of epinephrine and norepinephrine near
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term. Corticosteroids around birth mature the surfactant
system by inducing its synthesis, as well as antioxyen-
zymes in the lung, and further play a role in the labor
process. Corticosteroids also induce the expression of
phenylethanolamine-N-methyl-transferase, which con-
verts norepinephrine to epinephrine. The transition at
birth is characterized by high levels of catecholamines,
angiotensin and vasopressin. The catecholamine levels
are higher than in any other period of life under physi-
ological circumstances. Norepinephrine constitutes
approximately 85% of the total catecholamines and in
plasma is normally increased 20-fold or more during
the first stage of labor. Also, in the newborn infant the
catecholamine levels are very high, continuing to rise
immediately after birth then decreasing to the prelabor
levels during the first 24 h or so (Figure 1.1). This is vital
for successful postnatal adaptation.

The newly born infant is normally awake and alert.
In these few hours, before it falls asleep, it is super-
sensitive to sensory stimulation. This arousal might be
caused by the catecholamine surge at birth. An activa-
tion of catecholamines in the brain, especially in the
locus ceruleus in the brainstem, takes place, and the
turnover of norepinephrine increases several fold
before birth. The high concentration of catecholamines
also increases myocardial contractility, increases
peripheral vascular resistance, promotes surfactant
secretion, reduces production and increases absorp-
tion of lung water, mobilizes glucose and free fatty
acids as energy substrates, and initiates non-shivering
thermogenesis. The increase in circulating cate-
cholamines at birth therefore probably is vital for
cardiovascular adaptation at birth. Rhythmic lung
inflation also increases plasma catecholamine levels as
does cooling and umbilical cord clamping.

Sympathetic nervous activity, especially of the
baroreceptors and chemoreceptors, increases during

gestation and the influence of the parasympathetic
system on the resting heart rate increases with matu-
ration. In fetal life sympathetic tone is high and is
important in maintaining fetal arterial blood pressure.
The basal sympathetic tone fluctuates in the normal
state and this is more important in fetal than in new-
born life to generate blood pressure variability and is
related to change in the behavioral state of the fetus.
At birth the activity increases further, for instance, in
renal sympathetic nerves, three- to fourfold; this is,
however, observed only in full-term and not in preterm
animals. This effect is also blunted by antenatal
dexamethasone.28,29

Development of breathing
In the fetus spontaneous and rhythmic activity of the
diaphragm and respiratory muscles occurs already
from weeks 10–11 of gestation. The fetal breathing is,
in contrast to postnatal breathing, not continuous, and
with advancing gestational age fetal breathing move-
ments become more sporadic and occur only during
electrophysiological activity comparable to rapid eye
movement (REM) states. From about 30 weeks of ges-
tation the breathing seems to be more strongly influ-
enced by the behavioral state and a powerful central
inhibitory mechanism is functioning during non-REM
activity. Near term the human fetus performs breath-
ing movements approximately 25–30% of the time. In
contrast to the adult in whom hypoxemia stimulates
breathing, in the fetus it causes a rapid depression
independently of the physiological state. This is also
regulated centrally, possibly via some metabolites
such as adenosine.

The first breath occurs normally at 10–30 s of life
but is delayed in birth asphyxia and also in those
given pure oxygen compared with room air. Immediately
after birth breathing is irregular and deep but within
minutes a regular breathing rhythm is established,
and such a continuous breathing rhythm is activated
by a number of stimulants. Separation of the placenta
in itself stimulates respiration, perhaps by decrease of
inhibitory substances such as adenosine and PGE2,
which are produced there. Since the concentration
of, for instance, prostaglandin I2 (PGI2), decreases
relatively slowly after birth, other factors must be
responsible for the rapid initiation of respiration.
Oxygenation of the lungs itself seems to stimulate res-
piration and may contribute to this establishment.

It is clear that respiratory control in the postnatal
period is multifactorial. Airway mechanoreflexes,
thermoregulation, chemoreflexes, and behavioral
states are important. The influence of the behavioral
states on breathing patterns in the newborn is impor-
tant, especially since the newborn spends so much
time asleep. During wakefulness and REM sleep,
breathing is irregular; in quiet sleep, breathing is
slower and more regular.

Development of breathing 7

Figure 1.1 Norepinephrine concentration before, during, and
after birth. From Lagercrantz.28
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Immediately after birth thermal inputs play a major
role in regulating the respiration. A cool environment
stimulates breathing and it has been suggested that the
increased metabolic drive this initiates in order to keep
the infant in the thermo-neutral zone stimulates breath-
ing. After a few weeks the thermo-neutral zone widens
and this mechanism seems to be less influential. Instead
vagal stimuli become more important and stretch
receptors in the airways and lung parenchyma and
chest wall determine both breathing depth and fre-
quency. Lung inflation inhibits respiration, this phe-
nomenon is known as the Hering–Breuer reflex and is
more active in the newborn than in the adult and more
active in the term than in the preterm infant. Further, it
is more active during quiet sleep than in active sleep
(REM sleep). The importance of mechanosensory
receptors in the airways in regulating the respiration
plays only a minor role immediately after birth and
increases in the first weeks after birth.

The chemoreceptors in the carotid body respond
both to pCO2 and pO2. In fetal life the set point for pO2
is much lower than in postnatal life, which means they
are silenced immediately after birth. The sensitivity of
the chemoreceptors both in the carotid body and in the
aorta then slowly shifts toward adult levels during the
next few days. In fetal life the chemoreceptors increase
their activity when paO2 decreases below 2.7–3.3 kPa
(20–25 mmHg). After birth, resetting of the chemorecep-
tors increases their activity if paO2 decreases below
12–13.3 kPa (90–100 mmHg). The mechanism for this
resetting is not fully understood and it has been sug-
gested that the level of catecholamines, such as
dopamine in the carotid body, may play a role. Four to
seven weeks postnatally chemoregulation is established
as the most important regulator of the respiration.

Hypercapnia affects the fetal breathing movements
in REM-like sleep only, but much more weakly than
after birth when resistance to hypercapnic respiratory
stimulation disappears during the quiet sleep state.
Sensitivity to CO2 increases with increasing gestational
age and is therefore less developed in the preterm than
in the term infant. Hypoxia in the term newborn infant
results in hyperventilation for some minutes followed
by normalization or reduced ventilation due to a fall in
respiratory frequency. This second phase of ventilatory
depression is more marked in the preterm infant, who
often will not go through the initial hyperventilation
when exposed to hypoxia and thus has a response to
hypoxia similar to the fetus.30–33

Perinatal transition of the lungs
The lung development goes through several stages: the
embryonic (3–7 weeks postconception), pseudoglan-
dular (5–17 weeks), canalicular (16–26 weeks), saccu-
lar (24–38 weeks), alveolar (36 weeks to 2 years
postnatally). A detailed description of these is found
in several textbooks. Suffice here to mention that in

the canalicular stage the appearance of vascular canals
multiplies to form the alveolar-capillary respiratory
membrane, which is the air–blood barrier and the
future gas exchange surface. The epithelium is thinner
and gas exchange may take place at the end of this
stage. The saccular stage is characterized by dilatation
of terminal respiratory units into alveolar saccules and
ducts, with a reduction in the interstitial tissue. The
alveolar stage is characterized by the formation of
secondary alveolar septa that partition the terminal
ducts and saccules into mature alveoli. The alveolar
septa become thinner during this stage, which also
increases the surface area of the lungs significantly.
Most alveoli (80%) are formed after birth.31,34

Inflation
In fetal life the lungs are fluid filled and a normal
fluid volume is a major determinant of normal lung
growth. Lung liquid is actively secreted by epithelial
cells, but the formation and volume decrease toward
term. At birth an abrupt stop is needed. It seems that
labor itself more than mechanical squeezing of lung
fluid clears the lung of its liquid. The secretory
process in fetal life is abruptly switched to allow
absorption from the lung lumen into the fetal circula-
tion. Two hours after birth the lung liquid normally is
cleared. Epinephrine, but not norepinephrine, seems
to be important to induce Na+ transport out of the
lumen. Epithelial sodium (Natrium) channels (ENaC)
are important regulators of lung liquid clearance and
parallel the rise of cortisol in late gestation of guinea
pigs. Recently, the role of water channels, so-called
aquaporines, for clearing lung water after birth has
been focused on (see the section ‘Fluid Shift’). Transi-
tory tachypnea of the newborn is considered by many
as a condition in which an inadequate lung liquid clear-
ance is found due to a low stress at birth (exemplified
by C-section). At birth the infant must inflate its lungs
to provide a large enough area for gas exchange in the
course of a few minutes. The first respiratory effort
must be large enough to overcome the great resistance
caused by the surface tension of the lung liquid.
Pulmonary surfactant lowers the surface tension and
therefore facilitates the expansion of the lung. In the
absence of surfactant a positive end expiratory pres-
sure of about 28 cm H2O to avoid lung collapse and
maintain an adequate functional residual capacity is
necessary.

Inflation of the lung of a normal infant at birth is
probably nearly accomplished with the first cry if it is
vigorous. Karlberg and coworkers recorded the first
breath in a series of 11 normal term infants to occur at
the age of 6–93 s. Opening of alveoli occurs serially,
each unit going to full inflation before the next one
opens. Lung inflation is extremely rapid and after
only one-third of a second the lungs look inflated as
assessed by chest x-ray. Pleural pressures vary from
10 to 70 cm H2O subatmospheric during the first
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breath. Others have registered opening pressures
around 30 cm H2O. This large pressure is applied for
only 0.5–1 s and during the first expiration there is a
high positive pleural pressure of 20–30 cm H2O. The
pressure difference from inspiration to expiration in
one single breath may therefore be formidable, up to
100 cm H2O. Still, most children need an intrathoracic
pressure of less than 10 cm H2O to open their lungs vs.
4 cm H2O in normal breathing. The tidal volumes
of the first breaths in term infants were found by
Karlberg and coworkers to vary between 12 and 67 ml.

Functional residual capacity increases quickly
from about 17 ml/kg at 10 min of age to 25–35 ml/kg
at 30 min, the same as 4 days of age. Lung compliance
increases gradually during the first week of life and
by 1–2 days of life the compliance is four- to fivefold
greater than it was during the first few breaths.
Simultaneously, resistance to airflow is decreased by
one-half to one-fourth of the first registered values
(Figure 1.2).

Following the initial inflation of the lung, the intra-
alveolar lung fluid moves into the interstitium and is
partially absorbed by the capillaries. Cold, light,
noise, increased force of gravity, and falling pO2 and
pH all contribute to the initial gasping and subsequent
breathing. The intrathoracic pressure an infant can
generate is also dependent on the stability of the chest
wall and the strength of the respiratory muscles.
Following aeration of the lungs the pulmonary vascu-
lar resistance decreases and pulmonary blood flow
increases, left atrial pressure increases, and the fora-
men ovale closes (see the section ‘Transition of the
Circulation’).35–38

Gas exchange
In the umbilical vein blood pH has a mean of 7.33 in
normal-term infants and in arterial umbilical blood
reaches a minimum of about 7.20–7.25 a few minutes

after birth and then is normally between 7.33 and 7.36
at 20 min of age. In some investigations pH already at
1 h reaches 7.40–7.42. pCO2 in umbilical vein cord
blood has a mean of 5.7 kPa (43 mmHg) and paCO2
peaks around 8–9.3 kPa (60–70 mmHg) immediately
after birth and then quickly normalizes to around
5.3 kPa (40 mmHg) or even a little lower than this by
20–60 min after birth. paO2 in umbilical vein cord
blood has a mean of 3.7 kPa (28 mmHg) and quickly
rises to 6.7–8 kPa (50–60 mmHg) within the first
20–60 min after birth and then gradually increases
toward adult levels over the next days, depending on
how quickly the foramen ovale and the ductus arte-
riosus close.39

Surfactant
Pulmonary surfactant is synthesized, stored, secreted,
and cleared in the type II cells in the alveoli. There are
almost twice as many type II cells than the flat type I
cells but they cover only 5–10% of the alveolar surface.
In addition to surfactant, they synthesize and secrete
many other bioactive components such as coagulation
factors, cytokines, growth factors, and lysozyme and
lysosomal enzymes. Active synthesis of surfactant
begins in the second trimester and around 35–36 weeks
adult pool size is obtained. At term only a fraction of
the normal amount of surfactant is present in the alve-
oli. With lung inflation at birth a dramatic secretion of
surfactant occurs and a normal pool of surfactant is
established in the alveoli after a few hours.

Maturation of surfactant is delayed by 1–2 weeks in
males compared with females and is not only depend-
ent on the amount of surfactant produced but also on
the surfactant composition. It has been shown in
several mammalian species that considerable changes
take place in the composition of surfactant as matura-
tion of the fetus occurs. One of these is the increase of
phosphatidyl choline and dipalmitoyl phosphatidyl
choline with a concomitant decrease in phosphatidyl
ethanolamine. This is reflected by an increasing
lecithin/sphingomyelin ratio in amniotic fluid during
the maturation process. The percentage of disaturated
lecithin increases and reaches about 50 around 34 weeks
of gestation. The acidic phospholipids of surfactant
follow a different pattern. At around 34–35 weeks
phosphatidyl glycerol becomes present and increases;
simultaneously, phosphatidyl inositol peaks before it
decreases toward term.40

Surfactant proteins
Experiments with several animal species have shown
that the production of surfactant proteins in the fetal
lung increases toward term. In humans mRNA for sur-
factant proteins A, B, and C were detected as early as
13 weeks of gestation and by 24 weeks their levels
were 50% and 15% of the adult levels of mRNA for
surfactant proteins B and C, respectively. In contrast,
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Figure 1.2 Change in lung mechanics in the first 24 h of life.
From Godfrey.36
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mRNA for surfactant protein A is very low before
24 weeks of gestation. In rat lung surfactant protein A
increases substantially during the last 3–4 days of ges-
tation, reaching a peak at the first day of life. In adult
lungs its level doubles compared with the neonatal
level. In humans surfactant protein A normally
appears in amniotic fluid around 30–32 weeks of ges-
tation and increases with surfactant lipids toward
term. Surfactant protein B increases more gradually
during gestation and continues to do so the first days
after birth with a slight decrease in the adult.
Glucocorticoids seem to increase the production of
surfactant proteins A, B, C, and D. The hydrophilic
surfactant proteins A and D are important for host
defense and the hydrophobic proteins B and C for sta-
bilization and rapid adsorption and spreading of the
surfactant film. Surfactant protein B deficiency is a
rare autosomal recessive disorder leading to lethal
respiratory distress even in term infants. Recently,
mutations in the transport of surfactant protein B from
the lamellar bodies in type 2 cells to the surface have
been detected giving a similar clinical picture as
surfactant protein B deficiency. Surfactant protein C
deficiency is an autosomal recessive disease and clin-
ically not as dramatic as surfactant protein B defi-
ciency, but it may lead to interstitial inflammation
and pulmonary fibrosis.41–43

Transition of the circulation
Vascular changes
In fetal life the pulmonary and systemic vascular sys-
tems are coupled in parallel in contrast to the postna-
tal period when the blood circulation is coupled in
series through the right side of the heart to the lungs
and then through the left side of the heart to the sys-
temic circulation to return to the right side of the
heart through the systemic and the pulmonary vascu-
lature (Figure 1.3). The fetal circulation is character-
ized by a low systemic and a high pulmonary vascular
resistance, the opposite of the situation in postnatal
life. The fetal circulation is designed to provide a
large blood flow to the placenta and supply less to the
lungs since the fetal lung has no gas exchange until
birth. Due to the large surface of the placenta the fetal
circulation has a low resistance, and the blood pres-
sure therefore need not be high. The fetal circulation
is further characterized by the presence of three
shunts, which facilitate venous return from the pla-
centa. These are the ductus venosus and the two right
to left shunts reducing blood flow through the lungs
(foramen ovale and ductus arteriosus). Through the
foramen ovale (the opening between the right and left
atrium) and the ductus arteriosus (the connection
between the pulmonary trunk and the aorta), blood is
bypassed away from lung tissue into the systemic cir-
culation. The three shunts mentioned above therefore
contribute to a separation between blood rich in oxygen
and nutrients supplied from the placenta via the

umbilical vein; this blood supplies the brain and
myocardium.

During fetal life, blood is oxygenated in the placenta
and returns to the fetal body via the umbilical vein,
which joins the portal vein in the hepatic sinus. About
40% of the combined ventricular output goes through
the placenta. This volume of blood, approximately
200 ml/kg fetal weight per minute, can be distributed
through the ductus venosus directly into the inferior
cava vein bypassing the hepatic micro-circulation, or
it can pass via the portal veins through the hepatic cir-
culation and then enter the inferior caval vein through
the hepatic veins. In the fetal sheep about 70% of the
venous return is derived from the lower portion of
the body, and 20% from the superior vena cava. Of
the remaining 10% approximately 7% comes from the
pulmonary circulation – a fraction increasing toward
term – and 3% from the myocardium. About 55% of
the umbilical venous return passes through the ductus
venosus and the rest mainly through to the right lobe
of the liver.

The fetal liver is a highly compliant organ able to
regulate the distribution of umbilical blood flow during
fetal stress. Umbilical blood flow does not change sig-
nificantly from normal values when fetal hypoxemia is
induced by maternal hypoxia; however, the intrahepatic
circulation is redistributed so that flow through the
ductus venosus is increased. This increased flow is
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Figure 1.3 The fetal circulation. Ao: aorta, DA: ductus
arteriosus, DV: ductus venosus, LA: left atrium, LV: left ventricle,
PA: pulmonary artery, RA: right atrium, RV: right ventricle. From
Rudolph.44
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distributed to favor the brain, myocardium, and placenta
in order to secure more oxygenated blood to these vital
organs during hypoxemia. After traversal through the
ductus venosus and entry into the inferior caval vein,
oxygenated blood from the placenta does not mix
with deoxygenated blood from the lower body. This
blood when entering the inferior caval vein streams in
parallel with blood from the lower body. When enter-
ing the right atrium the blood from the placenta and
the blood from the lower body are split by crista divi-
dens and blood originating from the ductus venosus
preferentially crosses the foramen ovale into the left
side of the heart and therefore the myocardium and
the head are supplied with oxygen-enriched blood.
Blood from the lower body and right liver lobe prefer-
entially passes through the tricuspid valve into the
right ventricle together with blood from the superior
vena cava. Thus, blood with lower oxygen content is
pumped out of the right ventricle and reaches the
lower parts of the body.

Doppler studies in humans have demonstrated that
the ductus venosus is a narrow vessel projecting a high-
velocity jet posteriorly to reach the foramen ovale. The
high peak velocity in the ductus venosus may give
the blood sufficient momentum to reach the foramen
ovale without extensive mixing with deoxygenated
and nutrient poor blood. Blood streaming, therefore,
not only occurs in parallel, but also side by side at dif-
ferent velocities when entering the right atrium.

Umbilical venous blood has a pO2 of 4–4.7 kPa
(30–35 mmHg). After mixing with portal venous and
inferior caval blood the pO2 is about 3.5–3.7 kPa
(26–28 mmHg). Venous blood returning from the supe-
rior cava vein has a pO2 of 1.6–1.9 kPa (12–14 mmHg)
and this combines with the inferior caval vein stream
passing through the tricuspid valve, giving a pO2 in
the right ventricle of 2.4–2.5 kPa (18–19 mmHg). The
pO2 of the blood entering the left ventricle and the
ascending aorta is about 3.1–3.3 kPa (23–25 mmHg),
slightly less than in the proximal part of the inferior
caval vein due to mixing with blood from the pul-
monary veins in the left atrium. The descending aortic
blood, which is a mixture of blood passing through the
ductus arteriosus and the aortic isthmus, has a pO2 of
2.7–2.9 kPa (20–22 mmHg). Postnatally there is essen-
tially no mixing of blood oxygenated in the lungs and
systemic venous blood.

Fetal pulmonary vascular resistance falls with
advancing gestational age primarily due to the great
increase in the number of pulmonary vessels, expand-
ing the total cross-sectional area of the vascular bed.
Pulmonary blood flow and pulmonary artery pressure
increase substantially in the fetal sheep from midges-
tation toward term.44–49

Establishment of the postnatal lung
The most dramatic changes in the circulation occur
at birth when gas exchange through the lungs is

established. Immediately after birth the umbilical
placental blood flow is stopped and the pulmonary
circulation is established adequately. Neither in the
placenta nor in the umbilical cord vessels are adren-
ergic or cholinergic nerve fibers detected. So the
regulation of cord flow is probably mainly due to
vasoactive factors. Within a minute after birth umbil-
ical blood flow is less than one-fifth of the fetal level.
Simultaneously, a significant decrease in umbilical
artery and vein diameters is observed within another
minute. The mechanisms behind this are not fully
understood but cooling, increased oxygen tension,
and stretching of the cord may play a role. Locally
produced mediators such as serotonin are powerful
constrictors of umbilical vessels. The umbilical vessels
also constrict by mechanical stimulation, particularly
stretching, and the constriction is upheld by the
immediate increase in systemic oxygen tension.
Simultaneously, venous return through the inferior
caval vein is reduced by removal of the placental cir-
culation. Cessation of venous return reduces flow
through the ductus venosus and this vessel therefore
closes passively within 3–7 days after birth.

After birth, ventilation of the lungs with air results
in a four- to tenfold increase in pulmonary blood flow,
which is associated with a relatively rapid fall in pul-
monary vascular resistance (Figure 1.4). These effects
are mediated by mechanical lung changes, lowering of
pCO2, and increase in pO2, each factor accounting for
the pulmonary vasodilator effects seen after birth.

In addition to the structural adaptation of the pul-
monary circulation after birth there are a number of
vasoactive substances participating in the regulation
of the pulmonary vascular tone in the perinatal
period. The pulmonary vascular endothelium is cen-
tral in the regulation of vascular tone. By stimulation
the endothelial cells may release vasoactive sub-
stances into the circulation, or release lung tissue
enzymes involved in the activation or inactivation of
vasoactive mediators.

In recent years endothelium-derived relaxing
factors such as nitric oxide (NO) have been identified
and together with PGI2 may be responsible for the
rapid decrease in pulmonary vascular resistance that
occurs at the onset of normal ventilation after birth. In
fetal circulation there is an increased production of
nitric oxide compared with adult levels. This nitric
oxide contributes to the low vascular resistance and
increased flow, for instance, in the gastrointestinal
tract. Increased fetal oxygen tension increases the
release of NO. The increase in pulmonary blood flow in
response to the high oxygen concentration at birth as
well as distention of the lung seems to be mediated, at
least partly, by NO. This system seems to be especially
potent near term, the reaction of the preterm is dimin-
ished. Endogenous NO production is augmented due
to induction of especially endothelial nitric oxide
synthase (eNOS). In the baboon both inducible NOS
and eNOS activities increase during gestation, falling
toward term. However, the total NOS activity seems to
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be preserved. Both hypoxemia and diaphragmatic
hernia decrease NOS expression. A lack of neuronal
nitric oxide synthetase has been found in neonatal
hypertrophic pyloric stenosis. Arachidonic acid
metabolites are involved in the physiological regula-
tion of the perinatal circulation. PGI2 is a strong pul-
monary vasodilatator. Mechanical stimulation of the
lungs leads to PGI2 production and ventilation of the
fetal lung itself increases concentration of PGI2 in pul-
monary venous blood. The release of this metabolite
is also stimulated by histamine, bradykinin, reactive
oxygen species (ROS), and adenosine triphosphate
(ATP), as well as angiotensin II, which is high imme-
diately after birth.

Bradykinin is a potent vasoconstrictor in the umbil-
icoplacental circulation but otherwise is usually a
vasodilatator. Bradykinin is released in fetal lungs
during ventilation with air or during hyperbaric
oxygenation. It is therefore possible that bradykinin
could play a role in postnatal pulmonary circulatory
changes. Endothelium-dependent vasoconstriction
can also be stimulated by substances and factors such
as acetylcholine, thrombin, serotonin, physical forces,
and hypoxia. There are also endothelium-derived
vascular constricting factors such as metabolites of
arachidonic acid [thromboxane A2 (TXA2) and PGH2],
as well as endothelin and free radicals. In animal
studies it has been shown that ROS are able to
potently constrict the pulmonary vasculature and to
dilate the ductus arteriosus. It has been shown both in
the lungs and in the isolated ductus arteriosus that
ROS stimulate the production of prostaglandins. In

the lungs there seems to be a balance between dilating
and constricting prostaglandins. The constrictor TXA2
is elevated first, followed by the dilator PGI2, when
the pulmonary circulation is exposed to free oxygen
radical generating systems. These substances there-
fore can have both constrictory and dilatory effects
on the pulmonary circulation depending on the bal-
ance between TXA2 and PGI2. Superoxide radicals, for
instance, can act by inactivating NO and also by acti-
vation of endothelial cyclooxygenase products. In addi-
tion, endothelin and angiotensin II have a prolonged
effect on the tone and structure of blood vessels.

Remodeling of the pulmonary vasculature occurs
immediately after birth, contributing to the decrease
in pulmonary vascular resistance. In the precapillary
arteries the endothelial cells shortly after birth
become slimmer, the surface/volume ratio increases
so the vessel wall becomes thinner, and the lumen
diameter increases. Further, small, unopened muscu-
lar arteries are recruited to the pulmonary circulation
during the first days after birth. Thus, a structural
adaptation to extrauterine life consists of changes in
cell shape and position. The structural remodeling
during the first 2 weeks of life in the pig lungs con-
tributes to the reduction in mean pulmonary artery
pressure from 55 to 14 mmHg.

The baroreflex setting of heart rate mediated by
baroreceptor fibers in the carotic body and aortic arch
is active in both fetal and newborn life, but with dif-
ferent sensitivity and shifts toward higher pressures
during development.46,50,51

Ductus arteriosus
The open ductus arteriosus in fetal life diverts blood
away from the lungs toward the descending aorta. The
patent ductus is regulated both by dilating and by
contracting factors. Prostaglandins play an important
role in maintaining the patency, and the ductus is
especially sensitive to the dilating action of PGE2.
Oxygen is a potent constrictor of the ductus and
becomes more effective the more mature the fetus is.
This is due to the fact that in early fetal life the duc-
tus has decreased muscular development, causing
less contractile ability. In fetal lambs the ductus arte-
riosus is also more sensitive to the dilating effect of
PGE2 in the preterm than near term. This is due to a
developmental alteration in the sensitivity of the ves-
sels to prostaglandins. It is circulating PGE2, probably
produced in the placenta, which probably controls
the ductus arteriosus in utero. After birth, when the
oxygen tension increases, the ductal wall is itself
capable of producing PGE2. Reactive oxygen meta-
bolites (ROS) may stimulate PGE2 synthesis in the
isolated ductal wall from fetal lambs. In the ductus
arteriosus ROS can therefore contribute to dilatation
by turning on prostaglandin synthesis in the ductal
wall. The functional closure of the ductus, therefore,
is promoted by an increase in oxygen tension, and a
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Figure 1.4 Changes in fetal pulmonary arterial pressure,
pulmonary blood flow, and vascular resistance in the perinatal
period. From Rudolph.46
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p450 hemoprotein located in the smooth muscle
plasma membrane is a receptor of the oxygen-induced
events. Further, a decrease in blood pressure within
the ductus itself, a decrease in circulating PGE2 (due
to loss of placental prostaglandin synthesis and
increase in prostaglandin removal by the lungs), and
finally a decrease in PGE2 receptors in the ductus wall
also contribute to constriction of the ductus. In full-
term infants closure of the ductus arteriosus occurs in
two phases with a functional closure within the first
hours after birth due to smooth muscle constriction,
and the anatomic closure caused by closure of the
lumen due to thickening of the intima and loss of
smooth muscle cells. This is caused by progressive
thickening of the intima, so it eventually occludes the
constricted lumen. Smooth muscles migrate from
media into the intima layer. Vascular endothelial
growth factor plays an important role in this intimal
‘cushion’.52–54

Myocardium
At the end of gestation, right and left ventricular
systolic pressures are equal, 65–70 mmHg. The cardiac
output of the right ventricle is, however, in fetal life
50% higher than the left ventricle mainly due to the
fact that the left ventricle has a high afterload caused
by the high vascular resistance of the head, neck,
and forelimbs, while the right ventricle’s afterload is
lower because of the low umbilical–placental resist-
ance. The removal of the low-resistance placental
circulation results in an increase in systemic vascular
resistance. The combined ventricular output in the
fetal lamb is about 500 ml/kg/min; however, after birth
there is an increase in total cardiac output and during
the first few days each ventricle ejects approximately
350 ml/kg/min. During the next weeks in the newborn
lamb there is a rapid decrease in cardiac output to a
level of about 150 ml/kg/min and then it falls slowly
to the adult level of 70–80 ml/kg/min. Cardiac output
changes parallel changes in oxygen consumption.

O2 consumption is almost identical in the adult
and fetal hearts; however, the fuel used by them is dif-
ferent since the adult heart uses fatty acids and the
fetal heart is an obligatory user of carbohydrates as a
substrate for oxidative phosphorylation. In the fetal
lamb 60% of these carbohydrates are lactate, 35%
glucose and 5% pyruvate. This can explain why a fall
in circulating glucose concentrations results in
myocardial depression in fetal and neonatal life but
not later in life. In fact, it has been shown that fatty
acids are detrimental to fetal cardiac function. In
order to use fatty acids as fuel they must be trans-
formed to Ac-CoA, which is transesterified with car-
nitine and in this form is transported across the
mitochondrial membrane by the transport enzyme
carnitine-palmitoyl transferase (CPT). CPT is inhib-
ited by malonyl-CoA, which is high in fetal life.
Malonyl-CoA is regulated by glucagon and during the

delivery glucagon concentration increases sharply,
thereby reducing the concentration of malonyl-CoA
and releasing CPT inhibition allowing fatty acid oxi-
dation to proceed.

The contractile properties of the myocyte also differ
in fetal and adult life. Only about 30% of fetal cardiac
muscle consists of contractile elements compared with
approximately 60% in the adult. The velocity of short-
ening of the myocyte is also lower in fetal life.
Especially, preterm infants and to some degree also
term infants have therefore a much reduced ability to
tolerate an increase in afterload. The change from fetal
to adult performance seems, however, to occur quickly
after birth.

At birth, cardiac output increases considerably and
the left ventricular level is doubled compared with
fetal levels. This higher left ventricular inotropy and
performance is due to sympathetico-adrenal stimula-
tion after birth, and T3 seems to be important in
maturation of the fetal myocardial response. After
birth, myocardial contractility is greatly increased but
because of the high demands on the circulation to
provide the increased oxygen requirements for metab-
olism, there is also little reserve available, and thus
volume loading results in only a small rise in cardiac
output. In a fetus an increase in heart rate gives a fall
in end diastolic volume and stroke volume unless ven-
tricular diastolic filling is maintained. The rearrange-
ment of the circulation after birth leads to an increased
end diastolic left ventricular volume, which leads to an
increased stroke volume. The days after birth a gradual
decrease in cardiac output per kilogram is observed
returning to the fetal levels.

Fetuses at midgestation have individualized heart
rates that are stable. The control of heart rate variabil-
ity seems to develop later and fetal heart rate variabil-
ity is predictive of neonatal heart rate variability not
until 30 weeks. With increasing gestation there is a
reduced fetal heart rate variability and this demon-
strates the development of the autonomic nerve sys-
tem during gestation. Heart rate at birth is around
160–180 beats/min and decreases to 120 beats/min in
sleeping newborn infants and to 140–160 beats/min in
awake newborn infants. The postnatal situation com-
pared with the fetal is characterized by a decrease in
heart rate, postextrasystolic potentiation increases,
and inotropic responses to catecholamine elevation,
suggesting that the postnatal heart has greater poten-
tial reserves than in fetal life.45,46,49

Shift in oxygen transport
The newborn infant has a higher oxygen demand than
the fetus and the oxygen consumption typically is
increased between two- and threefold in the first days
of life. O2 consumption per kilogram of body weight is
higher in the newborn than in the adult and the fetus.
In adult life O2 consumption is about half that in the

Shift in oxygen transport 13

Kurjak-01.qxd  5/9/2006  11:26 AM  Page 13



immediate newborn period; however, when compared
with body surface area this age difference seems to dis-
appear. The delivery of oxygen to the tissues depends
on (1) the oxygen content of the blood, (2) the cardiac
output, (3) the distribution of the circulation, and
(4) the affinity of oxygen to hemoglobin. In fetal blood
there is a high affinity to oxygen. The postnatal decrease
in hemoglobin O2 affinity is caused by an increase in
adult hemoglobin at the expense of fetal hemoglobin,
and an increase from birth in the concentration of
2,3-diphosphoglycerate (DPG). During gestation until
34 weeks, fetal hemoglobin comprises about 90% of
the total hemoglobin, falling to 80% at term, and from
birth to 8 months of age there is a gradual decline in
fetal hemoglobin to less than 2%. Fetal red cells have
a higher oxygen affinity than adult cells, which is
achieved by a reduced interaction between fetal
hemoglobin and 2,3-DPG than in adult hemoglobin.
The concentration of 2,3-DPG in fetal and adult cells
is almost the same. 2,3-DPG present in the erythro-
cytes decreases the affinity to O2 through an allosteric
action with the hemoglobin molecule. DPG does not
bind as strongly to fetal hemoglobin as the adult
hemoglobin. In addition, it is low immediately after
birth, making a high O2 affinity immediately after
birth with a p50 of approximately 2.7 kPa (20 mmHg)
vs. 4 kPa (30 mmHg) at 8 months of age. Therefore, in
the newborn period and early infancy when the fetal
hemoglobin concentration is high, intraerythrocyte
change in 2,3-DPG has little effect on p50; however,
later in life the modulating effect of 2,3-DPG on
oxygen affinity plays a more important role. In the
fetal period the high oxygen-carrying capacity and
greater oxygen affinity of fetal blood in fact compen-
sate for the one-fifth to one-fourth oxygen tension of
adult blood, ending with rather similar oxygen satu-
ration at term and in adult life. Fetal blood also is
slightly hypercarbic and acidotic, whereas the mater-
nal blood is hypocarbic and alkalotic. The Bohr effect,
that is, the shift in the oxygen equilibrium curve to
the right by increased pCO2 or decreased pH, giving a
higher oxygen tension, is more pronounced with a
lower pH and more efficient in the fetus. In addition,
a higher temperature of the fetus contributes to a shift
in the fetal dissociation curve to the right.55–57

Tissue injury
Energy metabolism
Most of the oxygen taken into the body is used in cell
energy metabolism. The metabolic process is a redox
process where energy is released in a stepwise fashion
and stored as ATP. Energy metabolism can schemati-
cally be divided into three parts. In step 1 glucose,
amino acids and fatty acids are broken down to Ac-CoA.
In the second step Ac-CoA enters the tricarboxylic
acid (Krebs) cycle, the final common pathway of all
fuel substrates in aerobic cells. Here, acetyl groups are

metabolized to form carbon dioxide and hydrogen
ions. In step 3, the hydrogen ions enter the respiratory
chain of the cell, a series of electron carriers linked to
oxidative phosphorylation, with ATP formed in a
stepwise manner. Oxygen is the final electron acceptor
and is necessary for continuous oxidation of reduced
coenzymes in the respiratory chain. Oxygen, therefore,
can be considered as the ‘garbage cleaner’ of energy
metabolism taking care of its waste products, the elec-
trons, after having traversed through the respiratory
chain.

The energy metabolism tends to keep the energy
charge, EC [EC =0.5([ATP] +[ADP]/[ATP] +[ADP] +
[AMP])], of the cell at an optimal level, which is
around 0.85. This can be achieved in two ways, either
by increasing the ATP concentration or by increasing
the catabolism of AMP. In hypoxia with lack of energy
the cell might be forced to choose the latter alterna-
tive. An accelerated breakdown of AMP occurs. This
is a hazardous compensation since the cell might lose
its purine pool irreversibly. One of the intermediate
breakdown products is, however, adenosine. This
metabolite has important control feedback functions
in brain hypoxia, partly because it is an active vasodi-
latator and thus contributes to a higher oxygen supply
to hypoxic tissues and partly because adenosine in
itself cuts down brain metabolism. When adenosine
accumulates because of energy deficiency, this
metabolite fights back by contributing to an increased
oxygen supply and a decreased energy need. This is
important also because a breakdown product from
adenosine is hypoxanthine. This metabolite accumu-
lates in tissues and body fluids during hypoxia and its
extracellular concentration reflects the intracellular
energy charge. However, hypoxanthine is also a
potential oxygen radical generator during reoxygena-
tion and it is therefore probably advantageous for the
organism to try to keep the hypoxanthine concentra-
tion as low as possible.

Before the cell’s energy charge falls markedly,
several biochemical compensatory mechanisms are
activated. First, glycolysis is accelerated many fold.
Pyruvate is reduced to lactate, while nicotinamide
adenine nucleotide (NADH) is oxidized to NAD+.
This is the basis for the use of lactate as a clinical marker
of hypoxia. Lactate augmentation merely reflects the
compensation mechanism. Although hypoxanthine and
lactate parallel each other in many clinical settings,
hypoxanthine nevertheless more correctly reflects the
intracellular energy status of the cells.

As soon as oxygen delivery to the cells declines the
mitochondria also change their metabolism to utilize
available oxygen more efficiently. The compensation
takes place 30–60 min after a reduction in oxygen
supply. In the fetus or in the immediate newborn
period mitochondrial adaptation already is maximal.
A fetus has a respiratory capacity of about 300% of
the adult, but by 10–14 days after birth the newborn
and adult levels equate in this respect. What does this

14 Transition at birth

Kurjak-01.qxd  5/9/2006  11:26 AM  Page 14



mean for the fetus and newborn? First, they are able to
utilize the limited oxygen supply very efficiently. On
the other hand, the fetus is unable to make cellular
respiratory adaptations if hypoxia occurs. From this
point of view, the fetus and newborn are more vul-
nerable to hypoxia than older patients.

Hypoxic injury to the perinatal brain
It has been known since Boyle’s classical experiment
in 1670 that newborn animals can resist hypoxia
longer than adult ones. In the 1960s and 1970s it was
shown that the preterm monkey can withstand
hypoxia longer than the term one. In fact, in the fetal
monkey there was an exponential relation between
duration of hypoxia and gestational age when the out-
come measure was neurologic brain injury (cerebral
palsy). The younger the animal the longer it could
resist hypoxia before brain injury occurred. Thus,
mature fetal rats survive in pure nitrogen more than
25 times longer and 1-day-old rats about 10 times
longer than adult rats. One part of the explanation for
this seems to be that newborn animals can preserve
cerebral circulation and thus ensure supply of sub-
strates for energy metabolism better than in the adult.
Further, it is known that oxygen demand of the brain
is lower in fetal life and increases with gestation. The
immature brain has smaller neurons, which are less
branched with fewer synapses. The energy require-
ment is therefore lower and the cerebral metabolic
rate of oxygen is lower in the immature brain com-
pared with the adult. The fetal brain is also able to use
alternative sources such as ketone bodies as fuel for
energy metabolism. Further, the glycolytic capacity
allows the immature brain to regenerate ATP at a
higher rate than in the adult brain.

The perinatal period is also accompanied by dramatic
neurochemical changes. The concentration of excitatory
amino acids such as glutamate peaks around term and
may contribute to a higher sensitivity to hypoxia in the
term compared with the preterm infant.58,59

Apoptosis and necrosis
Apoptosis is an important part of development and
homeostasis. For instance, in the developing brain
perhaps up to half of the cells undergo apoptosis, in
spite of the fact that the distinction between apoptotic
and necrotic death is considered less clear than previ-
ously. These two modes of cell death are considered
by many as a continuum running from apoptosis to
necrosis more than two different entities. Infants who
have undergone secondary energy failure after, for
instance, birth asphyxia, have a tendency to lose their
neurons by necrosis, while those dying in utero have
experienced more apoptotic death. The same injury
may induce apoptosis in the fetus or newborn and
necrosis in the adult organism. To make it more com-
plex the same cell may undergo apoptosis if the injury

is mild and necrosis if it is severe. Oxidative stress
plays an important role in initiating apoptosis, for
instance, through opening up the mitochondrial per-
meability transition pore. This reduces the mitochon-
drial membrane potential and release of substances that
are involved in apoptosis, for instance, cytochrome
c and Apaf-1, both of which activate caspase-3, which
is specifically involved in the apoptotic execution. As
mentioned already, the fetus is more susceptible to
oxidative stress than the term newborn and therefore
also perhaps more susceptible to this mechanism.60

Development of antioxidants
In fetal life paO2 is around 3.3 kPa (25 mmHg) and
after birth rises quickly to 8 kPa (60 mmHg) over the
next 30 min. In order to survive in an oxygen-rich
atmosphere antioxidant systems must be well devel-
oped at birth. A number of defense systems have been
described. In the lung and kidney, maturation of
antioxyenzymes such as superoxide dismutases, glu-
tathione peroxidase, and catalase seems to occur near
term in animal fetuses. In fact, the maturation of these
systems occurs in parallel with the maturation of the
surfactant system. Furthermore, preterm infants with
gestational age of 24–29 weeks have only 50% activ-
ity of Cu/Zn superoxide dismutase in cord erythro-
cytes compared with term infants. Glutathione is a
major intracellular antioxidant and is found in high
concentrations (mM) in eukaryotic cells. Glutathione
is the substrate for glutathione peroxidase, which cat-
alyzes oxidation of reduced to oxidized glutathione
at the expense of hydrogen peroxide. The rate of
glutathione synthesis from methionine is strongly
reduced in preterm infants compared with term ones.
These data therefore suggest that at least the intracel-
lular defense against free radicals is low in many
organs in fetal life and probably also in the human
fetus. A preterm infant is therefore more vulnerable to
increased oxidative stress and attacks of free radicals
than a term one. In contrast to the intracellular defense,
extracellular antioxidants seem to be adequately devel-
oped at term, and the concentration of several extra-
cellular antioxidants such as ascorbate is very high in
the umbilical cord (see Chapter 6).61–64

Thermal regulation
In fetal life the body temperature is efficiently regu-
lated to be 0.5°C higher than the maternal. The tight
linkage between fetal and maternal body temperature
is called a ‘heat clamp’, which prevents the fetus from
independent regulation of its temperature. At birth a
dramatic change in the thermal environment occurs.
During the first hours of life core body temperature
can fall to less than 36°C if the newborn is not taken
care of optimally. After 8 h, body temperature has
usually returned to the normal adult range. Since the
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newborn infant has a relatively large body surface
area and limited thermal insulation it is necessary to
wrap the newborn infant adequately. The newborn
infant in fact has the capability to regulate the tem-
perature by sweating and can also respond to a cool
environment by increasing the metabolic rate. This
takes place without shivering, is activated by cate-
cholamines, and the heat is generated mainly from
brown fat, which is present in large amounts in the
full-term infant. Although the fetus may mobilize
brown fat the thermogenic responses still are very
low. These require increased oxygen and substrate
consumption. The combination of hypoxia and
hypothermia therefore is dangerous.25,65

Skin
The transition from intra- to extrauterine life is dra-
matic for the skin, perhaps the largest organ of the
body. It immediately must be a barrier to water loss; it
takes part in thermoregulation, protects against infec-
tions, has an antioxidant function, and protects
against UV light. The skin is a barrier to chemicals
and is needed for tactile discrimination as well as
being an important emotional and psychological link
between the child and its caregivers. The skin of the
term in contrast to the preterm infant also has a highly
developed immunological system. In utero the skin is
in a sterile environment but already in the birth canal
it is colonized and specific cells in the epidermal
layer take part in host defense.

Prenatally, lipid synthesis is necessary for produc-
tion of vernix caseosa, forming a barrier that is needed
for successful adaptation to postnatal life. The vernix
also may function as an endogenous skin cleanser
removing, for instance, carbon particles. Of interest is
that both the stratum corneum of epidermis and the
brain contain very high concentrations of ceramides.
The close embryological relation between these two
organs both derived ectodermally makes this an inter-
esting observation. At birth the epidermis is pH neu-
tral but rapidly over the first postnatal weeks, it
develops an ‘acid mantle’ that is characteristic of
human skin. This acidic surface can be destroyed by
using alkaline soaps for infant bathing and is delayed
in very low birth weight infants. The acid mantle is
believed to be important in antimicrobial defense
as well as in keeping the integrity of the epidermal
barrier. Postnatally transepidermal water loss that
increases after birth is an important regulator of DNA
and lipid synthesis in the epidermis.66

Circadian rhythms
The clock for the circadian rhythms is set by the
suprachiasmatic nucleus. It is fascinating that the neu-
rons in this area of the brain in vitro oscillate within a

period close to 24 h. This is regulated by light, which
in a complex way affects gene expression of transcrip-
tion factors. Efferent pathways from the suprachias-
matic nerve control the pineal function and regulate
the rhythms of endocrine, cardiovascular, temperature,
and even behavioral circadian variations.

From midgestation the suprachiasmatic nucleus is
present in the fetus and diurnal rhythms are found in
the human fetus after 20 weeks. Whether or not they
are intrinsically regulated or are due to maternal con-
trol, for instance, via maternal melatonin rhythms, is
unclear. However, in fetal life the maternal rhythms
are mainly followed by the rhythm of the mother
exemplified by cortisol fluctuations. In contrast, fetal
autonomic activity that controls the heart rate follows
a 12-h cycle and not the mother’s 24-h rhythm. This
12-h rhythm disappears immediately after birth and
around 2–4 weeks the 24-h rhythm is established. It
takes 8–12 weeks before postnatal circadian rhythms
in sleep and wakefulness as well as plasma cortisol
and melatonin are established.25,67

Gene activation at birth
In the near future the transition at birth will be described
by a shift in different gene activities and not only by
physiological and biochemical changes. Labor affects
the mRNA encoding for a number of enzymes such as
tyrosine hydroxylase, dopamine-beta-hydroxylase.
mRNA encoding for substance P increases many fold
in the nucleus tractus solitarius the first days of life.
Substance P probably plays a role in the central respi-
ratory control by promoting the hypoxic drive from
peripheral chemoreceptors. Depression of genes is
also described at birth and in some circumstances
there is a shift from one isoform to the other. One
example is the expression of genes that encode the
muscle-specific and non-muscle-specific isoforms of
cytochrom oxidase subunit VIa during pre- and post-
natal life of striated muscle in the mouse. The non-
muscle form is the predominant isoform in fetal life
and is gradually at the end of gestation and early
neonatal life replaced by the muscle-specific isoform
both in cardiac and in skeletal muscle.68

Conclusion
In order to understand both normal development as
well as disease processes in the newborn infant it is
necessary to have insight into the complex changes
that occur in relation to birth. Previously, physiologi-
cal processes have been emphasized giving us valu-
able knowledge on the perinatal transition of the
cardiovascular and pulmonary systems. Recently,
biochemical changes in relation to birth have been
understood more fully as, for instance, the maturation
of the surfactant system and antioxidative systems.
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Presently, more and more data will accumulate, teaching
us how the transition at birth is regulated at the gene
level. In this way it could hopefully be possible to

modulate the disease processes in relation to the birth
processes in a much more efficient and powerful way
than we understand today.
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2 Neonatal jaundice
F. Rubaltelli and C. Dani
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Introduction
Neonatal jaundice is one of the most common conditions
of the newborn. Neonatologists are concerned about this
problem, not only for the risk of bilirubin encephalopa-
thy in very low-birth-weight infants and in full-term
infants with hemolysis due to different causes (rhesus
and ABO hemolytic disease, glucose-6-phosphate
dehydrogenase deficiency, etc.), but also because of
the anxiety that jaundice in the full-term neonate
gives to parents.

In neonates, jaundice becomes apparent at higher
serum bilirubin concentrations in comparison to
adults (5–7 mg/dl or 85–120 mmol/l in comparison to
2–3 mg/dl or 35–50 mmol/l). If we take into account
clinically evident jaundice, we can say that almost
60–70% of term infants and almost all prematures
present with jaundice. But, if we consider a cutoff of
>12.9 mg/dl (220 mmol/l), which in full-term infants
is the most accepted limit to consider jaundice as
deserving attention, only 5% or less present with a
serum bilirubin concentration higher than that.1,2

Neonatal jaundice is principally the result of tran-
sient deficiency of bilirubin conjugation, some defi-
ciency of hepatic uptake and intracellular transport,
and an increased enterohepatic circulation of the pig-
ment. It is notable that bilirubin production in the new-
born is two or more times greater than that in the adult
per kilogram of body weight.2 The serum bilirubin level
at any point in time is dependent on the rate of biliru-
bin production minus the rate of bilirubin excretion.

The largest portion of bilirubin is derived from
heme breakdown of hemoglobin, myoglobin, mito-
chondrial and microsomal cytochromes, catalase, and
peroxidase. Heme degradation probably occurs by
auto-oxidation after reduction of ferric (Fe3+) heme to
the ferrous state (Fe2+) by the action of heme oxyge-
nase and reduced form of nicotinamide adenine
dinucleotide phosphate (NADPH) cytochrome c (P450)
reductase.3,4 The methene-bridge carbon of the heme
is eliminated as carbon monoxide (CO). At the end of
this process biliverdin is formed, and is subsequently
reduced to bilirubin through the activity of biliverdin
reductase. For each molecule of bilirubin formed, a
molecule of CO is produced, which constitutes the

basis for measuring bilirubin production by determi-
nation of the CO concentration in the expired air, or
the carboxyhemoglobin content of the blood.2

Three isoforms of HO have been isolated: inducible
heme oxygenase (HO-1), constitutive heme oxygenase
(HO-2), and the more recently discovered and less
active heme oxygenase isoform (HO-3).5 HO-1 is a
known stress response protein, whose transcription
can be induced by a whole array of stresses, including
endotoxin, transition metals, heme, hemoglobin, and
other heme proteins.6 Indeed, it has been suggested that
HO-1 induction might represent a generalized response
to oxidative stress5,7,8 and that it could confer cellular
protection against oxidant stress. However, recent stud-
ies suggest that HO-1 induction might not always be
beneficial and that the release of redox-active iron from
heme might induce an increase of oxidative stress.9,10

Moreover, in vitro studies11,12 suggested that the possi-
ble protective antioxidant action of HO-1 could occur
within a narrow range, as when HO-1 is overexpressed,
and free-iron release may obviate any cytoprotective
effect against oxidative stress.13

Bilirubin solubility
Bilirubin is derived from heme by separation from
methene-bridge. The configuration on the C-5 and
C-14 bridges is very important, and bilirubin preferen-
tially takes the Z form. Moreover, (Z,Z)-bilirubin IXa
has a configuration that makes the formation of
intramolecular hydrogen bridge linkages possible. For
this reason it is almost insoluble in aqueous media
(1–10 nmol/l at pH 7.4), but dissolves readily in a
number of non-polar solvents. The degree to which
bilirubin (B) ionizes with the propionic acid residue
depends on the pH, and this is decisive both for the
distribution of the molecule and for its toxicity:

B2−+H ↔ BH−; BH−+H+→ BH2

The dissociation constants cannot be determined with
absolute precision owing to the problem of solubility,
but they are found to be approximately pK1�4.4 and
pK2�6.5.14
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All modifications of the molecule that prevent the
formation of hydrogen bridges cause an increase in
water solubility. In the human, this takes the form of an
esterification of the residue of propionic acid with glu-
curonic acid, which makes excretion in the bile possi-
ble. Obviously, monoconjugated bilirubin is less soluble
than diconjugated bilirubin, and can thus precipitate in
the biliary tract forming stones. Alkalinization (salt
formation) or the addition of non-polar solvents, such
as chloroform, methanol, ethanol, etc., also results in
better solubility, and this is the key mechanism used in
the laboratory to differentiate between direct-reacting
(mostly the conjugated form) and indirect-reacting
(unconjugated) bilirubin.

Distribution of bilirubin in the body
The distribution of bilirubin in the body is essentially
determined by its firm binding to albumin. However, the
presence of a visible jaundice seems to be due, at least in
part, to the presence of bilirubin in the skin. Therefore,
there is a dynamic competition between tissue-binding
sites and albumin-binding sites. In fact, albumin binds
bilirubin according to the law of mass action:

Bilirubin +albumin ↔ albumin−bilirubin

(albumin−bilirubin) =KA
albumin ×bilirubin

Two classes of binding sites have been observed: a
primary binding site with an extremely high affinity
for bilirubin (KA1=7 ×107l/mol at 37°C) and one or
two other binding sites with a lesser affinity
(KA2=5 ×105l/mol). The concentration of free biliru-
bin is mostly determined by the molar relationship
between bilirubin and albumin. However, bilirubin
can be displaced from its binding site by certain
drugs, such as sulfisoxazole, benzoate, salicylate, etc.
Nowadays, every drug intended for use in newborns
must be accompanied by the evidence that it has no
effect on bilirubin−albumin binding.15

At the hepatic level, bilirubin is taken up at the sinu-
soidal membrane level, but about 40% is then regurgi-
tated into the plasma again. The albumin −bilirubin
complex seems to bind to specific receptors located on
the basolateral surface of the sinusoidal plasmatic
membrane of the hepatocyte much better than bilirubin
alone.16 In the hepatocyte, bilirubin reacts with bind-
ing proteins, the most important being glutathione
S-transferase, thus preventing its regurgitation into
the plasma. Bilirubin has a low solubility in water due
to the fact that its hydrophilic groups are masked by
hydrogen bonds; however, it is made hydrosoluble by
esterification in the endoplasmic reticulum, with one
or both propionic acid side chains reacting with a sugar
residue to form mono- or diesters; in this way the
formation of hydrogen bonds is prevented.17

The formation of bilirubin glycosides is catalyzed
by uridine diphosphate (UDP) glycosyltransferase, an
enzyme system that utilizes bilirubin as an acceptor
substrate, and UDP sugars (especially glucuronic acid)
that act as donor substrates. Transfer from binding pro-
teins to the enzyme system does not necessarily require
a higher affinity for the enzyme-binding site, because
bilirubin is far more soluble in membranes than in the
aqueous cytoplasm, and the reaction could therefore
take place simply by means of a favorable partitioning.
Furthermore, the bilirubin monoglucuronide could be
converted to diglucuronide by the same enzyme sys-
tem, following a 180° rotation of the monoglucuronide
molecule, or it could even be excreted without modifi-
cation in the bile.

Oxidative stress and neonatal
hyperbilirubinemia
Several reports have emphasized the antioxidant role
of bilirubin, which in human neonatal plasma seems
to have a greater antioxidant potency than urates,
α-tochoferol, or ascorbates.18 In particular, unconju-
gated bilirubin is able to scavenge singlet oxygen with
high efficiency to react with superoxide anions and
peroxyl radicals, and to serve as a reducing substrate
for peroxidases in the presence of hydrogen peroxide
or organic hydroperoxides. Nevertheless, although the
antioxidant effect of bilirubin as a scavenger of reac-
tive oxygen species is well documented in vitro19–22 as
well as in animal studies,23 its role in vivo has not been
definitively cleared in preterm infants.22–27

Recently, two studies investigated the possible rela-
tionship between plasma bilirubin levels and oxida-
tive stress in newborn infants28,29 excluding the fact
that bilirubin acts as an antioxidant agent in vivo. It
was demonstrated that the decrease of plasma biliru-
bin level (probably induced by phototherapy) was
associated with the concurrent increase of HO-1 activ-
ity in blood and the decrease of oxidative stress, sug-
gesting an antioxidant effect of HO-1 exerted in vivo
by mechanisms other than bilirubin formation. These
protective mechanisms could involve the removal of
the pro-oxidant heme, the removal of hydrogen super-
oxide during the degradation of heme, the induction
of ferritin synthesis, which sequesters redox-active
iron, and the regulation of superoxide anion produc-
tion. Other possible mechanisms could involve the
multiple ways by which CO modulates inflammatory
processes, such as the reduction of neutrophil adhe-
sion and extravasation,30 the reduction of histamine
release from mast cells and human basophils,31,32 the
inhibition of the expression of proinflammatory
cytokines, such as TNFα and IL-1β, and an increase of
anti-inflammatory cytokine IL-10.33

These studies confirmed the findings of Yigit et al.,34

who found no correlation between oxidative stress and
total bilirubin in preterm infants with non-hemolytic

20 Neonatal jaundice

Kurjak-02.qxd  5/9/2006  11:26 AM  Page 20



hyperbilirubinemia, and Gopinathan et al.,35 who
observed no correlation between plasma bilirubin
level and total plasma antioxidant capacity in preterm
infants. On the other hand, Belanger et al.36 found an
association between reduction of the antioxidant
capacity of plasma after exchange transfusion, and the
ensuing decrease of bilirubinemia. This result, how-
ever, as indicated by the authors, could be explained
by factors other than bilirubin decrease, such as oxida-
tive stress induced by a large amount of transfused
blood and the consequent overload of iron through
transfusion. Hammerman et al.37 found a correlation
between total bilirubin serum level and plasmatic
antioxidant capacity, but the bilirubinemia of their
patients was lower than that reported in other studies.
To explain these conflicting results it may be consid-
ered that the correlation between plasma bilirubin
level and the antioxidant capacity of the plasma could
change at low and high values, and could be affected
by phototherapy through its lowering effect on biliru-
bin, which, moreover, could also explain the lack of
correlation between bilirubin and HO-activity.

Causes of neonatal jaundice
Physiological jaundice
The so-called physiological or developmental jaun-
dice (which could be especially harmful for the small
preterm infant) is due to an imbalance between
increased pigment load and reduced hepatic han-
dling. The latter seems mainly determined by the low
activity of bilirubin UDP glucuronosyltransferase, the
hepatic microsomal enzyme that conjugates bilirubin
with one or two sugar moieties. It is now accepted
that, even in the absence of impaired biliary secretion,
a fraction of the esterified bilirubins formed in the
liver normally refluxes from hepatocyte to the plasma.
Measuring the esterified bilirubins in the plasma of
newborn infants has made it possible to demonstrate
definitively that neonatal jaundice is mainly due to an
increased bilirubin production with subnormal conju-
gation.38 On the other hand, infants with the lowest
plasma concentration of total bilirubin exhibited the
highest fraction of conjugates. The percentage of dicon-
jugates relative to total conjugates is 15% on the first
day of life. This value tends to increase slightly with
age.38 In premature infants, serum monoconjugates
paralleled the course of total and unconjugated biliru-
bin, but the values were significantly lower than those
found in full-term infants.17,38

From the practical point of view, we can rule out the
diagnosis of physiological jaundice if plasma or serum
bilirubin concentration exceeds at any time 12.9 mg/dl
(220 mmol/l) in full-term infants or 5−8 mg/dl (85−138
mmol/l) in preterm infants,39 if jaundice becomes evi-
dent in the first 24 h of life, if bilirubin concentration
increases more than 5 mg/dl/day (85 mmol/ l/day), and
if direct reacting plasma bilirubin exceeds 1.5−2mg/dl

(25−35mmol/l) (it is important to determine conjugated
bilirubin by a chromatographic method17,38).

Jaundice in breast-fed neonates
An increased incidence of early-onset jaundice has
been reported in breast-fed infants, both full-term and
preterm.40,41 However, an increased bilirubin synthe-
sis, demonstrated by an increased CO production, pos-
sibly secondary to caloric deprivation, has not been
proven.42 The process of bilirubin conjugation, inves-
tigated in breast-fed and formula-fed infants, by means
of the determination of serum concentrations of
unconjugated and esterified bilirubin, and the propor-
tion of diesterified (as a percentage of esterified biliru-
bin) pigment, appeared not to be different between the
two groups of infants, showing that bilirubin produc-
tion and conjugation were not different.43 In addition,
a recent study comparing the incidence of neonatal
jaundice in 605 infants exclusively breast-fed on
demand, in 623 who received both breast- and formula
feeding, and in 226 exclusively formula-fed demon-
strates that the incidence of neonatal hyperbilirubine-
mia (>12.9 mg/dl or 220 mmol/l) in full-term infants
is both insignificant (< 5%) and not correlated with
demand breast-feeding.1 These results were recently
confirmed in a population of 2174 infants with gesta-
tional age ≥37 weeks where hyperbilirubinemia was
not found to be correlated with breast-feeding, but
rather with an increased weight loss, dehydration, and
caloric deprivation, which could enhance the entero-
hepatic circulation of bilirubin.44

Hemolytic jaundice
Fetomaternal blood group incompatibility, particu-
larly ABO and rhesus hemolytic disease, are the most
common causes of severe jaundice. Nowadays, rhesus
hemolytic disease is infrequently due to maternal pro-
phylaxis with antirhesus immunoglobulins. However,
ABO hemolytic disease still remains an important
cause of indirect hyperbilirubinemia and anemia in
full-term as well as preterm infants. Suspicion of ABO
or rhesus hemolytic disease must be confirmed by a
direct Coombs test carried out on the newborn blood.

Glucose-6-phosphate dehydrogenase
(G-6-PD) deficiency
G-6-PD deficiency is frequently associated with neona-
tal jaundice and sometimes kernicterus. The patho-
genesis of this jaundice remains in part unclear,
because increased erythrocyte breakdown is not always
the major factor in its development.45 In some patients,
overt hemolysis, due to different substances, is detected,
and in others no signs of hemolysis are detectable
(normal level of carboxyhemoglobin). In this group of
patients it has been shown that a deficiency in bilirubin
conjugation does exist.45 It is possible that G-6-PD is
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also involved in some steps (possibly UDP glucuronic
acid synthesis) of bilirubin conjugation.

Congenital non-obstructive, non-hemolytic jaundice
Crigler–Najjar disease is a rare disorder of bilirubin

metabolism caused by a deficiency of hepatic UDP-
glucuronyltransferase, and characterized by high
serum levels of unconjugated bilirubin that appear in
the first days after birth and continue through life.
Based on the responsiveness of the serum bilirubin
concentration to phenobarbital, this disease can be
distinguished as either type 1, which does not
respond to phenobarbital, or type 2, which responds
to barbiturates and other drugs that induce enzyme
synthesis. Type 2 is probably caused by a partial enzy-
matic deficiency. In type 1 and type 2 Crigler–Najjar
disease, it is possible to detect traces of monoconju-
gated but not diconjugated bilirubin both in serum
and in bile.46

Bilirubin entry into the brain
Some clinical observations suggest that several mech-
anisms may be involved with the entry of bilirubin
pigment into the brain. In fact, bilirubin seems to
enter into the brain both as free bilirubin acid and as
bilirubin–albumin complex, by passage through a
disrupted blood–brain barrier that is often caused by
hyperosmolality and hypercarbia. It seems that even
during physiological jaundice, there is a steady pas-
sage of unbound bilirubin across this barrier. Further-
more, these low levels of bilirubin do not seem to be
harmful; in fact, it is also possible that cerebral stores
of bilirubin oxidase are able to metabolize bilirubin in
loco. Obviously, the entry of bilirubin into the brain
can be significantly increased in the presence of high
plasma bilirubin concentrations, particularly if the
albumin-binding capacity is exceeded.47 Ahlfors et al.
reported that in term newborns unbound bilirubin
levels between 0.9 and 2 µg/dl produce subtle and
reversible changes in auditory brainstem response
latency, and described the case of an infant who devel-
oped a kernicterus at a total bilirubin concentration of
31.7 mg/dl and unbound bilirubin concentration of
7.7 µg/dl.48 However, in preterm infants bilirubin-
induced changes in auditory brainstem response can
begin at an unbound bilirubin level of 0.5 µg/dl and
kernicterus becomes likely at 1–1.5 µg/dl.49

Effects of bilirubin on neurologic functions
It is well known that bilirubin acts to uncouple oxida-
tive phosphorylation and, consequently, inhibits the
respiratory chain by causing certain toxic effects.50

However, a number of studies carried out on experi-
mental animals show no difference either in bilirubin
binding between different brain regions or in the rate

of bilirubin disappearance from the cerebral tissues.51

Moreover, it is still unclear as to why bilirubin has a
preferential localization at the level of the basal gan-
glia. One proposed explanation relies on the possibil-
ity that bilirubin may be metabolized locally at
different rates.51 In fact, the typical findings of ker-
nicterus are a yellow staining of the subthalamic,
dentate, and inferior olivary nuclei and the globus
pallidus. Cell culture models suggest that bilirubin
initially interacts with cellular membranes, affects ion
channels and neurotransmitters, and ultimately leads
to deranged metabolism and cell death.52 The clinical
picture of kernicterus is also fairly uniform in these
children, with convulsions and opisthotonus followed
by hypotonia, high-pitched crying, and fever. The
sequelae in the survivors consist of neurogenic hearing
disorders, choreoathetosis with asymmetrical spastic-
ity and paralysis of upward gaze, together with other
neurologic manifestations. Ambulation, despite severe
athetosis, is generally reached by the age of 5 years.53

Brain stem auditory-evoked potentials are altered
by bilirubin in various ways.54,55 In some studies, it
has been observed to change the conduction latencies;
in others, it lowered the conduction wave amplitude,
both of which fit in with the follow-up observation of
deafness in kernicteric babies. Some studies note
reversibility of these altered potentials through lower-
ing of high bilirubin levels.4,56,57

Bilirubin-induced membrane potential lowering
may impair nerve conduction along the auditory path-
way, which may be reversible if each cell endures
only temporary malfunction or if a sufficient number
of neurons in the nerve survive the toxicity to main-
tain function.

It is commonly accepted that (1) bilirubin may be
toxic for cells, (2) kernicterus can occur when uncon-
jugated bilirubin levels are high, and (3) the mecha-
nism of bilirubin toxicity is mostly unknown.

Measurement of bilirubinemia
The majority of the published studies on bilirubin in
infants were made measuring its level on capillary
blood with spectrophotometric methods. Some stud-
ies compared capillary and venous measurement of
bilirubinemia, but their results were conflicting.58,59

Therefore, to confirm a high plasma bilirubin level in
a venous sample is not recommended. Recently, new
devices have permitted an easier and more reliable
transcutaneous measurement of bilirubin. The
Chromatics Colormate III TM (Chromatics Color
Science International Inc., New York, NY, USA) is still
based on the color of the skin, estimating serum
bilirubin from skin reflectance (skin color), whereas
the BiliCheckTM (Respironics, Murrysville, PA, USA)
measures transcutaneous bilirubin by utilizing the
entire spectrum of visible light (380–760 nm) reflected
by the skin. Data obtained using BiliCheckTM suggest
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that this device provides measurements within
2–3 mg/dl (34–51 µmol/l) of the serum bilirubin con-
centration.60 These devices could be used as screening
tools but, in some circumstances, also as substitutes
for serum bilirubin measurements, in particular,
when its value is lower than 15 mg/dl (257 µmol/l).

Treatment of neonatal
hyperbilirubinemia
Bilirubin is bound to albumin in the blood, and when
its concentration exceeds the binding capacity of the
carrier, unbound or free bilirubin concentration
increases and results in its redistribution between the
tissues (brain) and the vascular space (free bilirubin
theory). Thus, not only is the serum bilirubin concen-
tration important in judging whether an infant is at
risk of bilirubin toxicity, but the albumin concentra-
tion and the bilirubin/albumin ratio are also of critical
importance. In fact, Ahlfors suggests that when the
bilirubin/albumin ratio is < 8 mg/g (136 mmol/g) and
the neonate appears well, exchange transfusion is
probably not necessary.61

Exchange transfusion, first performed in 1925 by
Alfred Purvis Hart and then implemented by L. K.
Diamond in 1947 using the umbilical vein to with-
draw and to perfuse blood, was the only treatment
available until 1958, when Cremer and colleagues62

showed that both sunlight and blue light were able to
reduce jaundice in newborns. In fact, phototherapy is
now the most widely used method worldwide for the
treatment of jaundiced babies.

The mechanisms by which light renders the insol-
uble bilirubin molecule (bilirubin IX-alpha Z,Z), at
physiologic pH, soluble and rapidly excretable in the
biliary tract are the transformation of the Z,Z configu-
ration at the C4–C5 and C15–C16 double bonds to the
E configuration in one or both double bonds, thus
forming the configurational isomers E,Z or Z,E or
E,E.63–65 Of these isomers, the predominant one is the
Z,E form. However, the Z,E change is reversible, and
after phototherapy it reconverts in the bile or in the
intestines to the Z,Z isomer. In addition, intramolecu-
lar cyclization of bilirubin can occur as a result of
phototherapy, to form a structural isomer called
lumirubin, which cannot be reconverted to native
bilirubin. Moreover, lumirubin, which is formed at a
lower rate in comparison to the configurational iso-
mers, seems to be excreted more rapidly in the bile
than the other isomers.

There is a striking regional selectivity that causes
isomerization to take place at the double bond of the
CH-bridges. Because of the specific preference evi-
denced by one-half of the bilirubin molecule in bind-
ing to human albumin, the E configuration in position
15 is the main isomer formed. This selectivity is lack-
ing to a large extent in a number of the animals used

in experimental studies. Finally, the available data
suggest that bilirubin is bound to albumin at the site
of the light effect, namely in the skin.

The extent to which isomerization, cyclization, or
oxidation exerts the therapeutic effect of light is deter-
mined mainly by the quantum yield of the photo-
chemical reactions and the speed of the transport
processes up to the excretory phase.

The quantum yield of configurational isomeriza-
tion is probably very high; isomers are formed very
quickly, and they can be detected within a few min-
utes after light treatment. On the other hand, photo-
cyclization proceeds more slowly, and depends on the
wavelength employed. Moreover, the quantum yield
of bilirubin oxidation is very low, and it is most prob-
able that the excretion of catabolites formed in the
process takes place rapidly. Since the excretion rate of
lumirubin is very high, it is conceivable that, in photo-
therapy for neonatal jaundice, bilirubin photocycliza-
tion is the most effective mechanism of bilirubin
photometabolism, followed by configurational isomer-
ization, and, finally, photo-oxidation.

The bronze baby syndrome (BBS)
The BBS is a rare pathological condition that appears
during phototherapy. The typical characteristic is a
grayish-brown discoloration of the skin, serum, and
urine. This condition was first described by Kopelman
et al.,66 who observed the typical discoloration in the
skin of a newborn following phototherapy. They found
that the onset of the syndrome was linked to an
increase in conjugated bilirubin, implying a cholestatic
disorder; moreover, they also related it to hemolytic
anemia. Since then, various authors have attempted
to explain the biochemical mechanism responsible
for the onset of this syndrome.67,68 In this connection,
Kopelman et al. noted a reduced bilirubin-binding
capacity in newborns suffering from BBS. They sus-
pected that bilirubin photoproducts might be respon-
sible both for the bronze discoloration and for the
change in binding capacity ascertained by the salicylate
method. Autopsy evidence later showed that this pecu-
liar discoloration was also present in the kidneys, liver,
and peritoneum. Clark et al.67 and Rubaltelli et al.,68 in
particular, found anatomical signs of kernicterus in two
newborns who died with this syndrome. They consid-
ered this observation to be the confirmation that the
pigments responsible for BBS increase the risk of
bilirubin neurotoxicity, as suggested by the reported
decline in the albumin-binding capacity.66,69

In 1982, a notably higher concentration of por-
phyrins was found in the serum of patients with BBS.70

Two cases of this syndrome, with very high serum por-
phyrins, probably due to some degree of cholestasis,
were described.71,72 The porphyrins were identified
as Cu2+-uro-, Cu2+-copro-, and Cu2+-protoporphyrin. In
fact, the absorption spectrum of serum specimens
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from infants with BBS showed spectral features typical
of bilirubin (peak absorption around 460 nm), as well
as an intense band with a peak at about 400 nm and
broad absorbance in the near-UV and the 600–700-nm
region. The latter two features were not confirmed by
the absorption spectra of control sera. The sera of
bronze babies also exhibited a wide range of fluores-
cence emission spectra with peaks at 585, 619, and
670 nm. This finding indicates that absorption in the
400-nm band does not reflect the presence of residual
hemoglobin in the serum because hemoproteins are
known to be devoid of any appreciable fluorescence in
the red region. Instead, the emission spectra observed
are characteristic of porphyrin compounds.

Chromatographic separation led to the conclusion
that the main component is Cue+-protoporphyrin IX,
although small amounts of Cue+-coproporphyrin II
and Cue+-uroporphyrin III are also present. These por-
phyrins do not seem to have an appreciable photo-
sensitizing effect. Furthermore, there was no evidence
of significant alterations in the UV spectrum of irradi-
ated serum from infants with BBS or in cord blood
serum with added synthetic Cue+-porphyrins. This is
due to the well-known shortening of the half-life of
excited porphyrin as a consequence of the binding of
the Cue+ ion on the tetrapyrrolic ring.73

These investigations show that the grayish-brown
skin color is a result of the photolability of the Cu2+-
porphyrins. Indeed, Cue+-porphyrins in the serum of
infants with BBS or in aqueous solutions are con-
verted under irradiation with visible light into brown
photoproducts with a higher absorption in near-UV
and red spectral regions. Moreover, the presence of
bilirubin increases the photodegradation rate of Cue+-
porphyrins, suggesting that bilirubin acts as a photo-
sensitizer in this process.

Guidelines for the treatment of
unconjugated hyperbilirubinemia
Full-term newborn infants
Neonatal jaundice (total serum bilirubin concentration
> 12.9 mg/dl (220 mmol/l) occurs in around 5% of nor-
mal neonates.1 In the majority of cases it is a physiologic
or developmental jaundice,1,74 which does not need any
treatment. However, it is important to exclude the pres-
ence of a rhesus or ABO hemolytic disease, and the pos-
sibility that the jaundice could be an early sign of an
inborn error of metabolism, or sepsis, etc.

It is suggested that a direct Coombs test plus blood
group and rhesus determination should be carried out
on the cord blood of every neonate, and when jaun-
dice is present, the neonatologist should evaluate the
appropriateness of a serum bilirubin determination
in relation to the day of appearance and intensity of
the jaundice, etc. A serum bilirubin level of 20 mg/dl
(340 mmol/l) in a normal full-term newborn infant is

no longer considered an indication for exchange
transfusion.74 In the absence of a hemolytic disorder,
and with a bilirubin level in the range 20–25 mg/dl
(340–425 mmol/l), exchange transfusion might be
considered, but this decision must be based on a care-
ful evaluation of the risk/benefit ratio.

Following Wennberg’s suggestions,47 one should
take into consideration not only the serum bilirubin
level but also the albumin serum concentration: that
is, by multiplying the albumin value in grams by 7, a
value is obtained which corresponds to the level
when an exchange transfusion is indicated.

It is recommended that phototherapy be started
during the first 24 h of life if the serum bilirubin level
exceeds 4–7 mg/dl (70–120 mmol/l), or during the
second 24 h of life if it exceeds 11–15 mg/dl
190–260 mmol/l), and in all cases whenever it
exceeds 15 mg/dl (260 mmol/l). Phototherapy should
be carried out for at least 24 h, and should be inter-
rupted when serum bilirubin concentration is
decreased by ≥2 mg/dl (≥35 mmol/l).

However, the American Academy of Pediatrics has
recently published guidelines for the management of
hyperbilirubinemia in the newborn infant of 35 or
more weeks’ gestation, which report in depth on cur-
rent recommendations for prevention, diagnosis, and
treatment of neonatal jaundice.75 The approach to
jaundice in preterm infants appears more difficult
because there are no specific evidence-based guide-
lines for the use of phototherapy and exchange trans-
fusion in these infants. Different authors have reported
a range of plasma bilirubin levels for intervention in
various circumstances, but none of these indications
has greater validity than another.39 However, consider-
ing that in preterm infants kernicterus has almost dis-
appeared probably because of aggressive phototherapy,
it is probable that the current management of jaundice
in these infants is correct.

Other possible therapeutic interventions are
immunoglobulin therapy in immune hemolytic jaun-
dice and administration of the heme oxygenase
inhibitor Sn-mesoporphyrin. Alcock et al., in a meta-
analytical study on term and preterm infants with
rhesus and ABO incompatibility, found that the rate
of exchange transfusion decreased significantly in the
immunoglobulin-treated group.76 As for Sn-mesopor-
phyrin, its use is very promising both for the preven-
tion and for the treatment of neonatal jaundice.
However, this drug is as yet under research and is not
commercially available (see Kappas77).

Premature newborn infants
In the past few years, a number of studies have shown
that currently neither kernicterus nor clinical signs of
bilirubin encephalopathy are found in premature
babies (see the important review of Conolly and
Volpe78). These findings were reported despite the
fact that higher serum bilirubin concentrations were
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allowed compared with the studies reported in the
1960s and 1970s, when kernicterus was not a rare
occurrence.79,80 It is possible that the improved qual-
ity of health care has reduced the appearance of
preterm kernicterus, the pathogenesis of which is still
not completely understood.80–85

The definition of prematurity (< 37 weeks of gesta-
tional age) includes neonates of very different gesta-
tional ages. Moreover, a generous use of phototherapy
has allowed a reduction of high serum bilirubin
concentrations, and as a result exchange transfusion is

no longer used very often. However, it seems rational to
initiate light treatment independently of the age of the
premature infant, whenever the serum bilirubin con-
centration is ≥8 mg/dl (135 mmol/l), provided that no
hemolysis is present. In fact, exchange transfusion
must be considered when bilirubin reaches the level of
18 mg/dl (305 mmol/l). Furthermore, for the premature
newborn one can use Wennberg’s formula47 to identify
infants needing exchange transfusion: multiplying by
six the value of serum albumin concentration (in g) one
obtains the threshold value for exchange transfusion.
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3 Management of hypotension
in the neonatal period
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Introduction
Hypotension is a commonly encountered problem on
the neonatal intensive care unit. It occurs in up to
40% of very low-birth-weight (< 1500 g) infants, and
is almost universally seen in the extreme preterm
baby, most commonly in the first 48 h after birth. Its
importance lies in its possible causal link with brain
injury in these infants.1–4

There are numerous controversies surrounding the
management of hypotension in the preterm infant. As
more extremely preterm babies are surviving, our
accepted definitions of hypotension are being chal-
lenged. The level of blood pressure required to main-
tain tissue perfusion in these babies is unknown, and
the effects of standard therapy are relatively under-
researched. As a result, the level of hypotension at
which treatment is instigated, and the treatment
chosen, largely remain subject to personal preference.

Definition
Normal blood pressure has proven difficult to define
in preterm babies, partly because it varies with gesta-
tional and postnatal age,5,6 but also because the range
of blood pressure, which will ensure adequate organ
perfusion, is not known. There have been a number of
studies attempting to define the normal range of blood
pressure in the neonate. These have resulted in two
widely accepted definitions of hypotension:

(1) Mean arterial blood pressure less than the 10th cen-
tile for gestation/birth weight and postnatal age.1

(2) Mean arterial blood pressure less than gesta-
tional age in weeks. This is derived from the first
definition, following the observation that the
10th centile for mean blood pressure is roughly
equal to the gestational age.5 It is worth remem-
bering, however, that this is only valid in the first
48 h of life, and that blood pressure rises steeply
over the first five postnatal days.

Most neonatal units use the gestational age as a guide
when instituting treatment for hypotension. It is
important, however, to assess other markers of tissue
perfusion, such as capillary refill time, the presence
of metabolic acidosis, and urine output when deciding
whether to treat.

Pathogenesis
Hypovolemia
Hypovolemia causes hypotension by decreasing the
preload, leading to reduced cardiac output. In neonates,
hypovolemia may result from acute hemorrhage
(antenatal or postnatal), or from fluid loss due to cap-
illary leak, as seen in septicemia or acute abdominal
pathology. It is generally accepted that hypovolemia
is an uncommon primary cause of hypotension in the
sick preterm infant.7 It may, however, be implicated
in a small number of babies, and should always be
considered.

Myocardial dysfunction
There is good evidence that myocardial dysfunction
plays an important role in the development of hypoten-
sion in preterm infants in the first few hours of life.8

There are several factors that contribute to myocardial
dysfunction, the foremost of which is immaturity of the
myocardium. Hypoxic damage to the heart muscle, aci-
dosis, sepsis, and the presence of a ductal shunt will all
adversely affect myocardial function, leading to
decreased cardiac output and hypotension. Congenital
structural heart defects may also present with hypoten-
sion secondary to reduced cardiac output.

Downregulation of adrenergic receptors
There is growing evidence that a proportion of sick
preterm infants have relative adrenal insufficiency,
demonstrating a low cortisol response to human
corticotrophin releasing hormone.9–12 Because gluco-
corticoids have a role in regulating the expression of
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cardiovascular adrenergic receptors, these infants
may be incapable of responding to endogenous or
exogenous sympathomimetic agents.13

Measurement
Intra-arterial blood pressure monitoring through an
umbilical or peripheral arterial catheter is widely
accepted as the gold standard. Studies comparing
oscillometric with invasive measurement demonstrate
that, providing cuff size is standardized, oscillometric
measurement seems to be accurate within the normal
range.14,15 However, concern has been expressed that at
the lower levels it consistently overestimates the blood
pressure, providing false reassurance to the clinician.16

In situations where intra-arterial monitoring is not
possible, it is important to also assess other markers of
tissue perfusion.

Clinical relevance
Tissue perfusion
In neonatology, blood pressure is regularly used as a
marker of systemic organ perfusion, and our efforts to
maintain normal blood pressure are based on the belief
that we are preserving tissue perfusion. Unfortunately,
there are few data to support this. In preterm infants
there is only a weak correlation between blood pres-
sure and cardiac output.17 Furthermore, since blood
pressure is the function of blood flow and systemic
vascular resistance, blood pressure may not reflect the
blood flow in end organs, as the vascular resistance
will vary. Several methods that may be useful for
assessing systemic blood flow and tissue perfusion in
neonates are being evaluated.

Left ventricular output is often used in adults to
assess systemic blood flow. Measurements of ventri-
cular outputs in neonates may be confounded by shunts
through a patent ductus or foramen ovale. Systemic
blood flow in the superior vena cava of newborn
infants has been successfully measured, using Doppler
echocardiography. Flow in the superior vena cava is
thought to reflect blood flow in the upper body, partic-
ularly the brain, and appears to correlate well with left
ventricular output in babies with a closed duct.18

Near-infrared spectroscopy (NIRS) has been used to
measure hemoglobin flow and venous saturation in
the forearm of hypotensive preterm babies.19 Using
this technique, it has been demonstrated that periph-
eral oxygen delivery and consumption are lower in
hypotensive babies, but that oxygen extraction is sim-
ilar to normotensive controls, with no rise in lactate
concentration. This suggests that in hypotensive
babies, peripheral oxygen delivery is still adequate
for tissue demands, challenging the need to routinely
correct hypotension. NIRS has also been used to

monitor cerebral circulation in sick premature infants.
Unfortunately, it has not been clearly demonstrated
whether there is a direct relationship between mean
arterial blood pressure and cerebral intravascular
oxygenation.20,21

As NIRS and cardiac output measurements are not
continuous, their role in the decision to treat a blood
pressure level remains unclear. They do, however,
question our present practice of using a single value
below which treatment should be started. Further
research in this area is obviously needed before tech-
niques such as this have direct relevance to the man-
agement of hypotension.

Cerebral injury
Sick VLBW infants have reduced cerebral vascular
autoregulation compared with term infants with the
postulated effect that significant hypotension may
lead to cerebral hypoperfusion.22,23 Episodes of
systemic hypotension have been linked to cerebral
hemorrhage, ischemia, and an increased risk of
long-term neurological sequelae.1,3,4 Hypotension is
thought to lead to intraventricular hemorrhage by
causing ischemic damage to the germinal matrix,
which bleeds on reperfusion. It is unlikely that over-
enthusiastic correction of hypotension is involved,
as episodes of hypertension are not associated with
the occurrence of intraventricular hemorrhage. There
is no clear evidence that systemic hypotension, in
itself, leads to periventricular leukomalacia,3 although
it may be a factor in babies who are also septic.
Interestingly, there is little evidence to support the
view that treating hypotension prevents any of these
sequelae.

Management
The aim of treating hypotension is to preserve ade-
quate organ perfusion and thus to prevent complica-
tions, such as cerebral injury. However, a cause for
hypotension should always be sought before treat-
ment is instituted. Important conditions to exclude
include:

• Blood loss
• Pneumothorax
• Sepsis
• Patent ductus arteriosus
• High positive intrathoracic pressure (secondary to

mechanical ventilation)
• Heart failure

If one of the above causes is identified, the primary
treatment of the hypotension is to institute the spe-
cific treatment for the underlying condition. In most
instances, a cause for hypotension in the neonatal
period will not be determined, although myocardial
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dysfunction has been identified as a common factor,
and treatment will be initiated on the basis of unit
protocols. These normally follow a stepwise approach,
beginning with volume support followed by inotropes
and in some the use of steroids.

Volume support
As previously discussed, hypovolemia is an infre-
quent cause of hypotension in the sick preterm infant.7

It is also difficult to diagnose in the immediate post-
natal period, as indicators, such as urine output and
capillary refill time, are unreliable. However, because
it does occasionally occur, and it is relatively easy to
treat, most units adopt a policy of moderate volume
replacement prior to the institution of inotropes.

Fluids available for volume replacement may be
either crystalloid or colloid. The main difference
between the two is the oncotic pressure effect, accord-
ing to Starling’s law, and the theoretical difference in
the length of time they remain in the intravascular
space. However, the volume administered appears to
be more important than the protein content in pro-
ducing a sustained increase in blood pressure in
preterm infants,24 and isotonic saline has been shown
to be as effective as 5% albumin for treating hypoten-
sion in this population.25 Crystalloids are also signifi-
cantly cheaper than colloids, and do not carry the
same infection risk.

As colloid and crystalloid are equally effective in
treating hypotension in the neonatal period, and con-
sidering the other advantages of using isotonic saline,
it would seem that the safest approach to volume
replacement would be to use 10–20 ml/kg 0.9% saline
given over 30 min in the first instance. For babies
who are likely to be hypovolemic secondary to protein
losing conditions, such as babies who have undergone
gastrointestinal surgery, 4.5% albumin should be
reserved.

Dopamine and dobutamine
Since myocardial dysfunction plays an important role
in the development of hypotension in preterm infants
in the first few hours of life,8 it is clear that inotropic
agents should be of some benefit in the management
of hypotension in these babies. The use of inotropes
is, however, historically based rather than evidence
based, and there are few data relating to associated
mortality and morbidity.

Unsurprisingly, dopamine is more effective than
volume expansion in restoring normal blood pressure
in preterm infants.26 Dopamine is an exogenous sym-
pathomimetic amine that exerts its cardiovascular
effects by the dose-dependent stimulation of dopamin-
ergic and α- and β-adrenergic receptors. In the preterm
population dopamine causes a dose-dependent
increase in mean arterial blood pressure in doses of
5–20 µg/kg/min.27–29

The main hemodynamic effects of dopamine are
to increase myocardial contractility and peripheral
vascular tone. The increase in myocardial contractil-
ity is caused both by a direct stimulation of α- and
β-adrenoceptors and indirectly through its action on
β2-adrenoceptors, stimulating the release of endogenous
noradrenaline.30 In adults, the vasotonic effects of
dopamine are dose dependent. At doses < 5 µg/kg/min
dopamine stimulates peripheral dopaminergic recep-
tors, resulting in the selective dilatation of renal,
mesenteric, and coronary arteries. At higher doses
>10 µg/kg/min it causes vasoconstriction by stimula-
tion of α-adrenergic receptors. The dose-dependent
effects of dopamine on vascular tone in the preterm
neonate are less clear,29,30 although there are emerging
concerns that it may have a potent vasoconstrictive
effect on the pulmonary vasculature.31

Studies in adults suggest that, in sick hypotensive
patients, there is a downregulation of adrenergic
receptors, requiring much higher doses of dopamine
to maintain blood pressure.13 However, there have
been no such studies in neonates. The fact that some
preterm infants may also have relative adrenal insuf-
ficiency9 may explain the occurrence of pressor resist-
ance. Further research is clearly required in order to
define a maximum dose for dopamine, as the use of
high doses (> 25 µg/kg/min) has not been studied.

Dobutamine is a relatively cardioselective sympa-
thomimetic amine, which exerts its positive inotro-
pic action by direct stimulation of cardiac α- and
β-adrenoceptors. It has several theoretical advantages
over dopamine: (1) it has limited chronotropic effect,
(2) its use is not associated with an increase in sys-
temic vascular resistance,27 and (3) it does not rely on
release of endogenous catecholamines for any part of
its action.

There is relatively little research into the use of dobu-
tamine in preterm neonates, and it is generally used as
a second-line drug in patients unresponsive to
dopamine. It is infused at rates of 5–20µg/kg/min,27,32–35

and has been shown to increase left ventricular per-
formance in these doses.36 The use of high doses
(> 25µg/kg/min) has not been studied. Dobutamine can
cause hypercontractile heart failure in the presence of
left ventricular hypertrophy, resulting in paradoxical
hypotension.37 It should therefore be used with caution
in babies with existing cardiac disease.

In the preterm infant, dopamine is significantly
more effective than dobutamine in the treatment of
systemic hypotension, with no differences in short-
term complications, such as intraventricular hemor-
rhage and necrotizing enterocolitis.38 No data are
available on long-term outcome for either drug.

Other agents
Most neonatal units advocate the use of adrenaline or
noradrenaline in cases where dopamine and dobuta-
mine have failed to maintain ‘normal’ blood pressure.
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However, very few studies have looked at the use
of these agents in preterm infants, most of the data
originating from animal studies. Both adrenaline and
noradrenaline, when used in addition to dopamine,
do restore normal blood pressure in sick, hypotensive
neonates without causing significant cerebral, myocar-
dial, or renal vasoconstriction.39,40 The use of these
agents is, however, associated with a high mortality
rate of over 50%.

Dopexamine, a relatively new synthetic cate-
cholamine, with predominant β2-adrenergic and
dopaminergic activity, has been shown to be effective
in raising blood pressure, and improving arterial pH
and urine output.41 In neonates who are hypotensive
secondary to septic shock, methylene blue, an inhibitor
of soluble guanylate cyclase, has been shown to be
effective in increasing blood pressure.42

Further research is clearly needed in this area
before the routine use of any of these agents can be
recommended.

Steroids
Antenatal steroids are now commonly given to mothers
in preterm labor. They have been shown to have
an independent effect (from the effect on respiratory
distress syndrome) on reducing the incidence of
hypotension in the preterm infant.43

In neonates with hypotension, who are unrespon-
sive to volume or pressor administration, there is
growing evidence that steroids may be of some value.
The theory is that infants with refractory hypotension
may have relative adrenal insufficiency.9–12 The
resulting low levels of circulating cortisol in these
babies may be insufficient to counteract any down-
regulation of cardiovascular adrenergic receptors,

which occurs in critical illness,13 rendering them
resistant to treatment with sympathomimetic agents.

In infants with severe hypotension refractory to
both volume expansion and inotropes, treatment with
either single-dose dexamethasone or a 5-day course of
hydrocortisone has been shown to be successful with
discontinuation of inotropes within 54 h. This effect
is sustained for many days following the administra-
tion of steroids.12,44–46 Although the effect may not be
evident for up to 6 h, in my experience it is usually
seen within 2 h of treatment.

There are some groups who have advocated the use
of hydrocortisone in smaller doses as prophylaxis
against hypotension in at-risk VLBW infants.47 Side
effects from postnatal steroids, including the long-term
risk of adverse neurological outcome, are well docu-
mented and probably prohibit prophylactic use.48 

Based on the available evidence, the use of steroids
in the treatment of severe, intractable hypotension,
resistant to inotropes, is probably justified. This may be
in the form of a single dose of 250µg/kg dexamethasone
or a 5-day tapering course of hydrocortisone starting at
2.5 mg/kg qds. Obviously, there is a balance of risks
against benefits, but the short-term benefit of preventing
death must outweigh the long-term risks, which are
anyway unproven. Further research is obviously
needed to determine the optimum dose and course.

Conclusion
The management of hypotension in preterm infants
remains a controversial area in current neonatal prac-
tice. Research in this area is relatively limited, which
in part is probably due to the difficulty in obtaining
continuous measures of tissue perfusion. There is no
consensus on either the definition of hypotension or
the level at which treatment should be initiated. The
effects of aggressive correction are relatively under-
researched, and there are few data on morbidity and
mortality in relation to the use of volume support and
inotropes. The aim of management must be to attain
adequate tissue perfusion and oxygenation, but there
may be little or no relation between blood pressure
and organ perfusion. Further research is required in
methods of assessing tissue perfusion, which can be
used alongside monitoring of blood pressure to guide
the neonatologist in deciding when to intervene.

Continuous invasive arterial blood monitoring
remains the preferred method of recording blood pres-
sure. Decisions to treat hypotension should be based
on the general condition of the infant, not on the
mean arterial blood pressure alone. On the basis of the
available evidence Figure 3.1 outlines a suggested
guideline for the management of hypotension in the
neonatal period.

30 Management of hypotension in the neonatal period

Figure 3.1 Flow chart for management of hypotension in
neonates. From Dasgupta and Gill49 with permission.
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4 Cytokines and neonatal disease
L. Cornette and H. Logghe

Fetal and neonatal inflammatory
responses
This review is designed to guide the reader through the
framework given in Figure 4.1, summarizing the con-
cept of perinatal inflammation/infection and current
factors that may influence the overall outcome under
study. Several diseases in the newborn, such as sepsis,
chronic lung disease and broncho-pulmonary dysplasia
(CLD/BPD) and necrotizing enterocolitis (NEC) are
characterized by the presence of inflammation. Given
the mounting evidence suggesting a continuum between
ante- and postnatal inflammation, and adverse neonatal
outcome,1,2 we will first study the fetal inflammatory
response, prior to expanding on inflammatory responses
emerging in the neonatal period.

By definition, an inflammatory response is a protec-
tive response to an infection or an injury, mediated
by proinflammatory cytokines, i.e. low molecular
weight glycoproteins, predominantly produced by the
monocyte–macrophage cell line at the inflammatory
site. Proinflammatory cytokines (e.g. IL-1β, IL-18, IFN-γ,

TNF-α) are primarily responsible for initiating an effective
defense (i.e. acute phase response) against exogenous
pathogens, whereas anti-inflammatory cytokines (e.g.
IL-4, IL-10) are involved in the downregulation of exac-
erbated inflammatory processes and the maintenance
of homeostasis for proper functioning of the vital
organs.3

Fetal inflammatory response syndrome
The majority of women delivering before 28 weeks,
with or without preterm premature rupture of mem-
branes (PrePROM), show evidence of intrauterine infec-
tion. A mechanism postulated is microbial invasion of
the uterine cavity resulting in a fetal systemic cytokine
or inflammatory response through aspiration, otitis,
conjunctivitis or omphalitis.4 However, only a small
proportion of these women will have a positive amni-
otic fluid culture.5 Intra-amniotic inflammation would
therefore appear to be a better predictor for imminent
preterm delivery rather than intra-amniotic infection.6

Such active participation of the fetus in a systemic
antenatal inflammatory response is therefore commonly

Figure 4.1 The fetal/neonatal inflammatory response. Illustration of antenatal and postnatal inflammatory responses and six factors
that may influence the overall outcome.
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studied using cordocentesis techniques. Indeed, the
fetal inflammatory response syndrome (FIRS) was
originally defined by relating increased fetal cord
plasma IL-6 to the onset of spontaneous preterm labor
(through increased fetal adrenal cortisol production
and subsequent prostaglandine release).7 More recent
studies have revealed that the FIRS involves the syn-
ergistic action of different cytokines and several com-
plex host defense mechanisms.8 In addition, through
the study of differential placental vs. fetal immune
cytokine responses within animal models, we now
know that an FIRS, rather than the maternal infection,
causes fetal multiorgan injury.9

Fetal brain/fetal neurotoxicity
The fetal brain has been extensively studied within the
context of intrauterine inflammation.10,11 Funisitis, i.e.
infection of the umbilical cord, and chronic chorio-
amnionitis have been associated with an increased risk
of intraventricular hemorrhage.12,13 Fetal vasculitis has
been linked with an 11-fold increased risk of develop-
ment of periventricular echolucencies.14 Histopatholo-
gical examination of infant brain specimens shows
overexpression of TNF-α in the microglia cells of
periventricular leukomalacia (PVL) lesions, with
cytokine production being highest in infected infants.15

However, a clear link between intrauterine infection/
inflammation and neurological outcome in preterm
babies is not confirmed in all studies, as much of the
confusion arises from different timings of blood
sampling across different studies. Cytokine levels in
neonatal blood (day 2 or 3) are likely to be influenced
by respiratory or infectious complications, as well as
different levels of intensive care, and thus may be
different from umbilical cord blood levels.16 In order
to establish a causal link between antenatal infection
and neonatal brain disease in individual cases, one
needs to provide evidence of placental infection, ele-
vated inflammatory mediators in both umbilical cord
and postnatal infant blood, presence of moderate to
severe encephalopathy and/or neuroradiological con-
firmation of brain injury.

Proposed mechanisms for neurotoxicity associated
with proinflammatory cytokines comprise (1) a direct
cytolytic effect on neurones and oligodendrocyte pre-
cursors (either through in situ cytokine production or
through systemic cytokines crossing the blood–brain
barrier), (2) induction of excitatory amino acid release,
(3) increased caspase activity resulting in amplified
apoptosis, (4) abnormalities in the coagulation cascade
or (5) fetal hypotension.10,14,15,17 Further clarification of
these and other mechanisms will increase the like-
lihood of successful therapeutic interventions.

Many studies focus on the interaction between
cytokine and excitatory amino acid release (e.g. gluta-
mate). It is now recognized that an antenatal inflam-
mation-related insult to the central nervous system
comprises both infection (proinflammatory cytokine
release) and hypoxia-ischemia (excessive excitatory

neurotransmitter release). The interaction between
both entities is, however, complex. First, injury to the
brain during antenatal infection may be secondary
either to cytokinemia, i.e. cytokines crossing the
blood–brain barrier, or to the interruption of placental
blood flow resulting in asphyxia.17 Second, animal
work indicates that administration of a low dose of
bacterial endotoxin (LPS) dramatically sensitizes the
immature brain to injury and induces cerebral infarc-
tion in response to short episodes of hypoxia-
ischemia that by themselves cause little or no injury.18

Third, increased levels of IL-1 and TNF-α and neu-
trophil invasion into infarcted areas have been
reported following hypoxia-ischemia in the absence
of infection.18–20 Fourth, complex interaction effects
between both inflammation and excitotoxicity exist,
as, for example, IL-1β perpetuates excitotoxic brain
damage in vivo, whereas it ameliorates neuronal death
in vitro.20 Others have reported similar dual neuro-
trophic and detrimental effects exerted by cytokines
following ischemia.21 Finally, a complex interaction
between hypoxia-ischemia and inflammation is also
reflected in the neuropathology of white matter (WM)
abnormalities observed in infants born to mothers
with chorio-amnionitis.22 Careful review of animal
work suggests that cytokines can be neurotoxic
through a process of ‘sensitizing’ the immature brain,
i.e. lowering the threshold at which a hypoxic-
ischemic insult triggers apoptosis.23 Further clinical
studies investigating the relationship between fetal
infection/inflammation, feto-placental thrombosis
and subsequent adverse neurological outcome will
therefore be challenging.24

Other fetal morbidity
Fetal exposure to infection/inflammation, similar
to antenatal administration of glucocorticoids can, on
the one hand, result in maturation of the lungs.
However, antenatal chorio-amnionitis can also prime
the fetal lung to respond differently to postnatal
events, increasing the risk of CLD/BPD (see below).25

Histological chorio-amnionitis has been associated
with a noticeable reduction of volume and corti-
comedullary differentiation of the thymus, a reduced
number of thymocytes and infiltration of macrophages
into the parenchyma.26

Finally, a FIRS can result in preterm delivery (and,
hence, possible neonatal morbidity), as increased fetal
and not maternal serum IL-6 is one of several
cytokines that precedes imminent preterm delivery.8

Neonatal inflammatory responses

Sepsis
The progression to septic shock in infants born to
mothers with acute chorio-amnionitis is rarely seen in
the immediate neonatal period. However, a significant
association between funisitis and congenital sepsis
has been described.2
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Neonatal sepsis in the absence of chorio-amnionitis
is predominantly mediated by IL-1, IL-6 and TNF-α.
Sepsis-related mortality is well correlated with
multiple-organ failure (MOF), caused by uncontrolled
inflammation, immunodeficiency (prolonged neutrope-
nia, lymphopenia, hypogammaglobulinemia) and
endothelial injury with thrombotic microangiopathy.
Septic newborns have low von Willebrand factor (vWF)
cleaving metalloprotease activity (ADAMTS13), result-
ing in high amounts of circulating ultralarge vWF
multimers that lead to microvascular platelet thrombo-
sis and MOF.27

Little is known about the profile of pro- and anti-
inflammatory cytokines in septic preterm infants, in
whom the immune system may be considered as
immature. An exaggerated proinflammatory response
together with an inadequate anti-inflammatory com-
pensation may result in an adverse clinical outcome,
as a persistent high IL-6/IL-10 ratio implies a poor
prognosis in very low-birth-weight patients.1 Alter-
natively, a persistently high IL-10 concentration can
be an early indicator of a poor prognosis in preterm
neonates with sepsis.28

Necrotizing enterocolitis
NEC is a devastating intestinal disease that primarily
occurs in low-birth-weight premature infants. Its etiol-
ogy is not well known, and may consist of intestinal
immaturity, intestinal ischemia, changes in microbio-
logical environment related to enteral feeding prac-
tices, with an increased inflammatory response as
the final common pathway. The evidence suggesting
a causal association between chorio-amnionitis and
subsequent NEC is very sparse, although some retro-
spective case–control studies suggest a significantly
higher frequency of PrePROM and chorio-amnionitis
in infants with NEC.29

Inflammatory mediators involved in NEC are tissue
and circulating proinflammatory cytokines (IL-1, IL-6,
IL-8, TNF-α), platelet-activating factor, leukotriene C4,
iNOS, endothelin-1 and thromboxane. These mediators
are believed to stimulate signal transduction and gene
transcription, leading to apoptosis or programmed cell
death, secondary inflammation, increased intestinal
wall permeability and, ultimately, necrosis. Conversely,
IL-10, IL-11, IL-12, erythropoietin and epidermal growth
factor have been shown to play an important role in
the prevention of intestinal injury. Using a neonatal
rat model, the protective effect of maternal milk has
been associated with increased ileal production of
anti-inflammatory IL-10.30 Also, enteric organisms
such as non-virulent Salmonella strains are capable of
attenuating intestinal inflammatory responses.31

Chronic lung disease/bronchopulmonary dysplasia
Many aspects of the inflammatory response in the
context of CLD/BPD remain to be elucidated.

On the one hand, artificially induced lung inflam-
mation through intra-amniotic injection of proinflam-
matory cytokines in rabbits results in increased lung

volumes, increased surfactant production and
improved gas exchange.32 Likewise, fetal exposure to
chorio-amnionitis can lead to enhanced lung matura-
tion, similar to the effect yielded by antenatal gluco-
corticoids.25 This is in line with the findings from the
UK Epicure study, indicating that infants born below
26 weeks’ gestation are more likely to die in the
absence of chorio-amnionitis and antenatal adminis-
tration of glucocorticoids.33

Alternatively, as previously mentioned, antenatal
inflammation can disrupt the process of alveolariza-
tion, resulting in alveolar simplification and priming
of the fetal lung, rendering it vulnerable for further
injury postnatally.25,34 Indeed, prolonged postnatal
mechanical ventilation (> 7 days) of lungs that are
primed in this way, together with postnatal infection
(sepsis or pneumonia), may result in a secondary
inflammatory response and the development of
CLD/BPD.35,36 Support for this hypothesis stems from
the observation that predominantly memory cells
from the immune system, i.e. lymphocytes and mono-
cytes, are observed in broncheo-alveolar lavage fluids
obtained from ventilated and antenatally inflamed
animal lungs.37

Ongoing lung damage in the premature infant may
also be caused by failure to downregulate inflammatory
responses.38 Data suggest that preterm newborns with
lung inflammation may be unable to activate the anti-
inflammatory cytokine IL-10. Comparing preterm
infants with term infants in respiratory failure, the abil-
ity of lung macrophages to produce TNF-α is nearly
identical, whereas a trend toward diminished levels of
IL-10 expression exists in the preterm group.39 Such
data suggest an imbalance between pro- and anti-
inflammatory responses, leading to CLD/BPD.

The role of transforming growth factor-β, i.e. a
cytokine participating in adult chronic inflammatory
diseases, is still to be elucidated in neonatal inflam-
matory processes.40

Retinopathy of prematurity (ROP)
ROP is an ischemia-induced proliferative retinopathy,
affecting premature infants with low birth weight. The
process of retinal neovascularization in ROP is com-
plex, involving several angiogenic factors, such as
vascular endothelial growth factor. Potential medical
therapies for ROP include not only modulators of such
angiogenic factors but also endogenous inhibitors and
anti-inflammatory drugs. The latter drugs have proved
to be efficacious against neovascularization in several
animal models of oxygen-induced retinopathy, and are
currently already trialled for adult diabetic retinopathy
and age-related macular degeneration.41

Perinatal inflammatory responses,
neonatal disease and neuro-morbidity
Both animal and clinical data suggest that intrauterine
infection can be linked to adverse neurological

34 Cytokines and neonatal disease
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outcome either via infection/inflammation-induced
WM damage or via infection/inflammation-induced
preterm birth.42,43 A recent meta-analysis (23 studies)
revealed a significant association between clinical
chorio-amnionitis, cystic PVL (RR, 3.0; 95% CI,
2.2–4.0) and cerebral palsy (CP) (RR, 1.9; 95% CI,
1.4–2.5), whereas histologic chorio-amnionitis was
associated with cystic PVL (RR, 1.6; 95% CI, 1.5–2.9)
but less with CP (RR, 1.6; 95% CI, 0.9–2.7).12 The
same group recently described an increased risk for
neurological sequelae in term infants with funisitis.44

It is also likely that postnatal infection/inflammation
contributes to a long-term adverse neuro-development,
as a recent UK trial indicated a four times higher risk
of CP among infants with neonatal sepsis compared to
those without.45 A significant association between
increased levels of inflammatory cytokines in the new-
born and the development of spastic di-, quadri- and
hemiplegia has been demonstrated,24 with increased
concentrations of cytokines (TNF-α, IL-1β, IL-6 and
the anti-inflammatory IL-10) correlating with cerebral
lesions detected by MRI.46

However, several variables account for the observa-
tion that not all studies suggest such an association
between infection/inflammation and adverse outcome
in newborn infants (see Figure 4.1), i.e. (1) timing
issues, (2) nature of the infectious/inflammatory
process, (3) established and new anti-insult strategies,
(4) morbidity in organs other than the brain, (5) genetic
influences and (6) environmental factors.

Timing issues
Clinical chorio-amnionitis is based on the acute pres-
ence of two or more of the following clinical signs:
maternal temperature, maternal tachycardia, fetal
tachycardia, maternal leucocytosis, uterine tenderness
and foul-smelling amniotic fluid. However, intrauter-
ine infection may also remain undetected for months
as a chronic indolent inflammatory process. Also, bac-
terial vaginosis can result in intrauterine colonization
present at conception; if the organisms are not cleared
within 4–8 weeks after the expanding membranes seal
the endometrial cavity, the infection may result in
preterm delivery. Hence, in the absence of clear crite-
ria to identify the severity and duration of in utero
infection, it is not surprising that the clinical outcome
is unpredictable, ranging from normal fetal develop-
ment with histologic chorio-amnionitis as an inciden-
tal finding to severe chorio-amnionitis leading to in or
ex utero death with long-term neurological sequelae.25

Type and presence of pathogen
Not only timing but also the nature of the infection may
determine the outcome.43 For example, administration
of a low dose of Escherichia coli (O55:B5) endotoxin to
rats, prior to short periods of hypoxia-ischemia,
increases the overall brain injury.18 However, the oppo-
site effect is observed using a different bacterial toxin

(lipoteichoic acid) in a similar rat model.47 Amniotic
fluid contaminated with E. coli but not with Ureaplasma
urealyticum and Mycoplasma increases the risk of
CLD/BPD,48 although one could point out that the latter
two species are more difficult to grow in vitro.

Evidence suggests that preterm delivery and neona-
tal morbidity may be better predicted by the degree
and nature of the FIR to infection (i.e. the host
response) than by the presence of (a combination of)
pathogens (i.e. positive amniotic cultures).8,49 It is
within this context that functional polymorphisms of
the different cytokines may play a role as they may
determine each individual’s genetic susceptibility
and response to infection (see below).

Anti-insult strategies
As perinatal infection/inflammation seems to be an
important risk factor for adverse neonatal outcome, the
development of appropriately designed (brain) protec-
tive strategies will, to a great extent, become indispen-
sable in neonatal care over the next decade.50 However,
the difficulties experienced hereto are at least threefold:
(1) we are currently unable to prospectively identify
those infants at greatest risk for developing (neuro)mor-
bidity; (2) the presence of both beneficial and detrimen-
tal physiologic effects by cytokines complicates any
targeted intervention; (3) the origin of perinatally
acquired brain damage is currently thought to be multi-
factorial, possibly including hypoxia/perfusion failure,
thyroid hormone deficiency, genetic factors, thrombotic
processes, growth factor deficiency, excess free reactive
oxygen production and antenatal infection.51

Antenatal strategies

Steroids. Endogenous glucocorticoids, released by
the fetal adrenal cortex, downregulate the expression
and action of cytokines both in the periphery and in
the brain.52 Likewise, antenatal administration of
exogenous steroids can result in a reduced FIR.53

Antenatal steroids administered to women at risk of
preterm delivery decrease the risk of death, respiratory
distress54 and protect very low-birth-weight infants
against the risk of neuro-morbidity.55 However,
antenatal steroids do not reduce the incidence of
CLD/BPD, as the drug induces alveolar simplification
and hence primes the lungs for postnatal ventilation-
mediated injury.25 In addition, whereas betametasone
yields an initial suppressive effect on inflammation, it
may ultimately result in ‘late inflammation’.56

It thus seems that the exposure to infection/inflam-
mation together with antenatal administration of glu-
cocorticoids can both ‘mature and injure’ the fetus.
The ‘net effect’ in terms of adverse neonatal outcome
may depend on exposure to postnatal noxious inter-
ventions such as ventilation, high concentration of
oxygen, etc. These time-dependent interactions
between steroids and inflammation warrant further
investigation.

Perinatal inflammatory responses, neonatal disease and neuro-morbidity 35
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Antibiotics. The administration of antibiotics
following PrePROM results in a significant reduction
in chorio-amnionitis, a delay in delivery and reduced
neonatal morbidity (e.g. neonatal infection, use of
surfactant, oxygen requirement, abnormal findings on
cranial ultrasound).57 Due to an increased risk of NEC,
coamoxiclav should be avoided, while erythromycin
seems a better choice, possibly because of a smaller
endotoxin release by damaged bacteria.58 The current
treatment for clinical chorio-amnionitis is delivery of
the fetus and subsequent treatment with antibiotics.
Maternal treatment in such cases is ineffective
because the amniotic cavity is largely a sequestered
site, inaccessible to antibiotics.

Mode of delivery. Normal labor is always associated
with some form of hypoxic stress, which may be
detrimental if the fetal brain is more vulnerable to
hypoxia in the presence of antenatal infection/
inflammation. However, there is no clear evidence
that suggests an elective cesarean section is more
neuroprotective than normal labor in the case of
(chronic or acute) chorio-amnionitis.

Postnatal strategies
Non-specific therapy for severe sepsis comprises
antibiotics, aggressive fluid resuscitation, inotropes
and ventilatory support. More specific strategies are
aimed at tapering of sepsis-related immunodeficiency
syndromes by using recombinant growth factors, such
as granulocyte colony stimulating factor (CSF), granu-
locyte macrophage CSF and interferon. Recombinant
activated protein C is an anti-inflammatory, antithrom-
botic and fibrinolytic agent that has been successfully
used in severe sepsis in adults. However, its use is not
approved in infants or children.59

Treatment of NEC currently consists of antibiotics
and hemodynamic stabilization, with, in some cases,
the need to proceed to surgery. However, a better
understanding of the mechanisms underlying its
pathogenesis is needed. For example, understanding
the protective effects of maternal milk could be benefi-
cial either in the prevention of NEC or in the develop-
ment of future therapeutic strategies to cure NEC.30

Postnatal steroids are commonly administered in
severe CLD/BPD, as data suggest that preterm new-
borns with lung inflammation may be unable to
activate anti-inflammatory cytokine pathways.39 Dose-
related inhibition of cytokine synthesis is indeed
observed when treating monocytes with dexametha-
sone in vitro.60 Although early postnatal anti-inflam-
matory therapy could help in preventing CLD/BPD,
prophylactic dexamethasone cannot be recom-
mended, as there are a number of potential interac-
tions between surfactant and cytokine effects on the
preterm lung that have not been fully evaluated.38 In
addition, postnatal administration of steroids has
been associated with neurodevelopmental impair-
ment, warranting further randomized controlled eval-
uation of its risks vs. benefits.61

It is to be hoped that we will see multicenter clinical
trials over the next decade, evaluating inflammatory
protection and inflammatory response modification in
the newborn infant. This requires further detailed
animal work of immune modulatory drugs and their
kinetics within the newborn age group.62 Inflammatory
protection can be achieved by exogenous administra-
tion of IL-10, although complex differential effects
between its central and peripheral effects need further
exploration.63 The exogenous administration of
response modifiers/receptor antagonists currently
evaluated in animal models (e.g. IL-1β receptor antag-
onist or soluble TNF receptor) may not be without risk,
as many of the proinflammatory cytokines exhibit frag-
ile equilibria of biological activity.64 As an example,
the presence of TNF-α can have beneficial effects,
whereas blocking TNF-α in adults with septic shock
results in increased mortality.65 Future strategies there-
fore must aim to ‘redress the optimal cytokine balance’
rather than ‘prevent the inflammatory response’.

Morbidity in organs other than the brain
Is there evidence that a neonatal inflammatory
response (e.g. sepsis, NEC) involves an increased risk
of neuro-morbidity?

Sepsis/NEC
The role of proinflammatory cytokines during sepsis/
NEC in the etiology of CP remains controversial. How-
ever, preliminary reports suggest a significant associa-
tion between TNF-α, IL-8 and an abnormal cognitive
and psychomotor outcome at the age of 24–28 months.66

Lung inflammation
A complex interaction exists between lung and brain
inflammatory processes. Lung disease has been mim-
icked in transgenic mice that overexpress human IL-1β

in the respiratory epithelium.67 The expression of a
number of genes participating in inflammation was
also increased in their brains, although no major histo-
logical differences were detected compared to control
animals. Ventilation of inflamed preterm lungs may
also result in more lung inflammation, creating an
excess of cytokines in the systemic circulation, which
in turn may promote the development of CLD/BPD,
and, in addition, may result in remote (brain) damage.37

Host-genetics
Single-nucleotide polymorphisms (SNPs) consist of
single base substitutions in a DNA sequence. Almost
all genes contain SNPs, but only a minority of SNPs
result in amino acid variation in protein products.
In addition, many of the functional SNPs occur in
the promotor region rather than the gene itself and
affect protein levels through altered transcription.
Polymorphism-association studies compare the
prevalence of a genetic marker in persons with a given
condition to the prevalence in controls.68 Gene poly-
morphisms that may influence perinatal outcome
through alteration of the response to infection have
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been reported for the IL-1 receptor antagonist,69 IL-6,70

interferon-γ71 and TNF-α.72 Likewise, cytokine gene
polymorphisms may modify the risk of brain injury
and hence act as an endogenous inflammatory
response modification mechanism.22 As an example,
the IL6-174(G|C) genotype has been associated with
impaired neurological outcome in preterm children.73

Cytokines are able to mediate intravascular cell
adhesion, coagulation and/or thrombosis, and vaso-
constriction. In the presence of an existing throm-
bophilia or a cytokine polymorphism resulting in
increased susceptibility to infection, the actions of
these cytokines in the fetal brain may be enough to
result in adverse neurological outcome.74

Such outcome-related research is complicated by
the fact that one needs to examine the frequencies of
several cytokine genotypes, in infants as well as in
mothers, while taking into account demographics,
newborn illness severity and several other risk factors.
The ultimate goal is to use identified SNPs as a biologic
guide to target new anti-inflammatory strategies toward
the most genetically vulnerable premature infants (i.e.
pharmaco-genomics).

Environment
Impaired neurodevelopment after a fetal/neonatal
inflammatory response most likely occurs via a

complex interaction between genetic and environmental
processes, such as home environment, maternal edu-
cation, socioeconomic and ethnic backgrounds.

Conclusion
We investigated the available evidence, suggesting a
link between inflammatory responses and adverse
neonatal outcome. Currently, there is no silver bullet
to prevent an impaired neurodevelopmental outcome
in the event of a fetal and/or neonatal inflammatory
response. Future research needs to focus on (1) the
relation between fetal, maternal and neonatal inflam-
matory processes, i.e. CLD/BPD and NEC; (2) the inter-
action between inflammatory responses and genetic or
environmental factors; (3) the use of advanced tech-
niques for laboratory research and neuro-imaging and
(4) large and well-designed observational studies that
use well-defined outcome variables for transparent
logistic regression analyses in large samples of
patients, with sufficiently long periods of follow-up.64

Although such research will be complex, only then
can we become successful in the identification of pre-
and postnatal risk profiles that permit the introduc-
tion of new anti-inflammatory interventions in the
newborn.
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Introduction
Ever since Hippocrates first described the use of
intubation and positive pressure ventilation to support
respiration approximately 2400 years ago, the goals of
mechanical ventilation have remained essentially
unchanged. We continue to attempt to achieve and
maintain adequate pulmonary gas exchange, mini-
mize the risk of lung injury, reduce the patient work
of breathing, and optimize patient comfort. The intro-
duction of surfactant replacement therapy, antenatal
corticosteroid treatment, and the deployment of state-
of-the-art mechanical ventilators have all changed the
demographics of the ‘old BPD’ and presented new
challenges in neonatal intensive care. Although we
have made a start, the evidence as to how best to
approach the problem is as yet insufficient on which
to draw specific therapeutic conclusions or make
clinical recommendations. Until we have created a
sufficient evidence base, it seems prudent, therefore,
to rely on the basic tenet of medicine, ‘Primum Non
Nocere: First, Do No Harm’. Therapy, in this case
mechanical respiratory support, should be directed at
avoiding the potentially damaging effects of oxygen
therapy, the trauma from excessive pressure and/or
volume, the adverse consequences of atelectasis; and
the role of inflammation and infection in the pul-
monary injury sequence, which is now well estab-
lished. In addition, the new technology has given us
the opportunity to observe the potentially deleterious
effects of inappropriate airway flow, referred to as
‘rheotrauma’.1 The challenge is to identify the most
appropriate device, technique, and strategies, espe-
cially as philosophies of respiratory management dif-
fer so widely among the individual clinicians and
institutions.2

The past
The last three decades brought tremendous advances
in the management of newborns with respiratory fail-
ure. The use of continuous distending pressure, first
introduced by Gregory et al.,3 was a remarkable step
in maintaining the alveolar stability and improving

survival in premature infants with respiratory distress
syndrome (RDS). Mechanical ventilation of newborns
resulted in the first report of a new disorder, bron-
chopulmonary dysplasia (BPD), also referred to as
chronic lung disease (CLD), described by Northway
et al. in 1967,4 in which infants developed chronic
parenchymal lung and airway injury characterized by
inflammation and squamous metaplasia of the respi-
ratory epithelium.

The 1970s brought the widespread practice of
mechanical ventilation to neonatal intensive care,
utilizing primarily continuous flow, time-cycled,
pressure-limited ventilators. It dramatically extended
the limits of viability, although the incidence of BPD
continued to rise. In 1975, Philip attributed the patho-
genesis of BPD to the combined effects of exposure to
oxygen and positive pressure ventilation over time.5

The technological revolution accelerated in the
1980s with the advent of high-frequency ventilation
(HFV). This new form of mechanical ventilation uti-
lized delivered gas volumes that were smaller than
the anatomical dead space at very high rates in an
attempt to lower airway pressure and achieve more
uniform gas distribution within the lung. Continuous
‘non-invasive’ monitoring was introduced, with trans-
cutaneous gas monitoring and pulse oximetry becom-
ing readily available. Toward the end of the decade,
surfactant replacement therapy became a reality, over-
coming the biochemical effects of the premature lung.
Yet, CLD persisted.

The 1990s were characterized by the continued
proliferation of technology. Real-time breath-to-
breath pulmonary monitoring became feasible, and
with it a host of new ventilator modes and modalities
were introduced into clinical practice, such as syn-
chronized intermittent mandatory ventilation (SIMV),
assist-control (patient triggered), pressure-control,
pressure-support, and volume-targeted ventilation.
This decade also saw a dramatic change in the demo-
graphics and the nature of CLD. Infants surviving
RDS were even smaller and more premature. Chronic
lung changes (the ‘new BPD’)6,7 were now character-
ized by a decrease in alveolarization of the lung, with
less inflammation and scarring, but with diminished
surface area and functional lung units. The incidence
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of CLD approached 30–40%, depending on how one
chose to define it.

The present
Management strategies in the new millennium repre-
sent a broad spectrum with little consensus, ranging
from non-invasive techniques to the highly invasive
extracorporeal membrane oxygenation (ECMO).
Almost all of the clinical trials conducted to date,
which have utilized CLD as the primary outcome meas-
ure, have failed to demonstrate a benefit in lowering
its incidence.

Continuous distending pressure
Continuous positive airway pressure (CPAP) is a form
of distending pressure applied to the airways of a
spontaneously breathing infant. It works by abolishing
the upper airway occlusion and preventing atelectasis
of the lungs, thus maintaining adequate functional
residual capacity (FRC). CPAP as a primary strategy
was popularized by the work of Wung and colleagues
beginning in the early 1970s.8 This approach was
based on a dependence on spontaneous breathing, the
avoidance of sedative and paralytic drugs, and the
acceptance of ‘abnormal’ blood gases. The approach did
result in a dramatic reduction in CLD, but it was never
subjected to a randomized clinical trial. Moreover, only
pulmonary and not long-term neurodevelopmental
outcomes have been reported. In recent years, there
has been a resurgence in the use of CPAP because it is
a non-invasive technique and easy to apply. Several
different devices and ways to administer CPAP are
now available including the Infant Flow Driver® and
Bubble CPAP®.9,10

The infant CPAP systemTM (Electro Medical
Equipment Ltd, Sussex, England) uses a dedicated flow
driver and gas generator with fluid-flip, variable flow,
CPAP. The Bernoulli effect directs gas flow toward each
nostril, and the Coanda effect causes the inspiratory
flow to flip and leave the generator chamber via the
expiratory limb. This is supposed to assist spontaneous
breathing and reduce the work of breathing by decreas-
ing expiratory resistance and maintaining stable airway
pressure throughout the respiratory cycle.

In the Bubble CPAP® system (Fisher and Paykel,
Auckland, New Zealand), the blended gas is heated
and humidified and then delivered to the infant
through a secured nasal prong cannula. The distal end
of the expiratory tubing is immersed under water, and
at 4 l/min of gas flow the CPAP pressure generated is
equal to the level of the CPAP probe. Varying the
depth of the underwater link, the expiratory tube can
vary the CPAP pressure. It has also been proposed that
chest vibrations produced with Bubble CPAP® may
contribute to gas exchange. Bubble CPAP® appears to

be an effective and inexpensive option for providing
respiratory support to premature infants.

There are as yet no controlled trials to compare the
efficacy or superiority of one system over another.
Many questions are as yet unanswered. Is there a
‘best’ way to provide CPAP? Does primary CPAP ther-
apy delay or alter the benefit of surfactant replace-
ment therapy in babies who ultimately require it? Is
caloric expenditure higher than with mechanical ven-
tilation? Does Bubble CPAP® confer any physiologic
advantages?

Conventional mechanical ventilation (CMV)
CMV attempts to deliver physiologic tidal volumes to
the patient with the lung at or near FRC. In doing so, we
are utilizing the steepest portion of the pressure–
volume relationship, where pulmonary compliance is
the best and where the change in delivered volume
occurs at the lowest increment in driving pressure.
The concept is demonstrated nicely in Figure 5.1, a
schematic pressure–volume graph. Ventilation at nor-
mal FRC, the middle loop, results in the best hysteresis
and compliance axis, compared to either ventilating at
high FRC, the upper loop, which leads to overexpan-
sion and the risk of baro- and volutrauma, or ventilating
at low FRC, the lower loop, which leads to atelectasis
and the risk of atelectotrauma.11–14

The principles of mechanical ventilation are based
on pulmonary physiology.15 Oxygenation is a function
of mean airway pressure. Mean airway pressure is
usually adjusted by increasing the peak inspiratory
pressure (PIP), the positive end-expiratory pressure
(PEEP), and/or the inspiratory time. Ventilation refers
to carbon dioxide removal and is the product of tidal
volume and frequency (rate). The tidal volume is pro-
portional to the difference between the PIP and the
PEEP, a value referred to as the amplitude. It is crucial
that clinicians understand that there are significant
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Figure 5.1 Static pressure–volume relationship. Optimal
ventilation occurs at normal FRC, where compliance is best and
incremental volume changes occur at the least pressure change.
Ventilating above FRC results in overexpansion of the lung and
increases the risks of baro- and volutrauma; ventilating below
FRC may result in atelectasis and its attendant consequences.
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differences among the various neonatal respiratory
disorders and that differing pathophysiologic condi-
tions call for different strategies. For instance, a
preterm baby with RDS (low lung volume, homoge-
nous disease) is very different from a term baby with
meconium aspiration syndrome (high lung volume,
heterogenous disease).

Mechanical ventilation is as much an art as a sci-
ence. Great care must be taken to balance the life-
saving benefit and the potentially injurious effects
of positive pressure ventilation. Excessive inspiratory
pressure can be detected by real-time pulmonary
graphic monitoring.16 This is shown in Figure 5.2. On
the left, the pressure–volume relationship demon-
strates hyperinflation, with exaggerated hysteresis
and an upper inflection point on the inspiratory limb.
A more normal pressure–volume relationship is
shown on the graph on the right.

Until recently, the effects of airway flow on pul-
monary mechanics have only been conceptual. Airway
flow, which is the time rate of volume delivery, must be
appropriately controlled. Rheotrauma refers to injury
caused by inappropriate flow. If flow is excessive, it
may result in turbulence, gas trapping, and inadvertent
PEEP, leading to overdistension and the potential for
thoracic air leaks. If flow is inadequate, it may create
‘air hunger’ or ‘flow starvation’ and increase the
patient’s work of breathing.

Turbulence, or non-laminar flow, can be created by
excessive circuit flow. This can decrease the efficiency
of gas exchange. If inspiratory airway flow exceeds
expiratory airway flow, gas trapping and inadvertent
PEEP may develop, increasing the risk of air leaks and
contributing to elevated pulmonary vascular resist-
ance. Paying close attention to respiratory time con-
stants, the product of resistance and compliance, may
help to avoid this.

Gas trapping can also be detected by real-time mon-
itoring. Figure 5.3 demonstrates an abnormality in the
expiratory flow waveform, which does not return to
the zero flow baseline prior to the initiation of the
next breath. This pattern calls for immediate adjust-
ments in ventilator parameters, such as a reduction in
flow, a decrease in the inspiratory time, or a slowing
down of the ventilator rate if mandatory ventilation is
being used.

For more than 30 years, neonatal ventilation has been
accomplished using time-cycled, pressure-limited

devices. This form of ventilation is easy to use and
leaves all parameters to the discretion of the clinician.
The baby may breathe spontaneously between the
mechanical breaths from continuous flow in the
ventilator circuit. These spontaneous breaths receive
ventilatory support by PEEP only. Recent technological
advances have introduced a variety of newer modes of
ventilation, which were not available to neonatal popu-
lations before. They are also based on sound physiologi-
cal principles, but often cause confusion. It is important
that clinicians make themselves aware of the commonly
used nomenclature. This can be best understood by
using a hierarchical organization of ventilator modes:17

(1) Parent mode – determined by the control vari-
able. This can be pressure, volume, or flow, and
at any one time the mechanical breath can be
controlled by only one of these.

(2) Daughter mode – determined by the breath type,
which has four phases (phase variables):

• Initiation of inspiration (trigger)
• Inspiration (limit)
• The change from inspiration to expiration

(cycle)
• Termination or expiration (baseline variable).

Pressure, volume, flow, and time are used as phase
variables and determine the parameters of each venti-
latory cycle. For example, in time-cycled, pressure-
limited ventilation (TCPLV), the ventilator controls
the airway pressure and the inspiratory phase lasts
according to the time set by the clinician. On the other
hand, in volume-controlled ventilation, the ventilator
controls and measures the tidal volume generated by
the machine irrespective of lung compliance. A venti-
lator is flow controlled if the gas delivery is limited by
flow. This type of ventilator also controls the tidal
volume even though it does not measure it directly.

Pressure-targeted ventilation
Modalities of ventilation that target pressure as the
dependent or ‘limit’ variable include TCPLV; flow-
cycled, pressure-limited ventilation (FCPLV); pres-
sure-control ventilation (PCV); and pressure-support
ventilation (PSV). What all of these have in common
is a fixed pressure limit that the ventilator will not
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Figure 5.2 Left: Real-time pressure–volume loop demonstrating overinflation. Note the flattened portion at high pressure, where no
additional volume is recruited. Right: A normal pressure–volume loop, showing satisfactory hysteresis.
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exceed. Thus, delivery of tidal volume depends prima-
rily on the patient’s lung mechanics, of which compli-
ance is the most contributory. TCPLV has a fixed
inspiratory time and flow rate, FCPLV has a variable
inspiratory time (set by the patient) and a fixed flow
rate, and PCV has a fixed inspiratory time and variable
inspiratory flow rate, which is proportional to patient
effort. PSV is a spontaneous mode, used to support
spontaneous breathing, generally during weaning. It can
be used alone (if there is reliable respiratory drive) or in
combination with synchronized intermittent mandatory
ventilation (SIMV). Pressure-support breaths are flow
cycled, so there is variable inspiratory time, and offer
variable inspiratory flow proportional to the patient
effort. Pressure-support breaths are pressure limited and
may also be time limited.

Pressure-targeted modalities may be used in several
modes. IMV involves the delivery of mechanical
breaths at a fixed rate, selected by the clinician, with
the patient able to breathe spontaneously between
mechanical breaths. SIMV also involves a fixed
mechanical rate, but the ventilator looks for sponta-
neous effort during a timing window in order to syn-
chronize the start of a mechanical breath with the start
of a spontaneous breath (see ‘Triggered Ventilation’,
below). Assist-control ventilation provides a mechani-
cal breath each time the patient breathes sponta-
neously, provided the trigger threshold is met, and
also has a set control rate in case of patient apnea or
inability to exceed the trigger threshold.

Volume-targeted ventilation
More recent technological advances have also enabled
measurement of delivered tidal volumes and made
possible the reintroduction of volume-targeted ventila-
tion to newborn infants.18 This form of CMV allows the
clinician to select a specific tidal volume to be deliv-
ered to the patient. Pressure is permitted to fluctuate,
creating a ‘self-weaning’ style of ventilation. Volume
cannot truly be used as a cycling mechanism in the

newborn, because of gas leaks around the uncuffed
endotracheal tubes used in clinical practice, so it is
better to refer to this form of CMV as volume-targeted,
volume-limited, or volume-controlled ventilation. One
of the advantages it offers over pressure-limited venti-
lation is that it responds to changes in pulmonary
compliance. If compliance improves (e.g. following the
administration of surfactant), pressure is decreased.
Conversely, if compliance decreases (e.g. with pul-
monary edema), pressure is increased to provide the
desired tidal volume. Earlier, technological limitations
of volume-targeted ventilation included high trigger
sensitivity and asynchrony, slow response times (long
trigger delays), highly compliant circuits (leading to
increased compressible volume loss), and inability to
both provide and measure the small tidal volumes
required by premature infants. These have all been
overcome (although not all of the devices providing
volume-targeted ventilation can accurately measure
tidal volume at the proximal airway).

Few studies to date have examined the effects of vol-
ume-targeted ventilation on neonatal outcomes. The
investigation of Sinha et al.19 randomized larger preterm
infants to receive volume-targeted or pressure-targeted
ventilation with tidal volume delivery tightly con-
trolled. Infants assigned to the volume group had a
shorter duration of ventilation, a strong trend to less
CLD, and fewer severe neuroimaging abnormalities than
the pressure group. Since this study, advances in the
technology have enabled the delivery of even smaller
tidal volumes and extended the capability to provide
volume-targeted ventilation to the smallest premature
infants. A large clinical trial is presently under way.

Hybrid forms of ventilation
Attempts have been made to combine the best features
of both pressure-targeted and volume-targeted venti-
lation, resulting in a number of hybrid modali-
ties.18,20–22 Volume-guarantee® and pressure-regulated
volume control® ventilation utilize a breath averaging
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Figure 5.3 Real-time pressure (top) and flow (bottom) waveforms. The flow waveform demonstrates gas trapping. The expiratory
portion (below baseline) does not return to a zero flow state (baseline) before the initiation of the subsequent breath, which prevents
complete emptying of the lung.
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technique to constantly adjust delivered tidal volume
in response to changing patient lung mechanics.
Volume-assured pressure support® adjusts the deliv-
ery of gas during a single breath to provide a mini-
mum tidal volume by extending the inspiratory time
and slightly ramping inspiratory pressure until the
desired volume has been provided.23 All three of these
modalities appear promising but are in need of further
investigation.

Proportional assist ventilation (PAV)24 is an adap-
tive form of mechanical ventilation in which the
inspiratory pressure is determined by the elastic and
resistive properties of the patient. In the only pub-
lished clinical trial, PAV was noted to be associated
with lower mean airway and transpulmonary pres-
sure at an equivalent fraction of inspired oxygen and
similar carbon dioxide removal rate. Again, prelimi-
nary results are encouraging and ongoing evaluations
may help to define the role of this modality.

Mandatory minute ventilation is a modality that
combines SIMV and PSV. The desired minute ventila-
tion (the product of tidal volume and frequency per
minute) is set by the clinician, and as long as the
patient is able to meet this target spontaneously, all of
the breaths are pressure supported. If the minute ven-
tilation falls below the desired level, the ventilator
will provide additional ‘catch-up’ SIMV breaths using
a breath-averaging technique. This form of ventilation
is also being actively investigated.

Permissive hypercapnia
A recent lung-protective strategy that has been evalu-
ated is permissive hypercapnia. This approach was
based on an observation by Kraybill et al. in 1989,25 in
which infants displaying the highest carbon dioxide
levels had the lowest incidence of BPD. The rationale
behind permissive hypercapnia is that it decreases
volutrauma, reduces the duration of ventilation,
decreases the complications associated with hypocap-
nia, and increases oxygen unloading at the tissues by
the Bohr effect. Two prospective controlled trials26,27

did demonstrate a reduction in the duration of venti-
lation, but failed to show a decrease in the incidence
of CLD. Although the strategy is attractive, further
work is necessary to determine its place in the man-
agement of neonatal respiratory failure.

Triggered ventilation
Although IMV was the major ventilatory mode utilized
for newborns for more than 25 years (Figure 5.4, left
panel), it was not without hazard. One of its major draw-
backs is the development of asynchrony, where the
ventilator cycles at a programmed rate and the patient
breathes independently, sometimes with and sometimes
against the mechanical breath. Asynchrony has been
shown to have adverse physiological consequences.
‘Fighting the ventilator’ may lead to inconsistent tidal
volume delivery, increased work of breathing (and the

need for higher mechanical support), inefficient gas
exchange, and airleaks. Other organ systems may also
be affected. Nearly 20 years ago, Perlman and Volpe28

demonstrated the adverse effects of asynchrony on
cerebral blood flow velocity and its high association
with intraventricular hemorrhage.

Figure 5.4 is a graphic comparison of IMV (left) and
flow synchronized assist-control ventilation (right)
and the difference is striking. In addition to the rela-
tively feeble spontaneous breaths, supported only by
PEEP, pressure-targeted IMV can result in widely vari-
able tidal volumes, depending on whether the baby
and the ventilator are in or out of phase with one
another. Synchronization results in a consistently
reproducible pattern of gas delivery with nearly iden-
tical pulmonary mechanics with each breath.

Synchronized or patient-triggered ventilation utilizes
a patient-derived signal to initiate a mechanical breath.
The signal is a surrogate of spontaneous breathing and
may be a change in airway flow or pressure, abdominal
movement, or thoracic impedance. One of the keys to
successful triggered ventilation is a short response time
or trigger delay. This is the interval between reaching
the trigger threshold and the delivery of gas to the proxi-
mal airway. Long trigger delays mean that the baby may
be considerably into the inspiratory cycle before receiv-
ing mechanical support, thus increasing the work of
breathing and decreasing synchrony.29

Flow signals may also be used to terminate a breath,
thus fully synchronizing the baby and the ventilator in
both inspiration and expiration. This is referred to as
flow-cycling. Flow-cycling is advantageous during
assist-control ventilation as a safeguard against gas
trapping and inversion of the inspiratory–expiratory
ratio. If a baby becomes tachypneic during time-cycled
assist-control, the fixed inspiratory time means that
the expiratory time will become shorter and shorter
as the baby breathes faster and faster. With flow-cycling,
the inspiratory time will become shorter, since the
breath terminates at a percentage of peak inspiratory
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Figure 5.4 Graphic comparison of IMV (left) and flow
synchronized ventilation (FSV; assist-control) (right). Note the
wide variability of delivered tidal volumes in IMV, depending on
whether the baby and ventilator are in or out of phase. In FSV,
every breath is the same, since baby and ventilator are always
100% synchronous.
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flow rather than at a fixed time. Flow-cycling is also
incorporated in PSV, where an inspiratory pressure
‘boost’ is applied to spontaneous breaths to help over-
come the work of breathing imposed by the narrow
lumen endotracheal tube, ventilator circuit, and demand
valve. Pressure-support ventilation is primarily a
weaning mode, but is also a form of synchronized
ventilation30 (Figures 5.5 and 5.6). Unfortunately, the
evidence base for synchronized ventilation is also
variable, and its role in the prevention of BPD still
needs to be determined.31–33

High-frequency ventilation
HFV is generally divided into two subcategories.
High-frequency jet ventilation (HFJV) uses a jet injec-
tor and pulsed or interrupted flow, usually in the
range of 240–600 breaths/min. It involves passive
exhalation and is thus dependent on the elastic recoil
of the lungs for emptying. It is used in tandem with a
conventional ventilator, which provides PEEP and
conventional or sigh breaths. High-frequency oscilla-
tory ventilation (HFOV) is different from HFJV and
involves the use of distending pressure to inflate the
lung to a static volume, and usually piston-driven dis-
placement during inspiration and active exhalation.
Typical rates for HFOV are 8–15 Hz. The gas volumes
delivered are even smaller than those during HFJV.
Management is relatively straightforward with oxy-
genation controlled by adjusting mean airway (dis-
tending) pressure and ventilation controlled by
adjusting the amplitude of the oscillations.

HFJV was shown to be more effective than rapid
rate CMV in the management of preterm infants with
pulmonary interstitial emphysema, but few studies
have examined its effect on CLD as a primary outcome
measure. One study by Keszler et al.34 did show a
reduced incidence of CLD and a decreased need for
home oxygen, but the comparison group was venti-
lated with IMV and the results of this study may not
be applicable today.

HFOV has been more intensively studied, but the
investigations have yielded conflicting results. In
1996, Gerstmann et al.35 demonstrated increased sur-
vival without CLD, but Rettwitz-Volk et al.36,37 found
no differences in a 1998 report. Thome et al. showed
a shorter time to extubation in an earlier trial, but a
later study in 199938 found no differences in the inci-
dence of death, CLD, or intraventricular hemorrhage.
The two most recent studies, both published in 2002,
also had discrepant results. The Neonatal Ventilation
Study of Courtney et al.38 found a small reduction in
the incidence of CLD, whereas the UKOS study of
Johnson et al. found no reduction.39 The Courtney study
utilized SIMV with inspiratory times of 0.25–0.4 s in
the comparison group; the Johnson study utilized
IMV with inspiratory times set at 0.4 s. Perhaps, the
work of breathing was higher in the former study and
may explain some of the differences in the results.

At present, the use of HFOV as a primary treatment
strategy does not appear to be supported by the avail-
able evidence. The latest recommendation of the
Cochrane Library40 is consistent with this.

Extracorporeal membrane oxygenation
ECMO is a form of extracorporeal life support in
which the circulation is diverted from the body to an
artificial lung for gas exchange. ECMO was originally
done through catheters placed in the right common
carotid artery and right internal jugular vein (veno-
arterial), but this necessitated permanent ligation of
these vessels. Veno-arterial ECMO has now been
largely replaced by veno-venous ECMO, using a
double-lumen catheter in the right interval jugular
vein. It has been shown to be efficacious in infants
> 34 weeks of age or > 2000 g, who have reversible
respiratory failure, unresponsive to ‘conventional’
treatment, and with a > 80% probability of death.
Although ECMO is technically feasible in infants as
small as 800 g, it requires systemic anticoagulation,
and thus the risk of severe cerebral hemorrhage pre-
cludes its use in smaller newborns.

Neonatal ECMO utilization for respiratory failure
has declined substantially as newer treatments, such
as inhaled nitric oxide (iNO) and HFV, have evolved.
However, it remains as the penultimate rescue tech-
nique in infants with suitable indications.41

iNO therapy
Nitric oxide in conjunction with appropriate ventila-
tory support is currently indicated in the management
of newborns of term and near-term gestation with
hypoxemic respiratory failure associated with evi-
dence of pulmonary hypertension. Its use in the man-
agement of hypoxemic respiratory failure in the
preterm infant, however, has not yet been established
and any such use remains investigational.

The physiologic rationale for the clinical use of
iNO in hypoxemic respiratory failure is based on its
ability to achieve sustained and potent pulmonary
vasodilation without causing systemic hypotension.
Persistent pulmonary hypertension of the newborn
(PPHN) is a disorder associated with diverse underly-
ing pathologies, which is characterized by high pul-
monary vascular resistance causing extrapulmonary
right-to-left shunting of blood across the patent ductus
arteriosus, foramen ovale, or both, leading to severe
hypoxemia. iNO abolishes or decreases this shunt by
lowering the pulmonary arterial pressure, often pro-
ducing the immediate improvement in oxygenation
seen in infants with PPHN.

The Neonatal Inhaled Nitric Oxide Study Group
(NINOS)42 and the Clinical Inhaled Nitric Oxide
Research Group (CINRGI) are the pivotal multicenter-
randomized trials that have demonstrated that iNO
therapy improved oxygenation and reduced the need
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for ECMO treatment in term and near-term (≥34
weeks’ gestation) infants with hypoxemic respiratory
failure and PPHN by 15–24%.

Finer recently reviewed the role of nitric oxide for
respiratory failure in infants born at or near term.43

Twelve eligible randomized-controlled trials were
included in the analysis. iNO therapy was shown to
reduce the incidence of combined outcome of death
or the need for ECMO. The reduction was purely in
the need for ECMO; mortality was not reduced. This
finding primarily results from the efficacy of rescue
ECMO for these infants.

The role of iNO in preterm infants with hypoxemic
respiratory failure is controversial. Unblinded clinical
studies and case reports have shown that iNO acutely
improves oxygenation in preterm infants.44 In a recent
controlled trial, Schreiber et al.45 showed a reduction
in the combined outcome of survival without CLD in
preterm infants given iNO early compared to those
given placebo. The effect was only seen in infants
who had less severe respiratory failure (oxygenation
index < 7) at entry and not in more sick babies.
Another study, the INNOVO trial from the UK, failed
to demonstrate any benefit,46 but it recruited babies
who had more severe respiratory failure. Additional
trials are under way and until we know more, the role
of iNO in preterm infants remains uncertain.

Monitoring
Continuous monitoring of the mechanically ventilated
newborn has been a major technological advance. In
the earlier era of mechanical ventilation, monitoring
was intermittent and inferential. Assessments were
made on the basis of a daily chest radiograph to
crudely estimate lung volumes, and occasional blood
gas measurements to evaluate gas exchange. Trans-
cutaneous oxygen monitoring demonstrated the
foibles of this approach. The development of pulse
oximetry and continuous invasive therapy has
enabled tighter control of oxygenation and ventila-
tion, and the introduction of real-time pulmonary
graphic monitoring16 has finally given the clinician
breath-to-breath feedback on the interaction between
the ventilator and the patient. It allows for the cus-
tomization or ‘fine tuning’ of ventilation for the indi-
vidual baby and the evaluation of treatments that have
a narrow therapeutic index. Monitoring is not a sub-
stitute for close clinical observation, but it can serve
to augment the bedside care of ventilated newborns.

Weaning from mechanical ventilation
Weaning refers to the process in which the work of
breathing is shifted from the mechanical ventilator to
the patient. For the baby to be successfully weaned
and extubated, there are a number of physiologic
essentials. The baby must have reliable respiratory
drive and be capable of sustaining alveolar ventilation

once support is lessened, then removed. This requires
neuromuscular competence. Adequate calories must
be provided to fuel the work of breathing (but too
many non-nitrogen calories can also increase carbon
dioxide production). Factors known to impede the
weaning process should be avoided or at least consid-
ered. They include electrolyte imbalance and meta-
bolic alkalosis, anemia, infection, patent ductus
arteriosus and/or congestive heart failure, neurologic
dysfunction, and the effects of pharmacologic agents,
such as analgesics and sedatives.

In general, the most harmful parameters should be
decreased first. If the fraction of inspired oxygen is
high, it should be weaned to less than 0.4 as oxygena-
tion permits. If PIP or PEEP is high, it should likewise
be decreased. The advent of triggered ventilation has
altered weaning strategy, since reduction in the venti-
lator rate during assist-control does little if the patient
is breathing above the control rate. Most studies to
date have demonstrated that any form of triggered
ventilation is superior to IMV in decreasing the time
of ventilation.47 Care should be taken to avoid fatigu-
ing the baby by decreasing the ventilator rate during
(S)IMV, since there is no support for spontaneous
breathing other than PEEP. Perhaps, augmenting this
with PSV will be the solution.

Controversies are still abound regarding adjunctive
treatments during the weaning process. Although
studies do support the use of methylxanthines, con-
cerns exist regarding long-term safety. Similarly,
diuretics and bronchodilators have been used with
varying success, but some measure of efficacy should be
assessed if treatment is to be continued. Corticosteroids
have received a great deal of attention, primarily
related to their use in the prevention and treatment of
BPD. Neurodevelopmental concerns appear justi-
fied,48,49 and the use of corticosteroids in the weaning/
extubation process should be limited to short-term
treatment of infants who have failed extubation
because of upper airway edema.

Prior prospective indices to determine readiness
for extubation have not been helpful. However, the
ability to measure pulmonary mechanics, tidal vol-
ume, and minute ventilation has been shown to have
a high positive predictive value in determining when
to extubate a preterm infant recovering from RDS.50

Alternatively, in the larger infant, one might consider
extubation when the degree of support appears to
equal the imposed work of breathing. This is another
area ripe for investigation.

Optimizing mechanical ventilation
How can we optimize conventional ventilation? First,
we need to ask good clinical questions. Second, we
need to design the right tools to answer them. Third,
we need to accurately and succinctly define our ter-
minology and our outcome measures. A significant
example of this is how we choose to define BPD.
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There can be an enormous variation in the incidence
of BPD within the same population, depending on
how one chooses to define BPD. We need to find a
better way to do this, and the work of Walsh et al. on
determining a functional or physiological definition
of CLD is an encouraging beginning.51

We clearly need to develop a better evidence base
with respect to the multiple ways we can now venti-
late babies. From this, we should be able to ask even
better questions. It is possible that we have relied too
heavily on meta-analysis, and we need to understand
its limitations. Again, as an example, although the
focus of most analyses has been on ventilation prac-
tices, which may very well be the most important
variable affecting pulmonary outcomes, are the cited
studies adequately controlled for other clinical

parameters that can and do impact the pathogenesis of
BPD, including nutritional practices, management of
blood pressure and fluids, the approach to the PDA,
the use of analgesics and sedatives, and respiratory
drugs, antibiotic practices, ancillary care, and, very
importantly, the variability in the host response?

The future
As we ask the important questions, other outcomes,
besides just CLD, need to be considered. CLD is an inter-
mediate outcome variable, but it may not be as impor-
tant as looking at longer-range assessments, of which
neurodevelopmental outcome is probably the most
important. Similarly, short-term measures may also be
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Figure 5.5 Top: Larger breaths are mechanical SIMV breaths, smaller breaths are spontaneous, supported only by PEEP. Bottom:
Pressure support has been added to spontaneous breaths. These partially supported breaths are not quite as robust as the SIMV
breaths (by choice), but are far better than the unsupported spontaneous breaths in the upper panel.

Figure 5.6 Pressure (top) and flow (bottom) waveforms demonstrating the differences between time-cycling and flow-cycling. In
time-cycling, the inspiratory phase continues for a fixed period; expiration does not begin until the exhalation valve opens. This
results in a plateau pressure. In flow-cycling, inspiration ends as a percentage of peak inspiratory flow. Thus, inspiration cycles
directly into expiration and results in a more spiked pressure waveform.
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significant. For instance, if there are no differences in
either CLD or neurodevelopmental outcomes between
two styles of ventilation, we should pay close atten-
tion to the short-term measures, such as patient com-
fort, cost-effectiveness, and acute complications, such
as pneumothorax and days of ventilation.

What is the ideal mode of ventilation? It is one that
delivers a breath that synchronizes with patient’s own
spontaneous respiratory effort. It maintains adequate
and consistent tidal volume delivery and minute ven-
tilation at low airway pressures. It is able to respond
to sudden or unpredictable changes in pulmonary
mechanics or patient demand. It provides the lowest
possible work of breathing for the baby.

What is the ideal ventilator? It is one that achieves
all of the important goals of mechanical ventilation. It
provides a variety of modes and modalities that can
ventilate even the most challenging pulmonary diseases.

It has monitoring capabilities to adequately assess
ventilator and patient performance. It has safety fea-
tures and alarms that offer lung protective strategies.
Most importantly, perhaps, it is used by a clinician
willing to investigate its optimal uses and clinical
applications.

Where do we go from here? The technology is only
going to become more complex, the choices more
numerous, and the decisions more perplexing. It will
be imperative for us to harness the technology appro-
priately and, most importantly, safely.
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6 Clinical care of the very
preterm infant
L. Hellström-Westas, L. J. Björklund, M. Lindroth,
S. Polberger and V. Fellman 

49

Regionalization of care
The concept of regionalization of perinatal care was
introduced in the late 1960s in Canada,1 and during
the 1970s, perinatal centers were established in devel-
oped countries. The goal was to identify the high-risk
pregnancies and to transfer mothers to tertiary hospi-
tals, which were organized, staffed, and equipped for
the multidisciplinary task of providing optimal mater-
nal and neonatal care. In Europe, the regionalization
of preterm infants in the late 1990s was evaluated in
a survey (EUROPET) showing that there were great
variations in the regionalization programs between
different countries.2,3 In some countries, governmen-
tal policies exist; in others, national scientific soci-
eties issue guidelines, usually stressing intrauterine
transfers and delivery in level III centers for very
preterm infants. The size of the delivery units varies
considerably, the average number of births per mater-
nity unit being 500–3000. Large maternity units usu-
ally have adjacent level III neonatal intensive care
units (NICU), although their organization varies.4

In USA, a trend toward deregionalization has
occurred since the late 1980s, referring to a process
of moving away from transfers to referral centers pro-
viding the highest quality of care to promoting com-
peting hospitals with less expertise. The difference in
functioning level is not clear to the public, and thus
decisions on which caring centers to choose may be
taken on non-medical grounds, such as convenient
location.5 Deregionalization may also be a result of
too small tertiary neonatal units without the possibil-
ity of admitting all newborn patients requiring inten-
sive care. As a result of the remarkable increase in
survival of the very preterm infants during the past
decades, the patient load in tertiary NICUs often
exceeds their capacities. Thus, the criteria used for
defining high-risk pregnancies tend to be stricter, i.e.
only the most immature infants are transferred to
level III units and less immature preterm infants with

considerable morbidity risks are increasingly treated
in level II units. This development is unfortunate,
since the way that perinatal care is organized may
have a substantial impact on clinical outcomes, such
as mortality and disability rates. Birth at a hospital
with a regional NICU is associated with a lower risk-
adjusted mortality than birth at a hospital with no
NICU, intermediate NICU of any size or small com-
munity hospitals.6

The size of the NICU has an impact on the out-
come, as, for example, was reported in a Finnish
national study where the lowest mortality and dis-
ability rates were reported in the largest academic
NICU.7 In a California study on preterm infants with
birth weight less than 2000 g, risk-adjusted neonatal
mortality was significantly lower for births that
occurred in hospitals with level III NICUs with an
average census of more than 15 patients/day.8 No evi-
dence-based recommendations are available on the
optimal size of a NICU. However, a reasonable-sized
NICU is mandatory for running a neonatal service
with all the necessary functions: neonatologists avail-
able around the clock, experienced staff, full range of
medical intensive care with cardiology and surgical
services, including bedside operations, and capacities
to expand the facilities during high-demand periods,
e.g. due to preterm multiple births. Regional units
should have an academic function, providing high-
quality specialist training and performing research on
their preterm cohorts as well as repeated quality
assessments of treatment strategies. Further, tertiary
academic units should participate in national and
international networks, e.g. for collaborative use of
quality improvement techniques, and translation of
research into practice, which may result in acceler-
ated and effective practice changes and implementa-
tion of evidence-based interventions.9

The rapid development of technology in newborn
medicine, e.g. ventilators and incubators for preterm
infants, leads to a continuous need for new investments

Kurjak-06.qxd  5/17/2006  3:07 PM  Page 49



in intensive care equipments. Centralization of
neonatal care decreases the need for overlapping func-
tions in level III and level II centers, especially invest-
ments in expensive technology. Regional resources for
expensive front-line equipment should be allocated to
the regional center, which should have responsibility
for evaluating them scientifically and keeping them
in continuous use, thus providing a high level of
technical know-how to the staff. The performance of
intensive care could be facilitated by a computerized
clinical information system, which ensures precision in
physician orders, improves medication management,
facilitates reporting, and provides detailed documen-
tation of care and continuous monitoring of para-
meters from technical equipment. Implementation of
a computerized physician order entry has been shown
to reduce medication turnaround times and medica-
tion errors.10

The limited health resources can be efficiently used
with a well-organized tiered network with regionaliza-
tion of highly specialized intensive care and several
level II units for the intermediate care.11 This organi-
zation model aims at a balance between efficiency and
accessibility to services and requires transfer of the
preterm infant after the intensive care period to the
next level unit.

Transport
Regionalization of perinatal care requires a well-
organized transfer service as well as presents an oppor-
tunity to establish a safe and efficient transfer network.12

The goal should be that all high-risk pregnancies are
identified antenatally and the transfer to the perinatal
center with level III NICU should take place in utero.
However, there will be a small group of preterm infants
acutely delivered outside the tertiary perinatal center, as
well as newborn infants with unexpected complications
and postnatal disorders, who need to be transferred
postnatally to the regional center.

Neonatal transport service requires an appropriate
referral system, trained personnel, and management
structures.13 Depending on the population base and
the geography different solutions can be applied. For
emergency postnatal transports of very preterm
infants to the level III units, it is crucial that the trans-
port team is trained in neonatal intensive care of this
patient group. Prior to the transfer, the infant should
be stabilized and the intensive care should be contin-
ued and monitored during the transport. According to
the EUROPET survey in 1996 on large NICUs in
Europe, the average national inborn rate of preterm
infants of less than 30–32 weeks’ gestation exceeded
75% in the majority of countries.14 Thus, the need for
postnatal transports of very preterm infants is fortu-
nately an uncommon situation, which, however, is a
highly demanding task in order to avoid transport-
related complications.

The neonatal intensive care unit
The goal should be to deliver all very preterm infants
in a tertiary perinatal center with a neonatal unit well
experienced in all aspects of intensive care. Active
management has contributed to the improved progno-
sis for very preterm infants during the last decade15,16

in addition to other factors, such as level of antenatal
care and socioeconomic factors, and administration of
antenatal steroids. Ideally, the NICU should be
located close to the delivery unit and to the operating
theatre, so that intrahospital transports can be
avoided after delivery. It is necessary for neonatal
units, which treat very preterm infants, to develop
clinical routines for the care of these infants. Such
routines should include guidelines for minimal han-
dling and strategies for keeping the number of inva-
sive procedures to a minimum. The noise level in the
NICU is often high, and, consequently, measures
should be taken to reduce noise and light and include
environmental guidelines.

Immediate care at birth
The initial clinical care of the very preterm infants
differs from the care of more mature infants in several
aspects. In this context we will emphasize the initial
care of extremely preterm infants born before 28 weeks’
gestation. The very preterm infants have higher mor-
tality and are more likely to develop intraventricular
hemorrhages (IVH), symptomatic persistent ductus arte-
riosus, sepsis, necrotizing enterocolitis, and broncho-
pulmonary dysplasia (BPD) as compared to more
mature infants.7,17 They are also at higher risk of devel-
oping cerebral palsy and disturbances in attention and
cognition. Close perinatal collaboration between obste-
tricians and neonatologists is essential for healthy
survival of these infants.

Prior to delivery, the parents should be informed
by the neonatal staff about expectations for survival
and morbidity, based on recent statistics. The parents
should always be allowed to express their own expec-
tations, and if time allows also have the possibility of
a visit to the NICU before the delivery. This goal can
sometimes be difficult to achieve, not least with an
expecting mother in active labor or with pre-eclampsia,
nevertheless it should always be attempted. In vaginal
deliveries, immediate postnatal stabilization of the
very preterm infant can preferably take place in the
delivery room, close to the parents.

The initial care of the very preterm infants should
be very carefully planned.18 Evaporative heat loss during
the first minutes of life can cause severe cooling of
these infants, and a low temperature on admission to
the NICU is an independent risk factor of death.17

Radiant heater open beds designed for resuscitation
should be used. In addition, hypothermia can be pre-
vented by wrapping the wet body of the infant in a
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plastic bag as soon as possible after birth.19,20 After
rapid stabilization, the infant can be placed directly in
a preheated incubator. This transfer can be avoided by
initial use of combination incubators with both radi-
ant heater open-bed and double-wall incubator alter-
natives. The incubator is then moved to the NICU and
used for the continuing care of the infant. In order to
minimize the disturbance of the very preterm infant,
all later procedures, e.g. insertion of umbilical lines,
should be done without moving the infant from the
incubator.

It is of vital importance that adequate equipment
for resuscitation is available in the delivery room or
operating theatre. For this purpose, mobile resuscita-
tion beds are very useful. Modern pulse oximeters can
give correct values for oxygen saturation and heart
rate within a few minutes after birth,21 and it is no
longer acceptable to rely on intermittent heart rate
auscultation and visual assessment of skin color. The
pulse oximeter probe should preferably be placed on
the right hand to assess preductal saturation.22 The
more common placement on one foot may result in
lower readings early in life, with a risk of unnecessary
oxygen treatment. Although current guidelines still
recommend that 100% oxygen should be used for
resuscitation,23 there is increasing evidence suggest-
ing that lower oxygen exposure is beneficial for new-
born infants.24,25 Healthy, full-term infants are not
expected to reach preductal oxygen saturation above
90% until 10 min after birth,25 and there is no reason
to strive for higher levels in premature infants. The
resuscitation bed must be equipped with an inspired
gas blender for precise oxygen administration.22 If
oxygen saturation rises above 93%, oxygen supply
should be rapidly reduced or discontinued.26

The initial ventilatory management of the very
preterm infant is currently much debated.27 In general,
previous studies recommended that premature infants
should be intubated and given prophylactic surfactant
early after birth, but it has been questioned whether
this is applicable to current babies.28 These babies are
often more immature, but may paradoxically both
have an accelerated lung maturation at birth and have
a highly vulnerable lung with a disposition to develop
BPD.29 Animal studies indicate that the immature lung
may be particularly sensitive to ventilation-induced
injury very early after birth,30 and epidemiological
studies imply that an aggressive initial respiratory
management, including early intubation and surfac-
tant, may be associated with an increased risk of
BPD.31 In many centers, there is now a trend against
routine delivery room intubation in favor of early
application of continuous positive airway pressure
(CPAP).32 A recent trial showed that delivery room
intubation could be avoided in 53% of infants born at
24–25 weeks’ gestation.33 Another approach, aiming to
avoid mechanical ventilation early in life, is to per-
form endotracheal intubation immediately after birth
and give prophylactic surfactant, followed by rapid

extubation to nasal CPAP. However, preliminary
results from one study showed that in infants born at
27–29 weeks’ gestation there was no added benefit
from prophylactic surfactant when early CPAP was
used.34 It is not known if the same is true also for more
immature infants. Ongoing multicenter trials on deliv-
ery room management of preterm infants may provide
new evidence on treatment strategies.27

Although the preterm infant may appear severely
depressed at birth, immediate intubation is usually
not indicated. Even if a prophylactic surfactant strat-
egy is chosen, there is no proven benefit from giving
surfactant before the first breath.35 Bag-and-mask ven-
tilation of preterm infants may be difficult, and gas
exchange will probably be very inefficient unless the
baby contributes by making gasps.36 Even so, the vast
majority of small infants will respond to bag-and-
mask ventilation with a rapid increase in heart rate.
Once the baby starts breathing spontaneously, its
efforts can be supported if adequate equipment is
available. Unfortunately, the commonly used self-
inflating resuscitation bags have severe limitations.37

The oxygen supply is difficult to regulate, and the
bags have a poorly working pressure limitation.
Consequently, high pressures (> 40 cm H2O) are easily
generated, especially at high ventilatory rates. Tidal
volumes are unknown and can potentially become
very large. Moreover, there is usually no way of
obtaining CPAP or positive end-expiratory pressure
(PEEP), and therefore no way to effectively support
the baby’s spontaneous breathing.

The Neopuff® Infant Resuscitator (Fisher & Paykel,
Auckland, New Zealand) is a commonly used T-piece
system with adjustable PEEP and peak pressure that
can be attached to a face mask or an endotracheal
tube. It can easily be used to apply nasal or face mask
CPAP immediately after birth (see Figure 6.1). It has
been suggested that a relatively high distending pres-
sure (up to 8 cm H2O) should be used in this situa-
tion.37 If the baby responds well, CPAP with the same
device can be continued during transportation to the
NICU. In an experimental setting, the Neopuff® device
produced reliable and reproducible peak inspiratory
pressures and PEEP.38,39 However, there are at present
no published clinical trials evaluating this method
against other systems.

At all very preterm deliveries, surfactant should be
immediately available. According to Scandinavian
tradition, infants are not intubated for the sole pur-
pose of giving surfactant. However, if the very preterm
infant needs intubation for resuscitation, surfactant
should be given as soon as the endotracheal tube is
presumed to be in a correct position. Many infants
respond rapidly and may soon be breathing room air
on endotracheal tube CPAP, in which case early extu-
bation can be considered.

Even if the infant is intubated and surfactant is
administered in the delivery room, there is usually
sufficient time to allow the parents to see their baby
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before transportation to the NICU. The father can usu-
ally take part in this transport, and photographs can
be taken as a first memory. After arrival to the NICU
and within the first hour of life, venous and arterial
catheters are inserted for blood sampling, infusion of
glucose and arterial blood pressure monitoring.

Nutrition
The beneficial effects of early enteral feeding on the
development of the gut of the preterm infant are well
recognized.40,41 Recent data indicate improved short-
term and long-term outcome in preterm infants fed
human milk as compared to formula-fed infants.42–44

Enteral feedings with small amounts of human milk
(1–2 ml every 3 h) can usually be started within the first
hours of life in very preterm infants.45 The primary feed
should be the infant’s own mother’s milk, but until it is
available, heat-treated donor milk is used.

In order to reduce the number of invasive proce-
dures, indwelling central venous catheters (CVCs) for
fluid and drug administration can be used. Although
the risks, e.g. thrombosis, with umbilical venous
catheters are well known, this is for the very preterm
infants an easy and rapid way of gaining venous
access. Before use, the position should always be
checked with x-ray and the catheter should always
allow withdrawal of blood. An umbilical venous
catheter, in correct position with the tip of the
catheter in the inferior vena cava, is suitable for sup-
plementary parenteral nutrition during the first days
of life. Double-lumen catheters are useful, since they
allow a steady infusion in one lumen, while intermit-
tent injections can be given in the other lumen with-
out the need for additional peripheral intravenous
lines during the first days. After 3–4 days the umbili-
cal venous catheter can be replaced by a peripherally
inserted central venous catheter (PICC). When the tip

of a PICC is optimally located in the upper vena cava
(as checked by x-ray) it can often be used also for
blood sampling.46

Initially, an infusion of glucose is given and replaced
as soon as possible by a glucose–amino acid solution,
providing glucose at a rate of 4–6 mg/kg/min.47 Before
the third day of life, there is usually no need to add
electrolytes except calcium. To reduce the risk of
hyperchloremic metabolic acidosis, sodium acetate
should be used instead of sodium chloride in the
intravenous solutions. Providing adequate nutrition
and sufficient caloric intake is a problem during the
first week of life in very preterm infants.47 For this
reason, intravenous lipids should be started in the
first or second day of life, with close supervision of
serum triglycerides. A multivitamin preparation is
included in the lipid solution to reduce the risk of
peroxidation. The initial daily dose of lipids is usually
0.5 g/kg, which, if tolerated without hyperlipidemia,
is increased stepwise to 2 g/kg during the first week of
life, and only rarely increased to 3 g/kg.48

The enteral milk feedings are gradually increased
on a day-to-day basis. When the very preterm infant
can tolerate 75–80% of the total volume intake by the
enteral route, i.e. 130–160 ml/kg of a total daily vol-
ume intake of 170–200 ml/kg, the supplementary par-
enteral nutrition can be omitted. The infant’s own
mother’s milk is the preferred source of the enteral
nutrition. All mothers should be encouraged to
express their milk during the preterm period and to
breast-feed their infants after discharge from the
neonatal unit. If the mother cannot supply her infant
with milk, pasteurized banked donor milk is used, or
a preterm formula. Administered human milk can be
analyzed for macronutrient content (protein and
energy)49,50 and thus the fortification can be individu-
ally planned, aiming at a daily protein and energy
intake of 3.5 (to 4.0) g/kg and 120 kcal/kg, respec-
tively. Higher energy intakes are often required in
infants with BPD. Weekly biochemical monitoring of
protein status should be performed in the very
preterm infants by, for example,  measuring serum
levels of urea and transthyretin (prealbumin).51

Calcium and particularly phosphorus supplementa-
tion is needed for adequate bone mineralization in
human milk-fed infants.43

Clinical monitoring
Respiratory and hemodynamic instability is common
in very preterm infants. Close surveillance is essen-
tial, both during the early acute phase, characterized
by postnatal adaptation and respiratory distress, and
during the later stages when nosocomial infections
and recurrent apneas are common. Initial clinical
signs of infection may be subtle, but often precede
deterioration in vital parameters. The clinical moni-
toring includes regular observations of vitality, color,
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Figure 6.1 Immediate care after delivery. This vigorous and
spontaneously breathing infant is just about to be assisted with
face mask CPAP by the Neopuff®. An oxygen saturation probe is
applied to the right foot. Photograph courtesy of Mats Blennow.
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heart rate, respiration, body temperature, bowel
movements, and diuresis.

Fluid and electrolyte balance are closely related to
evaporation and heat loss from the immature skin.52

The insensible water loss from the immature skin is
highest during the first 2 days of life, and then
decreases during the first week.53 The skin of the most
immature infants sometimes becomes dry and cracked
during the first week of life. Various methods for pre-
venting this, e.g. by applying prophylactic ointment,
have been evaluated, but have shown that this strat-
egy may be associated with an increased risk of noso-
comial sepsis.54 Double-walled incubators with a high
humidity, starting at 80%, should be used in these
infants to diminish the inevitable water losses (see
Figure 6.2). The daily fluid requirements average
85–100 ml/kg. However, the most immature infants
may require more during the first days of life. Serum
levels of electrolytes (sodium, potassium, and ionized
calcium) should be measured and monitored daily
during the initial course. Hypocalcemia can usually
be corrected by i.v. administration of calcium, either
as bolus or added to the intravenous infusion. Hyper-
natremia (serum sodium above 150 mmol/l) is usually
caused by too low fluid intakes, or by too large insen-
sible water loss, or by adding sodium too early to
intravenous infusions. Non-oliguric hyperkalemia
sometimes occurs during the first days of life in the
most immature infants and does not seem to be
related to kidney function.55 Kidney function is diffi-
cult to evaluate in the very preterm infants during the
first days of life. The serum creatinine levels are often
affected by the maternal creatinine level, although
very high serum creatinine and urea levels, and olig-
uria may be seen in infants with poor kidney func-
tion. Urinary output mainly reflects the fluid balance
and is also a sign that the arterial blood pressure is
sufficient. A diuresis of 1–2 ml/kg/h after 24 h of age
is usually adequate. Blood transfusions are often
needed in the initial care of very preterm infants. In
many hospitals, diuretics are given routinely after
blood transfusions. This strategy has no support by
controlled studies, and the frequent use of diuretics
may increase the risk of nephrocalcinosis.56 Blood
and urinary glucose levels should be checked regu-
larly, particularly during the first weeks of life, in
order to avoid both hypoglycemia and hyperglycemia.
Almost all very preterm infants need phototherapy for
hyperbilirubinemia, and initially serum bilirubin
should be checked daily.57 In computerized clinical
information systems, algorithms for insensible water
loss can be included providing continuous water bal-
ance monitoring. Thus, dehydration and hyperna-
tremia can be avoided. Continuous glucose infusion,
without interruption, is important for stable blood
glucose values. The most immature infants may need
insulin infusion for adequate glucose intake.

Continuous monitoring of vital parameters is nec-
essary in the care of very preterm infants. These

infants often need monitoring of electrocardiogram or
heart rate, respiration, and oxygen saturation at least
until they have reached 32–33 weeks’ gestation. In the
initial phase, blood pressure is preferably monitored
through an indwelling umbilical or peripheral artery
catheter, since non-invasive blood pressure moni-
toring is less reliable. Continuous transcutaneous
measurement of blood gases, i.e. partial pressures of
oxygen and carbon dioxide, is often very useful,
although the fragile skin during the first days of life
sometimes limits the time in which electrodes can be
applied. Transcutaneous monitoring of PCO2 levels
can reduce the need for blood gas samples and give
early indications of hypocarbia, which indicates that
ventilator settings should be promptly reduced.
Monitoring PCO2 is important, since low PaCO2 values
are associated with decreased cerebral blood flow and
development of periventricular leucomalacia, and also
with the development of BPD.58 Continuous monitor-
ing of oxygen saturation is a standard procedure in all
NICU’s, and most units have guidelines for oxygen
saturation limits in very preterm infants, often with a
wide range between 85% and 95%. However, more
research is needed in order to obtain evidence on
whether the lower or the higher values of this range
would be preferable.59 High or unstable oxygen satu-
ration is a risk factor for retinopathy of prematurity
(ROP), and very preterm infants should be regularly
examined by ophthalmologists from around 32 weeks’
gestation until full term for early detection and
treatment of ROP. Continuous monitoring of electro-
cortical activity with amplitude-integrated electro-
encephalography (aEEG), a simplified method utilizing
one or two channels of filtered and time-compressed
EEG, is increasingly being used in neonatal units. The
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Figure 6.2 Double-walled incubators are used for optimal
thermal management of very preterm infants. When the infants
are stable an incubator cover can be used in order to reduce
noise and light.
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method shows changes over time in cerebroelectrical
background activity and can be used also in preterm
infants. Degree of electrocortical background depres-
sion in aEEG activity shows good correlation with
grade of IVH and outcome.60–62 The method also reveals
subclinical seizure activity. Normal data for very
preterm infants have been published recently.63

Infections
Perinatal infections (bacterial vaginosis, premature
rupture of membranes, and chorioamnionitis) are
important causes of very preterm birth. In contrast,
early-onset bacterial infections (positive culture
before 72 h age) in the offspring are uncommon, and
blood cultures drawn at the time of arterial line inser-
tion are usually negative. Increasing use of antibiotics
before and during labor has led to a substantial
decrease in early group B streptococcal infections, but
simultaneously there has been an increase in preva-
lence of Escherichia coli sepsis.64 These infections
may have a rapidly progressive course with severe
hypoxic respiratory failure and early demise.

Late-onset nosocomial bloodstream infections are
much more common, occurring in between 10% and
30% of very low-birth-weight infants (VLBWI).65 They
are usually less severe than early infections, but are
still associated with a significant morbidity. Coagulase-
negative staphylococci (CoNS) are by far the most
common pathogens, being implicated in around 50%
of the cases.66 CoNS infections often occur at around
10–14 days of age. The source of bacteremia is usually
a CVC that has been colonized with CoNS, either by
skin contamination during insertion or through the
catheter hub during later manipulations.67 Symptoms
are unspecific and include apneas, increased oxygen
requirement, respiratory insufficiency, and, some-
times, also arterial hypotension. Serum level of
C-reactive protein is increased, but this may not be
seen until after 12–24 h. Treatment with vancomycin
is often started when an infection is first suspected,
leading to a substantial overuse of this drug. It is not
known how long one can safely wait before starting
vancomycin treatment,67 but in relatively stable infants
it is usually possible to wait until there is an increase
in serum levels of C-reactive protein. If an adequate
amount of blood (1 ml) is taken for culture, vancomycin
can be discontinued after 48 h if blood culture and
ancillary tests are still negative.67 Antibiotic treatment
of CoNS bacteremia is often started without removal
of the CVC, but if the baby has a delayed clinical
response and if bacteremia persists, the line must be
withdrawn.68,69 CoNS bloodstream infections are not
associated with an increased mortality,70 but these
infections often herald the start of a period of clinical
deterioration with a need for mechanical ventilation,
opening of the ductus arteriosus, development of
BPD,71,72 and an increased length-of-stay. There is also

a concern that sepsis increases the likelihood of having
an adverse neurodevelopmental outcome.

Candida infections occur particularly in extremely
preterm infants. Colonization of mucoepithelial sur-
faces with Candida appears to be a prerequisite for
systemic infection,73 and invasive disease usually
results from a colonizing Candida strain, rather than
from some different isolate.74 Colonization is most
often vertical from the mother at birth, usually with
Candida albicans, but horizontal colonization from
care providers in the NICU also occurs, and is thought
to be the primary mode of transmission for Candida
parapsilosis.74 Congenital cutaneous candidiasis is
relatively uncommon, presenting with diffuse skin
rash, in some cases burn-like desquamations, and
sometimes pulmonary involvement in the first days of
life.69,75 There is usually no fungemia, but systemic
treatment is definitely indicated in the very preterm
infants. There is an association between the presence
of intrauterine contraceptive devices or cerclage during
pregnancy and congenital candidiasis.

Some very immature infants (mean gestational age
24 weeks) have invasive fungal dermatitis. Erosive
skin lesions with crusting develop during the first
2 weeks of life. Blood culture is often positive, and the
port of entry into the bloodstream is probably through
dermal vessels.75 One outbreak of systemic candidia-
sis was associated with the use of a petrolatum oint-
ment emphasizing the risk that skin care products
may damage the delicate dermal barrier in immature
infants.76 However, the intestinal epithelium is con-
sidered the primary portal of entry for most systemic
Candida infections.74 Such infections often occur in
the second week of life or later, often in the aftermath
of a CoNS infection treated with vancomycin, but
sometimes as the first nosocomial infection in an
extremely preterm infant. Other risk factors are
mechanical ventilation, CVC, and treatment with
broad-spectrum antibiotics, corticosteroids, or H2
blockers. Symptoms are often unspecific. Abdominal
distension and discoloration, and especially sponta-
neous intestinal perforation, should raise suspicion of
invasive candidiasis.75 Though Candida is known to
cause end-organ invasion (meningitis, renal candidia-
sis, endocarditis, and endophthalmitis), this is rarely
evident at the time of first symptoms. Serum level of
C-reactive protein is usually moderately elevated.
Thrombocytopenia is probably more pronounced in
invasive candidiasis than in the other nosocomial
infections.66 The diagnosis of invasive candidiasis is
difficult because blood cultures are often negative, but
other diagnostic tests are currently under evaluation.
Measurement of urinary D-arabinitol/L-arabinitol ratio
may be used in neonates.77,78

CVCs are extremely important in the pathogenesis
of neonatal candidiasis. These catheters are usually
not the primary port of entry, but once in the blood-
stream, Candida organisms can adhere to and even
penetrate into the catheter wall,78 which becomes the
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source of end-organ damage, at the same time making
the organisms inaccessible to antimicrobial drugs. It
has been stated that removal or replacement of the
CVC should be completed within 24 h of notification
of a positive blood culture for Candida.78 A recent
review stated that if a Candida infection is suspected
and the patient is clinically stable and has not had
previous antifungal therapy, fluconazole is a suitable
empiric therapy.79 Amphotericin B should be consid-
ered in severe or life-threatening infections pending
results of cultures.

Infections with Gram-negative bacteria are relatively
uncommon, but often present with a more rapid clinical
deterioration and may be associated with shock, coagu-
lation problems, and increased mortality.66,70 In many
neonatal units, there has recently been a substantial
increase in infection with Enterobacter, usually resist-
ant to cephalosporins80. An empiric antibiotic policy
including ampicillin and cefotaxime was shown to be
associated with an increased prevalence of resistant
Gram-negative bacteria, especially Enterobacter, as
compared with a policy including penicillin and an
aminoglycoside.81 Spread of Enterobacter among
patients is well documented, and outbreaks have been
contained by simple hygienic measures and restrictions
in the use of cephalosporins.82,83

In view of the relative immune deficiency of
premature infants and the necessary invasive care
with multiple broken barriers, a high prevalence of
nosocomial infections may seem inevitable. However,
there is a great variation among centers in the inci-
dence of such infections, which is not explained by
different case mix.65 It follows that these infections
should to a large extent be seen as preventable com-
plications of the treatment. A recent survey showed
that the staff of units with a particularly low rate of
nosocomial sepsis tended to see such infections as a
breakdown in care that could have been prevented.65

Hand hygiene is of great importance in preventing
the spread of bacteria and fungi between patients. The
availability of waterless alcohol hand rubs in close
proximity to the incubators makes compliance more
likely. In adult wards, the education of patients about
the importance of hand washing and asking that they
remind their caregivers to wash has been very suc-
cessful,84 and perhaps we should teach the parents of
premature babies to do the same. Good nutrition with
an emphasis on enteral feeding with human milk
probably diminishes the risk of infection. Indwelling
venous catheters and intravenous lipids are important
risk factors for CoNS bloodstream infection. Strategies
for maximal barrier precautions and aseptic tech-
niques during catheter placement are important, as
well as strict guidelines for blood sampling through
catheters and for hub manipulations. The use of
‘antibiotic locks’ to prevent catheter-related blood-
stream infections seems to be a promising technique,
but it remains to be evaluated in clinical trials.85 The
use of fluconazole prophylaxis to prevent neonatal

candidiasis is probably safe and can be considered in
high-risk patients, but larger studies are needed.86

Developmentally supportive care
Behavioral problems, including attention deficit and
hyperactivity disorders, are common among surviving
children who were born very preterm.87,88 The reasons
for this are not known, but it is believed that environ-
mental influence from the extrauterine environment
negatively affects the development of the immature
central nervous system.89,90

One of the most important aspects of the care of
preterm infants is promotion of emotional attachment
between the infant and its parents. Family-focused
neonatal care has been increasingly practiced during
the last two decades. Systematic strategies for this
include free visiting hours and early involvement of
parents in care procedures, e.g. diaper changes and
feeding, creation of good family memories with hand-
and footprints, photographs and diaries, etc. Kangaroo
care promotes attachment between the infant and its
parents, and development of preterm infants.91,92

Kangaroo care can often start during the first week of
life (see Figure 6.3).93

It was previously shown that reduced light, and
day-and-night light promoted sleep in preterm infants,
and this effect persisted several months after dis-
charge.94 Incubator covers are increasingly being used
to reduce light and noise. However, as a single proce-
dure in neonatal care their effect has only been investi-
gated in a few studies. In a small observational study
there were only minor effects on quiet sleep from the
incubator covers in stable preterm infants.95 Neonatal
Individualized Developmental Care and Assessment
Program (NIDCAP) is based on formal observations of
the preterm infants during a care procedure. The obser-
vations are made by medical personnel, often neonatal
nurses, who have received special training in this
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Figure 6.3 Kangaroo care of twins. The twin to the left is
treated with nasal CPAP and fed mother’s milk through a
nasogastric tube. Photograph courtesy of Ann-Cathrine Berg.
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method. Individual recommendations for the nursing
care are made from the results of these observations
(see Figure 6.4). Treatment with NIDCAP is associated
with a shorter need for respiratory support and a
shorter duration of stay in the NICU.96,97 Recently, it
was shown that NIDCAP is associated with structural
changes of the brain, as shown by magnetic resonance
imaging and diffusion tensor imaging techniques, and
with increased neurophysiological maturation, as
shown by EEG.98

Pain and treatment of pain
Pain is defined by the International Association for
the Study of Pain as ‘an unpleasant sensory and emo-
tional experience associated with actual or potential
tissue damage or described in terms of such damage’.99

According to this definition, pain is always a subjective
phenomenon with subjective reporting. Thus, individ-
uals, such as preterm infants, not capable of reporting
pain would not experience it. However, based on
empirical evidence it has been proposed that physio-
logical and behavioral responses are valid indicators
of pain.100

Whether the fetus feels pain, and if so from which
gestational age, has been a controversial issue. The
thalamo-cortical fibers, which are considered crucial
for nociception, are present between the 20th and
34th week of gestation. The afferent fibers grow into
the cortical plate after the 26th week of gestation, but
already between 20 and 26 weeks synaptic circuits
occur between the subplate and the cortical plate
indicating neuro-anatomical basis for the fetus to feel
pain.101 Evoked potentials suggest that thalamic
inputs reach the cortex at 29 weeks.102 Pain threshold
is lower in preterm infants than in term infants and
later in life.103 Even in full-term infants the threshold

remains low after injury.104 This suggests that the
exposure to multiple procedures in the neonatal
period increases pain awareness. Newborn infants
undergoing intensive care are subjected to repeated
daily procedures. Very preterm infants are likely to
experience a large number of invasive procedures dur-
ing the neonatal care period.105,106 The most immature
infants may be exposed to several hundreds of poten-
tially painful procedures, including, e.g. blood sam-
pling and endotracheal intubation.105 Neonatal pain
experiences may alter later pain responses in
children.89 The gentle care of very preterm infants also
includes some aspects of standard care procedures,
e.g. painful stimuli from venous or arterial punctures
for blood sampling. Painful stimuli can cause fluctua-
tion in arterial blood pressure, which may affect cere-
bral blood flow. This could contribute to cerebral
hemorrhages or ischemia.107 However, it has also been
shown that blood sampling from umbilical artery
catheters can affect cerebral blood volume in preterm
infants. This can be avoided by very slow withdrawal
of blood from the catheter.108 Other care procedures
associated with changes in cerebral blood volume in
very preterm infants include endotracheal suctioning
and surfactant administration (Figure 6.4).109,110

Because of the many procedures and long-lasting
mechanical ventilation, routine opioid infusion or
bolus injections were introduced during the early
1990s in many NICUs for pain relief during the first
day(s) of life to preterm infants undergoing assisted
ventilation and repeated procedures. Several behav-
ioral pain scales have been developed for preterm
infants, but are, however, not widely used in clinical
routine.111–113 In order to administer optimal analge-
sia, repeated assessments using pain scales are
recommended.

Controversies still exist regarding the severity of
pain and the need for pain relief for preterm infants
undergoing intensive care. With the development of
synchronized ventilation, preference of nasal CPAP,
and indwelling lines to minimize procedures, the lib-
eral use of opioids has recently been questioned. In the
NEOPAIN study113 infants were randomized to receive
either morphine or placebo infusion. The results
showed that opioid-treated infants did not have a more
beneficial outcome than infants in the placebo group
and in some cases they even had a worse outcome.
Referring to this study, the goal would be a priori to
reduce the amount of distress and pain by the use of
non-pharmacological means, including individualized
care. Only when obvious pain is present, such as pro-
cedural or postoperative pain, a routine administra-
tion would be advisable. Otherwise, the use of
potentially hazardous analgesics should only be given
if a pain scale assessment or behavioral observations
indicate the presence of distress and pain despite non-
pharmacological intervention to minimize it. This
approach would produce a more focused pain treat-
ment, probably with fewer side effects.
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Figure 6.4 Giving support to an infant during care procedures
is an important part of developmental care. This infant is
supported by the hand of a parent during endotracheal
suctioning. Photograph courtesy of Ann-Cathrine Berg.
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Ethical aspects
During the last 20 years there has been a growing con-
cern about the ethical issues surrounding the most
preterm infants who are at the limits of viability and
intact survival. The majority of deaths, around 80%, in
very premature infants occur in the first 3 days of life
in spite of full intensive care.114 Neonatologists caring
for these infants need to address the question whether
to continue care or to withdraw ongoing intensive
care. Such discussion may arise when the patient
suffers from severe brain or pulmonary injury and the
chance of survival is low and the possibility of healthy
survival is extremely low.115 The first principle of
treatment is always to act in the best interest of the
patient and the family according to the Hippocratic
rules, i.e. never to hurt or harm, if possible to relieve,
sometimes to cure, and always to console.

When evaluating the question on withdrawal of
intensive care, the situation should be analyzed using
the traditional ethical principles of (1) benefit, (2) harm,
(3) autonomy, and (4) justice. This analysis should be
performed in a two-dimensional model taking into
account the different interest groups, i.e. the infant,
parents, caretakers, and even society.116

For the evaluation, a summary of all medical facts
is needed, from which an estimated probable progno-
sis is derived. Sometimes, the decision is not difficult
or controversial, such as in babies with Potter syndrome
(absence of kidneys) or hydranencephaly. However,
when outcome is not inevitably fatal or the interest of
the parents and the infants diverge, the decision mak-
ing needs a thorough discussion. In these instances,
non-medical factors, such as social or economical fac-
tors, may influence the decision. A decision to with-
draw treatment should always be taken by a senior
consultant, and usually by a team of them, after care-
ful discussions with all involved staff. The medical
course and prognosis should be carefully and repeat-
edly explained to the parents, and their opinion
should be taken into consideration. If parents cannot
accept the recommendation to withdraw treatment,
the discussions should be repeated. A special situa-
tion is prolonged delivery-room resuscitation of
extremely premature infants at the limits of viability,
where urgent decisions usually are needed in the
interest of the infant. On such occasions, thorough
discussion with the parents before delivery is of the
greatest importance for the decision making.117

There is usually time to arrange for death to be
filled with dignity also for the most immature infants.
Good psychological care of the parents is essential,
since they will continue to live with strong and sad
memories of this time. A professional, warm, and
empathic care by experienced staff will assist them in
this difficult situation. The parents’ wishes regarding
social or cultural ceremonies, e.g. baptism, or for
information to or presence of relatives or friends
should be fulfilled. Rituals connected to death are

important for coping with the loss and sorrow after
the death. The terminal care of the dying baby should
be carefully planned and performed, including suffi-
cient sedation and analgesia, in order to prevent fur-
ther suffering. A dying infant should be cared for in a
single room together with the parents. One or two
experienced staff members should participate and
assist the parents in this situation.

The outcome of very preterm infants
The outcome of very preterm infants has significantly
improved during the last two decades, and especially of
those with a gestational age below 28 weeks.118,119 Most
follow-up studies of preterm cohorts are defined by
birth weight, either including extremely low-birth-
weight infants < 1000 g or VLBWI < 1500 g. The mor-
tality rate is correlated to immaturity: the more preterm
the infant, the higher the mortality.7 The limit of viabil-
ity seems to be about 23 weeks of gestation, since sur-
vival after 22 weeks of gestation is very rare, but after 23
weeks, about 10% according to regionalized long-term
follow-up studies from the postsurfactant era, i.e. from
the 1990s.120–122 In a national cohort, the stillborn rate
was 60% in infants delivered after 22 gestational weeks,
35% after 23 weeks, and 25% after 24 weeks,7 suggest-
ing that there may be a less active care during birth in
the very immature infants resulting in intrapartal death
or classification as dead if there is bradycardia at birth.
In this cohort, the long-term survival of live-born infants
born after 24 weeks of gestation was 40%, but less than
one-half of them were classified as completely normally
developed at 1.5 years of age.120

Despite increasing survival, the rate of neurodevelop-
mental impairment has remained similar, which results
in an increased absolute number of infants with abnor-
malities.122,123 Severe handicaps, such as cerebral palsy,
deafness, blindness, and mental retardation, have in
recent studies been reported to occur in 15–25%.118,123

Even more common are cognitive dysfunction and
learning disabilities. In a large VLBWI birth cohort
study in The Netherlands, assessment at the age of
9 years showed that 56% of children in mainstream
education needed special assistance at school or were
below the age-appropriate level.123 Similar results have
been reported from other countries.124 Most of the learn-
ing difficulties seem to be related to low overall IQ.88

Several perinatal risk factors have been associated
with poor school performance, such as low-birth weight,
need for assisted ventilation, and IVH.125 Intrauterine
growth restriction in preterm infants is associated
with increased morbidity, and low postnatal growth,
resulting in smaller size at school age and poorer
school performance as compared to appropriately
grown siblings.126 The high incidence of sequelae in
very preterm infants warrants long-term follow-up of
regional cohorts for quality control of the demanding
perinatal care and long-lasting neonatal intensive care.
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7 Can we establish a universal
lower limit of viability? What
are the medical and ethical
implications?
M. R. G. Carrapato
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Introduction
Over the last few decades, perinatal mortality has been
greatly reduced and in most Western countries now
stands in single figures, albeit with many geographical
asymmetries. The overall good results achieved are pri-
marily the consequence of National Health Policies
toward rationalization of human and financial resources
with modern technology playing a subsidiary role in the
high-risk pregnancy and neonate. The development of
neonatal intensive care has been shown to be effective in
the survival of preterm infants without a significant
increase in later morbidity, at least for the larger, more
mature neonates.

The World Health Organization places 22 weeks of
gestational age or 500 g birth weight as the lower
limit, at least for the purpose of perinatal statistics,
and the International Classification of Diseases
describes the perinatal period as starting at 22 com-
pleted weeks. The European Association of Perinatal
Medicine (EAPM) defines the perinatal period as that
which starts ‘from 22 completed weeks (154 days)
gestation and ends 7 complete days after birth’,1 which
implies that the lower limit of viability stands at
22 weeks of gestation. The question, with all its med-
ical, legal, social and financial implications, is how
close are we, as a whole, in this pursuit?

Lower limit of viability –
fact or not quite?
Biological survival will depend on not just the pres-
ence of a given organ but on its functional maturation,
a sequential evolution often referred to as the ‘devel-
opmental windows’. Alveolarization, essential for

survival, is a process that includes anatomical, phys-
iological and biochemical differentiation starting
from about 24 weeks’ gestation, progressing until
term and continuing throughout the postnatal period
and childhood. ‘Viability’, therefore, would be around
24 weeks. To lower this limit, strategies ranging from
antenatal steroids, postnatal surfactant and different
ventilatory modes have been attempted with some
success, but as an example, after 30 years of clinical
practice, antenatal steroids show quite disappointing
results at below 24 weeks’ gestation2,3 and they might
also delay and alter postnatal alveolarization.4–6

Nevertheless, in recent years increased survival of
very immature infants has been reported ranging,
from 2% to 35% at 23 weeks and in some perinatal
centers in the USA these figures approach 50%
among live-born infants, between 17% and 58% at
24 weeks and vary from 35% to 85% at 25 weeks.7–21

Survival and outcome data on extremely preterm
infants, between 22 and 26 weeks, has been widely
reported and reviewed.7,10–12,15–18,22,23 Allen et al., in a
retrospective study of infants born between 22 and
25 weeks, showed that mortality at 6 months’ corrected
age was 75% for neonates born at less than 24 weeks’
gestation, with no survivors at 22 weeks while at
25 completed weeks, survival was in the region of
80%.23 Hack and Fanaroff and Kilpatrick et al. showed
similar survival rates of around 40% and 80%, respec-
tively for 24 and 26 weeks’ gestational age, especially
after the introduction of steroids and surfactant.12,15

Cooke has reported an increasing survival rate of
extremely preterm infants from the early 1980s to
the 1990s: in the early period, from 1982 to 1985,
there were no survivors at 23 weeks’ gestational age
while in the later part of the study, between 1990 and
1993, 35% of these infants survived to discharge.7
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Tin et al., in a prospective, population-based regional
survey, also showed that the survival of very imma-
ture infants has improved progressively since the
early 1980s, particularly after the introduction of
surfactant in clinical practice, although the impact of
surfactant was only evident in those babies of 25 or
more gestational weeks.9 A national population-based
study carried out in the UK and Ireland in the mid-
1990s, of all infants born between 22 and 25 weeks
of gestation, revealed two survivors to discharge at
22 weeks, with increasing survival rates from 11% at
23 weeks to 44% at 25 weeks.17 However, in the last
decade, survival among live births even at 22 weeks
has been reported as being from 14% to 19%.24–26 In a
survey of 21 European countries registered with the
EAPM, representing a wide spectrum of different regions
from Scandanavia to southern, central and eastern
European countries, the mortality rate for infants
weighing between 500 and 749 g at birth stood at
54.4% but showed very wide variations within coun-
tries, approaching a 90% mortality rate in the less
affluent countries as opposed to 26% in the more
developed regions.27 It is quite obvious from the find-
ings of this survey that obstetric and neonatal prac-
tices, as well as available resources and facilities, play
a major role in the survival of these very immature
infants, but, both human and financial resources
apart, why should there be such a discrepancy in
reported survival rates at the threshold of viability?

There can be several reasons and explanations.
First of all, many of the earlier studies referred to birth
weight rather than to gestational age and therefore
included more mature babies who were growth
retarded [although babies of the same gestational age
with intrauterine growth retardation (IUGR) usually
have a poor prognosis].22,28–31 Then, again, with some
of the earlier reports referring to gestational age, how
accurate was dating based on menstrual estimates in
the absence of scanning in early pregnancy? Even in
recent data, gestational age is often inferred from the
first day of the last menstrual period with scanning
only prevailing if it differs more than 2 weeks from
the menstrual dates.32–36 At this ‘threshold for viability’,
a few days or a couple of hundred grams will make all
the difference when reporting survival rates. On the
other hand, many studies are regional/population
based,7,9,14,17,35,36 while others refer either to individual
perinatal tertiary centers with very few numbers as
a whole or to multicenter collaborative stud-
ies13,15,23,33,34,37–41 with quite different outcomes. Some
studies refer to the outcome of pregnancy from the
beginning of labor, including still and live births; oth-
ers include only live births, while others only survival
rates for infants admitted to the neonatal intensive
care units. This selection bias may overestimate
survival rates by as much as 100% at 23 weeks and
even up to 50% at 24 weeks.42

From our own experience involving 20 perinatal
units, 70% of all pregnancies of less then 25 weeks

gestational age at the onset of labour ended in fetal
death, with no live births at 22 weeks. Amongst live
births, at 23 weeks we report only the anedoctal case,
but at 24/25 weeks there was, on average, an overall
survival of 46% at discharge, albeit with some
interunit variation (MOSAIC Study, Portuguese
Northern Region, 2003: prospective study of pregnan-
cies betwen 22 and less then 32 weeks gestation).
Over an eight year period from 1996–2003, similar
results are reported in Portugal for live births from
unselected populational studies, with 8% survival at
23 weeks, 34.6% at 24 weeks and 49.3% at 25 weeks
(Portuguese National VLBW Register). At 26 weeks
both Portuguese Mosaic and the VLBW Register show
figures in the order of 64–67% survival to discharge.

Also, in some perinatal centers, both obstetricians and
neonatologists may invest aggressively at these lower
gestational ages while in others, no active manage-
ment will be contemplated because both the fetuses and
the babies are considered non-viable or because of the
very poor overall outcome in the event of survival.43–48

Whether the mode of delivery at this very low gesta-
tional age will make any appreciable difference to sur-
vival is very debatable and cesarean section has not
been proved to be better.24,27,49–53 Indeed, the increasing
morbidity for the mother and the future consequences
of a vertical incision at this stage of pregnancy should
perhaps preclude a cesarean in favor of a vaginal deliv-
ery, at least for fetal reasons. Further to all the aforemen-
tioned explanations for such discrepancies in survival
reporting, other confounding data related to pregnancy
will also influence survival, and therefore the outcome,
namely, IUGR, pre-eclampsia, PPRM/oligohydramnios,
antepartum hemorrhage, infection chorioamnionitis,
etc.15,24,49,54,55 Gender and ethnicity, especially, meet with
conflicting results at these very low gestational ages.56–60

What is the outcome for
the survivors?
Survival is not (and should not be) the only goal in
perinatal medicine when attempting to establish a
‘lower limit of viability’. Outcome and quality of life
should, at the beginning of a new century, be a major
priority. Although several follow-up studies on these
very immature babies have shown that increasing sur-
vival has not been mirrored by an increase in cerebral
palsy (CP), the fact is that a proportionally higher
number of infants are now survivors of very low ges-
tational age and birth weight. Furthermore, the major
neuromotor, psychomotor, neurosensory and cognitive
disfunctions are found especially in the most imma-
ture infants, below 25 gestational weeks.10–14,17 Over a
period of 12 years, between 1983 and 1984, in the
north of England, although the survival rate at gesta-
tional age greater than 24 weeks had improved (while
at gestational age below 24 weeks the overall survivor
rate remained unchanged at 4%), the proportion of
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survivors with severe disability remained unaltered at
around 25%, with 10% being so profoundly disabled
as to have to live a completely dependent life.9 From
the results of the European survey, based either on
regional or on national data, it was also shown that
chronic lung disease ranged from 16.7% to 60% at 36
weeks’ corrected age, retinopathy of prematurity
(ROP) from 5.5% to 40%, intraventricular hemorrhage
Grade III from 15% to 35%, necrotizing enterocolitis
from 3% to 23% and nosocomial infection from 23%
to 50%. All these complications were common to
all countries and were directly related to either the
degree of prematurity or the survival rate, being espe-
cially prevalent at 26 weeks’ gestation or less. As
expected, the picture was somewhat reversed, the
countries with the better survival rates showing a
higher incidence of sequelae, especially in visual
impairment and chronic lung disease. At the time of
the survey in 1998, almost everyone in Europe was
using antenatal steroids, particularly between 26 and
32 weeks’ gestation, and postnatal surfactant, either
prophylactically or as a rescue. In those days there
were no criteria for the use of postnatal steroids.
Seven countries out of 21 would never use them
while, of the remaining 14, 6 would apply them early
– mostly systemically, with the remainder only con-
templating their use late in the course of respiratory
distress syndrome (RDS), if ventilatory dependent.27

[These figures might be somewhat distorted and not
reflect usual medical practice in Europe since some
neonatal units were, at the time, enrolled in a con-
trolled trial of postnatal steroid studies – an open
study of early corticosteroid treatment (OSECT).]

On this basis, it could be argued that as recently as
the last decade, these very immature infants were
receiving quite different treatment across the globe –
even from center to center within the same area.
However, Vohr et al., reporting on the long-term out-
come of a collaborative study of babies on the thresh-
old of viability in the 1990s in the USA, and Wood
et al., from a population-based cohort in the UK and
Ireland, reporting on behalf of the EPICure study
group, both showed that of the surviving children with
birth weights less than 750 g or gestational ages below
25 weeks, between 30% and 50% had moderate or
severe neuromotor or neurosensorial disabilities and
very often had multiple handicaps.17,61 In a review of
the world literature, Hack and Fanaroff estimated that
of the survivors of 23 weeks’ gestation, over a third had
a severe disability from CP to blindness and/or deaf-
ness with subnormal cognitive function. At 24 weeks’
gestation, the range of severe disability was from 22%
to 45% and at 25 weeks, from 12% to 35% and, in gen-
eral, these rates overlapped those of children born
before the 1990s.62

It is quite plausible that some of the adverse out-
comes in survivors at these low gestational ages may
not be just the direct effect of prematurity and/or low-
birth weight per se but also the result of the hostile

intrauterine milieu leading to preterm delivery from
inflammatory mediators, to IUGR, hypoxic-ischemic
insults, metabolic imbalances, etc. These would perhaps
explain the somewhat better, and paradoxical, reported
outcome of multiple pregnancies at these very low ges-
tational ages in contrast to the general outcome of
multiples at the later stages of pregnancy, presumably
because the reasons for preterm delivery would rest
with multiplicity alone, in the absence of the adverse
factors for singletons’ preterm deliveries.60

Postnatal events, from nosocomial infection to
anemia and hemodynamic instability, metabolic
derangements of hyper/hypoglycemia and electrolytic
disturbances, etc. may also play an adjuvant role in
the overall picture of survival with multiple handi-
caps. But one area in particular should call for special
caution: the possible role of iacterogenically induced
disability. Many of these tiny babies are, from the
very beginning, often subjected to a whole panoply
of maneuvers and medications known to alter hemo-
dynamics, blood flow and perfusion, from xantines
to NSAIDs, namely, indometacin, diuretics, volume
expanders, antimicrobials with known toxic side
effects, paralyzing agents and sedatives, etc. In recent
years, two ‘old’ tools in perinatal care have been sub-
mitted to re-evaluation and reappraisal, with growing
concern as to their use and misuse.

Antenatal corticosteroids (ANC) have been shown
to be associated with a significant reduction of RDS,
neonatal death and intra/periventricular hemor-
rhage63–65 with a possible synergistic effect with post-
natal surfactant therapy.66 A single course of ANC
results in benefits without significant adverse effects,
with long-term follow-up studies up to adulthood
showing no adverse neurological or cognitive out-
come.67 Betamethasone has shown a reduced risk of
cystic periventricular leukomalacia, and therefore has
become the recommended steroid for enhanced lung
maturation.68 The available evidence of ANC in mul-
tiple pregnancies is somewhat conflicting regarding
both use and outcome,69 while its use in diabetic preg-
nancies is also controversial for the reduction of RDS,
as the adverse steroid-induced hyperglycemia on fetal
lung maturation may offset any beneficial effects.70

From animal data and observational human studies,
there is increasing concern that repeated courses of
ANC may lead to immediate and long-term harmful
effects on growth, delay in lung and brain develop-
ment,71–76 and at present, only a single course is advo-
cated with subsequent courses reserved for randomized
control trials.77 How much the widespread use of
repeated courses of steroids in the 1990s may be playing
a subsidiary role in the adverse outcome of some of
these tiny survivors, in addition to prematurity and low-
birth weight, remains an open question.

Postnatal steroids have been shown to promote
early extubation in ventilatory-dependent extremely
low-birth-weight infants but randomized control stud-
ies failed to demonstrate any significant reduction in
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death rates or in the development of chronic lung
disease.78,79 Furthermore, in addition to the immediate
effects of hyperglycemia, hypertension, gastrointestinal
tract bleeding and perfuration, there is growing con-
cern that postnatal steroids may also be responsible for
adverse outcome on growth, CP and neurosensory
impairment.79–86 For these reasons, at the present time,
postnatal steroids should only be considered for the
extubation of ventilatory-dependent babies and only
upon informed consent of the parents.

More than 60 years after the initial report of retinal
blindness in preterm babies subjected to excess O2
supplementation, a high proportion of these tiny
babies still survive these days with more or less severe
ROP. The ‘optimal’ level (and ‘correct’ monitoring) for
O2 supplementation remains as yet unknown. A few
years ago an observational study of the case notes of
surviving infants delivered before 28 weeks’ gestation
showed a significant decrease of ROP (6% vs. 27.2%)
if they were maintained at SaO2 levels between 70%
and 90%. Furthermore, it was also shown that there
was much less time on ventilation, less oxygen
dependency at 36 weeks’ corrected age, a better weight
gain and, especially, no increase in mortality or CP.87

Not surprisingly, this publication caused considerable
polemic88–93 and ongoing debate.94–98 Understandably,
SaO2 monitoring has become common practice in
most neonatal intensive care units with considerable
benefit, i.e. comfort, over repeated arterial punctures
and complications from invasive procedures. However,
there is very little correlation between PaO2 and SaO2
levels, both below 84% and above 94% for SaO2 to
keep an ideal PaO2 level between 50 and 70 mmHg.99

Also, SaO2 monitoring is dependent on the methodol-
ogy used100,101 and other variables will have to be con-
sidered, namely, hemoglobin levels and associated
medications that may interfere with cerebral and reti-
nal blood flow and perfusion and not just SaO2/PaO2
levels. Nevertheless, ROP is a significant handicap,
especially at the lower limit of viability, and caution
should be used in reappraising the ‘physiological’ sat-
urations inferred from the more mature infants and
extrapolated to these extremely preterm babies, espe-
cially in the first few days of life.

Over and above the immediate and short-term
sequelae, how do these tiny survivors perform at a later
stage? The available long-term evidence – school age
and above – generally shows that besides neuromotor
and neurosensorial impairments, a high proportion of
these children reveal significant learning difficulties
and behavioral and educational problems, only adding
further to the burden and placing an enormous respon-
sibility on society as a whole, particularly for the allo-
cation of financial and human resources to provide the
necessary collateral help.102–108 Furthermore, these
children will grow to adulthood into a competitive
world of ‘perfection’. How sensitive are we to handle
their multitude of needs and how prepared are we to
integrate them into society with fairness and equity?

What are the ethical implications?
Ethics, the study of ideal conduct, classed as a branch
of philosophy,109 should be above cultural barriers, be
universal and center upon respect for mankind: easily
said, often not practiced. Deontology, the science of
duty, the branch of knowledge that deals with moral
obligations,110 the science of professional duties and
etiquette,111 is often referred to as being synonymous
with ethics. Laws vary from country to country and
sometimes between states within the same country.

It would thus appear to be quite unrealistic to argue
the attainability of a common denominator derived
from such widespread philosophical, religious and
moral views, to frame it within the various legal
requirements, to dictate the codes of rules and to
expect it to be internationally accepted, yet that is the
essence of ethics.

In perinatal medicine, the overall ethical principles
of autonomy, beneficence and non-maleficence are
even more difficult to apply than in most branches of
medicine due to the often conflicting interests of the
mother (and partner) and the fetus. The fetus, regard-
less of its semantic definitions, its rights, its inde-
pendent moral status and so forth112,113 is an entity
representing human life. The question is, of course,
when does human life begin from the biological,
moral, religious, legal and social perspectives?
Perhaps the concept of ‘a fetus as a patient, if not a
person’, might be the pragmatic answer, at least, for
the immediate implications of medical and ethical
decisions.114,115 For similar reasons we approach the
subject of neonatal ethics from a practicing angle,
focusing on medical management and decisions at the
threshold of viability. Far from guidelines, these
thoughts, hopefully unbiased, express our concern
and independent views on the complexities of uni-
versal medical ethics.

Reports in the past 10 years of survival at 22 weeks’
gestation24–26 and less than 400 g birth weight116 have
led to a change in legislation117 and to a redefinition
of the perinatal period,1 and the aim for the survival
of the most immature of babies became only natural
and pressing. Accepting the (theoretical) concept of
22 weeks’ gestation as the lower limit of viability,
what then is the evidence to support this claim and
what is the outcome? The answer to the first question
is the proverbial case that confirms the exception, and
as for the quality of survival, none of the reported sur-
vivors was free from neurological sequelae.24–26,117,118

And what about at 23 weeks (or 23 weeks and a
couple of days)? From here on it is an open game and
the stakes are high, with survival rates from 2% to
35% at 23 weeks to 35% to 85% at 25 weeks.7,10–14 It
is quite clear that there are enormous geographical
asymmetries even within countries with similar
demographies, and it is thus not surprising that some
countries will place their lower limit of viability at
24–25 weeks’ gestation.27
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The ethical questions for practicing neonatologists
are whether they should accept their own reality of
survival and try to improve on quality rather than
quantity, or whether they should try to compete with
the more advanced countries and aim for the thresh-
old of viability? Who should decide on that? Should
it be an individual (local) decision or a matter of
national (regional) policy? What are the ethics and
moral implications of these decisions? Could it possi-
bly be that in practice new technologies would change
matters? What would be the financial resources
needed, could they be afforded and, again, what
would be the ethical implications of discrimination
on financial grounds?

Of the general ethical principles of autonomy,
beneficence and non-maleficence, the first does not
apply to the neonate for obvious reasons. However, as
a person with independent moral status, the newborn
is entitled to the full demands and obligations of
beneficence and of primum non nocere. In everyday
practice the concept of ‘in the best interest of the
patient’ has also gained access to neonatal medicine
in order to surmount the subtleties of definition from
‘sustained life’ to ‘quality of life’.119–121 However, this
begs the question, in the best interests of whom – the
baby, the parents, or society, and who should decide?
Handicap is a notion often defined by healthy, normal
people, which may or may not be shared by the
affected individuals themselves. Perhaps it is a ques-
tion of degree: what is more acceptable, the survival
of a severely physically handicapped but intellectu-
ally sound child or, on the contrary, an individual
who is completely mentally dependent but who has
no physical impairment? And who will be the judge?
With the present low birth rate in most Western soci-
eties, ‘perfection’ is understandably always the goal.
However, is it not also a sign of moral perfection when
a society is prepared to accept the difference, showing
compassion and solidarity with its less fortunate
members? On one issue at least, everyone would agree
that whatever the dilemmas and however difficult,
decisions must never be taken upon account of sex,
eugenics, religious or economic prejudice, and never
based on a doctor’s own cultural or religious
beliefs.122,123

‘Futile treatment’ is currently used in medicine to
mean that any treatment beyond a certain point would
be unjustifiable. Neonatologists, often young, are fre-
quently faced in the middle of the night with the cru-
cial decision (based very often upon inaccurate
information on gestational age) of whether or not to
initiate active, aggressive management of the
extremely immature infant at the threshold of viability.

When in doubt, active resuscitative measures
should be started in the labor ward.122 The decision to
further continue intensive care can always be reversed
after revaluation and counseling to the parents, but
this does not imply that decisions to continue or with-
draw treatment should rest upon them. Decisions to

withdraw or withhold treatment should always be the
responsibility of the most senior physician, after dis-
cussion with all the staff, including the nurses, and
upon informing the parents. The ‘phantom of the law’
is often used as an argument for the continuation of
futile intensive care. In fact, in most places what is
unlawful is the preservation of life at all costs, against
the dignity of the human being. As for the ethics
of treatment withdrawal, once again, what is morally
wrong is to prolong useless and hopeless treatments,
contradicting the Hippocratic rules of ‘not to harm,
if possible to cure, but always to relieve and console’.
Yet, the same European survey revealed that a
considerable number of countries had no policies or
consensus for DNR/withdrawal of life support thera-
pies (67% and 48%, respectively).27 Advancing tech-
nologies can often cause procrastination over medical
decisions, which, when based on a particularly
sophisticated tool, may be mistaken for good medical
practice. Neuroimaging is often quoted in this con-
text: but how reliable and infallible is neuroimaging
in the prediction of function? It might assist but does
not replace clinical judgment of when to withdraw or
withhold life-supporting therapies – that would be
quite unethical and unacceptable.

Most importantly, once the medical decision has
been reached to withdraw advanced life-support
treatment, the baby should be allowed to die in pri-
vacy, with dignity, surrounded by the warmth, care
and love of his parents with the full support of the
medical and nursing staff. Fortunately, in most cases,
parents accept medical judgments based on sound
clinical evidence, knowledge and good faith and are
almost always relieved that the decision has been
taken out of their hands. Occasionally, medical deci-
sions to withdraw or withhold treatment do not meet
with the parents’ agreement or approval because of
their particular philosophical, cultural or religious
beliefs. Frustrating as this may be, professionals must
understand and accept these feelings and must con-
tinue medical treatment until such time as further
counseling may reverse the parents’ decision. In the
last resort, if consensual agreement cannot be reached
in the best interest of human dignity for the baby, the
question of treatment withdrawal may be addressed to
the courts.122

Can a universal lower limit of
viability be established?
It is quite obvious from the world literature and from
individual realities that a threshold exists for each
and everyone, whatever it might be. However com-
mendable the pursuit and quest to emulate the best
results, for the meantime, individual thresholds must
be recognized. It is within this reality that decisions
can be made when faced with the extremely preterm
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infant, and that an educated prognosis can be dis-
cussed with parents. Improvements can then be pur-
sued based on continuous self-auditing, in strict
adherence to the moral conduct of good medical prac-
tice toward the most vulnerable of all patients, the
sick and extremely preterm infant.
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Introduction
The 1989 St Vincent’s Declaration stated, as a 5-year
goal, ‘... that the outcome of the diabetic pregnancy
should approach that of non-diabetic pregnancies’1

and indeed, over the last 25 years significant reduc-
tions in spontaneous abortions, stillbirths, congenital
malformations and perinatal mortality have been
achieved at least in centers with a special interest in
diabetic pregnancy and in selected populations.2–9

However, reports have shown even in Western coun-
tries, that spontaneous abortions may be as high as
17%, the stillbirth rate to be five times greater, con-
genital malformations to range from 4 to 10 times the
usual rate, perinatal mortality to be fivefold, neonatal
mortality to be 15 times greater and that infant
mortality might be trebled as the result of diabetic
pregnancies.10–13 Although population-based studies
from Norway have reported considerably better out-
comes,14 data from other countries have continued
to show bad results. In a cross-sectional study con-
ducted in 12 perinatal centers in France between
2000 and 2001 involving 435 diabetic pregnancies,
both types 1 and 2, perinatal mortality was six times
greater than the national rate, severe congenital mal-
formations were double and preterm delivery eight
times the national level. Cesarean rates at 59%, shoulder
dystocia at 7.6% and macrosomia at 17.3% added to
the burden. Preconceptional care was provided in
only 48.5% and 24% of women with types 1 and 2
diabetes, respectively, even though women with type
1 diabetes were being followed at least biannually in
diabetic centers.15 Unplanned pregnancies, therefore,
remained at levels similar to those observed in the
1990s16 and close to the reported rates in a recent
survey in the USA.17 In a nationwide prospective
study from The Netherlands between 1999 and 2000,
although planned pregnancies were observed in 84%
of women with type 1 diabetes and glycemic control
was considered good (HbA1C< 7.0%), in about 75% of

subjects the outcome was considerably worse than the
general population, with pre-eclampsia 12 times greater,
cesarean sections 43%, perinatal mortality 2.8%, con-
genital malformations 8.8%, macrosomia 45.1% with
27.4% of shoulder dystocia and neonatal hypoglycemia
in approximately two-thirds of neonates.18 These poor
results have also been reported for type 2 diabetes: con-
genital malformations 11 times greater, a twofold risk
of stillbirth, perinatal mortality 2.5 times higher, risk of
neonatal deaths 3.5 times greater and a sixfold risk of
death in the first year of life.19,20

It would therefore appear that over 15 years on
from the St. Vincent’s Declaration the goal of a similar
outcome for diabetic and non-diabetic pregnancies
has yet to be attained.

When addressing diabetic embryofetopathy several
issues are necessarily raised: What are the problems?
Why does it happen? What is the outcome? Can it be
avoided?

Peri(neo)natal problems of the infant
of the diabetic mother (IDM)
Pregestational diabetes mellitus (pre-GDM)
The potential complications affecting the conceptus
of the diabetic women have been identified for cen-
turies21 and range from an increased incidence of fetal
demise to congenital malformations and a multitude
of immediate neonatal problems including macrosomia/
intrauterine growth restriction, respiratory distress
syndrome (RDS), hypoglycemia, polycythemia, hypo-
calcemia, hyperbilirubinemia, heart failure and car-
diomyopathy, renal vein thrombosis and small left
colon. Although these clinical manifestations are seen,
especially in uncontrolled diabetic mothers, some of
the morbidities, namely macrosomia, hypoglycemia,
jaundice and RDS, are still more common in the IDM
despite good metabolic control and, in general, these
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neonates still require a higher rate of neonatal intensive
care unit admission than the control population.

Congenital malformations
Although a whole range of congenital malformations
involving multiple organ systems, without specific
syndromes, have been observed in pre-GDM, both
types 1 and 2, some dysmorphies and malformations
are more common, including the association of dys-
plastic external ears and oculo–auriculo–vertebral
spectrum.22 Caudal regression anomalies, in particu-
lar saccral agenesis (with a 200- to 600-fold risk ratio),
neural tube and CNS defects (relative risk ranging
from 3 for anencephaly to a 40- to 400-fold risk for
holoprosencephaly), cardiac malformations, from
ASD, VSD to TGV and truncus arteriosus (four to six
times greater) to renal defects, from agenesis to ureter
duplication with a risk ratio from 6 to 23 times,
respectively, have all been repeatedly observed in
diabetic pregnancies.18,23–26 Most of these congenital
malformations occur particularly in the offspring of
uncontrolled diabetic women with very poor, or no,
preconceptional care. They appear to be directly
related to HbA1C levels, ranging from levels similar to
those of the general population, with ‘excellent meta-
bolic control’ (HbA1C < 6.9%), to 5.1% (with ‘good
metabolic control’, HbA1C 7.0–8.5%) to 22.4% inci-
dence with greater than 8.6% HbA1C.27 Reid and
Ylinen have also shown similar results and correla-
tion with HbA1C, suggesting that a good metabolic
control could greatly reduce the impact of congenital
malformations in the outcome of diabetic pregnan-
cies.28,29 By enrolling diabetic women to intensive
metabolic control before conception, Furhmann
showed that major congenital malformations could be
reduced to 1.1%, rising to high uncorrected rates for
those presenting later in pregnancy.30,31 Since then,
many other authors have shown similar good results
from preconceptional care aimed at good metabolic
glycemic control.4,5,7–9,32,33 From the available evi-
dence, it would seem that tight metabolic control for
at least 6–12 months prior to conception would
greatly reduce the burden of congenital malforma-
tions to almost normal rates. Nevertheless, even in the
best series, corrected rates for diabetes-related malfor-
mations are considerably higher than those for the rest
of the population, despite good metabolic control, i.e.
preconceptional care and HbA1C levels.4,5,7,18 This
raises several points, from the evaluation of good meta-
bolic control and the best parameters, to the question
of compliance and whether hyperglycemia is the only
teratogenic fuel per se or is additional to other pre-
disposing or adjuvant factors, as outlined in the
etiopathogeny of diabetic embryofetopathy.

Macrosomia
Ranging from 17% to 50% in the offspring of pre-
GDM15,18,34–36 macrosomia poses a major problem for
both obstetricians and neonatologists. In an attempt to
diagnose fetal macrosomia many different ultrasound

parameters have been proposed with differing results,
from estimated fetal weight to abdominal circumfer-
ence, to the more sophisticated evaluation of fetal
subcutaneous fat tissue thickness of various body
segments (midarm and midthigh fat and lean mass,
abdominal and subscapular fat mass and cheek fat), to
fetal fat layer, intraventricular septal thickness, etc.37–39

How reliably can it be diagnosed by the practising
obstetrician, outside the major research institutes if, in
effect, he is referring to a large for gestational age (LGA)
fetus based on the estimated weight and abdominal
circumference?40,41 This is an important question. While
both share common characteristics, the true macro-
somic fetus will have other peculiarities due to its
abnormal fat distribution, especially affecting the
shoulder girdle, leading to dystocia and its complica-
tions. Should, therefore, all (true) macrosomic fetuses
be delivered by cesarean section? Perhaps not, but in
practice they are. As for the pediatrician, the term
macrosomia is also often used to describe a large
baby and, again, although sharing common problems
of hypoglycemia, polycythemia, hypocalcemia and
hyperbilirubinemia, the true macrosomic baby will
also be a candidate for birth (intrapartum) asphyxia,
brachial palsy and cardiomyopathy.

Moreover, rather than mentioning any given weight
or babies’ weight/gestational age, as is traditionally
done for macrosomia, it would be more appropriate
to refer to ponderal indices [PI =(fetal weight in
grams/fetal length in cm3) ×100] against the estimated
centile for gestational age.42–44 This approach, besides
differentiating the normal LGA from the true macro-
somic neonate, may also have other implications,
particularly with regard to long-term outcome.

Hypoglycemia
Another issue relates to neonatal hypoglycemia and
its never-ending controversies. What in fact is neona-
tal hypoglycemia and does it matter? Methodological
problems of glucose measurements – capillary to
venous blood, whole blood to plasma values, sample
containers and transport, etc. – all account for the dif-
ferent definitions of hypoglycemia. Glucose concentra-
tion in whole blood is about 10–15% lower than in
plasma and due to the usually high hematocrit of the
IDM, plasma, rather than whole blood, should be used
for the definition of hypoglycemia. Moreover, what low
blood sugar level might be harmful? Will a (given) low
blood sugar level in the absence of symptoms be less
damaging than when coupled to clinical manifesta-
tions? And if, at the follow-up, these children are found
to be performing below par, is it because of neonatal
hypoglycemia or is it due to poor antenatal metabolic
control? Conversely, could it possibly be that in order
to overcome hypoglycemia, the neonate is able to uti-
lize other substrates as an alternative to glucose for
brain metabolism? The answer is a partial ‘yes’ for lac-
tate in the immediate neonatal period, but quite
unlikely for other, more important fuels, namely ketone
bodies, given the sustained hyperinsulinism-inhibiting
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lypolysis. For these reasons, it would therefore be
recommended to keep blood levels in the range of
≥2.6 mmol/l regardless of gestational and postnatal
age, by promoting early enteral feeds. If oral feeds are
not being tolerated or are contraindicated, i.v. glucose
should be started at 5–6 mg/kg/min and may be subse-
quently increased according to the lack of response to
8–10 mg/kg/min. If the neonate has symptomatic hypo-
glycemia, especially related to neuroglycopenia, a
bolus i.v. glucose administration of 0.25–0.5 g/kg
should be given followed by glucose infusion at the
required rate to maintain normal glycemia. As soon
as possible, enteral feeds with either breast milk or
formula should be promoted and gradually increased
to avoid reactive hypoglycemia if glucose infusion
is decreased too rapidly. Glucagon administration of
200–300 µg/kg may occasionally be required to
enhance glucose release from glycogen storages and to
increase hepatic acids oxidation.

Respiratory distress syndrome
Premature delivery remains a hazard due to either
maternal or fetal well-being, mostly in poorly con-
trolled women or with associated pregnancy compli-
cations or due to underlying disorders secondary to
diabetes itself. Hyaline membrane disease (HMD) is
more common in infants of diabetic mothers at any
gestational age due to either inhibition or decreased
surfactant synthesis, a consequence of fetal hyperin-
sulinism.45–50 In general, both in vivo and in vitro,
insulin opposes the glucocorticoid stimulating effect
on lung maturation51–53 by a complex cascade of
impaired mechanisms, from blockade of fibroblast –
pneumocyte – factor (FPF) release and directly
inhibiting phospholipid synthesis by type 2 cells54 to
reducing surface protein synthesis55 or both.

Antenatal corticosteroids have been shown to pro-
mote fetal lung maturation in normal pregnancies.
Their use in diabetic pregnancy remains controver-
sial as the adverse steroid-induced hyperglycemia
on fetal lung maturation may offset any beneficial
effects.54 In addition, the acute rise of severe hyper-
glycemia in the mother needs to be taken into
account and caution demands close monitoring dur-
ing antenatal corticosteroid administration and sev-
eral schemes have been proposed for supplementary
insulin to counteract the unbalanced hyperglycemic
status.56,57

Whether the routine assessment of fetal lung matura-
tion by lamella body counts or lecithin/sphingomyelin
ratios should be performed in reliably dated pregnan-
cies, at term, is doubtful and lately is becoming less
advocated.58–62

If HMD remains a common neonatal problem, RDS
in the offspring of diabetic mothers is further aggra-
vated not only by the concomitant polycythemia and
hyperviscosity, hypoxia and pulmonary hyperten-
sion, occasionally heart failure, but also, especially
by the high rate of cesarean sections, often without
previous labor.

Hypocalcemia
Calcium homeostasis depends on the equilibrium
between intestinal absorption and renal excretion under
hormonal regulation. Parathormone mobilizes calcium
from bone, promotes its renal tubular reabsorption and
stimulates 1,25 hydroxy vitamin D production. Vitamin
D increases calcium and phosphate intestinal absorption
and regulates bone metabolism mediated by parathor-
mone. Hypocalcemia, on the other hand, stimulates
parathormone release. In pregnancy, calcium is actively
transferred across the placenta from maternal circulation
under the influence of the parathyroid hormone-related
peptide (PTHrP) with maternal parathormone and vita-
min D having very little influence due to their inability
to cross the placenta. Fetal plasma calcium is higher
than maternal levels, especially with advancing preg-
nancy (total and ionized calcium 10–11 mg/dl and
6 mg/dl, respectively), and consequently, the parathy-
roid glands show reduced activity.63–65 At birth, follow-
ing the suppression of maternal–fetal transferal of
calcium, the plasma levels fall within the first 24 h of
life, leading to parathormone release and the normaliza-
tion of calcium levels by 2 weeks of life.63,64 Total cal-
cium concentrations in the neonate are dependent on
gestational age, albumin levels and pH.

Hypocalcemia occurs in up to 50% of IDM, usually
on the first 3 days of age, often associated to hyper-
phosphatemia and hypomagnesemia probably due to
delayed parathyroid response and correlated to the
duration and severity of maternal diabetes although the
mechanisms remain elusive.63–65 Pulmonary disease
and/or asphyxia worsen the hypocalcemia.63,65

In the absence of clinical manifestations, it is
debatable whether calcium determination should be
performed routinely. On the contrary, with preterm
delivery, respiratory compromise, asphyxia, sepsis,
etc., calcium levels should be performed and cor-
rected. Prolonged QTc (QT corrected for heart rate
over 0.4 s) on the ECG requires special attention, but
with the possibility of heart block, refractory brady-
cardia and hypotension, calcium administration
should be carefully monitored.

Persistent hypocalcemia may be the result of the
concomitant hypomagnesemia and is unlikely to be cor-
rected if magnesium levels are not adjusted. With sig-
nificant hyperphosphatemia (Ca2×PO4> 80) calcium
administration may lead to calcification of the soft
tissues if the high phosphate levels are not lowered
primarily.63–66

Polycythemia
The definition of polycythemia may include infants
with or without symptoms having hematocrits greater
than 65%. The reported incidence of polycythemia
ranges from 0.4% to 12% in the newborns, but it affects
up to 30% of infants of poorly controlled diabetic
mothers.

Fetal red cells have a larger mean cell volume and
are less deformable than more mature cells, leading to
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increased viscosity. Low fetal oxygenation and tissue
hypoxia increase erythropoietin levels stimulating
erythropoiesis and leading to high fetal hemoglobin.
Some authors speculate that fetal plasma erythropoi-
etin concentration is significantly correlated to mater-
nal high-affinity HbA1C

67–69 while others suggest that
the increased erythropoiesis in fetus of diabetic preg-
nancies may be subsequent to fetal hypoxemia, the
result of hyperglycemia, hyperinsulinemia and hyper-
ketonemia, in line with Freinkel’s concept of ‘preg-
nancy as a tissue culture experience’.70,71 The chronic
hypoxemic state in utero may thus explain some cases
of fetal death. In the neonate, symptomatic poly-
cythemia may present with RDS, congestive heart fail-
ure and, occasionally, pulmonary hypertension.
Neurological signs include jitteriness, irritability,
seizures and apnea. Potential sequelae of poly-
cythemia may be thrombosis, gangrene and stroke.
The treatment of polycythemia, especially if sympto-
matic, is the standard partial exchange transfusion.

Jaundice
Physiological jaundice is a common neonatal problem
due to transient glucoronyl transferase deficiency,
immature hepatic intracellular uptake and transport,
increased enterohepatic circulation and occurs in
60–70% of the newborns. However, clinically signifi-
cant jaundice (total bilirubin greater than 12.9 mg/dl
at term) affects only 5% of these babies.72

In the IDM, the risk of clinically important jaundice
is up to 30% and is due to multifactorial causes from
prematurity, to polycythemia and increased hemoly-
sis, and macrosomia, with PI rather than weight/
gestational age showing a better correlation with
bilirubin levels.69,73–75

Gestational diabetes mellitus
GDM usually develops in the second half of preg-
nancy. With advancing pregnancy considerable
demands are placed on insulin to meet increasing
maternal metabolism. If the threshold is surpassed,
maternal hyperglycemia may supervene. Although
some studies also point to a higher incidence of con-
genital malformations in association with GDM, most
cases are probably pre-GDM diagnosed in pregnancy,
especially type 2, with prepregnancy body mass index
(BMI) and advanced maternal age playing a very con-
spicuous role.76–80 Congenital malformations aside,
the whole spectrum of peri(neo)natal problems over-
lap those of pre-GDM and contribute to the high
maternal–fetal and neonatal morbidities.

The incidence of GDM varies from 3% to 5%
depending on whether screening is universal or only
for women at risk.

In our Institution over the 2-year period from January
1, 2002 to December 31, 2003, from an unselected
population of 5930 women, after a universal 1 h of 50-g
glucose screening, followed by 3 h of 100-g OGTT, 211

women were confirmed as having GDM. Seven women
diagnosed in the first weeks as having had possible
pre-GDM detected only in pregnancy (mean BMI 32.5,
mean age 32.4 years) were eliminated from the study.

Among the multigest and multipara, 7.2% had had
previous GDM with 24% miscarriage and 4.3% late
fetal death.

In the present pregnancy, the average gestational
age at the time of diagnosis was 27 weeks and the
mean HbA1C was 4.3% (range 3.4–5.7%). Forty-one
women (20.4%) required insulin treatment to main-
tain good metabolic control.

Complications of pregnancy included pregnancy-
induced hypertension (8, 3.8%), pre-eclampsia (3,
1.4%), HELLP (3, 1.4%), placenta abruptio (3, 1.4%),
thrombocytopenia (4, 1.9%), oligo/hydramnios (2,
0.9%), ACIU (2, 0.9%). There were no maternal or
perinatal deaths.

Delivery was by cesarean section in 43.9% and by
instrument delivery in 8.8% while for a control group
of macrosomic babies of non-diabetic mothers these
figures were 36.4% and 9.2%, respectively. The aver-
age birth weight at 38 weeks was 3121 g (SD 424 g)
and length 48.55 cm (SD 1.77 cm).

Neonatal morbidities expressed in Table 8.1, com-
pared to LGA neonates of non-diabetic mothers, were
considerably better than in many series. Several
points, though, need to be considered. The incidence
of macrosomia [birth weight/gestational age (BW/GA)
> 90th centile] was identified in only six (2.9%), a
figure that is just above that of our unselected popu-
lation (2.8%). However, if PI is applied instead of
BW/GA, the incidence rises to 31 (16.1%) of babies
with PI > 90th centile, especially with advancing
gestational age (21.4% and 38.5% at 39 and 40 weeks,
respectively), suggesting a population of short obese
babies within our population of gestational diabetes
in contrast to LGA neonates of non-diabetic mothers,
which are large and long (Table 8.2). We would there-
fore consider PI to be a more accurate and true reflec-
tion of macrosomia than just BW/GA. Another area
for concern is the high incidence of cesarean sections,
which suggests labor-induced failure, because even
correcting for PI, only 16.1% were macrosomic new-
borns, questioning the current practice of elective
induction at 38 weeks’ gestation. The proportion of
small for gestational age within our diabetic popula-
tion (10.3% vs. 13.64 % in our general population),
suggests an adequate metabolic control.

Although there were very few cases of RDS in our
neonates, mostly due to the paucity of very small,
extremely preterm infants, we observed that of those
with respiratory problems, more than one-half were
pulmonary adaptation syndromes in neonates deliv-
ered by cesarean section at 37 weeks’ gestation.

In summary, even within perinatal centers, although
maternal and peri(neo)natal adverse results can be
greatly improved, GDM remains a public health prob-
lem of considerable proportions.
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Why does it happen?
In a theoretical model, according to Freinkel’s concept
of pregnancy as a tissue culture experience, the whole
pathogenesis and spectrum of fetal and neonatal mor-
tality and morbidity could primarily be attributed to
the excessive transferal of glucose from mother to
fetus, inducing fetal hyperglycemia, leading to fetal
pancreatic islet hypertrophy and β-cell hyperplasia
with a consequent rise in insulin secretion.81 Chronic
fetal hyperinsulinism results in raised metabolic rates
and oxygen consumption causing fetal hypoxemia,
which, in turn, would be responsible for the increased
rate of stillbirths and birth asphyxia as well as for
the excessive erythropoietin production and poly-
cythemia.68–70,82,83 In addition, fetal hyperinsulinism

would be responsible for increased fetal substrate intake,
leading to fat synthesis, with the resulting adiposity,
macrosomia and visceromegaly. Furthermore, fetal
hyperinsulinism may also be responsible for the devel-
opment of respiratory distress syndrome at birth by
either inhibiting or decreasing lung surfactant synthe-
sis.45–50 Neonatal hypoglycemia may be a combination
of several factors including sustained hyperinsulinism
and lack of counter-regulatory hormonal responses
impairing hepatic glucose production, deficient lipol-
ysis and increasing peripheral glucose uptake.84–86 It
would seem, therefore, that uncontrolled maternal
hyperglycemia could start the whole spectrum of dia-
betic embryofetopathy (Figure 8.1). It is quite possi-
ble, however, that other metabolic fuels, either
besides or in association with glucose, from lipids to
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Table 8.1 Comparative neonatal morbidities of IDM and LGA

IDM LGA χχ2 (P)
Morbidity n % N %

Fractured clavicles 4 2 9 5.4 0.79
Brachial plexus palsy 1 0.5 2 1.2 0.47
Congenital malformations 9* 4.3 9** 4.7 0.582
Prematurity 21 10.2 11 6.6 0.959
Hypoglycemia 6 3.1 4 2.4 0.663
RDS 8 4.1 4 2.4 0.342
Jaundice 63 32.6 28 16.8 < 0.001
Polycythemia 7 3.6 9 5.4 0.37
Hypocalcemia 9 4.7 2 1.2 0.054

*Hypospadias 2, hydronephrosis 2, hypoplasia of distal phalanx 1, CHD 4 (3 VSD, 1 ASD); **epispadias 1, hypospadias 1, hydronephrosis 1,
CHD 5 (2 VSD, 3 ASD), craniofacial dysmorphy 1

Table 8.2 Body proportions of IDM and LGA per GA

IDM (207/5930) LGA (167/5930) 

GA Weight >90th Length >90th PI >90th Weigh Length >90th PI(±SD) >90th 
(Weeks) (±SD) centile (%) (±SD) centile (%) (±SD) centile (%) (±SD) (±SD) centile (%) centile (%) centile (%)

41 4650 54.8 38.1 3.3 61.9
(±167.19) (±1.85) (±0.35)

40 3389 0 49.0 0 2.9 38.5 4328 52.1 33.3 3.1 54.2
(±231.90) (±1.79) (±0.39) (±211.08) (±1.27) (±0.22)

39 3332 0 49.1 6.9 2.8 21.4 4208 51.87 31.8 3.1 43.3
(±341.51) (±1.73) (±0.29) (±263.40) (±1.63) (±0.22)

38 3121 5.2 48.5 4.3 2.7 15.3 3989 50.9 34.8 3.0 60.9
(±424.14) (±1.77) (±0.26) (±137.89) (±1.57) (±0.31)

37 2900 0 47.8 0 2.6 5.0 3751 51.0 50 2.8 38.9
(±337.07) (±1.80) (±0.21) (±204.07) (±1.24) (±0.21)

36 2645 0 46.5 0 2.6 0 3495 49.8 50 2.9 50
(±220.76) (±1.62) (±0.22) (±111.13) (±2.68) (±0.47)

35 2343 0 44.0 0 2.8 5.0 3233 47.0 0 3.1 100
(±82.14) (±2.74) (±0.45) (±101.16) (±2.60) (±0.49)

TOTAL 3074.3 2.9 48.4 2.7 16.1 4133.6 51.55 3.0 
(±432.87) (±1.94) (±0.27) (±351.98) (±1.81) (±0.28)
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amino acids, may also cross the placenta in a concen-
tration gradient inversely proportional to insulin
availability, further contributing to the abnormal fetal
milieu.70,71,87 Depending on the timing of gestation,
during critical developmental stages, the same meta-
bolic fuels would have different effects on the fetus.
Over the last 15 years there has been increasing evi-
dence from animal and human studies to support the
theory that in addition to sugars (glucose, galactose
and mannose) other metabolic fuels, from ketones to
deranged lipid peroxidation, may be responsible for
the pathomechanisms of congenital malformations
provided that they are present at certain (high) levels
for a reasonable amount of time and especially at cru-
cial ‘developmental windows’.88–91 Dietary supple-
mentation of deficient substracts (arachidonic acid
and myo-inositol), free oxygen radical scavenging
enzymes and antioxidants have been shown in vivo
and in vitro to reduce the rate of malformation in the
offspring of diabetic animals.92–95 Whether such
strategies might be applicable to clinical practice
remains a promising but open question.

Similarly, the same general principles of multifac-
torial pathomechanisms have been postulated for
macrosomia, including and ranging from ketone bodies
to free fatty acids, ‘selected’ amino acids and with a
conspicuous role for IGF-1 and IGF-2 at the local
level. Maternal insulin antibodies and insulin
counter-regulatory hormones may, in addition, further
contribute to the resulting macrosomia.96–101

Toward the end of the second trimester, at a time of
increasing cerebral cortical differentiation and matu-
ration, it is quite conceivable that a metabolic insult
may result in altered neurological or intellectual
behavior102–106 and, during the third trimester, prolif-
eration of fetal adipocytes, muscle cells and pancre-
atic β-cells may then be responsible for ‘programming’
the later development of several adult disorders.107–111

What is the outcome?
Neonatal complications of the IDM, in spite of the
high morbidities involved, are now quite well man-
aged with intensive neonatal care. It is questionable
whether these babies are more prone to developing
neurological, behavioral and learning disabilities
and, if so, whether they are due to an unfavorable
intrauterine metabolic environment or to other peri-
natal and early life events operating on different fetal
determinants. Most of the early reports of severe brain
damage are, reassuringly, now of historical inter-
est.112,113 Nevertheless, well-documented evidence
points to mild to moderate psychomotor and psy-
chosocial impairment in the offspring of these
mothers. While it is quite possible that early neonatal
events may play a role, available data also place a sus-
picious emphasis on intrauterine life.102–105

The long-term outcome, on the other hand, poses
several questions. Some studies point to a higher
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Figure 8.1 Diabetic embryofetopathy.
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incidence of childhood obesity in the offspring of
these mothers while others fail to find such correla-
tions. Conflicting results might be the result of the dif-
ferent methodologies involved, including different
definitions and very often small numbers, without
adequate control populations.114–116

Finally, a major issue is whether some adult dis-
eases of metabolic and vascular disorders may have
had a fetal origin. In recent years, there has been
accumulating evidence, both from animal studies and
from epidemiological data, to suggest that fetal β-cell
hyperplasia and hyperinsulinism may induce irre-
versible changes leading to obesity, glucose intoler-
ance and even overt non-insulin-dependent diabetes
and, perhaps, a protective effect against type 1 dia-
betes later in life – a model very much in line with
the ‘Barker Hypothesis’ of the fetal origins of adult
disease.107–111,117,118. What might be the relative weight
of genetics vs. intrauterine events remains to be con-
firmed119,120 but it is quite interesting that at least in
experimental models the prevention of hyper-
glycemia in pregnancy significantly reduces the
prevalence of diabetes in the next generations.111

What can be done?
Based on the assumption that poor maternal home-
ostasis is at the core of the problem and that tight
metabolic control might change the outcome of a dia-
betic pregnancy to normal, why then are such poor
results being reported even in developed countries?
Admittedly, most of these bad performances are for
pre-GDM. But, even allowing for different data collec-
tion, lack of uniform criteria in definitions and case

identification,121–123 the fact remains that overall
results are far from satisfactory. It can be argued that
they are due to poor medical and social care – and
they most probably are. It can also be argued that poor
metabolic control has not been achieved or that ‘good’
is not necessarily ‘optimal’. Alternatively, it can be
put forward that there might be an abnormal genetic
background contribution (evidence is pretty scanty)
or that there might be other metabolic fuels besides
glucose operating at different developmental stages of
pregnancy, thus accounting for the etiopathogenesis
of the whole syndrome. It is quite possible that some,
or all, of these metabolic fuels may, per se or in syn-
ergie, play a significant role in the whole metabolic
disturbance and it is quite conceivable that besides
the classical approach to strict glucose control, other
dietary manipulations with supplementation or
replacement of deficient substracts might hold a
promise for the near future. For the moment, however,
priority should focus on intensive prenatal care for
diabetic women and the identification of women for
the development of GDM and, once diagnosed, plac-
ing them on a strict glycemic control throughout preg-
nancy. The cost-efficiency of screening all women
for GDM is often discussed and, likewise, whether
many of these women are overtreated unnecessarily.
Argument, however, should concentrate not just on
the immediate effects of GDM but on the long-term
consequences for both the mother and her offspring.
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9 Neonatal seizures
A. Beke and Z. Papp 
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Definition
Seizures have been defined as abnormal, paroxysmal,
stereotypical clinical events that are initiated by the
hypersynchronous activity of neurons in the brain.1

They represent rapid alteration in the function of the
nervous system by which the motor, behavioral or auto-
nomic functions (or all of these) are clinically affected.
Seizures are far commoner in the first month of life
than at any other time. Neonatal seizures have been
described in both clinical and electrical terms. Clinical
seizures have been described as occurring in close asso-
ciation with electroencephalograph (EEG) seizure
activity (epileptic in origin), and without accompany-
ing EEG seizure activity (presumably non-epileptic in
origin). All the clinical seizures described indicate the
presence of significant central nervous system dys-
function. In this regard, the findings of EEG monitoring
studies do not change a fundamental concept concern-
ing seizures of the newborn: each newly diagnosed
neonatal seizure represents a neurological emergency.2

Incidence
Conventionally, the neonatal period is limited to the
first 4 weeks of life. However, some authors3,4 define
neonatal seizures as those that occur up to 44 weeks
of postmenstrual age, to take into account premature
birth. Although convulsive phenomena are the most
frequent among the major neurological disorders in
the neonatal period, their precise frequency is
unknown because many of the subtle manifestations of
neonatal convulsions may escape recognition. Conversely,
jittery and tremulous movements, common at this
period, are often mistaken for convulsive seizures,
although their significance is completely different.
The true incidence of neonatal seizures varies in dif-
ferent series from 0.15% to 1.4%.5–10 Scher et al.11

found that the incidence of seizures among all
neonates admitted to the intensive care unit was 2.3%,
and the group of preterm neonates of <30 weeks of
gestational age had a seizure frequency of 3.9%,
which was significantly higher than that of older

preterm or full-term neonates. The very high incidence
(up to 22.7%) reported in premature infants by
Bergman et al.6 is probably due to the frequency of
non-epileptic events in this group.1 Seay and Bray12

reported seizures in 20% of infants admitted to the
intensive care unit, weighing 2500 g or below. In gen-
eral, an incidence of neonatal seizures of between 4
and 6 per 1000 infants seems to be a realistic figure.
This figure is much higher among the most immature
infants. Neonatal seizures appear to be associated
with major morbidities and surgical interventions in
very low-birth-weight infants. Continuous electroen-
cephalographic monitoring could be warranted in
infants following surgical treatment.13

Pathophysiology
The site of paroxysmal activity may arise from previ-
ously normal neurons. This fire due to a trigger and
abnormal conduction occurs through neighboring
neurons. Alternatively, the neuronal focus may be
inherently abnormal and fires repetitively. Seizures in
infants and children may be due to either or both
mechanisms.10 Seizures indicate the presence of a cen-
tral nervous system dysfunction and may contribute to
additional brain injury.14–16

Brain maturation progresses rapidly during the last
weeks of gestation and in the postnatal period.
Structural and functional development of the central
nervous system is reflected in the rapidly changing
bioelectrical activity and behavior of the brain. This
has been extensively documented during the past
decades in studies of various mammalian species17,18

and human preterm and newborn infants.19–21 In the
term newborn, the archicortex (i.e. diencephalon and
brain stem) is at a relatively more advanced stage of
development than is the neocortex. A significant per-
centage of paroxysmal electrical discharges in the
newborn brain, which arise from subcortical gray mat-
ter, might not be identified by EEG scalp recordings.
Two possible explanations exist for clinical seizures
without an electrographic signature:22
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(1) Tonic posturing and motor automatism are
epileptic but are generated in the brain stem, and
the paroxysmal electrical epileptic activity is
not manifested at the scalp and not recorded by
surface EEG electrodes.

(2) Tonic posturing and motor automatisms are gen-
erated and elaborated at a brain-stem level by a
non-epileptic mechanism.

It has been suggested that the latter explanation is
more plausible.23,24 Although the lack of a close asso-
ciation to EEG seizure activity would only suggest that
tonic posturing and motor automatisms are not epilep-
tic in origin, it is these clinical characteristics of the
behaviors that provide the evidence for a non-epileptic
mechanism. Tonic posturing and motor automatism
may be evoked by tactile stimulation; a graded increase
occurs in the magnitude of the response proportional
to an increase in the intensity of the stimulus at a sin-
gle site (temporal summation) or an increase in the
number of sites of stimulation (spatial summation).
The response may spread to muscle groups other
than those originally stimulated (irradiation of the
response). Both provoked and spontaneous tonic pos-
turing and motor automatism may be suppressed by
restraint or repositioning of the body or affected limbs.
All of these features are typical of reflex behaviors25–27

and are not characteristic of epileptic seizures. On
this basis, it has been proposed that tonic posturing
and motor automatisms result from depression of fore-
brain function and the consequent disinhibition of
the brain-stem centers that facilitate primitive reflex
behaviors.23,24 This hypothesis is based not only on
clinical observations but also on the correlation of
these findings with experimental studies of reflex
physiology in animals.24,28 Primitive reflex behaviors
are normally mediated by spinal mechanisms and
facilitated by centers within the brain stem. These cen-
ters are tonically inhibited by the forebrain and may be
stimulated by proprioceptive and entroceptive path-
ways activated by limb and truncal manipulation.
When the forebrain is depressed, brain-stem centers
are disinhibited, and primitive reflexes may occur
spontaneously or be evoked by stimulation. It has been
proposed that these behaviors, as a group, be desig-
nated ‘brain-stem release phenomena’ rather than
epileptic seizures.26,29 Although neurons are in place
by the time of birth, their axonal and dentritic ramifi-
cations and synaptic connections are still incom-
pletely developed in the neonatal human brain,30,31

and myelination is limited to a few pathways not
including the main hemispheric commissures.32 The
hyperexcitability of the immature cortex is explained
by the underdevelopment of the myelinization and the
characteristic phenomena;33–35 the modification of the
shapes of spikes depends on the developmental stage
of dendrites; the propagation of discharges is deter-
mined by the state of maturity of the cortical and sub-
cortical and interhemispherial connections.36

Kolmodin and Meyerson37 found the age-related
variations of the potential stable and others observed
the role of the enzymatic reactions.38,39 In addition,
synaptic connection and transport across synaptic
membranes is much less efficient in the immature
brain.40 Both inhibitory [γ-amino butyric acid
(GABA)-ergic] and excitatory receptors are present in
the human newborn but are not fully developed or are
not completely functional because of the incomplete
development of the appropriate circuitry.41,42 There is
evidence that the inhibitory dopamine transmitters
have a predominant effect over excitatory transmitters
in the developing brain.43 The neonatal brain appears
uniquely susceptible to seizure because neonatal
GABA receptors are excitatory, and are functionally
more active than N-methyl-D-aspartate (NMDA) recep-
tors at this time of life.44 The absence of generalized
tonic–clonic seizures probably reflects both the lack
of a sufficient degree of cortical organization (which is
necessary to propagate and sustain the electrical dis-
charge) and the failure of interhemispheric trans-
mission, resulting from commissural immaturity.
Experimental data suggest that neonatal seizures may
have a deleterious effect on the developing brain,
depleting cerebral glucose, which may interfere with
DNA synthesis, glial proliferation and differentiation
and myelinization.45–47 Younkin et al.,48 using nuclear
resonance spectroscopy, showed a marked depletion
of brain phosphocreatine and adenosine triphosphate
during a subtle seizure, which was reversed following
phenobarbital therapy and seizure cessation. Animal
studies have shown that seizures impair neurogenesis
and derange neuronal structure, function and connec-
tivity (‘cells that fire together’). The hippocampus has
been well studied because it is particularly suscepti-
ble to seizure-induced injury. Seizures cause synaptic
reorganization with aberrant growth (sprouting) of the
dentate granule cell (DGC) axons (i.e. the mossy
fibers).49 There is also apoptosis in the inner granule
cell layer of the dentate hilus, and bilateral hip-
pocampal sclerosis has been found at autopsy in
human babies who suffered prolonged seizures.
Seizures lead to a mismatch between energy supply
and demand, and although there is a rise in cerebral
flow this may not be sufficient to meet the require-
ment.50 Neonates have a low cerebral metabolic rate
and a fragmentary neuronal network, making them
less vulnerable to neuronal damage and cell loss than
adults and more resistant to the toxic effects of gluta-
mate. However, seizures undoubtedly can inhibit
brain growth, modify neuronal circuits and increase
neuronal excitability. Recurrent seizures during early
development have been shown to result in impair-
ment of visual-spatial learning and memory.51,52

Status epilepticus and recurrent seizures have also
been shown to predispose the brain to seizures in
later life.53 Magnetic resonance spectroscopy studies
show areas of cerebral metabolic dysfunction in
babies with seizures.54 Status epilepticus can result in

80 Neonatal seizures
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necrotic damage to the thalamus in immature rats.55

The response of the developing brain to epileptic
seizures and to status epilepticus is highly age spe-
cific. Neonates with their low cerebral metabolic rate
and fragmentary neuronal networks can tolerate rela-
tively prolonged seizures without suffering massive
cell death, but severe seizures in experimental animals
inhibit brain growth, modify neuronal circuits and
can lead to behavioral deficits and to increases in neu-
ronal excitability. Past infancy, the developing brain
is characterized by a high metabolic rate, exuberant
neuronal and synaptic networks and overexpression
of receptors and enzymes involved in excitotoxic
mechanisms. The outcome of seizures is highly model
dependent. Status epilepticus may produce massive
neuronal death, behavioral deficits, synaptic reorgani-
zation or chronic epilepsy in some models, and little
damage in others. We now have some models that
reliably lead to spontaneous seizures and chronic
epilepsy in the vast majority of animals, demonstrat-
ing that seizure-induced epileptogenesis can occur in
the developing brain. The mode of cell death from
status epilepticus is largely (but not exclusively)
necrotic in adult, while the incidence of apoptosis
increases at younger ages. Seizure-induced necrosis
has many of the biochemical features of apoptosis,
with early cytochrome release from mitochondria and
capsase activation. Wasterlain et al. speculate that this
form of necrosis is associated with seizure-induced
energy failure.56 A recent finding is that neonatal
seizures can permanently disrupt neuronal develop-
ment, induce synaptic reorganization, alter plasticity
and ‘prime’ the brain to increased damage from
seizure later in life. This finding has led to a renewal
of interest in the topic of neonatal seizures, particu-
larly regarding treatment.57

Edwards et al. found that prenatal stress alters the
seizure threshold and the development of kindled
seizures in infant and adult rats. Their findings indi-
cate that stress, particularly during the latter half of
pregnancy, may play an important role in increasing
vulnerability to seizures in the unborn offspring.58

The idea that stem cells may play a role in the patho-
physiology or potential treatment of specific epilepsy
syndromes is relatively new.59 Knowledge of the nor-
mal neurogenesis pathways in the mature brain has
led to recent studies of neurogenesis in rodent models
of acute seizures or epileptogenesis. Current evidence
indicates that single brief or prolonged seizures, as
well as repeated kindled seizures, increase DGC neu-
rogenesis. Recent work also suggests that pilocarpine-
induced status epilepticus increases rostral forebrain
subventricular zone (SVZ) neurogenesis and caudal
SVZ gliogenesis. These abnormalities include aber-
rant mossy fiber reorganization, persistence of imma-
ture DCG structure (e.g. basal dendrites) and abnormal
migration of newborn neurons to ectopic sites in the
dentate gyrus. Taken together, these findings suggest a
proepileptogenic role of seizure- or injury-induced

neurogenesis in the epileptic hippocampal formation.
However, the induction of forebrain SVZ neurogene-
sis and directed migration to injury after seizures and
other brain insults underscores the potential thera-
peutic use of neural stem cells as a source for neuronal
replacement after injury.

The classification of
neonatal seizures
Recently, neonatal seizures have been characterized
and classified according to their presumed pathophysio-
logy, with the suggestion that some neonatal seizures
are epileptic in origin and others are not (Table 9.1).2,60,61

Seizure recognition, characterization and classification
create the foundation of care of the neonate who may
be at risk for central nervous system dysfunction. For
classification of neonatal seizures and for making a
guide to clinical recognition a workshop was formed in
the USA [participants: Subcommission on Classification
and Terminology of Pediatric Epilepsy, Commission on
Classification and Terminology, International League
against Epilepsy (ILAE) and the Clinical Research
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Table 9.1 Electroclinical classification of neonatal
seizures (from Younkin2 with permission)

Clinical seizures with a consistent
electrocortical signature
A. Focal clonic

Unifocal
Multifocal

Alternating
Migrating

Hemiconvulsive
Axial

B. Myoclonic
Generalized
Focal

C. Focal tonic
Asymmetric truncal
Eye deviation

Clinical seizures with no electrocortical signature
A. Motor automatisms

Oral–buccal–lingual movements
Ocular movements
Progression movements

Pedaling
Stepping
Rotary arm movements

Complex purposeless movements
B. Generalized tonic

Extensor
Flexor
Mixed extensor/flexor

C. Myoclonic
Generalized
Focal
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Centers for Neonatal Seizures, National Institute of
Neurological Disorders and Stroke, National Institute
of Health (NIH)]. The report of the newest classification
was published by Mizrahi in 2004.62 The classifica-
tion system and the infants presented in the workshop
are based on a prospective, clinical study of infants
with seizures that have been documented by bedside,
video-EEG monitoring. Each seizure was examined by
all the investigators together, characterized and then
classified by consensus.

Approximately 65% of neonatal seizures are not
clearly associated with apparent cortical electro-
graphic seizure activity on the basis of EEG recordings
from surface electrodes.24,63 Neonatal seizure types
differ considerably from seizures observed commonly
in older children, principally because the newborn
infant is less able to sustain organized, generalized
epileptiform discharges. The most widely accepted
and most often clinically applied classification
scheme is that proposed and recently updated by
Mizrahi and Kellaway (Table 9.2). Some clinical seizures
are characterized by just one type of movement.

However, other seizures are more complex. They may
begin with one type of movement, which is then fol-
lowed by others in a sequence typical for that specific
seizure. The most effective application of this classifi-
cation is to use it as a basis to identify the individual
components of a single seizure, rather than to classify
an entire complex event.

Several seizure types frequently occur together in
the same infant; subtle seizures are frequently associ-
ated with other types in the severely ill neonate.5 In
addition, various seizure types may be generated by
different mechanisms – either epileptic or non-epileptic.
The clinical characteristics of a specific seizure may
designate its pathophysiology. Thus, the classification
of a seizure may suggest a specific mechanism of gen-
eration, leading eventually to considerations of therapy
and long-term prognosis.

Clonic seizures
Clonic seizures consist of rhythmic muscle jerking
that can involve any part of the body and are often

82 Neonatal seizures

Table 9.2 Classification of neonatal seizures (modified from Mizrahi62)

I. Clonic
A. Unifocal: (1) limb, (2) facial, (3) hemiconvulsive
B. Multifocal: (1) alternating, (2) bilateral, asynchronous
C. Axial: (1) abdominal, (2) diaphragmal

II. Tonic
1. Focal: (1) ocular (sustained eye deviation), (2) limb posturing, (3) asymmetric
2. Generalized: (1) symmetric – a. flexion, b. extension, c. mixed flexion–extension; (2) asymmetric

III. Myoclonic
1. Generalized
2. Focal
3. Multifocal (fragmentary)

IV. Spasm (generalized)
1. Flexion
2. Extension
3. Mixed extension–flexion

V. Motor automatisms
A. Oral–buccal–lingual movements: (1) chewing, (2) sucking
B. Ocular signs: (1) random eye movements, (2) blinking, rhythmic eye opening
C. Limb (movements of progression): (1) pedaling, (2) swimming
D. Complex purposeless movements

VI. Autonomic nervous system signs
A. Respiratory: (1) tachypnea, (2) respiratory pause
B. Cardiac: (1) tachycardia, (2) bradycardia
C. Cardiovascular: (1) hypertension, (2) hypotension
D. Vasomotor: (1) flushing, (2) pallor
E. Pupillary dilatation
F. Salivation
G. Other

VII. No clinical signs – electrical seizure only

VIII. Unclassified

ILAE–NIH classification of neonatal seizures
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associated with simultaneous epileptiform activity on
EEG.64 Two subtypes are recognized, focal clonic and
multifocal.

Focal clonic seizures have limited, usually unilat-
eral, involvement of the face, limbs or axial muscles
and are often not associated with alterations of the
level of consciousness. In many instances, there is an
underlying focal lesion, e.g. focal cerebral infarction.
However, it is important to realize that metabolic
derangements, e.g. hypoglycemia, may present as
focal seizures in the newborn.16 Cockburn et al.65

reported clonic seizures with late hypocalcemia.
Multifocal clonic seizures are observed more

frequently in the term newborn, and are a relatively
benign form. They involve non-synchronized clonic
movements of the extremities, which differ from
multifocal clonic seizures in older infants in that
abnormal movements in newborns usually migrate in
an unordered, non-Jacksonian fashion. For example,
clonic movements of one hand may be followed by
jerking of the opposite leg.66 This particular seizure
type may be explained by the immature stage of
development of the cerebral cortex of the term infant.
Thus, although there is sufficient interneuronal com-
munication to permit sustained seizure activity, the
immaturity of synaptic development and axonal
myelination may prevent the organized spread of
electrical impulses. Because of this, generalized
tonic–clonic seizures, which are symmetric and syn-
chronous, occur infrequently in the term newborn.30

Tonic seizures
Tonic seizures are most often generalized, featuring
tonic extension of all limbs (which resembles ‘decere-
brate’ posturing), or, occasionally, flexion of the upper
limb with the extension of the legs (which resembles
‘decorticate’ posturing). Eye signs such as opening or
closing movements of eyelids, staring, gaze deviation
or the occurrence of a few clonic jerks may be a clue
to their epileptic mechanism. Volpe30 found tonic
seizures to be particularly common among premature
infants, and they accounted for 70% of fits seen in
infants weighing 2500 g or less. This form of seizure
occurs in infants with significant cerebral injury
[e.g. massive intraventricular hemorrhage (IVH)] and
is associated with a bad prognosis. In approximately
85% of cases, the abnormal posturing is accompanied
by electrical seizure activity or autonomic phenom-
ena and the response to anticonvulsant therapy is
poor.12,30 This observation gives rise to the possibility
that such posturing represents abnormal brain-stem
release phenomena as opposed to true epileptic
seizures.23,30,67 In these instances, although there is no
corresponding electrical seizure activity, the interictal
EEG is usually severely abnormal with marked volt-
age suppression.29

Myoclonic seizures
Myoclonic seizures, which may be focal, multifocal or
generalized, are rare in the neonatal period. They may
occur in infants of any gestational age and are associ-
ated with time-synchronized EEG discharges only in a
minority of cases.24 They are characterized by rapid,
unilateral or bilateral, single or multiple flexion jerks of
the upper extremities, but to a lesser extent. Myoclonic
seizures often signify severe structural or metabolic
cerebral disturbance. They often persist into infancy
as more or less atypical infantile spasms.68,69 A benign
variety of neonatal myoclonus has been described,
which occurs characteristically only during sleep.
Focal and multifocal myoclonic activity may be
observed, which is difficult to distinguish clinically
from epileptic seizures. However, the correlation with
the sleep state and the absence of associated EEG abnor-
malities may be helpful in this. It typically resolves
spontaneously before 6 months of age.70–72

Spasms
Spasms may be flexor, extensor or mixed extensor and
flexor, and may occur in clusters. Spasms cannot be
provoked by stimulation or suppressed by restraint.
Pathophysiology is epileptic.

Motor automatisms (subtle seizures)
Subtle seizures may be the most common type and are
present to some degree in most term newborns with
seizures. This category includes all paroxysmal steps
of behavior in newborns that may be sustained, and
that cannot be readily classified as myoclonic seizures.
Subtle or minimal seizures are also termed ‘motor
automatisms’ by some investigators.73 The most com-
mon clinical manifestation is a variety of ocular move-
ments, e.g. eye opening, tonic horizontal deviation of
the eyes; orofacial movements, such as repetitive
chewing, swallowing, drooling; rotatory limb move-
ments or complex patterns, like pedaling, boxing,
swimming or stepping, and autonomic disturbances,
such as hyperpnea, vasomotor abnormalities, saliva-
tion or modification of the heart rate. Abnormal eye
movements, especially in the horizontal plane are of
special diagnostic value.74,75 Unlike sustained eye
deviation is typical of focal tonic seizure of epileptic
origin; the ocular signs of motor automatisms are less
well defined. They include random eye movements,
eye opening and blinking.62 Motor automatisms and
generalized tonic posturing may coexist, since their
pathophysiologic mechanisms are the same.

Autonomic nervous system signs are often com-
bined with motor automatisms apneic seizures are
common, sometimes in isolation,76,77 but more often
in association with ocular or other autonomic signs.
Fenichel et al.78 found that apneic seizures were not
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accompanied by bradycardia, as opposed to the much
more frequent non-epileptic apneas of the premature
infant, which last 20 s or more. Other studies involv-
ing simultaneous video-EEG investigations demon-
strated that subtle clinical phenomena are frequently
accompanied by simultaneous electrical discharges in
premature infants.79 The EEG signs that are associated
with subtle seizures occur commonly in the temporal
leads,64 which is not surprising as similar clinical fea-
tures are frequently observed in older children in
complex partial seizures, which originate in the tem-
poral lobes. Alterations in the autonomic function as
a seizure manifestation raise particular diagnostic
problems. Thus, although apneic episodes in the pre-
mature infant may rarely be a manifestation of seizure
activity,79 they are much more likely to be related to
other mechanisms. In contrast, apnea in the term new-
born appears to be associated more commonly with
electrical seizure activity. Recently, the apneic
episodes have been observed and differentiated in
newborns and especially in prematures with a new
polygraphic computerized method (SLEEP Labor). We
can also determine the type of apnea exactly: central,
obstructive or mixed. Figure 9.1 shows a polygraphic
investigation demonstrating a central apnea (cenA-)
following the electrical activity change on the FP1
channel. There is no significant change in ECG (exam-
ination of the author). Infantile spasms and episodic
apnea (associated with electroencephalographic

seizure activity) may also occur as neonatal seizures,
but they are rare and currently do not warrant major
classifications.3

Isolated seizures are relatively uncommon in the
neonatal period. The occurrence of at least a few
attacks is the rule. However, neonatal seizures tend to
be self-limited and to last 24–96 h,80–82 which compli-
cates the assessment of therapy further.

Neonatal status epilepticus has been defined by
Dreyfus-Brisac and Monod83,84 as the repetition of clin-
ical and/or purely electrical seizures with the interic-
tal persistence of an abnormal neurological status.
Cukier et al.82 redefined the term with greater preci-
sion as the occurrence of electrical seizure discharges,
each lasting at least 10 s and repeated for several
hours, in association with an abnormal neurological
state and unconsciousness. Clinical seizures may or
may not be present. The latter definition does not
include repeated clinical seizures without ictal EEG
concomitants such as those that may occur in neonates
who have been convulsing for many hours.85 The term
serial seizures is perhaps preferable to that of status
epilepticus in the neonatal period because it does not
refer to an abnormal interictal neurological state,
which may be impossible to assess reliably on account
of the interference of drug treatment.3 With prolonged
convulsive episodes, there is a tendency for individual
seizures to change from well-marked to poorly organ-
ized attacks, clinically as well as electrically.

84 Neonatal seizures

Figure 9.1 Central apnea demonstrated by polygraphy.
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Etiology
Although the etiology of neonatal seizures is extremely
diverse, most of them can be attributed to hypoxic-
ischemic encephalopathy (about 65% of neonatal
seizures), intracranial hemorrhage (about 15%), meta-
bolic disturbances (hypoglycemia, hypocalcemia),
intracranial infection and cerebral cortical dysgenesis.
Table 9.3.

Hypoxic-ischemic encephalopathy is the most
important cause of neonatal seizures in infants and in
all gestational ages.30 It has been estimated to account
for approximately two-thirds of all cases. Seizures are
a major manifestation of moderate or severe intra-
partum hypoxic-ischemia encephalopathy in approx-
imately 50% of affected term newborns and are
associated with long-term neurological sequelae in at
least 20–40% of cases.30,86 Many cases are probably of
prenatal origin, so a low weight for date and other
signs of dysmaturity are common findings.66 Postnatal
respiratory insufficiency causes less than 10% of
cases of hypoxic encephalopathy.30 Ischemia is sec-
ondary to intrauterine asphyxia with cardiac insuffi-
ciency. Seizures begin most frequently during the first
day of life,87–89 and 60% of the patients with this con-
dition have already had fits by 12 h.30 The seizures are
often isolated at the start. Of the cases of neonatal sta-
tus epilepticus 75–85% have been attributed to
hypoxic insult.30 Seizures may be of any type and are
often prolonged and refractory to anticonvulsant ther-
apy. Brown90 has pointed out that the seizures usually
occur when infants show a transition in muscle tone.
The interictal EEG is of the ‘tracé paroxystique’ or
inactive tracing type in severe cases.91 The convul-
sions may be extremely difficult to control by drugs.
Levene et al.92 have reported neonatal convulsions
due to asphyxia to occur in 2 per 1000 full-term
infants. Delivoria-Papadopoulos and Mishra studied
the mechanism of cerebral hypoxia in the fetus and
newborn that results in neonatal morbidity and mor-
tality as well a long-term sequelae such as mental
retardation, seizure disorders and cerebral palsy.
Using electron spin resonance (ESR) spectroscopy
they demonstrated that tissue hypoxia results in
increased free-radical generation in the cortex of fetal
guinea pigs and newborn piglets.93 Normally, more
than 80% of the oxygen consumed by the cell is com-
pletely reduced by cytochrome oxidase to reactions
with the cytoplasm and mitochondria that produce a
superoxide anion radical. To protect cells from the
deleterious effects of free radicals, a number of enzy-
matic and non-enzymatic defenses such as catalase,
superoxide dismutase, glutathione peroxidase, ascor-
bic acid and vitamin E are present in cells.

The hypoxia-induced increase in lipid peroxida-
tion products was shown to be also associated with a
decrease in cell membrane Na+,K+-ATPase activity.
The direct demonstration of production of free radi-
cals during hypoxia was documented by measuring

the signal of spin adducts using ESR, which allows
direct identification and characterization of free radi-
cals.94 The brain tissue hypoxia modified the NMDA
receptor ion channel recognition and modulation
sites. A higher increase in NMDA receptor agonist-
dependent Ca2+ in synaptosomes was demonstrated.
The increase in intracellular Ca2+ may activate several
enzymatic pathways such as phospholipase A and
metabolism of arachidonic acid by cyclooxygenase
and lipoxygenase, conversion of xanthine dehydro-
genase to xanthine oxidase by proteases and activa-
tion of nitric oxide synthase. In summary, studies
demonstrated that cerebral tissue hypoxia results in
increased free-radical generation that may lead to the
oxidation of brain cell membrane lipids, membrane
enzymes, receptor proteins as well as the nuclear
DNA precipitating the hypoxic neuronal injury in the
fetus and newborn.

Intracranial hemorrhage
This condition is often difficult to establish conclu-
sively as a primary cause of seizure distinct from
hypoxic-ischemic encephalopathy or traumatic
injury, because of the frequent association of these
conditions. There are three important types of hemor-
rhage according to localization:

Intraventricular hemorrhage is a very common
lesion in extremely premature infants, but germinal
matrix/IVH is associated relatively rarely with
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Table 9.3 Correlation of time of onset of seizures
and etiology (adapted from Hill and Volpe73 with
permission)

Most frequent Etiology of seizures
time of onset

< 48 h Hypoxic-ischemic encephalopathy
Intracranial hemorrhage
Hypoglycemia
Sepsis-meningitis
Congenital viral infection
Drug withdrawal
Local anesthetic intoxication
Pyridoxine dependency
Non-ketotic hyperglycinemia
Urea cycle disorders

48–72 h Cerebral dysgenesis
Cerebral infarction
Ketotic hyperglycinemia
Urea cycle disorders

> 7 days Cerebral dysgenesis
Organic acidopathies
Amino acidopathies
Urea cycle disorders
Bacterial meningitis
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seizures. However, large IVHs, especially if there is
associated intraparenchymal hemorrhagic infarction
(which accounts for approximately 15% of all exam-
ples of IVH), may occur together with generalized tonic
seizures, most often as part of a catastrophic deteriora-
tion evolving to coma and respiratory arrest. This clin-
ical setting and type of seizure signify an ominous
prognosis.30

Subdural hemorrhage is most commonly associ-
ated with traumatic delivery or non-accidental shak-
ing injury. The associated cerebral contusion
frequently results in focal clonic and subtle seizures.
Such seizures most commonly begin during the first
48 h of life.95 Subdural hemorrhage occurring as a
result of tentorial tears is not necessarily fatal and
may have a relatively good prognosis.

Primary subarachnoid hemorrhage, especially of a
minor degree, is a very common occurrence in new-
borns and is usually not of major clinical significance.
When seizures occur secondary to the subarachnoid
hemorrhage in the full-term infant, they occur most
commonly on the second day of life.96 During the
interictal period, affected infants often appear remark-
ably healthy, leading to the descriptive term ‘well
baby with seizures’. Spanish authors have reported
neonatal convulsions and subarachnoid hemorrhage
after paroxetine treatment in the third trimester of
pregnancy.97

Neonatal stroke
Billard et al.98 reported eight infants presenting focal
seizures between the age of 8 and 72 h and all had evi-
dence of cerebral infarction on the computed tomog-
raphy (CT) scan. Only three of these infants showed
evidences of subsequent handicap. Venkataraman et
al. studied 11 full-term babies with neonatal stroke.
Seizure was the most common presenting sign, with
paucity of other focal neurological deficits.99

The few days before and after birth are a time of
special risk for stroke in both mother and infant,
probably related to activation of coagulation mecha-
nisms in this critical period. Arterial ischemic stroke
around the time of birth is recognized in about 1 in
4000 full-term infants, and may present with neuro-
logical and systemic signs in the newborn.100 Neonatal
seizures are most commonly the clinical finding that
triggers assessment. In other children, prenatal stroke
is recognized only retrospectively, with emerging
hemiparesis or seizure after the early month of life.
Risk factors for perinatal stroke include hereditary
or acquired thrombophilias and environmental factors.
Perinatal stroke underlies an important share of
congenital hemiplegic cerebral palsy, and probably
some spastic quadriplegic cerebral palsy and seizure
disorders. There is much to be learned about the
natural history of perinatal stroke, and there are as
yet no evidence-based strategies for prevention or
treatment.

Intracranial infection
Both the bacterial and the non-bacterial types of
intracranial infection are common causes of neonatal
seizures. Seizures secondary to bacterial meningitis
are most likely to occur after the first week of life. Like
the common metabolic disturbances, they are of partic-
ular concern because definitive therapy is of primary
importance. Of the bacterial infections, meningitides
secondary to group B streptococci, Listeria monocyto-
genes and Escherichia coli are the most common. In
addition to bacterial meningitis, meningo-encephali-
tis may occur due to herpes simplex, Coxackie and
toxoplasmosis. In the latter case, toxoplasmosis may
be acquired in early pregnancy and extensive brain
damage may have occurred by the time of delivery.
Cytomegalovirus and rubella infections acquired in
early pregnancy may also present with neonatal fits,
without any signs of other infections. Septicemic
infants, without meningitis, may also develop
seizures. The cause of this can be the complication
associated with infection and hypoglycemia or
hypotension. Diarrhea due to infection may cause dis-
turbances in the sodium balance, which may also
cause seizures. Herpes simplex virus type 1 (HSV-1)
encephalitis is the most common cause of acquired
epilepsy in human. Chen et al. studied in vitro HSV-
1-infected organotypic hippocampal slice culture to
elucidate the underlying mechanisms of HSV-1-asso-
ciated acute seizure activity. The results suggest that a
direct change in excitability of the hippocampal CA3
neuronal network and HSV-1-induced neuron loss
resulting in subsequent mossy fiber reorganization
may play an important role in the generation of
epileptiform activity.101

Metabolic disturbances
Although different kinds of metabolic derangement
and certain intoxications are associated with convul-
sive phenomena in newborn infants, abnormalities of
glucose and divalent cation homeostasis are the most
frequent.

Hypoglycemia is most common in infants who are
small for their gestational age and in infants of mothers
with diabetes or gestational diabetes.102 The brain can
use few sources of energy, glucose being the most
important. Hypoglycemia may cause devastating neu-
rological damage when the brain’s energy reserves are
exhausted. The most important determinant of the
occurrence of neurological signs in neonatal hypo-
glycemia appears to be the duration of this. Monod
et al.103 observed that among the prematures, hypo-
glycemia may be very low, without any seizures.
Neurological symptoms consist most commonly of jit-
teriness, stupor, hypotonia and apnea, as well as
seizures. The onset of the seizures is usually early,
often on the second postnatal day. In many instances
hypoglycemia occurs in the context of hypoxic-
ischemic encephalopathy, IVH or infection. Secondary
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transient hypoglycemia may occur in association with
meningitis or following exchange transfusion. Persis-
tent hypoglycemia may be observed in certain inborn
errors of metabolism, e.g. galactosemia, fructosemia,
leucin sensitivity, glucos-6-phosphatase deficiency, etc.
Other rare disorders that must be considered include the
Beckwith–Wiedemann syndrome, pancreatic islet cell
tumors and anterior pituitary hypoplasia. The impor-
tance of early diagnosis and treatment of hypoglycemia
has become more critical. Recent data suggest that even
moderate hypoglycemia in the premature newborn may
be associated with poor outcome.104

Electrolyte disturbances
Divalent cations are regulators of the ion fluxes associ-
ated with membrane depolarization. Because of this,
abnormalities in their homeostasis are more likely to
result in electrical seizures than in the homeostasis in
monovalent cations. However, both hyponatremia and
hypernatremia have been associated with seizures
because of derangements in cell volume. The most
common cause of these disturbances is inappropriate
fluid therapy. In infants with serious neurological or
pulmonary disease, the syndrome of inappropriate
secretion of antidiuretic hormone may result in severe
hyponatremia and seizures.30

Hypocalcemia/hypomagnesemia
Infants with seizures due to hypocalcemia are usually
alert between seizures and the seizures are often multi-
focal and migratory. Hypocalcemia occurs at two peak
times in the newborn period. Early hypocalcemia,
which occurs in the first 2–3 days of life, seems to be in
association with other potential etiologic factors that
appear to play a major role in the origin of the convul-
sions. The definition of hypocalcemia is taken to be
serum calcium below 1.75 mmol/l (7 mg/dl). The ion-
ized calcium is a more important predictor; unfortu-
nately, this is a difficult measurement in clinical
practice. Ionized calcium is responsible in part for
axonal conduction as well as neuromuscular function.
In addition, magnesium is an important comineral for
the function of the neuromuscular junction.10 Func-
tional hypocalcemia can be diagnosed by assessing
cardiac neuromuscular conduction on the electrocar-
diograph. Early-onset hypocalcemia is often observed in
the context of hypoxic-ischemic encephalopathy, in
newborns with low birth weight, in prematures with
hyaline membrane disease and in infants of diabetic
mothers. In rare cases, early severe hypocalcemia is due
to parathyroid hypoplasia or aplasia. The commonest
condition associated with absent parathyroid is Di
George syndrome. An infusion of intravenous calcium
may be useful for determining whether seizures are
caused directly by the low calcium level. Late-onset
hypocalcemia is relatively uncommon and presents as
an isolated condition without other associated or under-
lying diseases. Classically, such hypocalcemic infants
are large, term infants who have avidly consumed a

milk preparation with a suboptimal ratio of phosphorus
to calcium and phosphorus to magnesium, e.g. cow’s
milk. The neurological syndrome is consistent and dis-
tinctive, and it consists primarily of hyperactive tendon
reflexes. Hypocalcemia fits are treated with intravenous
10% calcium gluconate and the seizures should stop
soon after administration. Hypomagnesemia often coex-
ists with hypocalcemia and convulsions are likely to
occur at serum levels below 0.3 mmol/l. Giving magne-
sium alone to hypocalcemic infants caused both serum
magnesium and calcium to rise.65 Manzar mentioned
a case of a newborn with late-onset seizure with
hypocalcemia, hyperphosphatemia and raised parathy-
roid hormone. The infant did not have any stigmata
of pseudohypoparathyroidism. The hypocalcemia was
initially resistant to calcium therapy but responded
to vitamin D analog therapy. Transient pseudohy-
poparathyroidism was entertained.105

Congenital abnormalities
Tables 9.4 and 9.5 list inborn errors of metabolism and
neuronal storage diseases that may cause neonatal fits.10

Pyridoxine dependency is a rare, autosomal reces-
sive disorder of the pyridoxine metabolism. Pyridoxine
is a cofactor necessary for the synthesis of the
inhibitory neurotransmitter GABA, a deficiency that
may presumably produce severe neonatal seizures
recalcitrant to all treatment except the administration
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Table 9.4 Inborn errors of metabolism that may
cause neonatal seizures (adapted from Levene10 with
permission)

Maple syrup urine disease
Urea cycle defects
Tyrosinemia
Non-ketotic hyperglycinemia
Proprionic acidemia
Methyl malonic acidemia
Other organic acidemias

Table 9.5 Neonatal storage diseases that may cause
neonatal fits (adapted from Levene10 with permission)

Adrenoleukodystrophy

Alexander’s disease

Alper’s disease

Gaucher’s disease

Krabbe’s leukodystrophy

Niemann Pick disease

Tay Sachs disease

Zellweger’s syndrome
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of large doses of pyridoxine.106 Fewer than 100
patients have been reported, and only four reports
have included examples of brain imaging findings.

Gospe et al. found in their patient progressive mag-
netic resonance changes – dilatation of the ventricular
system, cortical and white matter atrophy. The abnor-
malities may be due to chronic excitotoxicity caused
by an imbalance of cerebral levels of GABA and glu-
tamic acid.107

Kernicterus
Bilirubin is a neurotoxic substance that may cause a
clinical syndrome in severely jaundiced infants,
referred to as kernicterus. The most severe form of
this condition includes opisthotonus, sunsetting and
neonatal tonic seizures.

Any abnormality in the cerebral development may
cause neonatal seizures but disorders of neuronal
migration are particularly likely to be associated with
abnormal neurological behavior and fits. Seizures in
these infants are usually very difficult to control.
Genetically determined disorders such as Sturge–
Weber syndrome, tuberose sclerosis and incontinentia
pigmenti may also rarely cause neonatal convulsion.10

Hennel et al. found in their case with incontinentia
pigmenti evolution of acute microvascular hemor-
rhagic infarcts in the periventricular white matter in
the first week of life. The associated magnetic reso-
nance angiogram findings consisted of decreased
branching and poor filling of intracerebral vessels.108

Table 9.6 lists some congenital cerebral abnormalities
that may be associated with neonatal convulsion.10

Wada et al. show a female patient who has enlarge-
ment of lateral ventricles and atrophy of the brain
associated with infantile spasms. The ventricu-
lomegaly was documented in utero at as early as the
28th week of gestation with lactic acidosis due to defi-
ciency of the pyruvate dehydrogenase E1 (alpha)
subunit, demonstrating that the changes characteristic
of this disease can occur antenatally. The mechanism
of infantile spasms in this disease may be linked to
mosaicism of the brain cells involving the normal
enzyme and the mutant enzyme.109

Intoxications

Local anesthetics
Seizure may occur when local anesthetics are adminis-
tered to the mother for episiotomy, or for other types of
maternal analgesia. The major clinical features of toxic-
ity include a very low Apgar score, apnea or severe
hypoventilation, severe bradycardia and hypotonia and
severe bradycardia. Seizures occur early and are com-
monly tonic in nature. These features are also seen in
hypoxic-ischemic encephalopathy. There are two dis-
tinguishing features that aid in its differentiation from
perinatal hypoxia: the absence of the pupillary response
to light and the absence of eye movement with the

oculocephalic (doll’s eye) maneuver. The absence of
these signs is unusual in hypoxic encephalopathy
during the first 12 h of life. Management depends on
prompt recognition. The half-life of the drug in the
blood is approximately 8–10 h.

Methylxanthine
Both theophyllin and caffeine overdosage have
resulted in seizures in the neonatal period.8

Drug withdrawal
Passive addiction of the newborn and drug with-
drawal may be related to maternal ingestion of
cocaine, narcotic-analgesics and sedative hypnotics.
Many findings demonstrate that exposure to alcohol
during brain development can permanently alter the
physiology of the hippocampal formation, thus pro-
moting epileptic activity, enhancing kindling and
facilitating spreading depression.

Epileptic syndromes in the neonatal period
Subgroups can be recognized among the neonatal
convulsions on the basis of the age at onset and/or
characteristics of fits and associated neurological
manifestations. Although there is some relationship
between the age at the onset of seizures and the associ-
ated clinical manifestations on the one hand, and etiol-
ogy and prognosis on the other, it is difficult to isolate
well-defined ‘epileptic syndromes’ during the neonatal
period. Most groupings are rather loose, and only famil-
ial seizures and a few rare syndromes such as neonatal
myoclonic encephalopathy110,111 stand out clearly.

Neonatal myoclonic encephalopathy30 is a syn-
drome characterized clinically by the occurrence of
erratic, fragmentary myoclonus of early onset, usually
in association with other types of seizures and, from
the EEG viewpoint, by a stable suppression–burst
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Table 9.6 Congenital cerebral abnormalities that
may be associated with neonatal convulsions
(adapted from Levene10 with permission)

Pachygyria

Micropolygyria

Congenital porencephaly

Hydrocephalus

Holoprosencephaly

Neurofibromatosis

Sturge–Weber syndrome

Incontinentia pigmenti

Tuberose sclerosis

Hydranencephaly
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pattern persisting after 2 weeks of age.110,112,113

Seizures associated with the myoclonus include par-
tial motor seizures, massive myoclonias and tonic
spasms that are not usually observed before 4–5
months of age. The onset is in the neonatal period and
all affected infants have severe neurological impair-
ment; half of them die before the age of 6 months.112

Familial cases are frequent; a recessive inheritance is
probable in some of the cases. The syndrome may
result from undetermined metabolic defects or from
brain malformations.114 The relationship of neonatal
myoclonic encephalopathy with early infantile
epileptic encephalopathy (Ohtahara’s disease) is not
entirely clear. The two conditions have several clini-
cal and EEG characteristics in common, including the
occurrence of tonic spasms and a suppression–burst
pattern. Lombroso115 accepts that early myoclonic
encephalopathy is distinct from the Ohtahara syn-
drome but considers the latter only as a variant of
infantile spasms.

Benign familial epilepsy
An autosomal dominant syndrome of neonatal
seizures unrelated to recognized etiologies has been
described.116 The gene for this transient, primary
epilepsy of infancy has been recently assigned to
chromosome 20q.117 The onset of the seizures is usu-
ally on the second or third postnatal day, and in the
interictal period the infants appear remarkably well.
Seizures may occur at a frequency of 10–20 per day or
even more. The disorder is usually self-limiting.
Neurological development is normal. Because of the
benign course yet striking clinical presentation, the
history of affected family members might easily be
missed unless specifically sought.118

The ‘fifth-day fits’ syndrome is characterized by
repeated seizures that occur between the third and the
seventh days of life in full-term neonates without any
abnormal gestational and obstetric antecedent and
without any neurological abnormality during the first
days of life. According to Dehan et al.,119 the attacks
are of two main types: clonic focal or multifocal con-
vulsions and apneic spells. They last on an average
20 h. The interictal EEG shows preserved rhythms
and a normal organization of sleep. Bursts of alternating
delta-rhythms or ‘théta pointu alternant’ are observed
in three-quarters of the patients. Dehan et al. and
other authors have underlined the benignity of fifth-
day fits when all the criteria of the syndrome were
present.119–121

Intrauterine seizures have been suspected in several
reports.122,123 Movements identified by mothers as prob-
ably convulsive in nature occur mainly in the last days
or weeks of gestation. Pyridoxine dependency is a pos-
sible cause of intrauterine convulsions,122,124 but other
causes, especially brain dysplasia, can be suspected.

Mulley et al. in their review describe the signifi-
cant number of new gene associations with epilepsy

syndromes that have emerged during the past year,
together with additional mutations and new electro-
physiological data relating to previously known gene
associations. Idiopathic epilepsies are predominantly
a family of channelopathies. The corresponding ion
channel mutations show measurable in vitro abnor-
malities that are likely to affect transmission between
neurons. In their paper autosomal dominant juvenile
myoclonic epilepsy was demonstrated to be a chan-
nelopathy associated with a GABAa receptor, (alpha)
1 subunit mutation. Benign familial neonatal infantile
seizures were delineated as another channelopathy of
infancy, by molecular characterization of sodium
channel, (alpha) 2 subunit defects. A sodium channel,
(alpha) 2 subunit defect was previously found to be
associated with generalized epilepsy with febrile
seizure plus (GEFS+). Similarly, the clinical spectrum
associated with potassium channel, KQT-like muta-
tions was extended to include the channelopathy,
myokymia and neonatal epilepsy. Mutations in the
non-ion channel genes, leucin-rich, glioma inactivated
1 gene and Aristaless related homebox gene (causative
gene in X-linked infantile spasms) have emerged as
important causes of their specific syndromes, with
mutations in the last gene frequently underlying
X-linked mental retardation with epilepsy.

There are now nine ion channel subunit genes
implicated in 10 syndromes of idiopathic epilepsy.

The boundaries between clinically defined ‘idio-
pathic’ and ‘cryptogenic’ epilepsies are being blurred
by the demonstration of sodium channel mutation in
the infantile syndrome of severe myoclonic epilepsy
in infancy. Genetic heterogeneity has been so far
proven for three of the syndromes: autosomal domi-
nant frontal lobe epilepsy, benign familial neonatal
seizure and GEFS+. Considerable phenotypic hetero-
geneity occurs in association with mutations in four of
the genes described in GEFS+: sodium channel, (beta)
1 subunit (SCN1B); sodium channel, (alpha) 1 subunit
(SCN1A); sodium channel, (alpha) 2 subunit (SCN2A)
and GABAa receptor, (gamma) 2 subunit (GABRG2).

Whether progress toward understanding the
genetic basis for the rare epilepsies will relate to the
development of therapies for the common epilepsies
remains to be established, but progress to date has
provided remarkable insights into the neurobiology of
the epilepsies.125

Diagnosis
First- and second-line investigations in infants with
seizures are listed in Table 9.7.10

Diagnostic evaluation must begin with a careful
history and physical examination. From the maternal
history it is important to determine the possibility of
drug abuse, intrauterine infection and genetic or
metabolic disorders. Laboratory investigations should
focus initially on treatable causes, such as metabolic
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disorders and infection. Lumbar puncture or treatment
with meningitic doses of antibiotics and acyclovir
may be indicated. Rapid diagnosis of the underlying
etiology is of major importance to enable the institu-
tion of specific and definitive therapy as well as for
accurate prediction of the outcome. However, in such
instances the diagnosis of a specific underlying dis-
ease may have important genetic implications for the
family. The time of the onset of seizures may assist in
determining an underlying etiology. If the initial
screening investigations fail to confirm the etiology,
additional studies may be obtained, e.g. CT, cranial
ultrasonography, magnetic resonance imaging, serum
amino acids, blood pyruvate and lactate, urine amino
acids and organic acids, maternal and fetal titer of
TORCH [toxoplasma, others, rubella, cytomegalovirus,
herpes (hepatitis)] group and syphilis, and urinary
drug screen.30,126

Differential diagnosis
Jitteriness is a common movement disorder of the
newborn, which may be misinterpreted as epileptic
seizures. The major features that distinguish jitteri-
ness from seizures are summarized in Table 9.8.118

The distinction between jitteriness and seizures may
be difficult at times because both may occur in a sim-
ilar context, e.g. hypoxic-ischemic encephalopathy,
hypoglycemia, hypocalcemia. Drug withdrawal is
another common cause of jitteriness.127

EEG in diagnosis
Despite advances in neuroimaging techniques over the
past decades that have helped identifying structural

lesions of the central nervous system, EEG continues
to provide a valuable insight into brain function by
demonstrating focal or diffuse background abnormal-
ities and epileptiform abnormalities. It is an
extremely valuable test in patients suspected of
epilepsy and in patients with altered mental status
and coma. Patterns in the EEG make it possible to
clarify the seizure type; it is indispensable for the
diagnosis of non-convulsive status epilepticus and for
separating epileptic from other paroxysmal (non-
epileptic) episodes. There are EEG patterns predictive
of the cause of the encephalopathy (i.e. triphasic
waves in metabolic encephalopathy) or the location of
the lesion (i.e. focal polymorphic delta activity in
lesions of the subcortical white matter). An EEG is
most helpful in assessing normal or abnormal brain
functioning in a newborn because of the serious limi-
tation in performing an adequate neurological exami-
nation on the neonate who is intubated or paralyzed
for ventilatory control. Under such circumstances, the
EEG may be the only tool available to detect an
encephalopathic process or the occurrence of epilep-
tic seizures.128 Neonatal EEG abnormalities may be
transient and of benign significance, or may be per-
sistent and severe, indicating neurological morbidity.
The clinical usefulness of the EEG is enhanced by
recording as soon as possible after the onset of symp-
toms of the suspected insult, although during the first
day of life the stress of birth and the effect of anesthe-
sia may complicate the interpretation of the tracing. If
an EEG appears abnormal, recordings may be repeated
in 48–72 h, and at weekly or biweekly intervals until
discharge or normal patterns appear. Continuous EEG
monitoring may be of value for the diagnosis of
seizures in newborns that are treated with muscular
paralysis to improve assisted ventilation.129

The major EEG correlates of neonatal seizures
include focal or multifocal spikes or sharp waves and
focal monorhythmic discharges. Care must be taken not
to confuse epileptiform activity and normal sharp tran-
sients in recordings of premature newborns or ‘tracé
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Table 9.7 First- and second-line investigations in
infants with seizures (adapted from Levene10 with
permission)

In all infants immediately
Clinical history
Blood sugar
Sodium
Calcium
Magnesium
Ultrasound brain scan
Lumbar puncture
Blood culture

If the above are negative and the infant is still fitting
Prenatal viral screen
Urine for amino acid chromatogram
Urine for organic acid profile
Sugar chromatography for galactose
Pyridoxine infusion
Computer tomography or magnetic resonance scan

Table 9.8 Clinical characteristics that distinguish
jitteriness from seizures (adapted from Hill and
Volpe73 with permission)

Clinical features Jitteriness Seizures

Stimulus-sensitive + −
movements

Movements cease + −
with restraint

Associated abnormal − +
eye movements

Quality of Tremor Clonic jerking
movement

−, absent; +, present
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alternant’ patterns of quiet sleep in term newborns
with seizures. Abnormal motor activity is associated
with EEG abnormalities on routine surface recordings
in only approximately one-third of the recordings.126

Several modifications of electroencephalographic
techniques have been developed recently to improve
the quantification of the frequency and the duration of
the seizure activity. These include serial or continu-
ous EEG recordings, and simultaneous video-EEG
recordings. Cerebral function monitoring (CFM) is
widely used to detect neonatal seizure but comparing
with video recording, the observer usually detects
generalized seizures but approximately half of all
focal neonatal seizures may be missed using CFM
only. The CFM may thus be useful for long-term mon-
itoring alone. The digital EEG technology can improve
the accuracy of EEG interpretation and lead to more
accurate recognition of electroencephalographic fea-
tures and thereby improve the diagnostic utility of
EEG.130 Clinical interpretation of the EEG during this
age-period is difficult because of its rapidly changing
morphology. The main characteristics of EEG matura-
tion in preterm infants were a progressive spatio-
temporal differentiation, with an increase of rhythmic
activities and a decrease of discontinuity. A strong
relationship was found between the postmenstrual
age of the infants and EEG maturity, but there were
exceptions to this rule. A longer duration of extrauter-
ine life had a small accelerating influence on EEG
maturation. The relationship between EEG pattern
types and behavioral states becomes more stable with
increasing age.131

Clinically significant and common EEG abnormali-
ties noted in the neonatal period are the next:132

Isoelectric pattern in the absence of hypothermia or
acute systemic disorders indicates severe and diffuse
cerebral dysfunction and is associated with a high
incidence of neurological sequelae in survivors.

The paroxysmal pattern, which is characterized by
suppression–burst activity, must be distinguished
from the discontinuous pattern of the normal preterm,
and consists of irregular bursts of abnormal activity
on an isoelectric or markedly attenuated ground. The
paroxysmal pattern is usually associated with neuro-
logical sequelae.

Excessively slow background pattern occurs most
commonly in abnormal term newborns, who lack the
usual spectrum of beta, delta and transients, are poorly
reactive and are not associated with normal wake–sleep
cycles; the incidence of neurological sequelae is high.

Persistent asymmetry of the background (reduced
by 50%) is sometimes associated with underlying
structural lesions, including intracranial hemorrhage.

Excessive interhemispheric asynchrony is commonly
noted in association with other EEG abnormalities.

Positive rolandic sharp waves may occur in associ-
ation with IVH in the newborn, and the positive
component is of high amplitude, may be broad in
configuration and may be followed by a lower-amplitude

negative wave, as well as with other separate focal
abnormalities. Positive rolandic sharp waves have
also been recorded in neonatal infants with non-
hemorrhagic disorders and in apparently normal
preterm infants.

Electroencephalographic seizures in preterm and
term newborns are associated with a combined mortal-
ity and neurological morbidity of approximately 30%;
they appear as ictal, repetitive focal or generalized
spiking, rhythmic focal or generalized delta and occa-
sionally rhythmic alpha or theta-like activities. There
are few specific pathologic EEG patterns associated
with specific illnesses (neonatal herpes encephalitis,
congenital malformations or Aicardi syndrome).

Patrizi et al. observed the characteristics of EEG
ictal activity in preterm and full-term infants.133 They
investigated the trend for a closer relationship
between behavioral changes during the electroen-
cephalographic seizure when the background activity
was normal or moderately abnormal than when back-
ground activity was severely abnormal. In both,
preterm and full-term infants, the most common site
of seizure origin was the temporal lobe. Full-term
infants commonly had sharp waves, spikes, sharp and
slow waves and spike and slow waves at the onset of
the ictus while rhythmic delta activity was most com-
mon in the preterm infants. Preterm infants typically
had a regional onset to the ictus whereas full-term
infants most frequently had a focal onset. There was
no clear relationship between onset, morphology, fre-
quency or propagation of the ictal discharge in both
age groups. The results demonstrate that while the
type of ictal discharge is related to gestational age,
there is a rich variety in the onset, morphology and
frequency of the ictal discharges in both groups.
Generally, neonatal ictal patterns lack a close correla-
tion with the underlying pathology.

Therapy
The newborn exhibiting seizure activity should be
treated on an urgent basis with adequate support
ventilation and perfusion, correction of any underlying
metabolic derangements and the use of anticonvulsant
medication.

Treatment of neonatal seizures is directed toward
minimizing physiological and metabolic derange-
ments that are associated with the epileptic process
and to prevent recurrence of seizures. The choice of
anticonvulsants in the treatment of neonatal seizures
should consider the unique characteristics of neonatal
seizures and the efficacy, toxicity and pharmacologic
appropriateness of the drug. All aspects of toxicity are
to be considered, but two factors of immediate con-
cern in neonates are changes in heart rate and effects
on brain growth.132 The generally used order of
antiepileptic drugs and their doses are indicated in
Table 9.9.
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Phenobarbital continues to be the first-line drug for
the treatment of neonatal seizures. A loading dose of
up to 40 mg/kg achieves therapeutic levels in the
serum within a short time. Therapeutic levels are
20–40 mg/l (80–160 µmol/l). Babies who are not artifi-
cially ventilated can be rendered apneic by a single
loading dose of 40 mg/kg, and it is usual to give two
separate doses of 20 mg/kg in this situation. If clinical
and EEG-revealed seizures persist despite a pheno-
barbital concentration greater than 40 µ/ml, pheny-
toin should be added; approximately one-third to half
the babies with seizure respond to phenobarbital,
about 90% respond to a combination of phenobarbital
and phenytoin. The dose of phenytoin is 15 mg/kg
given as an intravenous ‘push’ at a rate no greater than
1 mg/kg/min. Phenytoin is probably the best choice
as second-line treatment in babies who fail to respond
to phenobarbital, but problems with hypotension and
arrhythmias have been reported when there is hidden
myocardial damage accompanying hypoxic-ischemic
encephalopathy.

Most of the benzodiazepines have been tried in
the newborn. The use of diazepam is controversial.
Diazepam has a very long half-life in babies, of
approximately 30–75 h, and because of the respiratory
depressant effects that occur when the levels accumu-
late this drug is not suitable for prolonged infusion.
Lorazepam and clonazepam are also given; the latter
is traditionally given intravenously or as an infusion.
Hypersalivation and increased bronchial secretion
are frequent side effects. Midazolam is a newer ben-
zodiazepine that has proved effective in treating
status epilepticus. Midazolam has been reported to
cause myoclonic jerking and dystonic posturing in

preterm babies when it was used for sedation. The
neurodevelopment outcome was better in a group of
preterms sedated with morphine, than it was when
midazolam was used.

There is very little published experience with any
other antiepileptic drug in the newborn. Paraldehyde
was popular during the 1970s and 1980s, but it is now
difficult to obtain. Sodium valproate has hepatotoxic-
ity. Vigabatrin is not available in an intravenous form,
and there is a risk of incurring visual field effects,
which cannot be monitored precisely in babies. There
is virtually no neonatal experience with lamotrigine
or carbamazepine, or with other, new antiepileptic
drugs, like oxcarbazepine, gabapentin, topiramate.
In animal models the acute and chronic effects of
hypoxia can be prevented by pretreatment with topi-
ramate. Topiramate was administered before the
hypoxic insult and prevented the expression of the
hypoxia-induced seizure.134 Anticonvulsant therapy
must be tailored to the individual needs of the child.
Most neonatal seizures are secondary to an acute cere-
bral insult and thus tend to resolve within 2–4 days.
If there has been status epilepticus or if seizures have
not been controlled with phenobarbital alone, we
continue anticonvulsants for at least 3 months.2

Specifics of the pharmacology of antiepileptic
drugs in neonates

Binding profile
Painter et al.135 found that there is significant correlation
between phenobarbital and phenytoin in vitro bind-
ing and the total protein and albumin concentration.
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Table 9.9 Treatment of neonatal seizures (adapted from Younkin2 with permission)

Initial therapy

1. Phenobarbital 20 mg/kg i.v.; if seizures continue, phenobarbital 10 mg/kg i.v. every 15–30 min to a total of 40 mg/kg or to a
serum level of 40 µg/ml

2. Phenytoin 20 mg/kg i.v.; if seizures continue, phenytoin 10 mg/kg intravenously to a serum level of 20 µg/ml.
If seizures continue

3. Diazepam 0.1–0.3 mg/kg i.v. repeated as necessary, or 0.7–2.75 mg/h continuous intravenous infusion
Lorazepam 0.05–0.10 mg/kg i.v. repeated as necessary
Paraldehyde 200–400 mg/kg i.v. over first hour, then 16 mg/kg/h; adjust infusion rate based on EEG response

Since clinical detection of seizures is frequently inaccurate, it is helpful to have continuous and video-EEG monitoring during
the initiation of therapy. The EEG is especially helpful in making decisions regarding additional diazepam or lorazepam, or in
adjusting the rate of paraldehyde infusion

Maintenance therapy

1. Phenobarbital 3–4 mg/kg/day i.v., i.m. or orally, starting 12 h after the loading dose

2. Phenytoin 3–4 mg/kg/day i.v. starting after the loading dose

3. Primidone 12–20 mg/kg/day
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Phenobarbital is exclusively but weakly albumin
bound. The finding that in vivo phenobarbital binding
was not significantly correlated with total protein or
albumin may be explained by the influence of other
factors known to affect albumin binding, such as
bilirubin concentration, pH changes, the elevations of
free fatty acid concentration and drugs administered
to critically ill neonates.

Half-life
Morselli et al.136 studied the influence of age on the
half-life of diazepam. The metabolic pathway of
diazepam develops only some time after birth, so pre-
mature babies show a significantly longer half-life
than full-term infants. Carbamazepine autoinduces
its own biotransformation, usually during the first
4–6 weeks of treatment. Beginning at a relatively low
dose and progressively increasing the dose can avoid
the fall in drug concentration.

Toxicity
Phenytoin toxicity is known to cause cardiac arrhy-
thmias and exacerbate seizures. Elevated free concentra-
tions of phenobarbital are known to cause hypotension
and respiratory depression. Phenytoin has less of a
sedative effect than phenobarbital and clonazepam,
thus allowing a more reliable clinical assessment of
improvement.137 Interpatient variability of the various
antiepileptic drugs is extensive in newborns, and
intraindividual variation occurs in all premature and
full-term newborns during the neonatal period. The
extensive variability means that the therapy should
begin with a relatively small dose, which is increased
stepwise until either seizures are controlled or side
effects occur.138

The effect of antiepileptic drugs on the EEG
Bell et al.139 show a marked depressant effect of pheno-
barbitone and diazepam on the EEG in newborn babies.
The effect of sedation on the maximum interburst
interval was greater than expected, particularly when
compared to reports on adults.140 The authors sup-
pose that the drugs are acting on subcortical genera-
tors, such as the thalamus and reticular formation,
which play a major role in maintaining the back-
ground EEG in newborns. Determination of effective-
ness of therapy is important in the management of
neonatal seizures. With the antiepileptic treatment
the clinical control of the convulsions was obtained in
more them 80% of the cases, while control of the
electrical convulsions was obtained only in 62.5%.
There was a highly significant association between
favorable response to treatment and normal neurolog-
ical examination at hospital discharge and at 1 year of
age. It is necessary to confirm by means of EEG record
the neonatal clinical convulsion before and after

having established the anticonvulsive treatment, as
the control of electrical convulsion improves the
neurological outcome.141

Long-term treatment
There is little agreement on how long to continue
anticonvulsant therapy in the neonate. We agree with
the opinion of Levene, who stops all drugs when the
infant has had no seizure for 7 days as long as they
show no neurological abnormality.10 In those in whom
seizures recur or who are neurologically abnormal,
medication is continued for 3 months, when they are
reviewed. Drugs are stopped if the infant appears to
be neurologically normal.

Prognosis
Several factors may influence the neurological outcome
of neonates who have clinical seizures. These include
the nature and degree of the underlying neuropatho-
logic process, the possible adverse effects of epileptic
activity on the developing brain, the secondary
effects of the seizures (for example, hypoventilation
or hypoperfusion) and the potential adverse effects of
antiepileptic drugs. Several studies, however, suggest
that seizures associated with certain etiologic factors
have a worse prognosis than others (Table 9.10). Normal
outcomes occur with increasing frequency in each of
the following: hypoxic-ischemic encephalopathy,
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Table 9.10 Prognosis of neonatal seizures – relation
to neurological disease (adapted from Volpe30 with
permission)

Neurological disease Normal development (%)*

Hypoxic-ischemic 50
encephalopathy

Intraventricular 10
hemorrhage**

Primer subarachnoid 90
hemorrhage

Hypocalcemia
Early onset 50†

Late onset 100
Hypoglycemia 50
Bacterial meningitis 50
Development defect 0

Prognosis is for those cases with the stated neurological disease
when seizures are a manifestation (thus, value usually will differ
from the overall prognosis for the disease)
*Values are rounded off to the nearest 5%; **usually, severe intra-
ventricular hemorrhage associated with major periventricular hem-
orrhagic infarction; † represents primarily that prognosis approaches
later-onset hypocalcemia if no or only minor neurological illness is
present
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intracranial hemorrhage, hypoglycemia, unknown
cause, hypocalcemia.23 In monitored infants in whom
outcome was assessed only at hospital discharge, the
highest morbidity and mortality were associated with
seizures due to hypoxic-ischemic encephalopathy and
the lowest in infants with subarachnoid hemorrhage,
hypoglycemia and hypocalcemia.24,28 The outcome of
neonatal seizures is mainly dependent on their cause.
Newborns with seizure were three times more likely
(16%) to develop cerebral palsy than were controls
(6%). The adverse outcomes observed after neonatal
encephalopathy included both cerebral palsy and
global developmental delay without motor deficit. For
years it has been held that intellectual difficulties can
only accompany motor problems in the postasphyxia
syndrome, and are not seen in isolation, but this view
is now beginning to be challenged. Over the years the
reported outcome of neonatal encephalopathy with
seizures has been remarkably consistent, with about
25% adverse outcomes in babies with moderate
encephalopathy and 66% adverse outcomes (33%
dead, 33% disabled) in those with severe encephalopa-
thy, usually defined as coma. The background elec-
troencephalogram abnormality consistently performs
best as an outcome predictor; babies with burst sup-
pression or a markedly attenuated background pattern
that persists for longer than 12 h after birth have an
adverse outcome.57

The role of EEG and the clinical neurological status
The extreme ends of the spectrum of clinical neurolog-
ical status during the newborn period are useful indi-
cators of the outcome. Thus, infants with flaccid coma
and seizures generally have an unfavorable outcome,
whereas infants with consistently preserved conscious-
ness, activity, reflexes and tone have a more favorable
outcome.96 Infants, who had non-epileptic seizures
consisting of tonic posturing and motor automatisms
most often had hypoxic-ischemic encephalopathy,
interictal lethargy or obtundation, the nature of the
abnormal EEG, and poor short-term outcome. In the
infants who had epileptic seizures (focal-clonic or
focal-tonic), an association was noted with focal struc-
tural lesions, subarachnoid hemorrhage and metabolic
abnormalities; and with interictal alertness, normal
background EEG activity and a relatively good short-
term outcome. These clinical and electrographic fea-
tures suggest a delimited process rather than diffuse
injury, which is probably the important factor in the
relatively good short-term outcome of these infants.
Abnormal neurological examination on discharge was
a good predictor of an unfavorable outcome and abnor-
mal polysomnographic recording a moderate predic-
tor.142 Several investigators have demonstrated that the
interictal EEG is a useful prognostic indicator in the
term infants. In one large series, a normal interictal

EEG was associated with an 86% chance of normal
development at the age of 4 years.96 In contrast, infants
with flat, periodic or multifocal EEGs had only an 8%
probability of a normal outcome. The burst–suppression
pattern, which is included in this group of EEGs with
a poor prognosis has a superficial resemblance to
the tracé alternant pattern seen in quiet sleep in the
normal term newborn. Moreover, 25–35% of term
newborns with seizures will have EEGs that are
borderline, or demonstrate less marked abnormalities
associated with an uncertain prognosis. Bergman
et al.6 demonstrated that the outcome of neonates who
had manifested seizures for more than 3 days was
associated with moderate or severe neurological
injury. Babies with normal clinical examination,
cranial ultrasound, CT and EEG results at 7–14 days
usually have a good prognosis. Estimates of the inci-
dence of epilepsy in children with neonatal seizures
vary from 15% to 20%.96

Maternal epilepsy
Risk of maternal seizure
Pregnancy in women with epilepsy is accompanied
by increased maternal and fetal risk. During preg-
nancy, seizure can cause maternal and fetal hypoxia
and acidosis. The increase in seizure has been
reported to occur mostly during the first trimester31 or
evenly throughout pregnancy.25,26 In animal studies,
estrogen is generally proconvulsant; conversely, prog-
esterone generally has an anticonvulsant effect.46

Status epilepticus is an uncommon complication of
pregnancy, but when it occurs it carries high maternal
and fetal mortality rates (31% and 48%, respec-
tively).26 The effects of non-convulsive seizures on the
developing fetus are not clear.

Antiepileptic drug pharmacokinetics
during pregnancy and lactation
The ideal management of women with epilepsy
during pregnancy and the postpartum period involves
achieving an optimal balance between minimizing
fetal and neonatal exposure to the deleterious influ-
ences both of antiepileptic drugs and of seizures.143

During the past decade, consensus guidelines have
emphasized minimizing the associated risk by opti-
mizing a woman’s antiepileptic drug regimen and ini-
tiating supplemental folic acid before conception, and
high-dose folate supplementation prior to conception
and during organogenesis. However, there are no cur-
rent guidelines regarding the best management once a
woman with epilepsy becomes pregnant. Because of
large intraindividual and interindividual variability,
some authors recommend at least monthly monitoring
of antiepileptic drug concentration.144 During mothers
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taking the most antiepileptic drugs indicate extensive
transplacental transfer and low to moderate excretion
into breast milk, the breast milk/maternal plasma con-
centration ratios less than 1.

In the newborn special care should be given to con-
genital malformations, vitamin K supplementation
and symptoms of neonatal withdrawal. Breast-feeding
should be allowed for the most anticonvulsive drugs
unless the infant becomes symptomatic.145

Fetal anticonvulsant syndrome
The cause of this syndrome is probably multifactorial,
but recent studies have indicated that antiepileptic
drugs are a major offending factor.15,20,21 If women with
epilepsy are in need of antiepileptic drugs for seizure
control, then monotherapy at the lowest effective dose
should be employed. Offspring are at increased risk of

major congenital malformation, a rate of 4–7% (2–3%
in normal population), including congenital heart
disease, cleft lip/palate, neural tube defects and uro-
genital defects. The risk of malformations increases
with the number of antiepileptic drugs to which the
fetus is exposed during pregnancy10,11 and possibly
with the daily amount or peak concentration of indi-
vidual drugs. Data for valproic acid are suggestive of
a dose–response effect for the risk of neural tube
defects.9,12,14,15

Results of studies investigating cognitive outcome
report an increased risk of mental deficiency in
1.4–6% of children of women with epilepsy (includ-
ing both seizures17 and in utero exposure to
antiepileptic drugs18), compared with 1% of controls.
Unlike major malformations, exposure to antiepilep-
tic drugs during the last trimester may actually be the
most detrimental for cognitive outcome.19
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Introduction
Although the toxic effects of oxygen have been known
since the end of the 19th century,1 the first evidence of
a relationship between oxygen toxicity and neonatal
diseases emerged in the early 1950s when retinopathy
(ROP) was observed in premature infants breathing
high concentrations of oxygen.2 At about the same
time, the red cells of the newborns were demonstrated
to have increased susceptibility to oxygen damage.3

This made it clear that oxygen species were particu-
larly toxic to neonatal red cells, which were damaged
by exposure to H2O2 and substances producing H2O2.

Great advances in our understanding of the toxic
effects of oxygen were made in the years that fol-
lowed, when oxygen toxicity was recognized to be
due to the development of reactive oxygen species
(ROS). The main ROS are the superoxide anion (O2

•−),
hydrogen peroxide (H2O2), lipid peroxide (LOOH),
peroxyl radicals RO2

•− and the hydroxyl radical (OH•).
Other important radicals are the highly reactive elec-
tron delocalized phenoxyl radical (C6H5O

•) and nitric
oxide (NO•).4–8

The term ROS includes free radicals, which are
atoms or molecules with one or more unpaired elec-
trons. Free radicals may react with other radicals, the
unpaired electrons forming a covalent bond. The
resulting molecule may decompose other molecules
into toxic products. Free radicals may react with non-
radical molecules in free-radical chain reactions,
which are stopped by antioxidant enzymes or protein
reactions. O2

•− is the precursor of most ROS and a
mediator in oxidative chain reactions. Dismutation of
O2

•− by superoxide dismutase (SOD) produces H2O2,
which in turn may be fully reduced to water by glu-
tathione peroxidase (GSH-Px) and catalase (Cat) or
partially reduced to OH·. The latter reaction is called
the Fentonl-Haber–Weiss reaction and is catalyzed by
reduced transition metals.4–9 ROS are involved in the
following reactions:

O2
•− SOD

H2O2

H2O2 + GSH GSH•Px H2O + Oxidized glutathione

H2O2
Cat H2O + O2

A deficiency of scavenging reduces the detoxification
of H2O2 and O2

•− and increases the formation of OH• by
metal activation following the Fenton reaction:4–9

Fe2++H2O2 →Fe3++OH•+OH−

There is no specific scavenger for this radical: once
released, OH reacts with lipoproteins, cell mem-
branes, lipids, proteins, DNA, amino acids and other
molecules. OH• is one of the strongest oxidants in
nature and may damage tissues.

Oxidative tissue damage may be mediated by reactive
nitroxide species.9–11 The reaction product of NO• and
O2

•− is the unstable molecule peroxynitrite (ONOO−),
which is regarded as highly reactive and hence destruc-
tive, although it seems to be trapped by cellular antioxi-
dants and other factors at low concentration.12–14

It is important to remember that free-radical reactions
are a normal occurrence in living organisms and ROS
are not necessarily toxic. Vascular tone appears to be
modulated by the contrasting effects of NO• and O2

•−.15

Production of O2
•− by phagocytes is an important

defense mechanism but extracellular release of free rad-
icals by activated phagocytes is itself a mechanism of tis-
sue damage during inflammation.5,16 Oxidative balance,
therefore, is an intriguing question, and much recent
research has increased our knowledge of the relations
between ROS and human diseases.

The oxidative stress
An excess of ROS, as well as reactive nitrogen
species, in relation to detoxification capacity is called
‘oxidative stress’, a term used to describe imbalance
between oxidants and antioxidants, which is a poten-
tial cause of damage. If oxidative stress is mild, cell
defenses may increase by a complex mechanism,
which generally involves enhanced gene expression
of ROS scavenging activities.6,17,18 Severe oxidative
stress is generally followed by cell injury, which may
proceed to necrosis or apoptosis.4–6 The involvement
of oxidative stress in the mechanism of apoptosis has
been extensively studied.19–22

The pathological conditions leading to oxidative
stress are extremely complex. It is therefore necessary
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to identify the biochemical basis of oxidative stress in
order to prevent or treat oxygen toxicity.4–7,9,23

ROS production
Two main sites have been recognized as sources of
ROS: the extracellular compartment with phagocyte
activation and the endogenous source with mito-
chondrial function.13 Both these sites are important in
the pathogenesis of fetal and neonatal diseases.

Intracellular and extracellular production of ROS is
provided by activated phagocytes.24 ROS released
inside phagocytes during infection and cytokine pro-
duction can also alter the extracellular oxidative
balance and harm tissues, since the cells undergo an
efflux of O2

•−.25 However, opsonization and activation
of phagocytes is also known to occur during the
hypoxanthine–xanthine oxidase reaction, and there-
fore during hypoxia–reoxygenation.26

Mitochondria are the primary sources of superoxide
and it has been demonstrated that mitochondrial dys-
function is responsible for increased superoxide release.
The mitochondrial electron transport chain contains
redox centers, which may leak electrons to oxygen, con-
stituting the primary source of O2

•− in most tissues.9

Research into myocardial physiology has demonstrated
that under normal conditions, mitochondrial electron
transport reduces 95% of oxygen to H2O by tetravalent
reduction without any free-radical intermediates and
the remaining 5% is reduced by the univalent pathway
in which free radicals are produced.27,28

During acidosis and hypoxia ischemia, mitochon-
drial dysfunction occurs and ROS production
increases, while antioxidant defenses are depleted
and metal ions may play a role in generating OH•.29

ROS production by mitochondria may increase
during hypoxia ischemia as a result of dramatic
increases in cytosolic calcium concentrations. Since
mitochondrial enzymes, such as pyruvate dehydroge-
nase and α-oxyglutarate dehydrogenase, are normally
regulated by Ca cycling across the inner mitochondr-
ial membrane, when intracellular Ca increases,
cycling may become excessive and lead to increased
ROS production, while structural alterations to the
inner mitochondrial membrane may be followed by
mitochondrial respiratory chain disorganization with
further increases in ROS.30–33 During asphyxia, OH•

production also increases as a result of the release of
iron from safe sites.27 Acidosis may therefore enhance
OH•-mediated tissue injury.34

When oxygen is restored to ischemic tissue, free-
radical reperfusion injury occurs by several mecha-
nisms including the xanthine–xanthine oxidase
reaction.27,35 Reperfusion injury is considered the
major source of oxidative stress and has been reported
in heart, kidney, liver lung and intestine, particularly
in necrotizing enterocolitis (NEC).27,36

Hyperoxia has been demonstrated to be associated
with increased mitochondrial production of O2

•−.9 The
rate of mitochondrial O2

•− production increases
linearly with increasing oxygen concentration.37

Under normobaric hyperoxic conditions, the only
organs affected by ROS formation are the lungs, since
they are the only ones in direct contact with atmos-
pheric oxygen.9 However, under hyperbaric condi-
tions other tissues become exposed to a hyperoxic
environment and increased ROS formation has been
found in other organs.9 Other sources of ROS include
catecholamines, prostaglandins and xenobiotics, pre-
viously reduced by certain enzymes.4–6

Endothelial dysfunction caused by oxidative stress
and leading to vascular disease has been extensively
investigated.38–41 The endothelium is normally protected
against ROS; however, overproduction may occur via
mitochondrial reactions, xanthine–xanthine oxidase
reaction, vascular as well as phagocytic NAD(P)H oxi-
dases and toxin-induced reactions. There is also a
growing body of evidence linking blood cell and
endothelial cell interactions in the enhanced produc-
tion of ROS.38–42 Oxidative stress to endothelium may
be due to ROS or reactive NO-mediated peroxynitrite.11

O2
•− therefore promotes tissue damage by reacting with

NO, reducing NO bioavailability and producing toxic
ONOO−.38–41 The presence of non-protein bound iron
during acidosis, hypoxia and infections causes OH•

release and may exacerbate ROS-mediated tissue
injury.10,19,41,43 The resulting vascular endothelial dys-
function elicits a number of maladaptive phenomena
that impair normal healthy blood vessels. The normal
vascular environment is lost, exposing the lumen to
the possibility of thrombosis, while the decrease in
NO production and enhanced endothelin 1 production
leads to vasoconstriction,38 which also seems to be
enhanced by inhibition of PGI.43 Endothelial injury due
to oxidative stress has been demonstrated to play a key
role in coagulation disorders by enhancing procoagu-
lant activity.44,45

Antioxidants
The antioxidant system can be classified into two
major groups: enzyme activities and low-molecular-
weight antioxidants.13 The enzyme group is represented
in the reactions mentioned above. Other important
antioxidant enzymes are thioredoxin reductase and
glutathione transferase (GSH-T). It is important that
O2

•− dismutation be associated with balanced H2O2
detoxification. It has been suggested that overexpres-
sion of SOD may lead to deleterious effects if not bal-
anced by GSH-Px.46,47 This observation underlines the
key role of GSH in protecting against oxidative stress.48

The enzyme-based antioxidant system includes extra-
cellular SOD, the only extracellular scavenger of O2

•−,
which also plays a key role in scavenging O2

•−

produced in the extracellular compartment by phago-
cytes, endothelium and other mechanisms.49

The low-molecular-weight antioxidant group con-
tains a large number of compounds that are capable of
preventing oxidative damage by direct or indirect
interactions with ROS. The effects of these molecules
are complex, since the same molecule may have
pro-oxidant or antioxidant effects depending on the
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bioavailability, metabolism and tissue properties as well
as interactions between enzymic and non-enzymic
antioxidants. Ascorbic acid may have pro-oxidant and
antioxidant properties.50 Coenzyme Q (CoQ) is a
source of O2

•− when partially reduced and an antioxi-
dant when fully reduced.51 One of the most studied
antioxidants is α-tocopherol, but competition
between different forms and their uptake and the syn-
ergistic or inhibitory role of other compounds are not
yet understood. Furthermore, non-antioxidant effects
of α-tocopherol have been demonstrated.52 Iron-
binding proteins have the major antioxidant activity,
protecting against metal-induced OH• production.53

ROS in fetus and neonate
Excessive oxidative stress and particularly OH• can
impair cell function and induce apoptosis in rapidly
growing structures. An oxidized state can also be ben-
eficial, since ROS may activate transcription factors
and promote fetal development, but both of which are
sensitive to uncontrolled oxidative stress.54 The
effects of ROS are secondary to its direct toxicity and
indirect effects, such as vasoconstriction in the lung
or systemic circulation.55,56 Another important condi-
tion of oxidative stress produced by O2

•− and NO-
derived free radicals is impaired placental function,
which may lead to fetal growth retardation.57

Oxidative stress in the fetus and the newborn may
result from decreased antioxidants, increased ROS or
both. The fetus has a lower antioxidant capacity than
older babies and adults. Free-radical scavenger enzyme
activities and many other components of the antioxi-
dant system are low. Studies in various animals have
shown that the main ROS-detoxifying enzymes, GSH-
Px, Cat and SOD, increase during intrauterine life.58,59

At least in the lungs and liver, detoxifying reactions
ruled by SOD, GSH-Px and Cat are fully expressed only
after birth.58,59 Scavenger activities involving GSH-T
have been studied in the fetus and newborn and seem
to vary widely in different animal species.60

In the human newborn, the scavenger enzyme activ-
ities were first investigated in erythrocytes: Cat and
GSH-Px were found deficient in most of the infants,
and SOD only in some.46,61,62 SOD activity is reported
to increase in the lungs of the human fetus during
intrauterine life.63,64 Normal values of GSH-Px have
been reported in leukocytes of full-term newborns.65

Non-enzyme antioxidant factors are reported to be
lower in the fetus and newborn than in adults and
older babies,66–68 partly because of deficient placental
transfer of some antioxidants.54 However, antioxidant
capacity of neonatal plasma is controversial since per-
oxy-radical trapping capacity and chain-breaking
antioxidants, the same or higher than in adults, have
been observed.69,70 These differences can be ascribed
to the study methods, the components of antioxidant
capacity tested and the timing of blood sampling.
Infant condition also plays a role since asphyxia and

acidosis may reduce certain components of antioxidant
power.71 Plasma antioxidant capacity is not correlated
with any neonatal pathology. On the contrary, other
markers suggest ROS toxicity in neonates70,72–74.
Irrespective of total antioxidant capacity, a deficiency
in particular antioxidant factors, such as ceruloplas-
min and transferrin, may play an important role in
neonatal susceptibility to oxidative stress and partic-
ularly to metal-induced OH• production.75,76 Low con-
centrations of transferrin have been found in neonates,
especially premature ones, and high plasma levels of
ascorbic acid may create a condition of risk due to the
pro-oxidant effect of iron. The finding of increased
bleomycin-detectable iron in premature and some
full-term infants is the evidence of the real risk of
increased pro-oxidant effects of iron in neonates.77

High saturation of transferrin is therefore probably a
risk factor of oxidative stress. It is generally accepted
that non-transferrin bound iron is a pathological man-
ifestation and it is extremely rare in adults, in whom
even the presence of non-protein-bound iron (NPBI) in
iron overload is uncommon.78 Levels of NPBI in the
plasma of newborns are correlated with other markers
of oxidative stress and high plasma NPBI has been
found in hypoxic newborns with poor outcome.79

Compensatory protection against oxidative stress in
neonates is demonstrated by high activity of GSH reduc-
tase and high recycling of GSH in red cells.80 However,
several observations have shown that preterm infants
have lower and age-related plasma concentrations of
GSH and higher concentrations of GSSG than adults.81

This is interesting since a low GSH/GSSG ratio is a reli-
able index of generalized oxidative stress.82 Reliable
markers, such as F2-isoprostanes, allantoin and the
oxidized form of CoQ, provide further evidence of
oxidative stress in neonates.71,83,84 Oxidative stress in
neonates has also been demonstrated by higher values
of CoQ120 in those born by vaginal delivery than by
elective cesarean section.85

Oxidative stress is involved in tissue damage
induced by infection and sepsis. Although there is a
general agreement that neonatal phagocytes, and,
especially those of premature infants, have abnormal-
ities of various functions,86 active neonatal secretion
of proinflammatory cytokines suggests a very com-
plex situation in which oxidative stress following
infection may be more dangerous in newborns, espe-
cially if premature, than in adults.87

The high levels of peroxides found in cord blood of
fetuses with asphyxia are in line with the hypothesis
of high ROS production in the placenta and umbilical
structures during hypoxia.88–90 However, it should be
remembered that the oxidative balance of the fetus is
not the same as that of the neonate because of the per-
oxidase content of the placenta.91,92

The first condition suspected to be responsible for
increased oxygen toxicity, namely hyperoxia, has
recently been demonstrated to cause the oxidative
stress responsible for lung injury and possibly gener-
alized tissue damage.93 The definition of hyperoxia in
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newborns is closely related to oxygen requirements
during the first hours of life, when the baby is sud-
denly exposed to higher oxygen tension than in the
uterus. The oxidative stress recorded in animal exper-
iments with hyperoxia could occur in neonates with
oxygen tensions lower than previously considered.93

Endothelial injury by ROS following asphyxia or
infection may lead to vasoconstriction and coagulation
disorders that are particularly harmful to newborns due
to the procoagulative state of the fetus and neonate.44

Links between ROS and endothelial cell injury seem
to play a role in the development of pre-eclampsia,
since increased oxidative stress has been demonstrated
in pre-eclamptic women.94,95 Although the pathogenesis
of pre-eclampisa is poorly understood, it seems that
oxidative stress plays an important role.96

ROS are involved in many diseases of newborns and
adults, such as NEC, renal failure and septic shock.
Neonatal conditions of particular interest concern red
cells, lung, retina and brain.

Red cells
Several observations in animal and human erythro-
cytes have demonstrated that release of free radicals
inside red cells may affect membrane structure during
oxidation of hemoglobin.97,98 Membrane structure
may also be damaged by ROS uptake from the extra-
cellular medium, where they may arise from
ischemia–reperfusion, phagocyte activation, endothe-
lial metabolism, hyperoxia, lipoprotein peroxidation
and other sources.99,100 Uptake of free radicals by
red cells can be regarded as a mechanism protecting
the tissues from oxidative injury, since the high-
antioxidant enzyme activities of erythrocytes can
scavenge extracellular ROS. However, excessive
oxidative stress leads to hemolysis followed by free
iron and free-radical release, and possible tissue dam-
age.101 In newborns, antioxidant activities are gener-
ally lower than in adults, and seem to be even lower
in premature infants.61,62,–102,103,105 Activities, such as
GSH-Px, increase rapidly in the first days, presumably
as a result of increased exposure to ROS.106,107

Exposure of red cells to ROS after birth is also demon-
strated by a decrease in GSH-T in the first days of life
in response to ROS production.108 Very active GSH
recycling occurs in normal newborns, but asphyxia
and acidosis have been reported to depress it, as well
as ATP.80 GSH recycling also seems deficient in
infants with RDS and chronic lung disease (CLD).109

Chemiluminescence assays have demonstrated higher
ROS production in newborns than in adults.110 This
observation is in line with the demonstration of high
lipid peroxidation and decreased CoQ10.111 The red
cells of newborns appear to be more susceptible to the
toxic effects of oxidative stress than those of adults.112

Besides low scavenger enzyme activities, newborn
red cells have other characteristics, such as lipid con-
tent and composition, which predispose them to

oxidative stress.112 Vitamin E levels are not only much
lower in the neonatal than in the adult red cell, but
requirements of the vitamin are also higher, as shown
by increased recycling.113 ROS are generated in red
cells not only under pathological but also under nor-
mal conditions.114,115 Animal studies have demon-
strated the key role of oxidative stress caused by
intraerythrocyte iron release in a reactive form and
hydroxyl radical production in the development of
membrane protein damage.102 Oxidative cross-linking
of membrane proteins can produce clustering of the
major erythrocyte membrane spanning protein band
3.116,117 The clusters provide recognition sites for anti-
bodies against senescent cells and trigger their
removal from circulation. In the absence of efficient
protection by antioxidant factors, oxidative stress
therefore appears to be responsible for the release of
iron in a reactive form, predisposing red cells to
hemolysis through the formation of senescence anti-
gen.117 Paradoxically, recent observations show that
auto-oxidation of Hb may occur in vitro at low oxygen
tension.118

Studies in newborns have shown interesting analo-
gies between experimental and clinical observations.
The free iron content of red cells of newborns is
higher than that of adults and is significantly corre-
lated with pH and base deficit as well as with plasma
lipid peroxide products, expressed by malondialde-
hyde (MDA) concentrations.119 Incubation of newborn
and adult red cells in vitro showed higher iron release
in the former under aerobic and anaerobic conditions.
It is interesting that during anaerobic incubation,
increased O2

•− production, free iron release and senes-
cence antigen production showed the highest signifi-
cant differences between adults and neonates.110,120 In
vitro studies show that incubated neonatal red cells
release iron in reactive form. This iron is recovered in
the incubation medium at the end of incubation,
apparently irrespective of hemolysis, demonstrating
that reactive iron may be released by stressed red cells
and diffuse outside the cell.121 This finding suggests
that oxidative stress in erythrocytes may be involved
in the increase in NPBI in plasma of asphyxiated
neonates. In conclusion, several reports suggest that
acidosis and hypoxia may generate red cell damage
via ROS.

Pulmonary oxygen toxicity
Oxygen toxicity is particularly harmful for the lungs.
The mechanism of damage is complex. Lung injury
may be caused directly by ROS production in response
to hyperoxia or indirectly by ROS due to phagocyte
activation and inflammation. The two mechanisms
seem to be integrated.

CLD, a severe complication of prematurity, was
long thought to be due to high concentrations of
oxygen in inspired air and barotrauma. ROS are now
generally accepted to be largely responsible for lung
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injury in preterm infants since several studies using
different methods have demonstrated products of
ROS reactions in premature infants with CLD.122–127

The particular toxicity of ROS in the immature lung is
due to the low antioxidant capacity of premature
infants, which does not increase rapidly as in the full-
term lung, as well as to the possibly high toxicity of
ROS in rapidly developing tissues.128 Increased pro-
duction of ROS under certain conditions may also
play a role. The main sources of ROS production in
the immature lung are ischemia–reperfusion, phago-
cytosis and increased mitochondrial activity, mainly
due to hyperoxia. Mitochondrial oxidative stress
following hyperoxia has been demonstrated by a
decrease of intramitochondrial GSH/GSSG redox sta-
tus.129 High inspired oxygen fraction (FiO2) may be
responsible for lung injury and high lipid peroxida-
tion, as demonstrated by high F2-isoprostane levels in
the lungs of animals exposed to high oxygen concen-
trations.130 Effects of hyperoxia in the lung and a close
relationship between oxidative stress and inflamma-
tion have been demonstrated. Magnetic resonance
studies have confirmed the previously reported exper-
imental data on the consequences of hyperoxia in
the lungs of premature newborn animals, namely,
edema, congestion, immune cell infiltration and
decreased number of alveoli per square meter.131,132

Prolonged moderate hyperoxia induces airway
hyper-responsiveness and histological changes simi-
lar to those of CLD.133 Increased type IV collagenase in
bronchoalveolar lavage suggests a role of this factor in
lung damage and particularly in disruption of the
extracelluar matrix. It is interesting that injury pro-
duced by oxidative stress involves matrix metallopro-
teinases (MMP) and tissue inhibitor of matrix
metalloproteinase (TIMP), which are also involved in
infections.134 Increased MMP-8 and MMP-9 associated
with decreased TIMP have been reported in amniotic
fluid during infection and chorioamnionitis, a condi-
tion frequently associated with the development of
CLD.87 These findings are in line with reports of
phagocyte activation and increased cytokine produc-
tion. The finding of a large number of neutrophils and
high concentrations of interleukin-8 and leukotrienes in
bronchopulmonary lavage of infants with severe CLD
demonstrates the role of inflammatory reactions and
ROS production in the development of this disease.135,136

The toxic effects of ROS on the lungs appear to be
due to iron-mediated OH• release.125 This radical alters
surfactant composition and causes decreased surfac-
tant production by injuring type II pneumocytes.125,137

Peroxynitrate formation from O2
•− and NO• can also

cause lung injury.138 ROS can modify production of
vasoactive substances by the endothelium, and this
might be important in CLD since increased endothe-
lin-1 has been demonstrated to be associated with
inflammation and lung disease.139 Oxidative stress
has been studied in the lungs of premature rats and a
complex orchestra of genes involved in inflammation,
coagulation, fibrinolysis, extracellular matrix turnover,

cell cycle, signal transduction and alveolar enlarge-
ment have been found to be affected by oxidative
stress.140 The combined effect of oxygen and inflamma-
tion on the origin of CLD also emerges from
studies of bronchopulmonary lavage and tracheal aspi-
rate in which increased levels of markers of oxidative
stress, such as protein carbonyls and myeloperoxidase
activity in neutrophils of premature infants
who developed CLD, have been found.141,142 Increased
lipid peroxidation in plasma of premature infants with
CLD and periventricular leukomalacia has been
reported.77 Conditions of oxidative stress possibly
responsible for CLD and ROP have also been
reported.143 These observations suggest a combined
effect of oxidative stress in the pathogenesis of CLD,
brain damage and ROP.

Retinopathy
Although the origins of ROP are multifactorial (see
Chapter 12), the role of oxygen toxicity, which was
first detected half a century ago, has been confirmed
by experimental and clinical studies. ROS have been
recognized to play an important role, particularly in
the first stage of eye injury when hyperoxia seems to
affect the vascular endothelium arresting normal
blood vessel development.144 Hyperoxia also seems to
inhibit vascular endothelium growth factor, and
involvement of oxidative stress in vascular oblitera-
tion caused by apoptotic vascular endothelial cells
has also been suggested.144 The hypothesis of a com-
plex mechanism of oxidative stress in the develop-
ment of ROS is also suggested by observation of the
role of iron intake,145 decreased GSH/GSSG ratio146 and
NPBI147 in patients with ROP. Morphological abnor-
malities of ROP, such as ‘gap junctions’, are an expres-
sion of lipoperoxidation, which has been demonstrated
in the retina as a result of free-radical release.148

A relationship between free-radical release, induced
retinal injury and cyclooxygenase pathway activity
has been reported.149 Abnormalities of retinal vascu-
lature have demonstrated that reversal vasoconstric-
tion by dilator prostaglandin during oxidative stress
in newborns may facilitate neovascularization of the
retina of premature animals.150 The role of peroxides
in inducing abnormal retinal vasculature has also
been demonstrated by the marked vasoconstriction
that these molecules produce in the retinal vascula-
ture of premature animals.151

Brain injury
ROS may affect the brain by different interacting
systems involving membrane damage, astrocyte dys-
function, abnormalities of n-methyl-D-aspartate recep-
tors and, particularly, increased intracellular calcium
and mitochondrial dysfunction.152,153 ROS may also
cause indirect injury by inducing cerebrovascular
spasms.154 Iron-induced •OH production may occur
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during brain injury because the low transferrin content
of cerebrospinal fluid (CSF) is saturated by iron
released from cells with a high iron content, and free
and unbound iron becomes available for the Fenton
reaction.152

The brain is low in Cat and has moderate amounts
of SOD and GSH-Px; its membrane lipids are rich in
polyunsaturated fatty acids, which are sensitive to
oxidative stress.152 In the fetus and newborn, protec-
tion against ROS seems to be even poorer than in
adults, especially in the glia, and sensitivity to oxida-
tive stress seems particularly high in the first hours of
life.152–157 The first mechanism of brain damage due to
ROS to be investigated was that of ischemia–reperfusion
and hypoxanthine–xanthine oxidase reaction.158 The
importance of this mechanism emerged from the find-
ing of high concentrations of hypoxanthine in blood
and CSF during hypoxia, and from experimental data
demonstrating inhibition of ROS release by allopuri-
nol, an inhibitor of xanthine oxidase.159 However,
Delivoria et al.160 demonstrated that hypoxia results in
brain cell membrane damage, as shown by increased
membrane lipid peroxidation and decreased Na+,K+-
ATPase activity, irrespective of reoxygenation. High
levels of isoprostane-8, another marker of oxidative
stress, also suggest the responsibility of ROS in brain
damage during asphyxia,161 while electron spin reso-
nance spectroscopy has shown that tissue hypoxia
results in increased free-radical generation in the
cerebral cortex.162 Levels of conjugated dienes and
fluorescent compounds, markers of lipid peroxida-
tion, have also been detected in the brain of newborn
animals with asphyxia, particularly during recovery
from single or repeated episodes.163 Histochemical
studies of brains of neonatal rats after hypoxic
ischemic injury demonstrated that iron increases rap-
idly in the first 24 h in regions of ischemic injury, sug-
gesting oxidative stress induced by OH• produced via
the Fenton reaction.164 The effects of ROS are also due
to brain hypoxia-induced generation of NO free radi-
cals; peroxynitrite is formed when O2

•− predominates
over the scavenger system and NO increases as an
effect of increased NOS.153

However, during ischemia, a number of metabolic
changes occur and prostaglandin metabolism and
dopamine oxidation have been found to have a role in
the release of ROS.165 The recent availability of reliable
markers of oxidative stress, such as isoprostanes and
particularly F2-isoprostane and 8-isoprostane, has pro-
vided evidence of involvement of oxidative stress in
the development of cerebral white matter injury, since
these compounds were detected in the CSF of prema-
ture infants with white matter damage.161 Further con-
firmation of this involvement was the finding of
increased carbonyls, a marker of protein oxidation in
the CSF of these neonates.161 It is interesting that none
of the observed infants had infections and their CSF,
unlike in meningitis, did not contain chlorotyrosine,
a marker of leukocyte oxidant activity.166 Indirect

evidence of the responsibility of ROS in brain damage
of asphyxiated infants comes from the observation of
NPBI in CSF.167 Increased NPBI resulting from
asphyxia or hemorrhage has an important role in the
development of brain injury, one reason being that
early differentiating oligodendroglia is poor in ROS
detoxification systems and enables peroxide accumula-
tion and OH• generation by the Fenton reaction.152,168

Several observations also suggest ROS involvement
in brain injury during hyperoxia.169,170 Decreases in
cerebral blood flow in response to O2 administration
have been detected in human studies170 and reduced
blood flow was observed in premature newborns
treated with high O2 concentrations.171 However,
animals kept in hyperoxia showed a reduction in
blood flow, which was not statistically significant.172

Considering the interaction between ROS and
inflammatory mediators, oxidative stress to the
endothelium may play an important role in the devel-
opment of brain damage.173

Relationships between ROS and brain damage are
suggested by the link between increased markers of
oxidative stress and clinical observations.

Oxidative stress in premature and full-term new-
borns with asphyxia is demonstrated by high plasma
levels of lipid hydroperoxides and evidence of the MDA
reaction.174,175 Markers of oxidative stress, such as HPLC
determinations of MDA, 4-hydroxynonenal, total
hydroperoxide and carbonyl groups, are significantly
higher in asphyxiated babies.174–177 It is interesting that
markers of oxidative stress, such as total hydroperoxides,
remain high for weeks in sick babies.177 Isoprostanes, a
reliable marker of oxidative stress, have been reported
to be higher in cases of fetal distress.178

High levels of NPBI in plasma of the asphyxiated
newborn are evidence of a role of ROS in the devel-
opment of brain injury in hypoxia ischemia. The
reports of Dorrepal et al.179 indicated that this occur-
rence, which is peculiar to neonates, is associated
with severe brain damage. Buonocore et al.180 recently
tested the predictivity of traditional indicators of
brain damage in relation to neurodevelopmental out-
come. They demonstrated that plasma NPBI is the
most reliable marker of severe outcome in asphyxi-
ated newborns.180

The markers of oxidative stress
If oxidative damage contributes significantly to neona-
tal pathology, it is essential to be able to accurately
measure oxidative stress. Two basic approaches have
been suggested: (1) attempting to trap ROS and meas-
ure levels of trapped molecules and (2) measuring the
oxidative damage done by ROS.181 Other frequently
used approaches are inaccurate.181 Erythrocyte enzyme
activities, which were the first indication of the low
antioxidant resistance of newborns, are not fully reli-
able since the enzyme activities of red cells are age
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dependent and values may be an expression of young
or old red cell populations.181 Measurement of total
antioxidants usually involves major contributions
from urate, ascorbate, bilirubin and albumin-SH
groups, which are variable and may not accurately
reflect antioxidant power.181 However, plasma antioxi-
dants, if measured in conjunction with other parameters,
may be useful in the detection of imbalance between free
radicals and antioxidants. Chromatographic profiles of
antioxidants in human plasma can provide indications
of single-component deficiencies, which may be useful
to distinguish particular deficiencies or increased con-
sumption of a factor involved in a particular disease.182

Lipid oxidation is a complex process and com-
monly used methods, such as thiobarbituric acid
(TBA), are questionable. The TBA test should not be
used because most TBA-reactive material in the
human body is not related to lipid peroxidation.181

Measurement of MDA by HPLC is more indicative of
lipid peroxidation, although MDA is only one of the
many aldehydes formed during this process.181 It is
more logical to measure 4-hydroxynonenal.181 The
best biomarker of lipid peroxidation is isoprostane,
which is a specific end product of peroxidation of
polyunsatured fatty acids.181,183 Most work has been
done with F2-isoprostane, which arises from arachi-
donic acid peroxidation. Neuroprostane or F4-
isoprostane has also been measured.183 They are best
measured by mass spectrometry.184 It is important to
remember that isoprostanes are rapidly metabolized,
so that increased values may indicate slower meta-
bolism and not increased production.181

Measurement of ethane and pentane in expired air
was among the first methods of detecting oxidative
stress in asphyxiated neonates.185 These assays have
the advantage of being non-invasive and independent
of the complex matrix of blood.186 However, varia-
tions in the methods make it difficult to compare pop-
ulations.187 Simultaneous measurement of pentane
and MDA has been carried out to assess oxidative
stress. In studies on human hyperoxia, increased val-
ues of both the markers were found, but no correlation
between pentane and MDA was observed, probably
because they are metabolized differently.188

Profiles of aldehydes pentanal, hexanal, 2-hexanal,
heptanal, 2-heptanal, 2-octenal, 2-nonenal and
4-hydroxy-nonenal formed during autoxidation of
fatty acids, such as oleic, linoleic, α-linoleic, γ-linoleic
and arachidonic, seem to improve the sensitivity of
detection.189

Determination of protein carbonyl concentrations
provides information regarding protein involvement
in ROS reactions. The carbonyl assay as applied to tis-
sues and body fluids measures the average extent of
protein modification.181 The use of proteomics to
identify specifically oxidized proteins appears to be a
promising method.190 Research on plasma of new-
borns has shown interesting selectively oxidized
proteins during asphyxia.191

Total hydroperoxides represent a measure of
overall oxidative stress, given that they are the inter-
mediate oxidative products of lipids, peptides and
amino acids.176

Percentages of oxidized forms of CoQ10 have also
been used to demonstrate oxidative stress in asphyxi-
ated newborns.71

A major marker of oxidative stress is the
GSH/GSSG ratio, which directly reflects alteration of
intracellular redox status.192 GSH is a cofactor of GSH-
Px and also has the antioxidant effect of binding Cu2+,
contributing to delivery of copper to the apoprotein of
copper enzymes and decreasing free metal available
for the Fenton reaction. Filomeni et al.192 showed a
relationship between intracellular GSH levels and
mitochondrial-dependent apoptotic pathways. Under
oxidative stress, GSSG may be produced at a high rate
and extruded from cells into the extracellular milieu.192

Since blood glutathione may reflect GSH status in
other less accessible tissues, measurement of GSH and
GSSG in blood has been considered an essential index
of overall oxidative status and a useful indicator of
risk of disease.

The GSH/GSSG ratio has been used as a measure of
oxidative stress in neonates. Decreased ratios were
observed in premature infants with severe RDS and
newborns resuscitated with 100% O2.

193,194 Lower
GSH/GSSG ratios were found in very low-birth
weight (LBW) infants even when they were breathing
room air.195

Levels of nitrotyrosine have been reported to be a
marker of ONOO− production resulting from phago-
cyte activation in inflammatory processes.196 There-
fore, nitrotyrosine can also be used as a marker of
oxidative stress, since total nitration is consistent
with amplified cell levels of O2

•− in the presence of
NO and CO2.

197

Allantoin can be measured in body fluids and its
plasma levels are high under conditions of oxidative
stress.198 Assays in urine give reliable results.199

8-Hydroxydeoxyguanosine has been reported to be
a reliable marker of oxidative stress. This molecule
can be assayed in urine and has been done in new-
borns. While no differences in relation to gestational
age have been reported by some authors,200 others201

observed a negative correlation between 8-OHdG and
gestational age, confirming that premature infants are
more subject to oxidative stress.

Plasma levels of NPBI appear to be a reliable
marker of oxidative stress and close relationships
between these levels and plasma carbonyls have been
reported.197 At least in neonates, both assays can be
regarded as markers of potential risk of pathology due
to oxygen toxicity.

Isolevuglandins (structural isomers and stereoiso-
mers of cyclooxygenase-generated levoglandins) may
be formed via free-radical-mediated pathways and
have been proposed as a sensor of lipid peroxidation
initiated by myeloperoxidase.202
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Prevention and therapy
Avoiding oxidative stress
ROS are normally produced in living organisms.
Their properties and complex role in the development
of diseases make prevention and antioxidant therapy
very difficult in newborns as well as in adults.
Obviously, avoidance of conditions, such as asphyxia,
hyperoxia and retinal light exposure, under which
excessive free-radical release occurs, are the best
defense against development of imbalances in pro-
oxidant and antioxidant factors in the neonate. It is
also important to remember that infections and par-
ticularly sepsis may be a severe source of oxidative
stress. Frequent reports of NPBI in plasma of neonates
suggest that indiscriminate iron supplementation
should be avoided.

The concept of optimal oxygenation of newborns
has recently been revised in order to clarify whether
the optimal oxygen saturation unanimously accepted
for normal infants and adults is also the best for sick
neonates, especially if premature. The relationship
between Hb oxygen saturation, risk of oxidative stress
and oxygen toxicity, is still a problem. Even a recent
Cochrane review failed to define the target range for
maintaining blood oxygen levels in preterm/LBW
infants.203 This is presumably due to the complex
mechanism of oxygen toxicity, which may be
expressed at different percentages of O2 saturation
under different conditions. Conventional indications
suggest that optimal oxygen tension should be main-
tained between 50 and 70 mmHg.204 High O2 satura-
tion seems to be necessary for infants with CLD and
infants with prethreshold ROP.205 However, in view of
susceptibility of some neonates to oxidative stress, it
has been suggested that oxygen saturation maintained
within physiological limits could result in moderate
hyperoxia that could generate an excess of ROS.
Experimental studies in animals in the first 24 h of life
demonstrated a threshold of oxygen-restricted meta-
bolism at PaO2=40 Torr.206 Shulze et al.207 did not
observe signs of mismatch between systemic oxygen
delivery and demand in LBW infants kept at O2
93–96% and 89–92% saturation. A significant
decrease in CLD and ROP without any differences in
mortality were observed in extremely low-birth-
weight (ELBW) infants kept at less than 95% O2 satu-
ration compared to those kept at more than 95%.208

Important indications on the use of oxygen were
recently reported by Cow et al.209 in a 5-year study in
a tertiary neonatal center, where oxygen therapy was
adjusted to optimize neonatal care and decrease the
incidence of ROP. They recommended avoidance of
repeated increase and decrease in FiO2 in response to
the oxygen saturation monitor and maintenance of
oxygen saturation within ‘acceptable’ limits. They
also recommended an alarm setting for oxygen satura-
tion below 85% and above 93% for the newborns
under 32 weeks of age. More recently, comparison
of two populations of high-risk newborns kept at O2

saturations of 88–98% and 70–90% showed a significant
reduction in ROP in the group at lower O2 saturation,
but no differences in mortality or poor outcome.210,211

Hyperoxia and oxidative stress may occur during
neonatal resuscitation. In an attempt to avoid the risk
of tissue damage caused by ROS in the first hours of
life, when susceptibility to oxidative stress is particu-
larly high, the effects of reduction of O2 were investi-
gated. Some animal studies demonstrated identical
outcome variables, including blood pressure, lung
hemodynamics, acid–base status, cerebral blood flow
and brain oxygenation whether resuscitation was
done with room air or 100% oxygen.212 In other 
experiments with animals subjected to ischemia and
hypoxia, reoxygenation with 100% oxygen was fol-
lowed by better restoration of microcirculation, but no
difference in biochemical markers of brain injury.213

Comparison of short and long duration of oxygen treat-
ment after cerebral asphyxia in newborn piglets con-
firmed the efficacy of reoxygenation with room air.214

Potential risks associated with resuscitation with 100%
oxygen are suggested by the observation of increased
production of ROS with respect to room air.215,216

Clinical studies have demonstrated that there were no
differences in short-term outcome between newborns
resuscitated with room air and 100% oxygen.217,218

The same results were observed in a follow-up at
18 and 24 months.219 Vento et al.194 demonstrated that
room air resuscitation was associated with signifi-
cantly less oxidative stress. It is important to note that
increased oxidative stress following resuscitation
with 100% oxygen was demonstrated by the sensitive
GSH/GSSG ratio, which is a marker of generalized
oxidative stress.192 The satisfactory results of room air
resuscitation in terms of outcome and avoidance of
oxidative stress were recently confirmed by the same
authors.220 A reduction in mortality and no evidence of
harm were described in a Cochrane review.221 However,
the authors concluded that there is insufficient evidence
on which to recommend a policy of using room air
over 100% oxygen or vice versa for resuscitation of
newborns.221 Although the guidelines do not discour-
age high FiO2, it seems reasonable to conclude that
100% oxygen should not be used routinely.

Antioxidants
Much research has recently been carried out to find
substances with antioxidant activity.222 These sub-
stances can be divided into those decompartmentaliz-
ing metal complexes, those limiting ROS production,
those modifying antiradical defenses and enhancing
intracellular or extracellular antioxidant levels, those
incorporating lipophilic antioxidant into membranes
and those scavenging superoxide.222

Substances inhibiting phagocyte activation or
xanthine oxidase and arachidonic acid metabolism,
or decompartmentalizing free iron and making it avail-
able for the Fenton reaction, have also been investi-
gated, together with those scavenging ROS directly
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or repairing ROS-induced membrane injury, like
calcium antagonists and β-blockers.

On the whole, the results obtained in newborns
have been uncertain. Although substances such as
ascorbate are considered to be antioxidants in vitro
and in vivo, they may act as pro-oxidant factors by
causing metal-induced release of ROS.223 Several other
antioxidant substances have been used in newborn
animals and humans in an attempt to improve the
worst prognosis of damage, presumed to be due to
ROS. Many, such as SOD, showed the same disadvan-
tages in newborns as in adults.224 Other drugs, such as
allopurinol, have shown good results in animals,225

but no advantages in human newborns, especially
those with hypoxic ischemic encephalopathy.226

Indomethacin, which has been shown to have antioxi-
dant effects in humans, reduces the incidence and
severity of intraventricular hemorrhage, but it is not
known whether this effect is due to antioxidant activ-
ity.227 Involvement of metal-induced ROS in brain
damage suggested treatment with chelating agents.
Desferrioxamine seemed to have a protective effect in
animals, which has not yet been demonstrated in
humans.228 No definite results have been obtained by
retinol supplementation.229 Among the antioxidants,
melatonin has a special place since it has been
reported to have several interesting effects, such as
enhancement of antioxidant enzyme activities and
neutralization of H2O2 singlet oxygen and peroxyni-
trite.230 Melatonin also appears to scavenge OH•.231

Administration of melatonin to neonates with RDS has
been reported to lower concentrations of proinflam-
matory cytokines.232 In septic newborns, melatonin
also lowers levels of oxidative markers, such as MDA
and 4-hydroxylalkenals, and improves prognosis.233

Some drugs commonly used in neonatology, such as
aminophylline, are reported to have antioxidant pro-
perties.234 Vitamin E is a powerful, widely tested anti-
oxidant and although no definite agreement has been
reached on its use, interesting results have been
reported even in human newborns. Analysis of nine
randomized controlled trials of prophylactic use of
vitamin E supplementation in very LBW infants
showed no statistically significant reduction in the
incidence of ROP and hemorrhage confined to the ger-
minal matrix, although a significant reduction in the
incidence of intraventricular hemorrhage was found.235

Some formulations of vitamin E are poorly absorbed236

and the metabolism and membrane distribution of the
vitamin is uncertain; apart from this, there is no doubt
about the effectiveness of α-tocopherol in protecting
membranes and plasma lipoproteins from lipoperoxi-
dation. In view of the potential activity of α-tocopherol
and its proven deficiency in newborns, administration
of vitamin E at the commonly recommended doses
should be considered in any high-risk neonates.237,238

Doses from 10 to 25 mg/kg/day in the first 3 days of life
should protect premature infants in the first weeks.239

Serum levels should be monitored in order to avoid
levels exceeding 3 mg/dl. Subsequently, human milk or
formula should be sufficient to maintain adequate vita-
min levels.239 Conclusions of a recent Cochrane review
are that vitamin E supplementation to preterm infants
reduces the risk of intracranial hemorrhage, but
increases the risk of sepsis; in very LBW infants it seems
to reduce the risk of ROP and blindness.240 There is no
evidence to support the use of vitamin E at high doses
or the aim of keeping serum tocopherol levels above
3.5 mg/dl.240

Peroxidation products in stored lipid emulsions
have been shown to increase lipid peroxidation
in vivo in newborns and adults.241 Since parenteral
nutrition has been associated with increased forma-
tion of ROS, it is necessary to protect intralipids from
light and add vitamins.242 However, adaptation to fac-
tors responsible for oxidative stress has been demon-
strated by Pitkanen et al.,242 who found attenuated
lipid peroxidation in preterm infants after repeated
doses of intravenous lipids.

Micronutrients also play a role in protection against
oxidative stress. Selenium is a part of the GSH-Px mole-
cule, and a close correlation exists between selenium
and GSH-Px.243 Very severe RDS has been reported in
selenium-deficient human babies.244 However, while
the deficiency of GSH-Px has been demonstrated in
premature infants deficient in selenium,245 the quan-
tity of selenium supplementation to premature infants
has yet to be established.246

Finally, the protective effects of bilirubin against
ROS have been conclusively proved.247,248 Although
hyperbilirubinemia can be regarded as a natural
antioxidant factor, the risk of brain damage due to
high plasma levels of this molecule, particularly in
premature babies, should not be underestimated.
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Introduction
Obstetrical care of high-standard and regular ultra-
sound scanning usually leads to prenatal diagnosis of
developmental abnormalities and often prevents peri-
natal pathologists from encountering those in term, or
near-term neonates. Therefore, dysmorphology and
congenital abnormalities are more and more the subject
of the fetopathology while growth abnormalities,
hypoxic injuries, preterm birth and infection remain a
major problem in neonatal medicine. Congenital tumor
and genetic metabolic disease are rare in general, but
may have a great impact on the life of the family, espe-
cially when they are part of a syndrome and have a
high risk of recurrence. Stillbirth and early neonatal
death rates, due to birth-related events, have signifi-
cantly decreased in the last 40 years (from 7.9 to 0.5 per
1000 total births) in the UK1 and a similar trend can be
observed in many other European countries. The num-
ber of litigation cases following intrapartum neonatal
death is increasing, and thus potentially the post-
mortem report has medico-legal importance. It is
highly recommended for obstetricians to ask for a post-
mortem examination and to encourage the parents to
give permission for a full autopsy. It is a good practice
to have regular discussions with the perinatal patholo-
gist and to provide the pathologist with detailed clinical
information prior to postmortem examination.

Growth abnormalities and
intrauterine growth restriction (IUGR).
Assessment of IUGR during perinatal
postmortem examination
Massive cell division and differentiation take place
in the developing fetus and result in a linear growth
until the 38th week of gestation. Any failure of the
complicated biochemical routes and control system,
shortfall in nutritional agents or oxygen supply, may
lead to growth abnormalities. In obstetric practice,
ultrasonographic assessment of biparietal diameter
(BPD), femur length and other fetal measurements
was found to be useful to date the pregnancy.2 To

estimate the duration of the pregnancy, the most
frequently used method is to count the gestational weeks
from the first day of the mother’s menstrual period.
Although many charts of fetal and neonatal measure-
ments are available in textbooks, most of these were cre-
ated decades ago.3–5 Perinatal pathology centers have to
update these data, especially to reflect characteristics of
a given geographical and ethnical population.

During perinatal necropsy the appropriate meas-
urements of the body (weight, crown–rump length,
crown–heel length, foot length and head circumfer-
ence) and organ weight always have to be taken and
should be compared with the normal values, apt for
the counted gestational age.

Neonates, born between the 37th and 41st gesta-
tional weeks are term neonates and those born before
the 37th week are preterm neonates, expressing signs
of prematurity. Both term and preterm babies can be
of appropriate weight for the gestational age or may
weigh less than the expected normal value. Babies
who weigh 2500 g or less are called low-birth-weight
neonates and those under 1500 g are designated as
very low-birth-weight. Small-for-date or small-for-
gestational-age infants measure less than the 3rd, 5th,
or 10th centile or less than two standard deviations
below the mean. Small-for-date infants are not neces-
sarily growth restricted and babies suffering from
IUGR are not always small-for-date.

IUGR is usually detected during the third trimester
of pregnancy. In case of an early-onset growth restric-
tion, the fetal organs are smaller but proportionally
developed. The serial BPD measurements are lower
and parallel with the normal values from the early
pregnancy. This type of IUGR is usually associated
with intrauterine infections, chromosome abnormali-
ties – e.g. Down’s syndrome – and many other malfor-
mation syndromes. Triploidy (Figure 11.4) is an
example of early onset asymmetrical growth restric-
tion. Late-onset IUGR is usually caused by environ-
mental factors, such as malnutrition due to placental
dysfunction or maternal undernutrition, reduced utero-
placental perfusion related to maternal hypertension,
pre-eclampsia, diabetes mellitus or maternal smoking.
In late-onset IUGR the infant’s body is disproportional,
the head circumference is relatively large and the brain
weight/liver weight ratio is elevated.
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Pathological and histological assessment of IUGR
requires accurate measurement of body weight,
crown–heel length, crown–rump length, head circum-
ference, foot length, organ weights, and microscopic
examination of the parenchymal organs. Elevated
brain weight/liver weight ratio [mean 2.8 (range
1.7–4.1)],6,7 lower crown–rump length than head cir-
cumference, immature brain gyral pattern,8 decreased
nephron counts and presence of nephrogenic zone of
the kidney after the 36th week of gestation,9 bone
growth plate abnormalities and specific placental
findings are sensitive markers of IUGR.10

Infants who weigh more than the normal value for a
particular gestational age are called heavy-for-date
babies. This condition can be constitutional and usu-
ally is associated with high maternal body weight or
higher parity. Maternal diabetes mellitus and gesta-
tional diabetes are often complicated with increased

somatic size (macrosomia) when the diabetes of the
mother is not sufficiently controlled. Macrosomia,
unilateral hyperplasia or single organ overgrowth can
be seen in so-called overgrowth syndromes. This group
includes Beckwith–Wiedermann syndrome, character-
ized by hemihyperplasia, macroglossia, omphalocele
and increased risk of pediatric neoplasms, most fre-
quently Wilm’s tumor. Simpson–Golabi–Bernel syn-
drome, an X-chromosome-linked disorder, is associated
with macrosomia, congenital heart defects among other
abnormalities.11 Perlman syndrome, autosomal reces-
sive, is characterized by macrosomia at birth, cardiac
malformation, hypertrophy of the islets of Langerhans,
bilateral renal hamartomas and sometimes nephrob-
lastomatosis.12 Weawer syndrome is characterized by
accelerated growth and osseous maturation, bears con-
siderable overlap with Soto’s syndrome, both of them
associated with congenital heart defects and higher risk
of malignancy.13

Pathological sequels of
intrauterine asphyxia
Intrauterine asphyxia is a common cause of fetal death
and may lead to severe organ failure, such as long-term
neurodevelopmental injuries, in the surviving infant.
During the last two decades it has become evident that
only a minority of cases of cerebral palsy and severe
neurological damage begin at labor. In contrast, chronic
or subacute intrauterine asphyxia is responsible for
about 80% of cases.14,15 In case of acute intrauterine
asphyxia, pathological events lead to fetal demise or
major damage within 24 h, while in chronic intrauterine
asphyxia the estimated time course is 3 weeks or more.
Specific causes of intrauterine asphyxia and associated
pathological events can be identified in 50–80% of still-
birth cases.16 Clinical data and pathological examination
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Figure 11.1 Eosinophilic membrane lines the inner surface of
the airway.

Figure 11.2 Simplified airways, widened interalveolar septa
are present in chronic lung disease.

Figure 11.3 Postischemic change in the brain. The ventricles
are dilated, and there are multiple cysts in the white matter
(postnecrotic porencephaly).

Kurjak-11.qxd  5/9/2006  11:32 AM  Page 114



may help to clarify the mechanism of damage and
reveal maternal, placental or fetal causes, such as
maternal disease, hemorrhage, placental malfunction,
fetal malformation, second trimester loss of a twin in
monochorionic pregnancy or infection.

During the course of the postmortem examination of
a fetus or a neonate, which underwent intrauterine
asphyxia, a combination of features associated with
the predisposing causes as well as symptoms related to
intrauterine hypoxic stress can be seen.

Acute intrauterine asphyxia is characterized by
petechial hemorrhages on the epicardium along coro-
nary arteries and at the base of the aorta and pulmonary
trunk, visceral pleura, meconium in the airways,
massive intrapulmonary hemorrhage, subcapsular
hemorrhage of the liver, interstitial corticomedullary
hemorrhage of the kidney and subcapsular hematoma
of the adrenal glands. Microscopic examination
reveals aspirated meconium, squames in the airways
(Figure 11.5.), myocardial contraction band changes,
cortical histiocytosis in the thymus and cystic degen-
eration of the adult cortical zone in the adrenals.

There are usually no petechial hemorrhages in sub-
acute asphyxia/hypoxia. Microscopical shrinking of
the cortex, prominent Hassal’s corpuscles and histio-
cytosis can be observed in the thymus; with lympho-
cytolysis. The depletion of lymphocytes results in a
typical ‘starry sky’ pattern. (Figure 11.6.) In the adren-
als, lipid depletion and reaccumulation occur in the
middle fetal cortex. (Figure 11.7.)

Chronic intrauterine hypoxia leads to fetal growth
retardation with an asymmetric or disproportionate
pattern, reduced muscle and subcutaneous fat. Micro-
scopically, reaccumulation of lipid and fatty change

in the outer fetal cortex of the adrenal gland is char-
acteristic. The thymus shows severe involutional
changes with thin or diminished cortex and crowding
of Hassal’s corpuscles. (Figure 11.8.) In the enchon-
dral growth plate of the bones irregular costo-chondral
junction can be observed.

Intrauterine hypoxia leads to congestion in the cen-
tral nervous system. Grossly, flattening of the gyri and
compression of lateral ventricles can be seen. Micro-
scopically, different stages of neuronal degeneration,
necrosis and apoptosis are typical for hypoxic-ischemic
changes in thalamus, midbrain, pons, hippocampus
and basal ganglia. Angulation of the neurons, karyor-
rhexis and karyopicnosis are characteristic signs of
neuronal apoptosis. (Figure 11.9.) Late consequences
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Figure 11.4 Triploidy: note the relatively large head and
atrophic body, small jaw and low-set ear of this fetus.

Figure 11.5 Squamous cells in the alveoli of a stillborn fetus.

Figure 11.6 Starry sky reaction in the thymus of a neonate. The
whitish small areas represent missing thymocytes as a result of
subacute stress.
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of hypoxic-ischemic brain damage may include massive
loss of brain tissue causing porencephaly, hydrocephaly,
cystic changes and subsequent microcephaly.

Prematurity, immaturity
Neonates, delivering before 37 completed weeks of
gestation are called preterm neonates. The direct
causes of preterm labor are not entirely understood,
although many associated pathological events have
been studied, such as maternal diseases, socio-
economic factors, previous reproductive events, effect
of twinning and fetal factors. Structural and func-
tional immaturity of preterm babies causes major
problems in postnatal life during adaptation.
Hypoglycemia, hypothermia, high blood potassium
level and anemia are frequent complications. The
pathological appearance of organ-specific alterations
has been changed due to technical development of
neonatal intensive care and new therapeutic methods.

Pathology of the respiratory system
in premature infants

Infantile respiratory distress syndrome (IRDS)
and hyaline membrane disease (HMD)
IRDS is a frequent condition in preterm infants and is
characterized by a well-defined clinical picture: rapid
increase in oxygen requirement and demand for ven-
tilation, cyanosis, tachypnoe, intercostal and sternal
recession, increasing expiratory pressure and a typi-
cal grunting noise at expiration. Radiological staging
is possible but not always consistent with the degree
of respiratory failure. In an advanced stage the picture
of ‘white lungs’ appears on x-ray.

The underlying cause behind the acute respiratory
failure of preterm neonates is the functional and struc-
tural immaturity of the lung. The reduced number and

incomplete formation of airways, inefficient production
of surfactant factor and lack of antioxidant defense
lead to a number of immunopathological processes
similar to diffuse alveolar damage syndromes. The
exact mechanism of the initial epithelial injury is not
known but ischemia, volu- and barotrauma and
oxygen toxicity are likely to play a major role.17 Most
babies survive IRDS, and in about 50% of the cases
there are no significant complications in the respira-
tory system. The outcome is less favorable with
younger gestational age. The incidence is higher in
males, and symptoms can be more severe in infants of
diabetic mothers, in multiple pregnancies and after
intrauterine asphyxia.18

In pretem babies who die in the first week of life
with symptoms of IRDS, the lungs are heavy, purple
colored and have a liver-like texture due to atelectasia.
Microscopically, most airways are collapsed, but ter-
minal airways are distended, the bronchial epithelial

116 Pathology of the neonate

Figure 11.7 Severe lipid reaccumulation in the adrenal cortex. Figure 11.8 Atrophic cortex of the thymus, prominent Hassal’s
corpuscles.

Figure 11.9 High number of apoptotic figures in the hippocam-
pus of a neonate with hypoxic-ischemic encephalopathy.
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lining is necrotic. As soon as 1 h after birth, the
hyaline membrane starts to develop lining the
primitive airways, which consists of nuclear debris
of epithelial cells as well as necrotic cell mass and
exudates from inflammatory cells. A few hours later
polymorphonuclears and macrophages migrate into
the septae and after 2 days regenerative changes in the
epithelium become visible. The hyaline membrane
(Figure 11.1.) is strongly associated with IRDS, but
can be present in acute asphyxia, in some infections
(e.g. group B streptococcus infection) and in pul-
monary hemorrhage.

The incidence of IRDS and HMD has been signifi-
cantly reduced with surfactant administration and,
especially the preventive use of natural surfactant has
proved to be useful. Steroid administration before
preterm labor is a common practice, the benefits and
complications of which are still being investigated.19,20

Changing morphology of chronic lung disease (CLD)
Clinical definition of chronic lung disease requires
a demand for assisted or supported ventilation after
28 days of life, radiological signs and previous acute
respiratory failure of the infant, most frequently
IRDS–HMD. The classical morphology of chronic
lung injury has changed and is rarely seen today.
Therefore, the term ‘bronchopulmonary dysplasia’ is
not appropriate for the majority of the cases and ‘CLD’
is preferred currently.

Traditionally, three stages could be distinguished
in BPD based on the histology of the lung.

• In the acute exudative early reparative stage
(1–9 days) persisting hyaline membrane, lack of
type II pneumocytes, bronchiolar epithelial necro-
sis, obliterative bronchiolitis, interstitial edema,
congestion and initial septal fibrosis can be seen.

• In the subacute fibroproliferative stage (10–30 days)
increasing interstitial and perialveolar fibrosis,
necrotizing tracheobronchitis, smooth muscle pro-
liferation, dilated bronchioli and terminal airways
are present.

• In the late stage (after 1 month) prominent septal
fibrosis, reduced number and anatomical distortion
of terminal airways, metaplastic changes in bronchial
epithelium, pulmonary hypertensive changes in pul-
monary arterioles are typical findings.

The changing morphology of chronic lung disease
might be a result of the longer survival time of the
very immature, very low-birth-weight preterm infants
and the technical improvement of intensive care,
especially ventilation. Characteristic morphological
changes include less exudative–fibroproliferative
signs, but a dramatic fall in the number of airways and
gas exchange surfaces. (Figure 11.2.) The proximal
airways are collapsed and in contrast, the terminal
structures are dilated. Patchy fibrosis may be present,
but is not dominant. Inflammatory morphological

changes are not common, although a significant
inflammatory response is associated with CLD and
there is an increased level of inflammatory cytokines.
It is suggested that the current morphology of chronic
lung disease might be the consequence of an alveolar
developmental abnormality due to the lack of physio-
logical signal during lung remodeling in the highly
immature infants.21,22

Pulmonary air leak and pulmonary hemorrhage
Positive pressure ventilation may result in alveolar
overdistension and rupture. The air can be pressed
into the pleural cavities leading to pneumothorax. Air
leakage into the pulmonary tissues results in pulmonary
interstitial emphysema. Pneumopericardium is usually
associated with other air leaks and is a severe compli-
cation with the risk of pericardial tamponade.
Systemic air embolism is a very rare complication of
ventilation and may lead to sudden death.

Intra-alveolar and interstitial hemorrhage is fre-
quently associated with HMD. Massive hemorrhage is
occasionally a terminal event, while alveolar and sub-
pleural hemorrhage are rather associated with acute
asphyxia.

Pathology of the central nervous system in premature
infants (germinal matrix hemorrhage, intraventricular
hemorrhage and periventricular leukomalacia)
A reasonable improved prognosis has been documented
in the last decade; the incidence of intracerebral hem-
orrhage and ischemic white matter damage in preterm
infants is still high and may be responsible for long-term
neurodevelopmental sequels, such as hydrocephalus,
spastic diplegia, hemiplegia, quadriplegia, learning dif-
ficulties and behavioral problems.23,24

The pattern of neuropathological changes in preterm
brain differs from those that can be found in term
neonates. Most frequent pathological findings in pre-
terms are germinal matrix/intraventricular hemorrhage
and periventricular leukomalacia, and in contrast
with the term brain, the most vulnerable areas are
the periventricular germinal matrix and white matter.
Although basal ganglia are far more frequently
affected in term babies, pontosubicular necrosis has
been observed in a high ratio of preterm infants.25 The
fetal brain is characterized by an active neurogenesis,
dense aggregation of precursor cells in the subependy-
mal germinal layer and a paucity of myelin. Neuronal
precursors migrate from the germinal layer into the
cortex, where later glial cells are also produced, and
by the 36th week of gestation only residual foci of the
germinal matrix can be seen. The germinal matrix bears
a delicate vascular pattern, consisting of vulnerable
capillaries, having no muscular wall. Sudden changes
in the blood pressure, disturbed autoregulation, higher
fibrinolytic activity and increased permeability of
vessel walls, caused by hypoxia, contribute to the
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pathogenesis of germinal matrix hemorrhage. Bleed-
ing may occur in one focus but can be multiple, uni-
lateral or bilateral. According to Papile’s grading
system, bleeding restricted to the germinal matrix rep-
resents grade 1; hemorrhage breaking into the lateral
ventricle is regarded as grade 2; in more severe cases,
dilatation of ventricles follows the hemorrhage,
which is grade 3 and parenchymal damage (grade 4)
can be observed in about 10% of the cases.26 Germinal
matrix and intraventricular hemorrhage usually
develop in the first 3 days of life. High-grade intra-
ventricular hemorrhage, associated with RDS, is a
leading cause of death, and grades 1–4 hemorrhage is
present in as many as 83% of very low-birth-weight
preterm infants in our postmortem examinations. On
histology, extravasation of red blood cells, tissue dam-
age and a few days later many hemosiderin-laden
macrophages and petrified neurons can be seen.

Periventricular leukomalacia is related to a sudden
drop in the blood pressure and the most vulnerable
sites are the vascular watershed areas, where the
decreased perfusion leads to ischemia.27 Recent stud-
ies have revealed a relationship between intrauterine
infection, acute high-grade chorioamnionitis–funisitis
and white matter injuries.28,29 On macroscopical
examination whitish–yellowish foci can be seen with
a chalk-white rim, usually within the paraventricular
white matter, in the temporal lobe and in the tapetum.
The lesion tends to be multifocal and bilateral.
Histologically, signs of coagulative necrosis, microglial
and astrocytic reaction, groups of macrophages and
mineralized neurons can be present. In the later stage,
cystic changes develop in the injured sites leading to
the typical picture of multicystic periventricular
leukomalacia (Figure 11.3).

Necrotizing enterocolitis (NEC)
The onset of the NEC is usually during the first 2
weeks for preterm infants. Although the exact initial
cause is not known, alimentary and iatrogenic aspects
are investigated. Immaturity is strongly associated
with this condition, but the etiological role of early
enteral feeding is now challenged.30,31 In contrast,
perinatal asphyxia and RDS were not among the risk
factors in the study of Kanto,32 but umbilical cord
catheterization increased the chance of NEC.33 An
infectious component has also been suspected by
many investigators, but no pathogenic organism has
been found yet.34,35 Breast milk proved to have a
protective role.36

The clinical picture of NEC is characterized by
lethargy, pale skin tone, abdominal distension, bloody
stools and vomitting. Radiology shows distended, gas-
containing bowels and occasionally gas perforation
into the abdominal cavity. The outcome is less favor-
able for very low-birth-weight infants, and for cases
complicated by perforation, peritonitis, sepsis and
intravascular coagulopathy.

Postmortem or postoperative examination of the
bowels reveals a distended, thin or paper-like bowel
wall, sites of perforation, greenish–brownish exudate
on the visceral peritoneum. The number of villi of the
small intestine is diminished and the wall shows dif-
ferent degrees of edema, hemorrhagic necrosis and
gangrenous inflammation. The picture can be similar
in the lower part of the intestinal tract.

Retinopathy of prematurity and other pathological
conditions associated with prematurity
Retinopathy of preterm infants was described in the
early 1940s, and was regarded as retrolental fibropla-
sia (Terry 1942). The frequency dropped when the
adverse effect of concentrated oxygen was recognized,
but rose again with the increasing survival time of
very low-birth-weight infants. According to the cur-
rent practice, high-risk babies (less than 1500 g and/or
born before the 32nd week of gestation) are monitored
in order to prevent retinal detachment and blindness,
total retinal detachment being the most severe stage of
this condition.37 The site of the changes is the junc-
tion of the vascularized and avascular retina, where
demarcation, fibrovascularization and neovascular-
ization develop as a pathological reaction of the
immature tissue for angiogenetic signals. The detailed
pathway of this procedure is not yet fully understood.

There are other clinically important consequences
of the altered metabolic functions, which do not have
characteristic morphological appearance, such as
hypothermia, hypoglycemia and higher blood potas-
sium level. Anemia of preterm infants presents with
extensive extramedullary hemopoiesis and occasion-
ally fatty changes of the adrenal cortex.

The risk of sudden infant death syndrome is higher
for preterm babies.

Preterm birth is very frequently complicated by
perinatal infections, which are discussed in the next
section.

Perinatal infections
Frequent pathological sequels of intrauterine infections
The incidence of the intrauterine infection reaches a
peak in the second trimester. The two most frequent
mechanisms are the ascending genital tract infections
and the transplacental hematogenous spread. The
pathogenesis of the intra-amniotic infections and the
most common pathogenic agents are summarized in
Table 11.1.

The consequences of intrauterine infection include
early, spontaneous, preterm labor and premature rup-
ture of membranes,38 and occasionally generalized
fetal infection. Developmental abnormalities and
other clinical features related to particular intrauterine
infections are well described in pediatric pathology.4

Cytomegalovirus (CMV) infection is known to be
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associated with severe central nervous system damage,
microcephaly with multifocal calcification, choriore-
tinitis, hearing loss and neonatal hepatitis, while
rubella infection may lead to cardiac malformation,
deafness and eye defects. The incidence of syphilis
infection is very low and the vertical transmission
rate for HIV showed a decreasing trend in the indus-
trialized countries in recent years.39,40 The statistics is
less favorable in the developing countries.41

The patho-morphological signs of intrauterine
infection have to be carefully looked for in case of
stillbirth or neonatal death. Symmetric type of IUGR
is a common association. Frequent macroscopic and

microscopic features of viral and bacterial infections
are summarized in Table 11.2.

Neonatal infection
Neonatal infection is frequent in preterm infants, with
a higher risk and worse prognosis for low-birth-
weight infants.

Sepsis occurring in the first 3 days of life, called
early-onset neonatal sepsis, can be a devastating
neonatal problem with a high mortality rate. Although
neonatal sepsis is not very frequent (2–4 per 1000 live
births) in developed countries, the rate increases for

Perinatal infections 119

Table 11.1 Mechanism and common pathogens of intrauterine infections

Virus Bacteria Fungi Protozoa

Transcervical Herpes simplex Group B streptococcus, C. albicans
or genitalis, E. coli and 
HIV-1 (infection H. influenzae
during labor)

Transplacental CMV, parvovirus, Group B streptococcus Toxoplasma, 
rubella and HIV-1 and L. monocytogenes Chlamydia psittaci, 

Treponema p. and 
Borrelia

Table 11.2 Typical macroscopic and microscopic features of intrauterine infections in the fetus and in the
placenta

Macroscopic signs Microscopic signs

Bacterial infection
Placenta Opaque or greenish–brownish Transcervical infection

membranes in transcervical infection Acute, high-grade chorioamnionitis, 
Placental abscesses in case of fetal chorionic vessel vasculitis 
transplacental spreading and funisitis

Transplacental infection
Acute villitis, deciduitis
Microabscesses,
microgranulomas, e.g. in listeriosis

Fetus Macroscopic features of septic shock Intrauterine pneumonia, infiltration 
Leptomeningeal purulent exudate with polymorphonuclear leukocytes 
and congestion in meningitis in the airways, interstitial 
Occasionally periventricular leukomalatia inflammatory reaction

Microabscesses of the parenchymal organs

Viral infection
Placenta Subacute or chronic villitis,

specific virus inclusions,
e.g. parvovirus B19, CMV

Fetus Hepatosplenomegaly Specific virus inclusions, 
Icterus, petechiae e.g. parvovirus B19, CMV, HSV
Hydrops Hemolysis – hemosiderin deposition
IUGR Focal necrosis, dystrophic calcification, e.g. HSV
Developmental
malformation
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preterm infants and those born to mothers with
infections or prolonged rupture of the fetal membranes.
Group B streptococci and enterobacteriaceae are the
main causes of early-onset sepsis in more developed
countries.42

Late-onset neonatal sepsis (> 72 h) is usually
caused by Gram-positive agents, especially coagulase-
negative staphylococci.43,44

Rarely, other streptococci, Haemophilus influenzae,
Serratia marcescens, Malassezia furfur, Salmonella,
Pseudomonas aeruginosa, Campylobacter and Listeria
monocytogenes lead to neonatal infection. Candida
albicans is the most common among fungal infections,
which often colonizes the baby from birth, and
sometimes causes pneumonia in infants treated with
antibiotics.

The costs and benefits of intrapartum antibiotic pro-
phylaxis therapy should be carefully evaluated and
the therapeutic policies reconsidered in the light of
the new data on increasing frequency of nosocomial
infections.45,46

The most severe complications of early- and late-
onset infections are pneumonia and meningitis, but
enteral and urogenital infections, conjunctivitis and
skin rashes may be also present. Pathological signs are
frequently poor and non-specific. Macroscopically,
skin rashes, congestion of the parenchymal organs,
petechiae, adrenal hemorrhage, rarely leptomeningeal
purulent exudates can be observed. Microscopically,
inflammatory infiltrate of the airways is present in the
congested, edematous lung tissue with interstitial reac-
tion. Special stains may help to visualize the fungi.
Samples for microbiological laboratory tests should
be taken during postmortem examination.

Congenital tumors and
tumor-like lesions
Epidemiology, biological behavior and
etiology of congenital tumors
Neonatal tumors (including congenital tumors) occur-
ring within the first 28 days of life represent an age-
specific group of neoplastic lesions. The reported
incidence (2003) ranged between 1 per 12,500 and
27,500 live births in the UK and the USA and varied
from 17 to 121 per million births worldwide.47

Abnormal tissue swellings and masses present at
birth are often regarded as congenital tumors,
although many types of them do not fulfill the criteria
of true neoplasias. These tumor-like lesions, tradi-
tionally called hamartomas and choristomas, are
probably due to tissue developmental abnormalities,
differentiation and migration defect of cells, resulting
in a pathological architecture.

Benign and tumor-like lesions are reasonably fre-
quent and usually harmless – such as infantile heman-
gioma, the smallest congenital nevi – but occasionally

bear more clinical significance and complications, e.g.
Kaposiform hemangioendothelioma associated with
Kasabach–Merrit syndrome and fetal hydrops.48 The
biological behavior of neonatal tumors cannot always
be predicted based on their morphological appear-
ance. Benign congenital lesions may have a risk of
malignant transformation, e.g. malignant melanoma
can develop in giant congenital nevus.49–51 Infantile
hemangioma may show spontaneous regression; how-
ever, lesions of large size may cause cardiac failure or
consumptional coagulopathy. The histologically
benign cardiac fibroma or cardiac rhabdomyoma may
represent a poor prognosis for its unfavorable location.
In contrast, some tumors of malignant histological
appearance tend to show a significantly better progno-
sis in early life, e.g. neuroblastoma, hereditary
retinoblastoma and congenital fibrosarcoma.

A unique group of true congenital neoplasias are
regarded as embryonal tumors. These are characterized
by a uniformly primitive histological picture resem-
bling the embryonal–fetal appearance of the organ in
which they arise. This group includes neuroblastoma,
nephroblastoma (Wilm’s tumor), hepatoblastoma,
retinoblastoma, embryonal rhabdomyosarcoma and
medulloblastoma. Some embryonal tumors are famil-
ial, such as 40% of retinoblastomas and familial Wilm’s
tumors, while others associate with inherited syn-
dromes, e.g. glycogenosis type I and hepatocellular
carcinoma, or α-1 antitripsin deficiency and
hepatoblastoma.

In a few sporadic malformation syndromes there is
a higher risk of neonatal tumors, for example, in
Beckwith–Wiedermann syndrome, where a higher risk
of nephroblastoma, hepatoblastoma and adrenal
cancer can be observed, or in Hirschsprung’s disease,
which is occasionally associated with neuroblastoma.
There is a long list of many other inherited syndromes,
including metabolic disorders, phacomatoses, DNA
repair defects, immune deficiency syndromes, carry-
ing a higher risk of different malignant tumors, but
most of these develop only in later childhood.

Neonates with structural chromosomal anomalies
may present with congenital tumors, trisomy 18 and
13 can be associated with teratomas, trisomy 18 with
nephroblastoma and hepatoblastoma.52 Acute mega-
karyocytic leukemia is a well-known complication of
Down’s syndrome in early neonatal age.53

On the other hand, the frequency of congenital
abnormalities – spina bifida, abnormalities of ribs and
eyes – was higher in children with solid tumors
(Wilm’s tumor, Ewing sarcoma, hepatoblastoma) than
in population-based controls. This observation directs
future studies in underlying gene disorders.54

Environmental factors including ionizing radia-
tion, particular drugs taken during pregnancy and
maternal CMV, varicella, influenza and HIV virus
infections have been implicated in the etiology of
neonatal (and pediatric) tumors.55–57
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Common types of solid neonatal tumors
The incidence of neonatal tumors is similar in differ-
ent reports: teratoma and neuroblastoma, being the
most common, followed by soft tissue tumors, renal
and CNS tumors and leukemias.47

Congenital and neonatal teratoma
Fetal and neonatal germ cell tumors have a different
clinical course and morphology from those occurring
in older children or adults. Congenital teratoma has
been described in numerous sites, most frequently in
sacrococcygeal location, but ovarial, testicular, medi-
astinal, cervico-facial, retroperitoneal, abdominal and
intracranial location have also been documented
(Figure 11.10a–d). There are published cases of ter-
atoma developing in the placenta or umbilical cord.

Prenatal diagnosis, recognition of risk factors and
intrauterine therapeutic interventions improved the
outcome, although maternal complications, poly-
hydramnios, fetal cardiac failure, fetal hydrops and
tumor rupture were not uncommon.58–60

Macroscopically, teratoma presents as a solid and
cystic mass, potentially containing well-formed
organoid structures. The traditional histological defi-
nition requires the presence of tissues from all three
germ layers and most teratomas fulfill these criteria.
Immature tissue is usually present in 20–50% of
cases4,61 and the histological grading is based on the
amount of immature tissue;62 however, immature neu-
ral elements do not indicate malignancy in this age
group. True malignant tumors, most frequently yolk
sac tumor, were present in 5.8% of teratomas, with
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Figure 11.10 Sacrococcygeal teratoma in a fetus of 23 weeks of gestation. (a) Macroscopic picture of the large, mainly presacral
tumor. (b, c and d) Microscopic examination reveals immature neural elements, squamous epithelium with a hair follicle, hyaline
cartilage tissue.
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the highest incidence (10%) in sacrococcygeal
teratoma, and a tumor recurrence rate of 5% was
reported in a recent review.61

Presacral sacrococcygeal teratoma has a worse
prognosis than those in postsacral location, gastric
teratoma has a good prognosis, while the outcome of
the intracranial teratomas is poor with a few excep-
tions.63–66 The main prognostic factors of fetal and
neonatal teratoma are the size and the location, the
completeness of surgical excision and the presence of
malignant tumor (yolk sac tumor).

Congenital neuroblastoma
The incidence of congenital neuroblastoma is similar
to that of teratoma; thus, it is the most frequent malig-
nant tumor of the neonatal period. Ultrasonographic
features of the tumor have been described and pre-
natal diagnosis gives an opportunity for appropriate
planning and management.67,68

Congenital neuroblastoma usually presents with an
abdominal or adrenal mass but extra-adrenal location,
disseminated form, massive liver involvement and
metastasis of the skin and placenta can occur.69–72

The morphological features are not different from
those in older children, and the same histological crite-
ria are used for classification.73 Immunohistochemistry
and electron microscopy confirm the histological diag-
nosis. Molecular genetics is a useful aid to detect prog-
nostic factors. N-myc amplification, expression of
bcl-2, an apoptosis suppressing protein, is associated
with unfavorable histology and a bad prognosis.74 The
outcome of congenital neuroblastoma is generally
favorable. A special pattern, characterized by a small
primary tumor, disseminated spreading and low N-myc
copy numbers, is termed as Stage IV-S neuroblastoma.
Spontaneous regression is not an uncommon finding in
this stage.75–77 Only a small proportion of congenital

neuroblastomas require aggressive therapy. Life-
threatening respiratory complication might be related
to massive hepatomegaly.

Soft tissue tumors

Fibromatosis This is a unique group of tumors with
diverse clinicopathologic features.

The histological picture varies according to the spe-
cific types, but shares common features like the presence
of intersecting bands of spindle cells in variably collage-
nized stroma. The lesions might be more cellular than
the similar adult-type alterations and show an aggressive
growth. In contrast with the occasionally formidable pic-
ture, the outlook is favorable. Spontaneous regression is
not uncommon, although local recurrence may occur.78

Congenital myofibromatosis may present as a soli-
tary lump and show spontaneous regression, while
in its generalized form it carries a poor prognosis
due to visceral involvement (Figure 11.11a and b).
Fibromatosis colli is a palpable mass in the sternoclei-
domastoid muscle and occurs in young infants, while
infantile digital fibromatosis may be present on the fin-
gers and toes. Cranial fascitis and fibrous hamartoma of
infancy are both rapidly growing lesions of the subcu-
taneous soft tissue, the former localized on the skull.

Sarcoma. Congenital infantile fibrosarcoma is a
fibroblastic–myofibroblastic proliferation, a rapidly
growing lesion resulting in a massive tumor. The
histological appearance is sarcoma-like, but the
prognosis is good, with a 5-year survival of more than
90%, and metastases are very rare.78 Some cases have a
characteristic chromosomal translocation with
t(12;15)(p13;q25) and an ETV6–NTRK3 gene fusion or
ETV6 gene rearrangement.79 Embryonal rhabdomyosar-
coma shares similar features in young infants and
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Figure 11.11 Soliter infantile myofibromatosis in a term baby. (a) CT scan shows soft tissue swelling around the second rib, on the
right, suggesting infiltrative growth. (b) Characteristic microscopic appearance, with bindles of spindle cells, and small round
primitive-looking cells. The soliter lesion bears an excellent prognosis.
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children, having a 5-year survival of 66%. Embryonal
rhabdomyosarcoma displays loss of heterozygosity on
chromosome 11p15.5, a tumor-related locus at 11q,
numerical abnormalities, trisomy 8 and other
abnormalities. However, these findings do not, as yet,
have diagnostic or prognostic significance.80,81

Neural/neuroectodermal tumors
Neural tumors in young infants are usually associated
with neurofibromatosis type 1 (NF1). Plexiform neu-
rofibromas are histologically benign lesions with
premalignant potential as in about 10% of the NF1
patients malignant peripheral nerve-sheath tumor
develops from it. Congenital peripheral/primitive
neuroectodermal tumor (PNET) has been reported in
several sites.82–84 PNET and Ewing sarcoma are now
considered the same entity, based on their shared
genetic abnormalities, being consistently associated
with chromosomal translocation and functional
fusion of the EWS gene to any of several structurally
related transcription factor genes (EWS-FLI-1, EWS-
ERG, EWS-ETV1, EWS-E1AF, etc.).85

Adipose tumors of the neonate
Lipoblastoma, a typical benign tumor of fat tissue in
early childhood, occasionally may be present at birth.
The circumscribed type is more common, with superfi-
cial location, while the diffuse type (lipoblastomatosis)
originates from deep soft tissue, has an infiltrative
growth pattern and recurs more frequently. Charac-
teristic clonal karyotypic changes can be demonstrated
and help to distinguish it from childhood and adult
lipomas as well as from myxoid liposarcoma.86

Intracranial tumors
The most frequently diagnosed intracranial tumor is
teratoma, PNET, medulloblastoma, astrocytoma,
glioblastoma multiforme and ependymoma. Plexus
choroideus papilloma, ganglioglioma and low-grade
astrocytoma have the best prognosis, but the overall sur-
vival rate of perinatal brain tumors was only 28% in a
recent review. Stillbirth is frequent and hydrocephalus-
macrocephaly is often diagnosed prenatally.87–90

Congenital tumors of the kidney
Congenital mesoblastic nephroma is a benign tumor,
and occasionally leads to fetal hydrops and polyhy-
dramnios. Although the tumor mass can be huge and
extends beyond the kidney, surgical treatment is usually
curative. Histologically, the tumor consists of spindle
cells of myofibroblastic origin. A more cellular variant
is known that carries the same t(12;15)(p13;q25) and
ETV6–NTRK3 gene fusion as infantile fibrosarcoma.91

Rhabdoid tumor of the kidney is an aggressive tumor
with bad prognosis and distinct morphological fea-
tures. It is characterized by deletion of the hSNF5/INI1
gene, which links it to other rhabdoid tumors of
infancy that arise in the soft tissue and brain.92

Congenital and infantile Wilm’s tumor is rare and
shows a strong association with the presence of
nephrogenic rests (persistent metanephric blastema) in
the kidney.93 Recent molecular genetic findings suggest
a multistep model of the pathogenesis in Wilm’s tumor
and support the precursor role of nephrogenic rests.94

Nephrogenic rest as well as nephroblastoma may be
present in bilateral location. Nephroblastoma of early
infancy has a good prognosis.95,96
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12 Ethics: An essential dimension
of perinatal medicine
F. A. Chervenak and L. B. McCullough

Introduction
Ethics is an essential dimension of perinatal medicine.1–3

In this chapter, we develop a framework for clinical
judgment and decision making about the ethical dimen-
sions of perinatal medicine. We will emphasize a pre-
ventive ethics approach that anticipates the potential
for ethical conflict and adopts ethically justified strate-
gies to prevent those conflicts from occurring. Preven-
tive ethics in perinatal medicine helps to build and
sustain a strong physician–patient relationship.

This chapter has five parts. First, we define ethics,
medical ethics, and the fundamental ethical principles
of medical ethics: beneficence and respect for autonomy.
Second, we show how these two principles should
interact in perinatal medicine with emphasis on the
clinical ethical concept of the fetus as a patient. Third,
we describe different concepts of the ethical principles
of justice. Fourth, we examine ethical issues in man-
aged care with particular attention to the virtues of
the physician as a professional. Fifth, we describe a
new formal tool for critically appraising the literature
of medical ethics, including perinatal ethics.

Ethics and medical ethics
Ethics is understood to be the disciplined study of
morality. Medical ethics is therefore the disciplined
study of morality in medicine, and concerns the obli-
gations of physicians and health care organizations
to patients, as well as the obligations of patients.4

Medical ethics should be distinguished from the many
sources of morality in pluralistic societies. These
include law, our political heritage as free people, the
world’s religions, ethnic and cultural traditions, fami-
lies, the traditions and practices of medicine (includ-
ing medical education and training), and personal
experience. Medical ethics since the 18th century
European and American enlightenments has been
secular.5 It makes no reference to God or revealed tra-
dition, but to what rational philosophical discourse

produces. Therefore, ethical principles and virtues
should be understood to apply to all physicians,
regardless of their personal, religious, and spiritual
beliefs.6

The traditions and practices of medicine constitute
an important source of morality for physicians because
they are based on the obligation to protect and pro-
mote the health-related interests of the patient. This
obligation tells physicians what morality in medicine
ought to be in very general and abstract terms. Providing
a detailed and clinically applicable account of that
obligation is the central task of medical ethics, using
ethical principles.4

Ethical principles
The principle of beneficence
The ethical principle of beneficence requires one to
act in a way that is expected reliably to produce the
greater balance of benefits over harms in the lives of
others.6 Putting this principle into clinical practice
requires a reliable account of the benefits and harms
relevant to the care of the patient and how those ben-
efits and harms should be reasonably balanced against
each other, when not all of them can be achieved in a
particular clinical situation. In medicine, the principle
of beneficence requires the physician to act in a way
that is reliably expected to produce a greater balance of
clinical benefits, over clinical harms, for the patient.4

Beneficence-based clinical judgment has an ancient
pedigree with its first expression found in the Hippo-
cratic Oath and accompanying texts.7 Beneficence-
based clinical judgment aims to interpret reliably the
health-related interests of the patient from a rigorous
clinical perspective, which is provided by accumulated
scientific research, clinical experience, and reasoned
responses to uncertainty. Such a rigorous clinical per-
spective is thus not the function of the individual clin-
ical perspective of any particular physician, and
therefore should not be based merely on the clinical
impression or intuition of an individual physician.
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On the basis of this rigorous clinical perspective,
which should be based on the best-available evidence,
beneficence-based clinical judgment identifies the
clinical benefits that can be achieved based on the
competencies of medicine. The benefits that medicine
is competent to seek for patients are the prevention and
management of disease, injury, handicap, unnecessary
pain, and suffering, and the prevention of premature or
unnecessary death. Pain and suffering become unnec-
essary when they do not result in achieving the other
benefits of medical care, e.g. allowing a woman to
labor without effective analgesia.4 Non-maleficence
means that the physician should not, on balance,
cause harm, and is best understood as expressing the
limits of beneficence. This is also known as ‘Primum
non nocere’ or ‘first do no harm’. This commonly
invoked dogma is really a Latinized misinterpretation
of the Hippocratic texts, which emphasized benefi-
cence, while avoiding harm when approaching the
limits of medicine.4 There is an inherent risk of pater-
nalism in beneficence-based clinical judgment. By this
we mean that beneficence-based clinical judgment, if
it is mistakenly taken by the physician to be the sole
source of moral responsibility, and therefore moral
authority in medical care, invites the unwary physi-
cian to conclude that beneficence-based judgments
can be imposed on the patient irrespective of her
autonomy. Paternalism is a dehumanizing response to
the patient and therefore should be avoided in the
practice of perinatal medicine.

The preventive ethics response to paternalism is
for the physician to explain the diagnostic, therapeu-
tic, and prognostic reasoning that leads to his or her
clinical judgment about what is in the interest of the
patient and her pregnancy, so that the patient can
assess that clinical judgment for herself. The physi-
cian should first explain to the patient the major
factors of this reasoning process, including matters of
uncertainty. In neither medical law nor medical ethics
does this require that the patient be provided with a
complete medical education.8 The physician should
then explain how and why other clinicians might
reasonably differ from his or her clinical judgment.
The physician should then present a well-reasoned
response to this critique. The outcome of this process
should be that beneficence-based clinical judgments
take on a rigor, which they sometimes lack, and the
process of their formulation includes explaining them
to the patient. In complex areas, such as perinatal
medicine, beneficence-based clinical judgment will
frequently result in the identification of a continuum
of clinical strategies, which protect and promote
health-related interests. Awareness of this feature of
beneficence-based clinical judgment provides an impor-
tant preventive ethics antidote to paternalism by
increasing the likelihood that one or more of these
medically reasonable, evidence-based alternatives
will be acceptable to the patient. This feature of
beneficence-based clinical judgment also provides a

preventive ethics antidote to ‘gag’ rules that restrict
physician’s communications with the managed care
patient.9 All beneficence-based alternatives must be
identified and explained to all patients, regardless
of how the physician is paid, especially those who
are well established in evidence-based perinatal
medicine.

One advantage for the physician in carrying out
this approach to communicating with the patient
would be, we believe, to increase the likelihood of
compliance.10 This is an especially pertinent consid-
eration in perinatal medicine, e.g. self-observation for
unusual weight gain, bleeding, or signs of premature
labor. Another advantage would be to provide the
patient with a better-informed opportunity to make a
decision about whether to seek a second opinion. The
approach outlined above should make a decision less
threatening to her physician, who has already shared
with the patient the limitations of clinical judgment.

The principle of respect for autonomy
To complement the principle of beneficence, there
is emphasis in the literature of medical ethics on the
principle of respect for autonomy.6 This principle
requires one to always acknowledge and carry out the
value-based preferences of the adult, competent
patient, unless there is compelling ethical justifica-
tion for not doing so, e.g. prescribing antibiotics for
viral respiratory infections. The pregnant patient
increasingly brings to her medical care her own pers-
pective on what is in her and her pregnancy’s interest.
The principle of respect for autonomy translates this
into autonomy-based clinical judgment. Because each
patient’s perspective on her interests is a function
of her values and beliefs, it is impossible to specify
in advance the benefits and harms of the patient’s
autonomy-based clinical judgment. Indeed, it would
be inappropriate for the physician to do so, because
the definition of her benefits and harms and their
balancing are the prerogative of the patient. Autonomy-
based clinical judgment is strongly antipaternalistic
in nature.4

The responsible practice of perinatal medicine
depends on an operationalized concept of autonomy
to make it relevant to clinical practice. We therefore
identify three sequential autonomy-based behaviors
on the part of the patient: (1) absorbing and retaining
information about her condition and alternative diag-
nostic and therapeutic responses to it, (2) understand-
ing that information (i.e. evaluating and rank-ordering
those responses and appreciating that she could expe-
rience the risks of treatment), and (3) expressing a
value-based preference. The physician has a role to
play in each of these. They are, respectively, (1) to
recognize the capacity of each pregnant patient to deal
with medical information (and not to underestimate
that capacity), provide information (i.e. disclose and
explain all medically reasonable alternatives, that is,
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supported in beneficence-based clinical judgment),
and recognize the validity of the values and beliefs of
the patient; (2) not to interfere with, but, when neces-
sary, to assist the patient in her evaluation and ranking
of diagnostic and therapeutic alternatives for manag-
ing her condition; and (3) to elicit and implement the
patient’s value-based preference.4

Beneficence and respect for
autonomy in perinatal practice
The ethical principles of beneficence and respect for
autonomy play a central role in perinatal practice. There
are obviously beneficence-based and autonomy-based
obligations to the pregnant patient: the physician’s
perspective on the pregnant woman’s health-related
interests provides the basis for the physician’s
beneficence-based obligations to her. Her own perspec-
tive on those interests provides the basis for the physi-
cian’s autonomy-based obligations to her. Because of
an insufficiently developed central nervous system,
the fetus cannot meaningfully be said to possess
values and beliefs. Thus, there is no basis for saying
that a fetus has a perspective on its interests. Hence,
there can be no autonomy-based obligations to any fetus.
The language of fetal rights has no meaning and there-
fore no application to the fetus in perinatal clinical
judgment and practice, despite its popularity in public
and political discourse in the United States and other
countries. The physician does have a perspective on
the fetus’s health-related interests, and the physician
can have beneficence-based obligations to the fetus,
‘but only when the fetus is a patient’.4

Clinical ethical concept
of the fetus as a patient
The clinical ethical concept of the fetus as a patient is
essential to perinatal clinical judgment and practice.
Developments in fetal diagnosis and perinatal manage-
ment strategies to optimize fetal outcome have become
widely accepted, encouraging the development of this
concept. This concept has considerable clinical signifi-
cance, because when the fetus is a patient, directive
counseling, that is, recommending clinical manage-
ment for fetal benefit, is appropriate, and when the
fetus is not a patient, non-directive counseling, that is,
offering, but not recommending, a form of management
for fetal benefit, is appropriate. However, these seem-
ingly straightforward roles for directive and non-
directive counseling are often difficult to apply in
actual perinatal practice, because of uncertainty about
when the fetus is a patient. This concerns moral status,
i.e. whether others have an ethical obligation to the
fetus to protect and promote its interests.

One prominent approach for establishing whether
or not the fetus has the moral status of being a patient
has involved attempts to show whether or not the
fetus has independent moral status. Independent
moral status for the fetus means that one or more
characteristics that the fetus possesses in and of itself,
and therefore independently of the pregnant woman
or any other factor, generate and therefore ground
clinical obligations to the fetus on the part of the
pregnant woman and her physician.

Many fetal characteristics have been proposed as the
basis for such independent moral status, including
moment of conception, implantation, central nervous
system development, quickening, and the moment of
birth. It should come as no surprise that there is consid-
erable variation among ethical arguments about when
the fetus acquires independent moral status. Some take
the view that the fetus has independent moral status
from the moment of conception or implantation. Others
believe that independent moral status is acquired in
degrees, thus resulting in ‘graded’ moral status. Still
others hold, at least by implication, that the fetus never
has independent moral status so long as it is in utero.11,12

Despite an enormous amount of theological and
philosophical literature on this subject, there has been
no closure on a single authoritative account of the inde-
pendent moral status of the fetus. This outcome should
be expected because, given the absence of a single
method that would be authoritative for all of the
markedly diverse theological and philosophical schools
of thought involved in this sometimes acrimonious
debate, closure is impossible. For closure ever to be
possible, debates about such a final authority within
and between theological and philosophical traditions
would have to be resolved in a way satisfactory to all,
an inconceivable intellectual and cultural event. Claims
about the independent moral status of the fetus, as the
basis for claims about the fetus as a patient, have no
stable or clinically applicable meaning. We therefore
abandon these futile attempts to understand the fetus
as a patient in terms of independent moral status of the
fetus and turn to an alternative approach.

Our analysis of the clinical ethical concept of the
fetus as a patient starts with the recognition that being
a patient does not require that one possess independ-
ent moral status. Rather, being a patient means that
one can benefit from the applications of the clinical
skills of the physician. More precisely stated, a
human being is properly regarded as a patient when
two conditions are met: (1) the human being is pre-
sented to the physician and (2) there exist clinical
interventions that are reliably expected to be effica-
cious, in that they are reliably expected to result in a
greater balance of clinical benefits over harms for the
human being in question.13 We call this the dependent
moral status of the fetus as a patient.

The authors have argued elsewhere that beneficence-
based obligations to the fetus exist when the fetus is reli-
ably expected later to achieve independent moral status
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as a child and a person. The fetus is a patient when the
fetus is presented for medical interventions, whether
diagnostic or therapeutic, that reasonably can be
expected to result in a greater balance of benefits over
harms for the child and person the fetus can later
become during early childhood.4 The clinical ethical
significance of the concept of the fetus as a patient,
therefore, depends on the links that can be established
between the fetus and its later achieving independent
moral status.

The viable fetus as a patient
One such link is viability. Viability is not an intrinsic
property of the fetus because viability should be under-
stood in terms of both biological and technological
factors. It is only by virtue of both factors that a viable
fetus can exist ex utero and thus achieve independent
moral status. It is important to appreciate that these two
factors do not exist as a function of the autonomy of the
pregnant woman. When a fetus is viable, that is, when
it is of sufficient maturity so that it can survive into the
neonatal period and achieve independent moral status,
given the availability of the requisite technological sup-
port, and when it is presented to the physician, the
fetus is a patient.

Viability exists as a function of biomedical and techno-
logical capacities. These differ in different parts of the
world. As a consequence, there is no worldwide, uni-
form gestational age to define viability. In the USA, we
believe viability presently occurs at approximately 24
weeks of gestational age.14

When the fetus is a patient, directive counseling for
fetal benefit is ethically justified. In perinatal practice,
directive counseling for fetal benefit involves recom-
mending against termination of pregnancy, recom-
mending against non-aggressive management, or
recommending aggressive management. Aggressive
obstetric management includes interventions, such
as fetal surveillance, tocolysis, cesarean delivery, or
delivery in a tertiary care center when indicated. Non-
aggressive obstetric management excludes such inter-
ventions. Directive counseling for fetal benefit,
however, must always take account of the presence
and severity of fetal anomalies, extreme prematurity,
and obligations to the pregnant woman.

The strength of directive counseling for fetal bene-
fit justifiably varies according to the presence and
severity of anomalies. As a rule, the more severe the
fetal anomaly, the less directive counseling should be
for fetal benefit. In particular, when lethal anomalies,
such as anencephaly, can be diagnosed with certainty,
there are no beneficence-based obligations to provide
aggressive management. Such fetuses are dying patients,
and the counseling, therefore, should be non-directive
in recommending between non-aggressive manage-
ment and termination of pregnancy, but directive in
recommending against aggressive management for the
sake of maternal benefit.15 By contrast, third-trimester

abortion for Down’s syndrome or achondroplasia is
not ethically justifiable, because the future child with
high probability will have the capacity to grow and
develop as a human being.16,17

Directive counseling for fetal benefit in cases of
extreme prematurity of viable fetuses is appropriate.
In particular, this is the case for what we term just-
viable fetuses, those with a gestational age of 24–26
weeks, for which there are significant rates of sur-
vival, but high rates of mortality and morbidity. These
rates of morbidity and mortality can be increased by
non-aggressive obstetric management, whereas aggres-
sive obstetric management may favorably influence
outcome. Thus, it appears that there are substantial
beneficence-based obligations to just-viable fetuses to
provide aggressive obstetric management. This is all
the more the case in pregnancies beyond 26 weeks of
gestational age. Directive counseling for fetal benefit
is therefore justified in all cases of extreme prematu-
rity of viable fetuses. Of course, such directive coun-
seling is appropriate only when it is based on
documented efficacy of aggressive obstetric manage-
ment for each fetal indication. For example, such effi-
cacy has not been demonstrated for routine cesarean
delivery to manage extreme prematurity.

All directive counseling for fetal benefit must occur
in the context of balancing beneficence-based obliga-
tions to the fetal patient against beneficence-based
and autonomy-based obligations to the pregnant
woman. Any such balancing must recognize that a
pregnant woman is obligated only to take reasonable
risks of perinatal interventions that are reliably
expected to benefit the viable fetus or child later. A
unique feature of perinatal ethics is that the pregnant
woman’s autonomy influences whether, in a particu-
lar case, the viable fetus ought to be regarded as
presented to the physician.

Obviously, any strategy for directive counseling
for fetal benefit that takes account of obligations to
the pregnant woman must anticipate the possibility of
conflict between the physician’s recommendation and
the pregnant woman’s autonomous decision to the
contrary. Such conflict should be managed preven-
tively through the use of the informed consent process
as an ongoing dialog throughout a woman’s preg-
nancy, augmented as necessary by negotiation and
respectful persuasion.18

The previable fetus as a patient
The only possible link between the previable fetus
and the child it can become is the pregnant woman’s
autonomy, because technological factors cannot result
in the previable fetus becoming a child. The link,
therefore, between a previable fetus and the child it
can become can be established only by the pregnant
woman’s decision to confer the status of being a patient
on her previable fetus. The previable fetus has no claim
to the status of being a patient independently of the
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pregnant woman’s autonomy. The pregnant woman is
therefore free to withhold, confer, or, having once con-
ferred, withdraw the status of being a patient on or
from her previable fetus, according to her own values
and beliefs. The previable fetus is presented to the
physician as a function of the pregnant woman’s
autonomy.4

Counseling the pregnant woman regarding the man-
agement of her pregnancy when the fetus is previable
should be non-directive in terms of continuing the preg-
nancy or having an abortion if she refuses to confer the
status of being a patient on her fetus. If she does confer
such status in a settled way, at that point beneficence-
based obligations to her fetus come into existence, and
directive counseling for fetal benefit becomes appropri-
ate for these previable fetuses. Just as for viable fetuses,
such counseling must take account of the presence and
severity of fetal anomalies, extreme prematurity, and
beneficence-based and autonomy-based obligations to
the pregnant woman.

For pregnancies in which the woman is uncertain
about whether to confer such status, the authors pro-
pose that the fetus be ‘provisionally’ regarded as a
patient. This justifies directive counseling against
behavior that can harm a fetus in significant and irre-
versible ways, e.g. substance abuse, especially alco-
hol, until the woman settles on whether to confer the
status of being a patient on the fetus.

In particular, non-directive counseling is appropriate
in cases of what we term near-viable fetuses, that is,
those that are 22–23 weeks of gestational age, for which
there are anecdotal reports of survival. In our view,
aggressive obstetric and neonatal management should be
regarded as clinical investigation (i.e. a form of medical
experimentation), not a standard of care.14 There is no
clinical obligation on the part of any pregnant woman to
confer the status of being a patient on a near-viable
fetus, because the efficacy of aggressive obstetric and
neonatal management has yet to be proven.

The in vitro embryo as a patient
A subset of previable fetuses as patients concerns the
in vitro embryo.19 It might seem that the in vitro
embryo is a patient, because such an embryo is pre-
sented to the physician. However, for beneficence-
based obligations to a human being to exist, it must
also be the case that medical interventions are reliably
expected to be efficacious.

Whether the fetus is a patient depends on the links
that can be established between the fetus and its even-
tual independent moral status. Therefore, whether
medical interventions on the in vitro embryo should
be reliably expected to be efficacious for the child later
depends on whether that embryo later becomes viable.
Otherwise, no benefit of such intervention can mean-
ingfully be said to result. An in vitro embryo becomes
viable only when it survives in vitro cell division,
transfer, implantation, and subsequent gestation to

such a time that it becomes viable. The process of
achieving viability occurs only in vivo and is therefore
entirely dependent on the woman’s decision regarding
the status of the fetus(es) as a patient, should assisted
conception successfully result in the gestation of the
previable fetus(es). Whether an in vitro embryo will
become a viable fetus, and whether medical interven-
tion on such an embryo will benefit the fetus and
future child, are both functions of the pregnant woman’s
autonomous decision to withhold, confer, or, having
once conferred, withdraw the moral status of being a
patient on or from the previable fetus(es) that might
result from assisted conception.

It therefore is appropriate to regard the in vitro
embryo as a previable fetus rather than as a viable
fetus. As a consequence, any in vitro embryo(s) should
be regarded as a patient only when the woman into
whose reproductive tract the embryo(s) will be trans-
ferred confers that status. Thus, counseling about
preimplantation diagnosis should therefore be non-
directive, just as it should be for previability counsel-
ing. One additional justification is that the woman may
elect not to implant abnormal embryos. These embryos
will not become patients, and so there is no basis for
directive counseling regarding them. Information
should be presented about prognosis for a successful
pregnancy and the possibility of confronting a deci-
sion about selective reduction, depending on the
number of embryos transferred. Counseling about how
many in vitro embryos should be transferred should be
rigorously evidence based.20

Justice and perinatal medicine
Ethical concerns about justice arise when economic,
clinical, or other resources are scarce. Justice requires
that in the distribution of resources, each should
receive what is due to him or her. Different concepts
of justice define ‘due’ in different ways. Each strives
to result in a fair distribution of benefits, i.e. access to
resources, and burdens, the risks that could follow
from lack of such access.

Utilitarianism is a theory of justice that makes central
the obligation to produce the greatest good for the great-
est number in the management of scarce resources. To
be successful in guiding practical, day-to-day decisions
about the allocation of resources, utilitarianism requires
an account of the greatest good. For society overall, it
has been difficult, if not impossible, to define what the
greatest good is. The value of utilitarianism is the
balance it seeks to achieve among benefits and burdens
of scarce resources, so that inequalities do not become
inequities, i.e. unfair. Critics of utilitarians have pointed
out that sometimes utilitarianism results in inequities,
i.e. shared distributions of benefits and burdens.21

Two other concepts of justice have been developed
to address this problem. The first of these is a liber-
tarian concept of justice. This concept of justice was
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developed to correct for tyrannical burdens that pure
utilitarianism could create. In particular, libertarianism
was developed to give priority to individual freedom
and property rights, as correctives to the potential
excesses of utilitarianism and, in the political realm,
of state power. Libertarians argue that in a market that
places different values on different services and prod-
ucts, and in which there is an equal opportunity to
develop one’s talents, those who provide more highly
valued services rightly earn more than those who
provide less valued (though not necessarily less intrin-
sically valuable) services. Everyone should get to keep
what he or she earns through these marketplace
exchanges, reflecting the strong emphasis of the liber-
tarian concept of justice on property rights. Libertarian
theories emphasize fairness of process, rather than
equality of outcomes.

The other concept of justice that has been developed
is an egalitarian concept of justice. This concept was
developed to protect vulnerable and disadvantaged
members of society, who may lose out in a utilitarian
distribution of scarce resources. This concept of justice
corrects for unfair outcomes in the form of undue
burdens on those least able to protect themselves.

These three and other concepts of justice remain in
unresolved competition in ethics generally, in med-
ical ethics,22 and in perinatal ethics. It is fair to say
that the medical ethics literature is strongly influ-
enced by a concept of justice that calls for fair equal-
ity of opportunity (an element of libertarian justice)
and protection of the least well-off (an element of
egalitarian justice). However, it is also fair to say that
no single concept of justice shapes health care policy
in the United States. This lack of a conceptually
coherent health care policy is a long-standing feature
of American health care policy. In particular, unlike
many other developed countries, the United States
has yet to create a universal right to health care,
though there are selective entitlements.

Managed care and the
professional virtues
The practice of perinatal medicine is coming under
managed care, which involves a set of strategies used
by both private and public payers to control the cost of
medical care. Two main business tools are used to
achieve this goal: (1) creating conflicts of interests in
how physicians are paid, diplomatically called ‘shar-
ing economic risk’, and (2) increasingly strict control
of clinical judgment and practice through such means
as practice guidelines, critical pathways, physician
report cards, and retrospective chart reviews. These
business tools generate ethical challenges to perinato-
logists who seriously threaten the virtues that define
the fiduciary character of medicine as a profession.23

In medicine, the physician is the patient’s fiduciary.
The physician should be competent and use clinical

competence as a matter of routine and habit primarily
to protect and promote patients’ interests rather than
pursue his or her own interests. Virtues are those
traits and habits of character that routinely focus the
concern and behavior of an individual on the interests
of others and thereby habitually blunt the motivation to
act on self-interest one’s primary consideration. We
believe that four virtues constitute the physician–patient
relationship based on the physician as fiduciary.4

The first virtue is self-effacement. This professional
virtue requires the physician not to act on the basis
of potential differences between the patient and the
physician, such as race, religion, national origin, gen-
der, sexual orientation, manners, socioeconomic status,
or proficiency in speaking English. Self-effacement pre-
vents biases and prejudices from arising from these dif-
ferences that could adversely impact on the plan of care
for the patient.

The second professional virtue is self-sacrifice. This
requires physicians to accept reasonable risks to them-
selves. As an example, perinatologists manifest this
virtue in their willingness to perform a cesarean deliv-
ery for an HIV+ patient, following accepted standards.
In both fee-for-service and managed care, the profes-
sional virtue of self-sacrifice obligates the physician to
blunt economic self-interest and focus on the patient’s
need for relief, when the two are in conflict.

The third professional virtue, compassion, moti-
vates the physician to recognize and seek to alleviate
the stress, discomfort, pain, and suffering associated
with the patient’s disease and illness. Self-effacement,
self-sacrifice, and compassion provide the basis for a
powerful ethical response to the business tool of
conflicts of interest by the physician.

This response is strengthened by the fourth profes-
sional virtue, integrity. This virtue imposes an intellec-
tual discipline on the physician’s clinical judgments
about the patient’s problems and how to address
them. Integrity prescribes rigor in the formation of
clinical judgment. Clinical judgment is rigorous when
it is based on the best available scientific information
or, when such information is lacking, on consensus
clinical judgment and on careful thought processes of
an individual physician that can withstand peer
review. Integrity is thus an antidote to the pitfalls of
bias, subjective clinical impressions, and unexamined
clinical ‘common sense’ that can undermine evidence-
based practice. Integrity provides the basis for the
physician’s ethical response to the business tool of
control of clinical judgment and practice.

None of these four virtues is absolute in its ethical
demands. The task of medical ethics is to identify both
the application and the limits of these four virtues. The
concept of legitimate self-interest provides the basis for
these limits. Legitimate self-interest includes protecting
the conditions for practicing medicine well, fulfilling
obligations to persons in the physician’s life other than
the patient, and protecting activities outside the practice
of medicine that the physician finds deeply fulfilling.
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Managed care and the physician
as fiduciary

The fee-for-service practice of medicine unconstrained
by fiduciary obligations could and did in the past lead
to harm to patients from non-indicated overutilization
of resources. It is a violation of the standard of care
to subject patients to unnecessary active intervention
in order to achieve personal economic gain. Managed
care unconstrained by fiduciary obligations puts
patients at risk of harm by denying access to the stan-
dard of care. This will occur if patients are subjected
to unnecessary risk from withholding appropriate care
and intervention in order to achieve reduced cost.23,24

Financial incentives to the physician and super-
vision of clinician decision making with strict con-
trols over utilization are the business tools managed
care uses. Forms of payment by managed care plans,
such as capitation and withhold, deliberately impose
an economic conflict of interest on the physician.25

Every time the physician uses a resource, e.g. consul-
tation, diagnostic testing, or surgical procedures, the
physician pays an economic penalty. The ethical chal-
lenge occurs when the patient’s interests are subordi-
nated to the pursuit of financial rewards and are
thereby harmed by this underutilization.

The professional virtue of self-sacrifice prohibits
the physician from making the avoidance of such
financial risk, the primary consideration. Avoiding
financial risk as one’s primary consideration involves
an ethically pathologic process that leads naturally
and quickly to the abandonment of self-effacement
(economically driven managed care for some patients,
but not for others), compassion (patients’ health-related
concerns do not matter but are only a means to maxi-
mize revenues), and integrity (the standard of care is
sacrificed to maximize revenues). Importantly, physi-
cians are not sanctioned by society to engage in the
destruction of medicine as a fiduciary profession,
because it is a public trust, not a private fiefdom.

Physicians should not assume that managed care
organizations (MCOs) are unwilling to negotiate con-
tracts to reduce the severity of economic conflicts of
interest. Physicians should therefore make a good
faith effort to negotiate these matters. If the MCO
refuses to negotiate and the economic risk of not sign-
ing the contract is very significant, then the physician
should voluntarily accept the ethical responsibility to
be alert to and manage these conflicts of interest well.
First, integrity requires that the physician avoid the
self-deception of underestimating any potential influ-
ence on clinical judgment and practice by the conflict
of interest. Second, once these contracts are signed,
the professional virtues add an important dimension
to total quality management: diligent monitoring of
conflicts of interest to prevent them from resulting in
substandard care should be among the physician’s
‘accountabilities’. Third, the realities of managed care

mean that, for the near term at least, increasing financial
sacrifice may be required to protect the integrity of
medicine as a fiduciary profession. Fourth, in group
practice, there should be a fair sharing of economic
self-sacrifice. In particular, individual efforts to tune the
system to one’s economic advantage in a group, for
example, avoiding the care of high-risk pregnancies, and
to the disadvantage of colleagues should be avoided.

The second business tool of managed care, increas-
ingly strict control of clinical judgment and practice, is
a heterogenous phenomenon. Some managed care
plans are poorly capitalized and poorly managed. They
compete by price, with little or no attention given to
the quality of their services. A ‘bottom line’ mentality
dominates with economic savings and net revenue
maximization the overriding values. These poorly
managed companies have little or no understanding
of or interest in the fiduciary nature of medicine, and
so their controls of clinical judgment and practice are
driven almost entirely by economic considerations.

Physicians subject to management controls by such
companies face the very difficult challenge of trying to
get such companies to constrain their economic inter-
ests by their fiduciary obligations, a daunting task but
not, we believe, impossible. The concerns of ethics,
especially to protect the integrity of the fiduciary enter-
prise, may frequently be swept aside when they are not
ignored altogether. However, as the fiduciaries of
patients, physicians in such MCOs are the ultimate bul-
wark on which patients and society must be able to rely
at the present time to protect patients from manage-
ment’s unbridled pursuit of economic self-interest.
Physicians, therefore, should strenuously resist and
seek to change management controls driven solely by
economic considerations. Adhering to evidence-based
medicine of perinatal practice becomes a powerful tool
for achieving this goal. If physicians refused to cooper-
ate with such poorly managed companies, systematic
dissociation would result in a loss of market share or,
more optimistically, better management.

Being physician controlled does not provide the
MCO immunization against the ethical challenges of the
business tools of managed care. These new physician-
owned provider entities will not provide a solution in
and of themselves to the ethical threats of conflict of
interest and control of clinical judgment and practice.
The virtue-based arguments we have made will apply
to these new entities without exception.

There is no conclusive evidence that preserving
medicine as a fiduciary profession is impossible, even
given the enormous economic power of MCOs. Ethics
teaches us that business and economic power are not
absolute and should always be called to account for
their consequences. Society has not given MCOs the
moral authority or permission to destroy the fiduciary
character of medicine as a consequence of the pur-
suit of economic interest and power. Nor has society
given physicians the moral authority or permission
to cooperate willfully in this destruction. Quite the
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opposite, society counts on physicians because ulti-
mately society can count on no one else to preserve
and advocate for the fiduciary character of the medical
profession.

Argument-based ethics
Before turning to the presentation of a formal tool26

for critically appraising the ethics literature, it is
important to distinguish descriptive from normative
medical ethics. The proposed formal tool is designed
to be applied to the latter. Descriptive medical ethics
uses empirical methods to obtain data that describe
the actual ethical judgments, practices, and policies of
physicians and health care organizations, of patients
and their families, and of the larger society. These arti-
cles also report the results of ethically justified inter-
ventions for their clinical effects. Descriptive ethics
articles use accepted methods of empirical research,
such as interviews analyzed with qualitative methods
and questionnaire research analyzed with quantitative
methods.27,28 Such empirical studies are common in the
medical literature and should be critically appraised
using appropriate methodology that has already been
well described.29–37

The literature of normative medical ethics is argu-
ment based. It therefore uses the tools of ethical analy-
sis and argument to explore the implications of ethical
concepts for what  clinical practice and organizational
and health care policy ought to be, as we did above
with respect to the clinical ethical concept of the fetus
as a patient. Normative ethics scholarship offers rea-
soned conclusions about what clinical judgment, deci-
sion making, and behavior ought to be, rather than
empirically based descriptions of what these are.

Formal assessment tool
The new critical appraisal tool presented here is
adapted from recent work on critical appraisal of the

medical literature reporting the results of qualitative
research26 (see Figure 12.1).

Does the article address a focused ethics question?
Normative ethics articles in perinatal medicine
should have a clear, well-defined focus. This focus
should be reflected in the title and made explicit in
the introductory section of the paper. There are a
number of possible domains for the focus of norma-
tive ethics literature, including theoretical issues
(such as whether the fetus is a patient or a person),
clinical issues for a specific patient population (the
management of pregnancy in a diabetic patient),
research issues for a specific population (surgical
management of fetal spina bifida), organizational
management issues (quality improvement and cost
control of IVF services), and public policy issues
(partial-birth abortion).

The importance of the issue should be explained,
which can be theoretical or clinical. The issue may be
important for research or for organizational and
public policy. The importance of the issue should be
justified. It is important that the article should iden-
tify the perspective from which importance of the
issue is claimed, whether that of physicians, scientific
investigators, patients, patient’s families and other sup-
port networks, payers, health care organization leader-
ship, and scholars and public officials concerned with
health policy. The target audience for the article
should be made clear.

Are the arguments that support the
results of the article valid?
This question concerns whether the results of the
article, i.e. the conclusions that it draws about what
morality in medicine ought to be, are supported by
high-quality ethical analysis and argument. The litera-
ture of normative ethics in perinatal medicine is now
quite extensive, making it increasingly unlikely that
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there is no prior relevant literature that should be
considered. Relevant literature should be cited and
analysis and arguments from this literature should
be presented clearly and accurately. In the basic and
clinical science literature, investigators are increasingly
expected to elucidate the search strategies, including
keywords, databases, bibliographies, and other sources
used. The same standard should begin to be met by the
normative ethics literature. In assessing the search of
an article, the critical reader should first ask, how ade-
quate is the article’s search strategy? In as much as all
are major forms of scholarship in bioethics, are arti-
cles, book chapters, and books cited?

Is the literature carefully reviewed? By this we
mean that the major positions on the issue should be
presented in a clear and unbiased fashion. How these
positions have developed and their critical inter-
action should be explained, so that the reader is
provided with a reliable account of the best thinking
on the subject. Major positions should be critically
appraised for their strengths and weaknesses and how
well they have responded to criticisms that advanced
against them.

What is the quality of the paper’s analysis and argu-
ment? Quality turns on both validity and soundness.
Validity concerns the formal qualities of ethical analy-
sis and argument. Are relevant clinical and other facts
clearly identified and supported? Are key concepts
and ethical appeals clearly stated and reasonably
related to clinical information? Are these concepts
and appeals used with consistent meaning throughout
the argument? Do the reasons given for the position,
the premises of the argument, fit together into a coher-
ent whole? Is the conclusion that follows from those
premises clearly stated? Normative ethics in perinatal
medicine is not an ‘ivory tower’ enterprise; it con-
cerns issues of vital importance in clinical practice
and research and in organizational management and
health policy. Physician readers are therefore entitled
to expect authors of normative medical ethics schol-
arship to take a clinically relevant and applicable
stand that is supported by the argument presented.4,41

Soundness concerns the substance of the ethical
analysis and argument, including especially whether
the conclusion should be regarded as reliable, i.e. one
on which the physician can act with confidence that
patient care will be improved as a result. Reliable
arguments are those in which a clear warrant of
defense is given for each premise or reason offered in
support of the conclusion.

In preventing readers’ bias,42 it is helpful to iden-
tify the disciplines represented among the authors.
The normative medical ethics literature is distinctive
in that work of high quality by non-clinicians should
influence the clinical judgment and decision making
of physicians, just as a work on infectious diseases of
the reproductive tract by microbiologists or on pharma-
cokinetics of gynecologic cancer chemotherapy by
pharmacologists rightly influences clinical judgment
and practice. Normative ethics work, therefore,

should not be dismissed when only some, or even
none, of the authors are physicians.

At the same time, the reader should beware of
positive or negative bias toward an article, based on
the reputation of the author(s) or of the journal. Just as
in the basic and clinical sciences, the standing of
authors in journals in obstetrics and gynecology or in
the field of bioethics is no guarantee of quality in
normative medical ethics.

What are the results?
The results of normative ethics are the conclusions
of ethical analysis and argument. These conclusions
should be clearly stated and easy to find in the article.

Will the results help me in clinical practice?
The results of normative ethics articles and books can
be helpful in at least three ways. First, they may have
important practical implications, especially if the
paper incorporates evidence to support the clinical
utility of acting on the conclusions of the paper.
The quality of the empirical evidence cited should
be assessed in the same way as evidence should be
assessed in any medical or scientific article.29–37 The
results for clinical practice, research, organizational
management, or policy should be assessed as well.
Second, they may have important theoretical implica-
tions, which do not depend on whether an interven-
tion was performed and evaluated. Identifying such
theoretical implications results in critical assessment
and revision of ethical frameworks and appeals based
on them. Finally, readers of the normative ethics liter-
ature should ask themselves how they should change
their thinking (clinical judgment and reasoning), atti-
tudes (toward patients, their families, and legal insti-
tutions), clinical practice, or organizational policies.
This is a crucial step in the literature on evidence-
based medicine and is similarly crucial here.

Conclusion
In this chapter we have provided a general ethical
framework for perinatal clinical judgment and prac-
tice. Implementing this framework on a daily basis is
essential to creating and sustaining a professional
physician–patient relationship in perinatal medicine.
This framework emphasizes preventive ethics, i.e. the
recognition that the potential for ethical conflict is
built into clinical practice and the use of such clinical
tools as informed consent and negotiation to prevent
such conflict from occurring. This framework compre-
hensively appeals to the ethical principles of bene-
ficence, respect for autonomy, and justice, and the
professional virtues of self-effacement, self-sacrifice,
compassion, and integrity. Finally, a formal tool can
now be used to critically evaluate the literature of
ethics in perinatal medicine.
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13 Ethical committees
J. G. Schenker 

In the last two decades, ethical issues in medicine
have come to the forefront of public consciousness,
with concern focusing on several important areas.
Advances in scientific and technological knowledge
have created ethical dilemmas about what is right and
wrong, about life and death issues, as well as issues of
equality, justice, and personal preferences. Biomedical
ethics also raised issues on patients’ rights, which
required steps to be taken to protect the patient’s
welfare and to promote the patients’ autonomy.

Society’s concern for ethical issues in medical prac-
tice has led to a growing need for the medical profes-
sion to become fully aware of the public view not only
on individual patient–physician relationships, but also
on how medical developments affect social structure
and health policies. Health policy makers as well must
examine the ethical basis of decision making, prioriti-
zation, and conflicts of interest as they influence health
care locally, nationally, and internationally.

Biomedical ethical issues, guidelines, principles and
regulations cut across national boundaries and often
have universal implications. Although cultures differ,
certain values are common to all. In this context, the
most important is respect for human dignity, and this
should not be negotiable. The establishment of interna-
tional and interdisciplinary forums in which scientists
and lay people can exchange views on topics of imme-
diate concern, unhampered by administrative, politi-
cal, or other considerations was needed. They are
intended especially for the discussion of the scientific
and technical bases of advances in biology and medi-
cine and other related areas and their social, economic,
ethical, administrative, and legal implications.

The range of ethical questions raised by new scien-
tific achievements in the life science and methods of
taking care of women’s health, especially assisted repro-
duction, have been debated by international political
and professional bodies. Within international commit-
tees, diverse geographic, ethnic, cultural, linguistic, and
religious backgrounds are represented.

The Nuremberg Code
The first international code of ethics for research involv-
ing human subjects – the Nuremberg Code – was a

response to the atrocities committed by Nazi research
physicians that were revealed at the Nuremberg War
Crimes Trials. Many of their experiments had entailed
the deliberate killing of, or infliction of grievous injuries
on, prisoners whose rights to consent or refuse were
ignored. Thus, it was to prevent repetition by physi-
cians of such attacks on the rights and welfare of human
beings that human-research ethics came into being. The
Nuremberg Code, issued in 1947,1 laid down the stan-
dards for carrying out human experimentation, empha-
sizing the subject’s voluntary consent:

(1) The voluntary consent of the human subject is
essential. This means that the person involved
should have legal capacity to give consent;
should be so situated as to be able to exercise free
power of choice without the intervention of any
element of force, fraud, deceit, duress, over-
reaching, or other ulterior form of constraint or
coercion; and should have sufficient knowledge
and comprehension of the elements of the sub-
ject matter involved so as to enable him to make
an understanding and enlightened decision. This
latter element requires that before the acceptance
of an affirmative decision by the experimental
subject there should be made known to him the
nature, duration, and purpose of the experiment;
the method and means by which it is to be con-
ducted; all inconveniences and hazards reason-
ably to be expected; and the effects upon his
health or person that may possibly come from
his participation in the experiment. The duty
and responsibility for ascertaining the quality of
the consent rests upon each individual who ini-
tiates, directs, or engages in the experiment. It is
a personal duty and responsibility that may not
be delegated to another with impunity.

(2) The experiment should be such as to yield fruit-
ful results for the good of society, unprocurable
by other methods or means of study, and not
random and unnecessary in nature.

(3) The experiment should be so designed and
based on the results of animal experimentation
and knowledge of the natural history of the
disease or other problem under study that the
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anticipated results will justify the performance
of the experiment.

(4) The experiment should be so conducted as to
avoid all unnecessary physical and mental
suffering and injury.

(5) No experiment should be conducted where
there is an a priori reason to believe that death
or disabling injury will occur, except, perhaps,
in experiments where the experimental physi-
cians also serve as subjects.

(6) The degree of risk to be taken should never
exceed that determined by the humanitarian
importance of the problem to be solved by the
experiment.

(7) Proper preparations should be made and adequate
facilities provided to protect the experimental
subject against even remote possibilities of injury,
disability, or death.

(8) The experiment should be conducted only by
scientifically qualified persons. The highest
degree of skill and care is required through all
stages of the experiment of those who conduct
or engage in the experiment.

(9) During the course of the experiment, the human
subject should be at liberty to bring the experi-
ment to an end if he has reached the physical or
mental state where continuation of the experi-
ment seems to him to be impossible.

(10) During the course of the experiment, the scien-
tist in charge must be prepared to terminate the
experiment at any stage if he has probable cause
to believe, in the exercise of the good faith,
superior skill, and careful judgment required of
him, that a continuation of the experiment is
likely to result in injury or death to the experi-
mental subject. All research involving human
subjects should be conducted in accordance
with three basic ethical principles, namely,
respect for persons, beneficence, and justice.

The Nuremberg Code document was criticized
because it does not distinguish between different
types of biomedical experimentation. The Nuremberg
Code makes the subject’s legal capacity to consent a
prerequisite to experimentation, thus excluding from
participating in research many people who might ben-
efit from the results obtained, including children, the
mentally ill, and others who are unable to give legal
consent.

UNESCO – The United Nations
Educational, Scientific and Cultural
Organization
The United Nations Educational, Scientific and
Cultural Organization (UNESCO) was established on
November 16, 1945.2 The main objective of UNESCO

is to contribute to peace and security in the world
by promoting collaboration among nations through
education, science, culture, and communication to
further universal respect for justice, for the rule of
law, and for the human rights and fundamental free-
doms that are affirmed for the peoples of the world
without distinction of race, sex, language, or religion.
At the international level, UNESCO has been one of the
principal promoters of the reflection on ethics of living.
In 1993, UNESCO created the International Bioethics
Committee (IBC). The IBC3 is a forum for debate and
reflection and for the elaboration of UNESCO’s norma-
tive actions, particularly with regard to the imple-
mentation of the Universal Declaration on the Human
Genome and Human Rights. It is up to the IBC to keep
up with progress in genetics while taking care to
ensure respect for the values of human dignity and
freedom in view of the potential risks of irresponsible
attitudes in biomedical research. The IBC has drafted
statutes and published reports on the ethical aspects of
human embryonic stem cell research and its use in ther-
apeutic research; ethical issues on genetic screening and
the testing, treatment, storage, and use of genetic data on
genetic screening; and human gene therapy.

WHO – World Health Organization
The Health Organization of the League of Nations was
set up in Geneva in 1919. In 1945, the United Nations
Conference on International Organization established
a new, autonomous, international health organization –
the World Health Organization (WHO). The objective
of the WHO is the attainment by all peoples of the
highest possible level of health.4

The WHO’s constitution affirms fundamental ethi-
cal principles, such as the equality of rights and the
unalienable dignity of all human beings. The WHO
has set technical standards and proposed guidelines
and codes of good practice in virtually all its fields
of activity, including the widely publicized areas of
organ transplantation, breast-milk substitutes, essen-
tial drugs, the marketing of pharmaceuticals, and,
more recently, reproductive health, environmental
health, and emerging diseases. The WHO also con-
tributes to harmonizing legislation and terminology
and fosters the dissemination and exchange of infor-
mation on these subjects. Ethics continues to provide
the basis for the WHO’s activities and functions. Several
WHO programs have their own ethical review com-
mittees; additional activities are carried by consulta-
tion on ethics and health at the global level.

The Declaration of Helsinki
The Declaration of Helsinki, promulgated in 1964 by
the World Medical Association, is the fundamental
document in the field of ethics in biomedical research
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and has had considerable influence on the formulation
of international, regional, and national legislation and
codes of conduct. The Declaration, revised in Tokyo
in 1975, in Venice in 1983, and again in Hong Kong in
1989,5 is a comprehensive international statement
of the ethics of research involving human subjects. It is
the mission of the physician to safeguard the health of
the people. The physician’s knowledge and conscience
are dedicated to the fulfillment of this mission. Medical
progress is based on research that ultimately must rest
in part on experimentation involving human subjects. In
current medical practice, most diagnostic, therapeutic,
or prophylactic procedures involve hazards.

The purpose of biomedical research involving
human subjects must be to improve diagnostic, thera-
peutic, and prophylactic procedures and the under-
standing of the etiology and pathogenesis of disease. In
the field of biomedical research, a fundamental distinc-
tion must be recognized between medical research in
which the aim is essentially diagnostic or therapeutic
for a patient and medical research the essential object of
which is purely scientific and without implying direct
diagnostic or therapeutic value to the person subjected
to the research.

In 1992, International Ethical Guidelines for
Biomedical Research Involving Human Subjects were
introduced by The Council for International
Organizations of Medical Sciences and WHO based
on ethical principles.6 All research involving human
subjects should be conducted in accordance with
three basic ethical principles: respect for persons,
beneficence, and justice. Respect for persons incorpo-
rates at least two fundamental ethical considerations:
(1) respect for autonomy, which requires that those
who are capable of deliberation about their personal
choices should be treated with respect for their capa-
city for self-determination and (2) protection of persons
with impaired or diminished autonomy, which
requires that those who are dependent or vulnerable
be afforded security against harm or abuse.

For all biomedical and clinical research involving
human subjects, the investigator must obtain the
informed consent of the prospective subject. Informed
consent is based on the principle that competent indi-
viduals are entitled to choose freely whether to par-
ticipate in research. Informed consent protects the
individual’s freedom of choice and respects the indi-
vidual’s autonomy. In the case of an individual who
is not capable of giving informed consent (e.g. a fetus,
a newborn, or a small child), the proxy consent of
a properly authorized representative should be
obtained. In all human research, ethical guidelines
have differentiated between beneficial (therapeutic)
and non-beneficial (non-therapeutic) research. The
therapeutic research subject stands to gain as much
from the research, whether it be a procedure or a drug,
as to lose from it. In the non-therapeutic research, the
subject cannot possibly benefit himself, and any ben-
efits can therefore only add to others. The risks of a

non-beneficial research fall solely on the research
subject, whereas the benefits may extend beyond the
research subject to the population as a whole.

The spirit of the Declaration of Helsinki is that, in
medical research, the interests of science and society
should never take precedence over considerations
related to the well-being of the subject. Only a minimal
level of risk may be allowed for volunteers to subject
themselves for the benefit of others. However, it
remains a problem to decide what sorts of levels of
risk are acceptable in the case of pregnant women and
where the subjects of non-therapeutic research are not
autonomous (e.g. premature and newborn babies).

It is generally accepted that pregnant and nursing
women are not suitable subjects of clinical trials other
than those that are designed to respond to the health
needs of such women or their fetuses or nursing
infants. Clinical trials for conditions associated with
or aggravated by pregnancy and to test the safety and
efficacy of drugs, methods, and devices for detecting
fetal abnormalities and well-being are of primary
importance in the medical field of perinatology. The
justification for the participation of pregnant women
in clinical trials is that they should not be deprived
arbitrarily of the opportunity to benefit from investi-
gational drugs, vaccines, or other agents that promise
therapeutic or preventive benefit. In all cases, risks to
pregnant women, fetuses, and newborns should be
minimized, as far as sound research design permits.
As a general rule, pregnant or nursing women should
not be the subjects of clinical trials except when such
trials are designed to protect or advance the health of
pregnant or nursing women or fetuses or nursing
infants and for which women who are not pregnant or
nursing would not be suitable subjects.

Some therapeutic research on fetuses in utero must be
allowed. It contributes to the discovery of new methods
for treating fetal health problems. There is a consensus
that research on fetuses in utero should be treated as
human subjects research, and governed by the policies
for human subjects research. Because fetuses in utero
and pregnant women are linked to each other, research
on one may affect the other. Such research may have a
differential impact on the pregnant woman and the
fetus, with one benefiting while the other does not, and
may be harmful to the other. At the extreme, the
research that is beneficial to the one may actually be
harmful to the other. The fundamental presupposition
of all ethical policies is that the independent review
process for human subjects research must consider the
interests and rights of both parties in reviewing research
protocols. Most guidelines have also imposed addi-
tional requirements on the acceptable level of risk to the
fetuses involved in the research protocol. It is assumed
that fetuses have some moral standing so that some
concern must be devoted to their interests and rights.

Sir John Peel’s report, published in 1972,7 presented
governmental guidelines concerning the ethics of fetal
research. The recommendations were as follows:
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• Viable fetuses should not be subjected to non-
beneficial research.

• Research is permitted on the whole alive previable
fetus, dead fetus, or its organs.

• Dead fetuses or tissues may be used in accordance
with the provisions of the Human Tissue Act, which
governs the postmortem use of human tissue.

• Parental informed consent should be obtained.
• The validity of the research should be assured.

The National Commission for the Protection of
Human Subjects in Biomedical and Behavioral
Research was established in July 19748 and issued its
recommendations. The guidelines have certain things
in common with the British guidelines but differ on
some grounds. The common points are that dead
fetuses and their tissues are to be afforded the respect
of other dead human bodies and tissues. Fetuses with
a chance of survival are to be treated like children.
Willful damage to the fetus in utero may not be
caused, presumably lest a mother change her mind
about abortion. Significant differences are that in the
United States, regulations fathers can veto the
research, whereas in the British guidelines there is no
such specific provision. In Britain it is proposed that
non-beneficial research is to be done on the fetus
in utero or on the viable fetus, whereas in the United
States it may be done if there is minimal risk.

Council of Europe
In 1985, the Council of Europe created a multidisci-
plinary body with experts appointed by each member
country. This committee has already produced docu-
ments on reproduction research on human subjects,
prenatal diagnosis and screening, and genetic testing.
Once the Committee of Ministers approves these docu-
ments, they become recommendations for the national
parliaments, which may or may not decide to follow
them. The European assembly and other committees
have also issued reports related to bioethical prob-
lems. The Council of Europe, which represents all the
democratic countries of Europe, has organized a
European Convention on Bioethics. The Committee
published protocols regarding human experiments
and organ transplantation.9

FIGO Committee for the Study
of Ethical Aspects of Human
Reproduction
In 1985, the FIGO Committee for the Study of Ethical
Aspects of Human Reproduction was established.10 Its
main objectives were the recording and study of gen-
eral ethical problems emanating from the research
and practice of human reproductive medicine, with

the aim of providing guidelines for the attention of
physicians and the public in developed and developing
countries.

From its inception this committee was not
intended to solve these ethical dilemmas, but rather to
raise discussion by suggesting the perspectives that
this group of health professionals, lawyers, and ethi-
cists arrived at after carefully crafted analysis and
debate over these issues. Given the rich field of ethical
issues in women’s health that derive from not only the
reproductive life cycle, but also the economic and
political status of women internationally – this com-
mittee will always confront new issues and even new
aspects of old issues that challenge ethical perspec-
tives and practice. There are continual variations on
themes the committee has raised in the past through
new medical developments. The social status of women,
the constraints on health care dollars, and the health
status of women have also increased the need for the
committee to address the broader set of rights and
economic issues that directly influence the health of
women and the ethical setting of their care.

The committee was composed of a range of inter-
national members who represented developing and
developed countries and had a significant interest and
expertise in medical ethics. The members of the FIGO
Committee are obstetricians, gynecologists, oncolo-
gists, lawyers, and public health workers, all of whom
represent diverse geographic, ethnic, cultural, linguis-
tic, and religious backgrounds. Among the 14 members,
13 were chairs of leading obstetric and gynecologic
departments.

The initial task of the FIGO Committee for the
Study of Ethical Aspects of Human Reproduction was
to identify and study the important ethical problems
confronting health care practitioners in human repro-
duction. The ethical problems identified were to be
brought to the attention of physicians and the public
in the developed and developing countries to provide
ethical guidelines where appropriate. This task has
assumed greater importance with the continuing
challenge of ensuring that women are granted human
and reproductive rights worldwide. Furthermore, the
complexity of incorporating the many ethical aspects
of reproductive issues in different societies, for issues
such as cloning, or patenting of the human genome,
argues for the need for such a consensus body.

There is no other body internationally that confronts
these issues with a view toward the impact on the
health care of women. Because of this, the opinions of
the committee are used by women’s health practition-
ers internationally to assist them in setting national or
local standards, to expand the depth of discussion of
these issues locally, and to support their advocacy for
improvements in the health and status of women inter-
nationally. In the face of rapid cultural and scientific
change, this is a critical role of ever-greater need.
Women are clearly vulnerable in countries where their
health care rights are either non-existent or threatened,
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and thus, these guidelines can be a powerful force to
support the rights of women.

The work of the Committee: In its first Congress as a
standing committee, the Ethics Committee presented
three seminars: on medical ethics and medically assisted
reproduction, on AIDS with emphasis on ethical
aspects, and on refusal of obstetrical care (maternal
health, fetal health, and neonatal health), which were
published in the proceedings of the Rio Congress.

The early focus of the Committee, from 1985 to
1991, was clearly in areas central to obstetrics and
gynecology practice, with a focus on such areas as
sterilization, research on pre-embryo, and elective
reduction of multiple pregnancies. In the same time
period, however, the committee began to explore what
the ethical responsibilities of societies of gynecology
and obstetrics were for the broader issues of provision
of reproductive health care and women’s health in
general. This led to a seminar during the FIGO Singapore
Congress focusing on issues such as:

• How much are mothers worth?
• Distribution of resources between primary and

tertiary reproductive care.
• Availability of resources for newborn care.
• Macroethical issues in obstetrics and gynecology.

This key seminar was chaired by Profs. Sureau and
Schenker, and marked an important expansion of the
thinking of the Committee beyond that of the common
bioethical analysis of the time, which focused on
principles such as benefit (beneficence), harm (mal-
eficence), and patient autonomy in the area of human
rights and justice. During this time, the Committee
also began to align its meetings with regional meet-
ings that paralleled the focus of the committee on eth-
ical aspects of human reproduction. The first of these
took place in Cairo in 1991 and focused on bioethics
in human reproduction research in the Muslim
World. The committee meeting foreshadowed an area
of ongoing controversy in medicine – that of trans-
plantation. At that time the group considered whether
research on pre-embryos was required in order to
broaden our knowledge of the developmental process,
to improve the treatment of infertility and the control
of reproduction, and to permit genetic screening with
its potential for the prevention and treatment of birth
defects. The Committee recognized and tried to incor-
porate the diverse spectrum of ethical, cultural, and
religious values regarding the status of the pre-
embryo. However, agreement was reached on some
key areas even with these divergent views:

(1) First, research on pre-embryos is only ethically
acceptable when its purpose is for the benefit of
human health and only if animal models would
not suffice.

(2) The Committee felt that no developing human
pre-embryo might be kept alive beyond 14 days

after fertilization (not including any time during
which the embryo had been frozen).

(3) Research projects on pre-embryos should be
authorized by ethical and/or other appropriate
bodies in the country and, if allowed, appropri-
ate informed consent must be obtained before
undertaking research on pre-embryos, normally
from both gamete donors. Furthermore, provision
of gametes and pre-embryos should not be
subject of commercial profit.

(4) The Committee was unable to reach a consensus
as to whether research should be limited to sur-
plus pre-embryos or should also include pre-
embryos specifically generated for research, a
debate that continues worldwide. The discussion
over this issue established the precedent that
committee statements required consensus, and
where that was not possible, debates were either
not included or included with the caveat that
there was no consensus.

The deliberations are made public through committee
statements published in scientific journals and in
specific reports. The FIGO Committee has discussed
and provided guidelines on general issues in women’s
health and advocacy, issues on genetics, embryo
research, contraception, abortion, and reproductive
endocrinology issues regarding pregnancy, maternal–
fetal health, and neonates. The first bound publica-
tion of the collated Issues and Guidelines appeared in
1994, 1997, and 2000, and by 2003 had grown to a
body of work that, with the translations into Spanish
and French, covers 232 pages.11

The method of analysis adopted by the committee
evolved early on and consisted of position papers on a
topic identified by the committee that were circulated
prior to committee meetings in the working language of
the committee, English.

These research papers explicated the problem, the
present status of knowledge, and the various ethical
stances or issues that were identified in the literature.
At times, the committee invited outside experts in
areas where there was not felt to be adequate depth of
expertise or where there were other FIGO committees
working on the medical or rights aspects of the same
issue. The papers were presented at the meeting and a
consensus about the important background and ethi-
cal issues was identified.

Depending on the issues, further work on synthe-
sizing these into a set of reflections or guidelines
might take place at the meeting or over several meet-
ings, until every word of each document was reviewed,
read, and revised by all the members of the commit-
tee. Proposed statements were read line by line and
edited by the entire committee to assure that not only
the content was acceptable to the committee, but that
the translations to French and Spanish would not
contain errors because of the likely translation from
English.
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The committee statements and opinion are inde-
pendent from FIGO member societies or the executive
board. The documents represent the result of that
carefully researched and considered discussion. This
independence has been particularly helpful to FIGO
in providing ethical guidance regarding the relation-
ship of the federation to industry, initially formulated
as internal ‘Guidelines for Relations between Industry
and FIGO’ in 1991. The committee collaborates with
international organizations – such as the WHO – on
various aspects of women’s health to ensure that the
ethical aspects are fully covered.

The committee members represent a wide spectrum
of religions and countries, and numerous members have
co-coordinated with multiple international committees
to encourage and ensure inclusion of these ethical
aspects in regular and extraordinary meetings.

WAPM – World Association
of Perinatal Medicine
In 1999, the World Association of Perinatal Medicine
established an Ethical Committee. The main objec-
tives of the committee are:12

• To study the ethical problems that emanate from
practice and research in perinatal medicine.

• To provide guidelines for the practice of obstetrics
and neonatology.

• To bring the ethical issues to the attention of physi-
cians, nurses, paramedical staff, and the public.

National Ethics Committees
National ethics committees are set up by governments
to advise on regulations or proposed legislation con-
cerning moral bioethical programs that raise contro-
versy among professionals and the public. National
committees were originally created due to an increas-
ing demand among doctors and researchers for some
authoritative guidance as to what was permissible in
issues where no law exists. The nature of the member-
ship of such committees is of even greater importance.
The chairman must be unrelated to the medical or
research profession. The members of national ethics
committees must represent a broad range of values and
professional expertise in the fields of medicine, law,
administration, media, economics, public policy, and
moral philosophy. Within committees dealing with
reproductive health, for example, at least 50% of
the members must be women. Governmental or non-
governmental bodies have issued reports on ethical
and legal aspects, especially in the fields of perinatal
care, assisted reproduction technologies, and human
experimentation. Scientific progress is ahead of what
society is willing to accept, and the reports of the

bioethical committees protect the public by monitoring
and, when necessary, regulating scientific practice.
There is no single solution to a moral problem. A com-
mittee must incorporate a number of different moral
ideals and reach a workable compromise. The law that
these committees create must be in step with moral
beliefs, or it will not be implemented. It is the task of the
ethics committee to try to produce some consensus,
based on all considerations, and to recommend it for
practice. Several problems arise in the setup of the
committees. Who should make moral decisions in
controversial public issues? How is the committee’s
membership to be determined? In a pluralistic, mainly
secular society there are no moral experts per se.
Committees who serve public morality must conform to
certain specifications of expertise. The committee mem-
bers must be capable of understanding the scientific
background of the subject matter of the issue. They must
be acquainted with moral philosophy and understand
the nature of ethics. The members must be intelligent
and creative and not dogmatic. It is imperative that
people who hold particular moral or religious views
that make them impervious to the language of consen-
sus are not included in the committee’s team. They may
be incapable of sympathy and flexibility and thus not be
of use. The members must also be readily available to
perform this extremely time-consuming task. One major
disadvantage of these committees is that sometimes the
advent of new technologies is ahead of committee delib-
erations. If a previous committee decision was opposed
to specific new advances, their use may be delayed until
the committee changes its original decision. In most
Western countries, committees are set up ad hoc to
address specific subjects of public bioethical concern.
The Warnock Committee on Human Fertilization and
Embryology (1984) had a great influence on subse-
quent legislation in the United Kingdom.13 In the
United States, legislation that seems to reinforce ethi-
cal conduct may actually replace the exercise of ethi-
cal judgment with unreflective obedience to law. The
Belmont Report (1979) identified the basic ethical
principles that should emphasize the conduct of
biomedical and behavioral research involving human
subjects and developed guidelines that should be fol-
lowed to ensure that such research is conducted in
accordance with those principles.14 The guidelines
provided by national committees are usually converted
into laws by legislation that introduces criminal
punishment for violation. The experience of Assisted
Reproductive Technology (ART) practice demonstrated
that countries with voluntary guidelines seem to enjoy
public confidence, and public pressure for a change
seems minimal. Countries with legislative surveillance
seem to agree that it works well, although there are
understandable complaints about the slowness of the
legislative process and the difficulty of having regula-
tions changed once they are in place, and thus, not be
of use.

144 Ethical committees
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Summary
The range of ethical questions raised by new scientific
achievements in the life science, and methods of
taking care of women’s health especially, has been
debated by international political and professional
bodies. Biomedical ethical issues, guidelines, princi-
ples, and regulations cut across national boundaries
and often have universal implications. Although cul-
tures differ, certain values are common to all. In this
context, the most important value is respect for human
dignity, and this should not be negotiable. The estab-
lishment of international and interdisciplinary forums
in which scientists and lay people can exchange views
on topics of immediate concern, unhampered by

administrative, political, or other considerations, was
needed. They are intended especially for the discus-
sion of the scientific and technical bases of advances
in biology and medicine and other related areas and
their social, economic, ethical, administrative, and legal
implications. Commissions appointed by institutions,
governments, and international bodies serve to relieve
the medical profession from making ethical decisions
and to protect human subjects from any harm. The
deliberations of these committees are usually followed
by guidelines of operation, which in many cases have
become abiding law. For these committees to be of full
advantage, they must convene promptly as issues
arise so as not to delay medical advances from being
implemented.
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14 Education in perinatal ethics
G. M. Stirrat 

Introduction
Amazing advances, in genetics, reproductive techno-
logies, and perinatal medicine occurred in the latter
part of the 20th century. As Radcliffe-Richards1 has
said, ‘Science keeps on throwing up new situations
which, in some ways resemble familiar ones but in
others are utterly unlike them; and we try to solve the
resulting problems by stretching our old familiar cat-
egories to fit, but with ever increasing strains and
cracks appearing everywhere’. Those of us who prac-
tice perinatal medicine are required to consider a
wide range of ethical questions, sometimes on a daily
basis. Some of them relate to our specialty while
others are generic (e.g. consent, confidentiality and
resource allocation). The problems can be complex
and true dilemmas where the choices are between
equally undesirable alternatives. Over 30 years ago,
Campbell2 wrote, ‘moral dilemmas will continue to
occur in medicine as long as choices have to be made
which involve putting one set of values against
another’. Unfortunately, ready-made answers cannot
be found in textbooks (not even this one!), because the
situations in which the problems arise and the stories
of the people involved are all different from any other.
The desired goals may also be different. For example,
the prevention of disease and health promotion tends
to raise different issues and require different solutions
than the relief of symptoms, pain and suffering, or the
cure of disease.

The 21st century will bring further advances in
what can be done, but the prevailing ethical climate
suggests that there will continue to be much less criti-
cal consideration of what ‘ought’ to be done. How then
can we as individuals and as a community of physi-
cians reduce the risk of Radcliffe-Richards’s ‘strains
and cracks’ causing the edifice of our professional
practice to crumble around us? If you ask an architect,
builder or constructional engineer that question, their
answer will be ‘Get the foundations right!’.3 Would it
not, therefore, seem prudent that those training to be
perinatal physicians be properly grounded in the the-
ories and principles behind the increasingly complex
ethical decisions in which they will inevitably be
closely involved in their subsequent career?

This chapter is based on several fundamental
premises:

(1) Each one of us is required to think ethically and
act morally (i.e., we are all ‘moral agents’). This
is not an optional extra.

(2) Ethics is about individuals living and working in
community.4 It is not just about ‘me’ and ‘mine’.
As Campbell5 states, ‘there can be no possibility
of freedom for any one individual if that person
acts without reference to all other moral agents’.

(3) Medical ethics is not solely a matter of moral
theory, it is ‘an ethics of relation and practice’.4

Thus, ethics is for something and must be trans-
latable into moral action. It has to work in real
life.

(4) The dominant individualistic version of
autonomous choice is fundamentally (and, in the
long run, potentially fatally) flawed.6,7 Stirrat
and Gill,7 among others, have suggested a prin-
cipled version of patient autonomy that involves
the provision of sufficient and understandable
information and space for a patient, who has the
capacity to make a settled choice about medical
interventions on himself/herself and to do so
responsibly in a manner considerate to others. A
lifetime in clinical practice strongly suggests that
this model best fits the optimal patient–doctor
relationship in which there is a mutual, unspo-
ken agreement between the parties that recog-
nizes the duties and obligations each to the
other with bilateral trust at the heart of this rela-
tionship. This is discussed further below.

(5) The discipline of medical ethics is not qualita-
tively different from ethics in general. The funda-
mental ethical principles underpinning medical
practice should be shared by society in general.
However, by virtue of being a profession, we clearly
have special obligations to the patients we serve.
In the United Kingdom the ‘Duties of a Doctor’
are clearly laid down by the General Medical
Council (GMC)8, whose primary roles are ‘To
protect the public by setting standards for pro-
fessional practice, overseeing medical educa-
tion, keeping a register of qualified doctors and
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taking action when a doctor’s fitness to practice
is in doubt’. Table 14.1 outlines the duties of
a doctor as set down by the GMC.8 The Code of
Medical Ethics of the American Medical Asso-
ciation (AMA)9 states, ‘a physician must rec-
ognize responsibility not only to patients, but
also to society, to other health professionals, and
to self’. The two main items on the agenda of the
first meeting of the Association in 1847 were the
establishment of a code of ethics and the creation
of minimum requirements for medical education
and training. Table 14.2 shows the principles

adopted by the AMA as ‘standards of conduct
which define the essentials of honorable behavior
for the physician’.

(6) Ethics is a necessary part of good clinical prac-
tice. Ethical judgments must take full account
of all the circumstances of the case and be based
on sound principles. Decisions must be consis-
tent, free from contradiction and clinically rele-
vant. Exercise by physicians of their clinical
judgment is frequently attacked as paternalism.
While, in some instances, this can be so, it may
also be the doctor fulfilling his or her duty to the
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Table 14.1 Duties of a doctor (UK GMC)8

‘Patients must be able to trust doctors with their lives and well-being. To justify that trust, we as a profession have a duty to
maintain a good standard of practice and care and to show respect for human life’

As a doctor you must

• Make the care of your patient your first concern • Respect and protect confidential information
• Treat every patient politely and considerately • Make sure that your personal beliefs 
• Respect patients’ dignity and privacy do not prejudice your patients’ care. 
• Listen to patients and respect their views • Act quickly to protect patients from risk 
• Give patients information in a way they can understand if you have good reason to believe that 
• Respect the rights of patients to be fully you or a colleague may not be fit to practice

informed in decisions about their care • Avoid abusing your position as a doctor
• Keep your professional knowledge up-to-date • Work with colleagues in the ways 
• Recognize the limits of your professional competence that best serve patients’ interests
• Be honest and trustworthy

In all these matters you must never discriminate unfairly against your patients or colleagues. And you must always be prepared
to justify your actions to them

Table 14.2 American Medical Association ‘Principles of Medical Ethics’9

Preamble

The medical profession has long subscribed to a body of ethical statements developed primarily for the benefit of the patient.
As a member of this profession, a physician must recognize responsibility not only to patients, but also to society, to other
health professionals, and to self. The following Principles adopted by the American Medical Association are not laws, but
standards of conduct which define the essentials of honorable behavior for the physician.

I. A physician shall be dedicated to providing competent medical service with compassion and respect for human dignity.
II. A physician shall deal honestly with patients and colleagues, and strive to expose those physicians deficient in character

or competence, or who engage in fraud or deception.
III. A physician shall respect the law and also recognize a responsibility to seek changes in those requirements which are

contrary to the best interests of the patient.
IV. A physician shall respect the rights of patients, of colleagues, and of other health professionals, and shall safeguard

patient confidences within the constraints of the law.
V. A physician shall continue to study, apply and advance scientific knowledge, make relevant information available to

patients, colleagues, and the public, obtain consultation, and use the talents of other health professionals when indicated.
VI. A physician shall, in the provision of appropriate patient care, except in emergencies, be free to choose whom to serve,

with whom to associate, and the environment in which to provide medical services.
VII. A physician shall recognize a responsibility to participate in activities contributing to an improved community.
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patient by exercising his or her own autonomy,
and as such, may be entirely justified. Indeed,
there will be some occasions, particularly in peri-
natal medicine, when acquiescence to a requested
intervention against one’s clinical or ethical judg-
ment will be abrogation of one’s duty as a doctor!

(7) The patient–physician covenant relationship
depends totally on the trust of the former that the
latter will act at all times with the highest ethical
standards. Indeed, not only is trust ‘the funda-
mental virtue at the heart of being a good doctor’,
it also allows us all to function socially as indi-
viduals in a complex society,10 and ‘every gen-
uine moral community is built on the trust that
its members will look beyond personal interests
and individual concerns towards a truly com-
mon good’.11 The words ‘trust’ or ‘trustworthy’
can be found on several occasions in the GMC’s
‘Duties of a Doctor’ (Table 14.1) and it is implicit in
the AMA’s ‘Code of Ethics’ (Table 14.2). (Among
other authors, Draper and Sorell12 argue that the
patient has reciprocal duties, but it is not appro-
priate to discuss this further here.)

The Basis for Ethics
Since at least the time of Socrates (470–399 B.C.),
people have asked questions like ‘How do we know
what is good?’ ‘How should I live?’ ‘How can we
know which decision is right?’ and ‘What is justice?’.
Ethics or moral philosophy addresses these funda-
mental questions in order to establish a basis for
moral judgments. Morals are the specific judgments,
codes or beliefs of particular groups or societies and
the actions that follow from these.

The relationship between ethics and morals has
been compared to that between DNA and cell pro-
teins.13 Within the DNA (ethics) lies the fundamental
information for the cell to function. The proteins
(morals) produced by the cell interpreting and follow-
ing that information do two things – they express both
the nature and character of the cell and also perform
its specific function. In addition, cells must work
together within and among bodily structures and
organs. The cell that expresses its individuality at the
expense of its neighbors is ‘neoplastic’ and may
become malignant, ultimately causing the demise of
the body. What this might suggest about the long-term
consequences of the dominance of the primacy of the
individual – ‘I’, ‘me’ and ‘mine’ – in today’s society is
among the factors that leads to my concern about the
potentially fatal flaw in this view of autonomy.

Diversity of moral theory
In 1972, Campbell2 wrote, ‘The essence of morality is
that there is uncertainty’. As a young obstetrician

wrestling with a whole series of ethical dilemmas
at that time, I found this very threatening. I was like
Montaigne who said, ‘Tell me of your certainties; I
have doubts enough of my own’. Indeed, I venture to
suggest that we all find uncertainty difficult to deal
with. We would much prefer ‘meanings that are com-
pletely clear’ and ‘truths that are completely certain’.14

Campbell2 stated:

Many people seek to handle situations of uncer-
tainty by elevating their personal convictions to
the status of inherent and all-embracing rules,
which must apply to every situation, whatever its
complexities and ambiguities. Others try to reduce
all moral dilemmas to questions of technical skill.

He considered that both of these reactions were com-
monly found among physicians and nurses, ‘many of
whom may feel that there is little to be argued about
in medical ethics, either because they do not them-
selves see any moral ambiguities in their professional
practice or because they consider all the decisions taken
to be purely matters of clinical judgment’. Personal
experience suggests that although such individuals
still exist, the vast majority of health care profession-
als are anxious to learn how to make more reflective
and consistent ethical judgments in the face of the
problems that they face from day to day.

Of course, ‘moral philosophy does not attempt to
“solve” moral dilemmas’.2 Rather, ‘it attempts to
provide a rational framework for understanding the
complexities of moral judgment’.2 It is entirely appro-
priate that we try to make sense out of uncertainty, and
we do so by classification and codification of what we
think we know. We need frameworks as reference
points to allow us to progress through our lives as indi-
viduals in society, much as a ship traveling across the
ocean. Indeed, Jonsen15 suggests:

… moral principles are not unlike the sky-marks
used in celestial navigation: a position is deter-
mined and a course marked by continual refer-
ence to fixed points – sun, stars, and planets. At
the same time the navigator must look not only to
the sky-marks but also to any visible landmarks
and to the wind and waves. Thus while princi-
ples provide an indispensable general guiding
direction, other features of the problem must be
taken into consideration as the passage from
moral question to moral answer is navigated.

It is, perhaps, not only inevitable, but also appropriate
that a multiplicity of theoretical approaches to ethics
should have arisen. Campbell has suggested, ‘The
diversity of ethical theories is about as wide as the
diversity of ways of understanding the relationship
between man and his environment’.2

The first of the two main theories is deontology or
‘duties in action’. The best example is found in the
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writing of the philosopher Immanuel Kant in the
18th century. The essence of Kant’s ethics is:

• Certain kinds of acts are intrinsically right and others
intrinsically wrong determined by a set of rules.

• The rules must be universally applicable, coherent
(i.e. not contradictory) within what Kant called ‘a
rational system of nature’ and capable of being
freely adopted by ‘a community of rational beings’.

• Among the rules are ‘do not kill, cause pain, dis-
able, deprive of freedom or pleasure’ and ‘do not
deceive, break promises, cheat, break laws, or
neglect one’s duty’.

• Each of us has a set of duties to our fellow men
and women. One of the most important duties is to
‘act so that you treat humanity, whether in your
own person or in that of any other, always as an
end, and never as a means only’. It is this maxim
that has, for example, contributed to concerns
about so-called ‘savior sibling’ procedures in
which a child is conceived with the primary inten-
tion of being a source of compatible tissue for a
seriously ill sibling.

• An action should not be judged to have been right or
wrong by its consequences in individual situations.

No theory is without problems, and the main difficul-
ties with this theory are defining the meaning of
‘rational’ and agreeing on universally applicable rules.

The second main theory, developed in the 19th cen-
tury by Jeremy Bentham and John Stuart Mill, is con-
sequentialism, in which the rightness or wrongness
of an action is based solely on consequences.16 They
named their theory utilitarianism, and argued that the
maximization of pleasure or happiness was what made
acts right. This has been summarized as ‘The greatest
happiness of the greatest number’. Consequentialist
theories can be further divided. Act consequentialism
states that the right action is the one that produces
the most good. In rule consequentialism the test is
whether an action accords with a set of rules whose
general acceptance would result in the most good. In
each case, ‘good’ is determined solely by the beneficial
consequences. The problem with consequentialism is
that, although consequences are undoubtedly impor-
tant in moral judgments and actions, happiness is
highly subjective, and what is good (let alone the great-
est good) is not always easy to determine. Moreover,
benefiting the majority could result in ignoring vul-
nerable minorities. Where do the seriously disadvan-
taged in our society, such as the very preterm infant,
the severely disabled child, the terminally ill or the
elderly with dementia fit with this philosophy? A rule
to protect the vulnerable could be set aside if it did not
promote general happiness.

Clearly, these theories are not, of themselves, suffi-
cient for the resolution of clinical problems in real life
and several other views have been developed to try to
deal with their inherent problems. The Four Principle

Approach, otherwise known as ‘principlism’, shown
in Table 14.3 (and see Beauchamp17), was formulated
as a basis for working out practical solutions for prob-
lems in medical ethics.

Critics say, with some justification, that these are
merely a checklist without an underlying theory, are
often in conflict with one another (with no internal
resolution) and do not deal with emotional aspects or
relationships. In particular, as has already been
noted, the concept of autonomy is widely misunder-
stood. It does not necessarily mean doing what some-
one requests or demands at one point in time. It
implies a settled view of the individual reached by
deliberation as to what is in his or her own long-term
best interests. It is also to be balanced with the auton-
omy of others, including, in this context, medical
staff. Regrettably, the four principles are all too often
used as a mantra to be applied by the lazy to every
ethical issue without thought or discrimination. If,
however, one recognizes their shortcomings and
incorporates some other insights such as those dis-
cussed below, the four principles can provide a
useful framework for analyzing ethical problems
(see Table 14.4a).

Other useful perspectives can be found:
Narrative ethics:18 This takes account of the

patient’s and the physician’s context, emotions and
relationships. Indeed, whatever one’s approach, the
patient’s story must be part of the ethical relationship
and one’s own feelings are relevant to the moral
choices. It is important that the latter be recognized, if
only to ensure that one’s feelings do not inappropri-
ately influence the choice of the patient. 

Virtue ethics: Instead of asking ‘How should I act?’
this asks ‘How should I live?’.19 This system tried to
define excellence of character or behavior to which
individuals or groups should aspire. One aspect is
caring about someone, rather than just caring for him
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Table 14.3 The Four Principles (‘principlism’)17

Principle The obligation/duty 

Beneficence • To do what is in the patient’s 
best interests

• To provide benefits
balanced against risks

Non-maleficence • Not to cause harm and,
indeed, seek to prevent it

Autonomy • To respect the right 
(‘self-rule’) of the individual to make

choices about her own life
in the context of equal respect
for everyone else involved

Justice • To treat patients fairly and
without unfair discrimination

• Fairness in the distribution
of benefits and risks
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Table 14.4 Making ethical judgments

(a) Analysis

Define the problem(s)

Analyze the problem(s)

• What are its elements? – e.g. medical, ethical, legal, etc.
• What parties are involved? – such as the patient, her family, one or more fetuses, statutory authorities (e.g. social workers,

police), health care professionals, etc.

◦ Who is the appropriate advocate for the fetus?

• How do their perspectives fit together or conflict with each other, and in the latter case, what are the appropriate
mechanisms for resolution?

• What is its context? – e.g., social, ethnic, economic (within this may be issues about rationing)

Consider the underlying principles involved

• It may be useful to start with the four principles (beneficence, do no harm, autonomy and justice).17

◦ What is in the patient’s best interests?
◦ How can I balance this with the avoidance of harm?
◦ Is the patient competent? If so

■ Is she expressing her settled view on what she wants?
■ Am I respecting her right to make choices about her own life?
■ Does this conflict with the autonomy of others, and if so, how is this to be resolved?

◦ If she is not competent (e.g. a minor or an unconscious adult), or if this is open to question (e.g. a child aged 12–13
years), how is this to be dealt with? 

◦ Are there any issues of justice? e.g.

■ Is the patient being unfairly discriminated against?
■ Is there any conflict between what I consider to be in the patient’s best interest and what can be provided?

• What other perspectives could assist in resolution?

◦ Have the patient’s social context, emotions and relationships been adequately considered?
◦ Am I sure that I am treating the patient as a person?
◦ Are we both caring for and caring about the patient?

(b) Action

Move towards recommending actions that best meet the above criteria

• What are the proposed objectives? e.g. cure, relief of symptoms (e.g. pain and suffering) or prevention of disease?

◦ Which objectives are essential and which desirable?
◦ What alternatives are available (including doing nothing)?
◦ What are the risks of acting (or failing to act) and what is their probability and severity?
◦ Do the expected benefits outweigh the potential risks?

■ Has the patient been properly informed of the available options?

◦ Is she competent to give consent?

■ If so, has the consent been obtained properly?
■ If yes, put chosen option into effect.

◦ If she is not competent whom, if anyone, can legally give consent?

Dealing with potential or actual conflict

This difficult area cannot be dealt with comprehensively here, but examples include the following:

• The patient refuses to accept the recommended interventions.

◦ If competent, she has the right to do so, even if it leads to harm of herself (or the unborn child). Do not coerce her.
Among the things to do are:

■ If junior, inform more senior colleagues; if senior, seek advice through clinical governance channels.
■ Make sure that full contemporaneous notes are made.

(Continued)
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or her, and it can provide a useful perspective in, for
example, those faced with chronic and/or serious
illness or disability.

Feminist approaches to ethics:20 One form of femi-
nist ethics attempts to balance the dominant mascu-
line ethos of traditional ethics with a more feminine
perspective. The ethics is one of caring for individu-
als and although caring resolutions may be different
in their outcomes, they are linked by personal regard
and respect given to individuals.

However, ‘formal frameworks, for all their value,
need to be supplemented with other ethical approaches,
based more on interpretation and judgment than on
formal deduction or algorithm’18 and ‘any particular
theory, when applied deductively, is shown to be
inadequate sooner or later’.21

Sherwin22 suggests, ‘No moral theory can do the
work normally expected of it, because none provides
reliable grounds for resolving all moral complexities
through deductive application of its central princi-
ples’ and ‘Doing bioethics well requires appeal to
the insights provided by multiple theories’. Ethical
reflection depends on having a set of core ethical
beliefs that describe clear cases of morally objection-
able or praiseworthy behavior, which contribute the
prototypes of ethical deliberation. Rather than trying
to force us to choose a single, comprehensive theory
to apply to all cases, she finds it preferable to view
different theoretical perspectives as providing

alternative ‘frameworks’ or ‘templates’ for different
sorts of approaches to problems. She suggests that we
use competing theories as a set of lenses through
which we can get a clearer view of complex moral
problems. Some lenses will provide a clearer under-
standing than others.

Dunstan’s4 criteria for the practice of ethics in
medicine are good moral theories, the elucidation of
principles to which implicit or explicit appeal can be
made, the discipline of logic for the framing of good
arguments and the exposure of bad ones, learning the
‘art of moral reasoning’, discipline in the use of words
without clichés and ‘wisdom above all’.

Making ethical judgments
There are two main ways in which ethical issues
arise. The first is while dealing with patients and their
clinical problems. The second is when faced with an
issue in abstract (e.g. ‘What do you think of cloning?’).
Dealing with the former tends to inform one’s approach
to the latter and, incidentally, provides valuable
insights not given to the non-clinician.

How then do we go about making ethical judgments
in the clinical context? McCullough and Chervenak21

advocate five individually necessary and jointly suffi-
cient criteria for rigorous analysis:
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Table 14.4 (Continued)

• She requests intervention that informed medical opinion suggests is not justified or in her best interests.

◦ You are not bound to do as she asks, particularly if it is contrary to your principles.
◦ Offer referral for another opinion or, if needs be, transfer care to another team. (In the United Kingdom, if the patient is

requesting termination of pregnancy, you are obliged to refer to another practitioner.)
◦ (Then as above.)

• Another party tries to intervene inappropriately, e.g.

◦ The family or another third party asks for confidential information.

■ The presumption is that confidentiality must be kept.
■ Any breach can be justified only in exceptional circumstances.

– It is preferable that this be with the knowledge of the patient.
– However, if, for example, it is judged that the patient would be seriously harmed by knowing that her illness is

terminal, but that it would be in her best interests that a close relative should know about it, information may
be divulged without consent.

• The family asks that the patient not be told the truth about her illness.

■ The assumption (possibly rebuttable with good grounds – see example above) must be to tell the truth at all times.
■ Not to do so can have regrettable consequences, e.g. who is she to trust when she discovers any deception?
■ Remember that your primary duty of care is to your patient and not her family.

Good communication skills in general, and knowing how to impart bad news in particular, are central to being a good doctor
Review the outcome

• Ethical issues do not lend themselves easily to audit, but it may be useful to record and review major cases from time to time.
• In individual cases, remember that a good or bad outcome does not necessarily mean that the intervention was right or wrong
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• Clarity: terms and concepts must have precise
meaning.

• Consistency: those terms must always be used
with that precise meaning and reasoning must be
free of contradiction.

• Coherence: ethical deliberations must be inter-
nally consistent and non-contradictory.

• Applicability: the results of ethical deliberations
can be applied in the clinical and research settings.

• Adequacy: the judgments allow ethical conflicts to
be identified, managed or, preferably, prevented.

It has to be emphasized that there is no magic formula
and, indeed, Dan Callahan has suggested (personal
communication, 2002) that ‘ethical theory ultimately
doesn’t matter very much – 90 per cent is educated
common sense’.

My own approach to making ethical judgments
involves consideration of a series of questions under
five task-oriented headings, as outlined in Table 14.4a
and b, that move from ethical analysis to clinical action.

The purpose and process of
education in ethics
If Callahan is correct that 90% of ethics is educated
common sense, why should anyone need training in
ethics? The key is in the qualifying adjective, ‘edu-
cated’. I once bought a wooden plaque on Cape Cod
that read, ‘The one thing about common sense is that
it is not so common!’. Josh Billings (the pen name of
Henry Wheeler Shaw), the renowned 19th century
humorist, said two wise things on the subject:
‘Common sense is the knack of seeing things as they
are, and doing things as they ought to be done’ and
‘Learning is the art of knowing how to use common
sense to advantage’. Thomas Huxley’s aphorism that
‘Science is nothing but trained and organized com-
mon sense’23 applies equally to ethics. He suggests
that the former differs from common sense ‘only as a
veteran may differ from a raw recruit: and its methods
differ from those of common sense only as far as the
guardsman’s cut and thrust differ from the manner
in which a savage wields his club’. To change the
metaphor, no one expects the child with an innate
musical ability to sit down at the piano and immedi-
ately play Beethoven sonatas. The talent needs to be
developed both by understanding the theory under-
pinning the music and also by practicing increasingly
complex compositions. It must also be rewarding for
the student! Thus it is with ethics.

I believe that far more is achieved if a teacher starts
from where the students are and builds on their inher-
ent abilities, rather than start from where the teacher
is and expect the students to soak up facts and opin-
ions that do not necessarily relate to their own expe-
riences. In the United Kingdom the majority of students
come to medical school from high school at about

18 years of age. Teaching of ethics in medicine in the
University of Bristol begins shortly after the students
commence their course and follows for several weeks,
working with family practitioners meeting patients,
learning about their problems and discerning the
ethical issues involved. It subsequently runs as a
vertical theme through all 5 years of the course. We
never cease to be amazed at the maturity with which
these talented young people address complex ethical
issues often from their own experiences. This develops
as the course progresses. They have the talent; it is our
task to let it flourish.

Not long ago I had one of the most rewarding teach-
ing experiences of my life at the other end of the age
spectrum. I was asked to speak to an older women’s
group on a reproductive ethics topic. Instead of lectur-
ing them on the subject (on which, if truth be told, I
was not an expert), I had prepared four hypothetical
cases of increasing ethical complexity. Members of
the group presented each case, the facts of the matter
were discussed and questions addressed. We then
began to consider the ethics of each case. In a very
short time, the key ethical issues had been raised and
debated, and by the time the fourth case had been
completed, we had discussed a range of issues that
would not have disgraced a textbook of ethics. Of
course we did not come up with many firm answers,
but these women not only discovered that they could
think (something their families had probably told
them implicitly or explicitly that they could no longer
do), but also that their opinions were meaningful.
What is more, they were not only thinking ethics on
that day, but had been doing so all their lives! They
also learned that there were few absolute answers, but
had derived the principles to address the dilemmas by
their own efforts. It was gratifying to see their self-
esteem rise as the session progressed, and they left
rejoicing in the experience. Henry Brook Adams, the
historian, wrote in 1907, ‘a teacher affects eternity: he
can never tell where his influence stops’. Our objec-
tive in education in ethics is no less!

Phases of Education in Ethics
The most effective way to achieve proper education in
ethics is to begin early and build on it through school,
college, medical school and continuing professional
development:

(1) Education in human relationships: This should
begin early in school and become a more formal
study of ethics for all students in high school and
college, where it should be part of the examined
curriculum. The objective is for the student to
learn how to think, not what to think.

(2) Introduction to bioethics: This should commence in
medical school, concentrating on a patient-centered
approach to medicine, and be part of the examined
curriculum. This has been emphasized by the GMC
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in ‘Tomorrow’s doctors – recommendations on
undergraduate medical education’.24 The focus
should be not only on knowledge, but also on skills
and attitudes, as shown in Table 14.5. Both clini-
cal and research governance should be included.
There is increasing emphasis on this course being
interprofessional, involving students from a vari-
ety of health care professions. The confrontation
of some issues will be traumatic for some stu-
dents. Teachers must be sensitive to this. The ear-
lier this is recognized and dealt with, the better.
In addition, having been dean of a medical fac-
ulty, I realize that the problem of the failing stu-
dent is more often a problem in attitude rather
than ability. This too must be recognized early for
remedial action to be instituted and, if necessary,
the student encouraged to join an alternative
course of study for which he or she is more
suited. It is too late for this to be recognized for
the first time after qualification, perhaps as a
result of an event that resulted in harm to a
patient.

(3) A core generic course for health care professionals:
It is suggested that these practice-based modular
courses be designed for doctors working
in hospitals, family practice and public health,
nurses, midwives, allied health professionals and
health care managers. The courses would be an
integral part of their continuous professional
development. The design would have to recog-
nize that not all participants are starting from
the same point in their understanding of basic
bioethics. A ‘core and options’ design would
allow this to be the first part of a specialty-
specific program (in our case perinatal medi-
cine). Among the proposed objectives of these
courses would be:

• To provide an introduction to (or revision of)
basic theory in bioethics and to the relation-
ship between ethics and the law.

• To develop consistent, critical and reflective
attitudes to ethical decision making in the
health care setting.
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Table 14.5 Introduction to bioethics in medical school

Objective Key issues

Increasing knowledge • In ethics there are very few cut and dry solutions to problems.
In part this is because the problems themselves are so varied

• As a practical discipline, ethics involves fitting general principles to specific
circumstances in a way that respects these variations, but this does not mean deciding
arbitrarily or with prejudice

• The course should cover the main principles of ethics in medicine
(e.g. respect for autonomy, beneficence, justice) and ethical concepts to be used in
making morally reasonable judgments (e.g. duty, rights, virtue, consequences)

• The students should learn:

◦ The relevant law and professional codes of  conduct that determine specific
obligations owed by doctors to patients, society and each other

◦ How best to determine what is morally important and relevant in a
given medical situation: without this moral understanding it is impossible to apply
rules or concepts in a sensitive and constructive way

◦ The centrality of the patient’s narrative in determining what is important for her
and her medical care

Developing skills The course should aim to develop skills of analysis, judgment and rational argument
about moral issues in medicine.
The context should always be their relevance to the practice of medicine
and good patient care

Improving attitudes The student should be become aware of the wide variety of patients’ attitudes to health,
illness, doctors and society, the ways in which these impact on the medical relationship
and the ways in which their own attitudes play a part in this relationship
The ways in which ethical issues in medicine are not only about
hard decisions for doctors, but about making decisions with patients in
personal, social and institutional contexts should be explored
This approach to patients’ attitudes will inevitably involve the students
confronting and rethinking their own, and this can be
threatening for some 
Problematic attitudes should be identified, acknowledged by the
student and, if possible, remedied

Based on the Ethics and Law in Medicine Vertical Theme Course in the University of Bristol Medical School, 2003–4
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Table 14.6 Suggested basic bioethics modules for a core generic course for health care professionals, and
indicative curriculum for a specific course in perinatal medicine

(a) Suggested basic bioethics modules

Module 1 Overview of bioethics – ‘What ought I do?’, dealing with uncertainty, etc.
Module 2 Competing theories, e.g. duties vs. consequences
Module 3 Other important concepts, e.g. principlism, virtue and narrative ethics, autonomy, paternalism
Module 4 Ethics and the law
Module 5 Ethics and the professions, e.g. confidentiality, informed consent and the vulnerable and failing doctor
Module 6 Making ethical judgments
Module 7 Methods of ethics support in practice

Among the suggested core topics might be

• Patients’ rights, expectations and reality
• Consent, confidentiality, communication
• Legal framework in relevant countries
• Economics, to include resource allocation and prioritization
• Refusal of treatment
• Conflicts of interest, e.g.

◦ Commercial enterprises in medical practice

• Clinical governance, e.g.

◦ Managing and reducing risk, clinical error, poor performance, support structures
◦ Clinical ethics committees

• Quality of life issues
• Decision making, to include:

◦ Partnerships in decision making, e.g. interdisciplinary career perspectives, patient–parental perspectives
◦ Dealing with uncertainty
◦ ‘Futile’ treatment
◦ Withdrawing or withholding treatment
◦ Religious and secular influences on decision making

• Generic issues at the beginning and end of life
• Research governance, e.g.

◦ Evidence based medicine
◦ Properly informed consent
◦ Innovative interventions
◦ Fraud and misconduct
◦ Research ethics committees

(b) Indicative curriculum for a specific course in perinatal medicine

• Human genetics
• Conception and birth
• New reproductive technologies; pre-embryo research; stem cells and cloning
• The law and perinatal medicine
• Screening, antenatal diagnosis and counseling
• Sex selection for medical and non-medical reasons
• Termination of pregnancy
• Feticide
• Non-selective embryo reduction
• The fetus as person and patient
• Patient choice and the maternal–fetal relationship
• Obstetric interventions ‘on demand’
• Antepartum management of fetal anomalies
• Drug dependency in pregnancy
• Critical care obstetrics
• HIV infection in pregnancy
• Prematurity (particularly the very pre-term infant at or near the threshold of viability)
• Ethical aspects of the care of the newborn
• Ethical aspects of the care of the malformed or brain-damaged infant

Kurjak-14.qxd  5/9/2006  11:34 AM  Page 154



Phases of education in ethics 155

Table 14.7 A guide to a bibliography for core ethical subjects and perinatal ethics

(a) Core ethical subjects

Medical Ethics Today
The BMA’s handbook of ethics and law
BMJ Publishing Group, London, 2004
A comprehensive, concise and authoritative guide to medical ethics
Medical Ethics, 4th edn
Campbell A, Charlesworth M, Gillett G, Jones G
Oxford University Press, New York/Oxford, 1997
An invaluable primer for the subject accessible to the non-expert
Clinical Ethics, 5th edn
Jonsen AR, Siegler M, Winslade WJ
McGraw-Hill, New York, 2002
A ‘must read’ in this context. ‘Facilitates solutions to everyday ethical problems’
Principles of Health Care Ethics
Edited by Gillon R
John Wiley, Chichester/New York, 1994
A detailed in-depth analysis of the field
Principles of Bio-medical Ethics, 5th edn
Beauchamp TL, Childress JF
Oxford University Press, New York/Oxford, 2001
Another excellent source book
Bioethics – An Introduction to the History, Methods and Practice
Jecker NS, Jonsen AR, Pearlman RA
Jones & Bartlett Publishers, Boston, 1997
It does as it says
Medical Ethics – A Case-Based Approach
Schwartz L, Preece PE, Hendry RA
Saunders, Edinburgh/New York, 2002
A useful guide
Medicine, Patients and the Law, 3rd edn
Brazier M
Penguin Books, London, 2003
A scholarly work by an eminent legal authority
Medical Ethics and the Law – The Core Curriculum
Hope T, Savulescu J, Hendrick J
Churchill Livingstone, Edinburgh/New York, 2003
A useful guide
Autonomy and Trust in Bioethics
O’Neill O
Cambridge University Press, Cambridge, England, 2002
A must for anyone who wishes to understand the true nature of autonomy
Three Methods of Ethics
Baron MW, Pettit P, Slote M
Blackwell Publishers, Oxford/Malden, MA, 1997
For those who wish to consider more deeply and contrast Kantian ethics, consequentialism and virtue ethics
The Health Care Professional as Friend and Healer
Edited by Thomasma DC, Kissell JL
Georgetown University Press, Washington, DC, 2000
This book builds on the work of Edmund Pellegrino. A ‘must-read’ in this context

(b) Perinatal ethics

Ethics and Perinatology
Edited by Goldworth A, Silverman W, Stevenson DK, Young EWD
Oxford University Press, New York/Oxford, 1995
A required text for this field
Ethics in Obstetrics and Gynecology
McCullough LB, Chervenak FA
Oxford University Press, New York/Oxford, 1994
Another valuable reference for this field
Ethics in Obstetrics and Gynecology
American College of Obstetricians and Gynecologists
ACOG, Washington, DC, 2002
A compilation of the subjects considered by the ACOG Ethics Committee and another invaluable source of material

(Continued)
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• To increase awareness of ethical dilemmas
faced in different health care settings.

• To understand better the ethical problems
facing colleagues in different disciplines.

• To reinforce best practices in clinical and
research governance.

The desired learning outcomes would include:

• A working knowledge of basic concepts and
theories in clinical ethics.

• Greater confidence in confronting ethical
issues encountered in clinical practice.

• A more consistent approach to dealing with
similar ethical issues as they affect individual
patients.

• A better understanding of the social and insti-
tutional context of decision making in health
care.

• Improved interprofessional communication,
learning and decision making.

• Improved communication of ethical issues
with the patients and their families.

Table 14.6 outlines some suggested modules for
such a course in basic bioethics. Formative and
summary assessments would be incorporated
and candidates could gain credits toward, for
example, a master’s degree in bioethics.

(4) Specific course in perinatal medicine: In this
model, participants would have completed and
gained credits in the generic course. This too

could benefit from being interdisciplinary.
Table 14.6b is a guide to the possible subjects to
be included in the curriculum for such a course.
Table 14.7a and b lists some suggested texts rele-
vant to both the generic and the specific curricu-
lum. It is for the users to adapt these suggestions
to their requirements.

Does education in ethics
make any difference?
It is not sufficient to assert that education in ethics is
a good thing. Evaluation is required in support of the
program to justify the commitment and expense, and
to provide an evidence base for future work. But what
outcomes can be used? Among those suggested are
ethical sensitivity, attitudes, reasoning ability and
decision making. There is some literature on promot-
ing ethical sensitivity in modern medical practice,25–30

but the main focus has been on medical students.31,32

Although some attempts have been made to measure
the general effectiveness of ethics training,33–36 the
work lacks substantial investigation and discussion of
different methods of moral education. One study has
attempted to evaluate the effects of an intensive ethics
course on health care professionals, including physi-
cians and nurses.37 It was carried out during an open
conference. Only about half of the participants pro-
vided direct patient care, and there were no data on
the proportions of health care professionals taking
part, so no real conclusions can be drawn from it.
More rigorous work is required.

156 Education in perinatal ethics

Table 14.7 (Continued)

Recommendations on Ethical Issues in Obstetrics & Gynecology
The FIGO Committee for the Ethical Aspects of Human Reproduction and Women’s Health
FIGO, 2000
A compilation of the subjects considered by the FIGO Ethics Committee and also an invaluable source of material
Ethical Issues in Maternal–Fetal Medicine
Edited by Dickenson DL
Cambridge University Press, Cambridge, England, 2002
Contains succinct but deep analyses of many relevant issues
Crucial Decisions at the Beginning of Life
McHaffie H
Radcliffe Medical Press, Oxford, 2001
A descriptive account of parents’ experiences of treatment withdrawal from their infants
Should the Baby Live? The Problems of Handicapped Infants
Kuhse H, Singer PO
Oxford University Press, New York/Oxford, 1985
A controversial book that discusses issues that must be addressed in this context 
Selective Non-treatment of Handicapped Newborns: Moral Dilemmas in Neonatal Medicine
Weir RF
Oxford University Press, New York/Oxford, 1988
A necessary source book in this context for understanding how better to deal with clinical and ethical dilemmas
The Worth of Child
Murray TH
University of California Press, Berkeley, CA, 1996
A deep and compassionate analysis of many of the relevant issues
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Summary
Ethics is the system of thought that analyzes and
provides a rational framework for moral judgments.
Among the key features of ethics are:

• It must be translatable into moral action.
• It is a public system rather than a private activity,

and no one can act morally without reference to
other individuals.

• The fundamental ethical principles underpinning
medical ethics are those of society in general.

• Ethical analysis must be clear, internally consistent
and free of contradiction.

• The judgments made must allow ethical conflicts
to be identified, managed or, preferably, prevented.

The most effective way to achieve proper education in
ethics is to begin early and build on it through school,
college, medical school and continuing professional
development. Among the purposes of education in
ethics are the development of consistent, critical and
reflective attitudes to ethical decision making, increas-
ing awareness of ethical dilemmas in one’s own prac-
tice and that of others and reinforcement of best
practices in clinical and research governance.

Summary 157
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15 Words matter: nomenclature
and communication in
perinatal medicine
L. de Crespigny 

Language
The general public now accepts the importance of using
appropriate language. Their acceptance is in contrast
with the attitude of many doctors who are quick to dis-
miss the importance of word choice in treating patients.
The goal of this chapter is, first, to demonstrate that
word choice by professionals involved in prenatal diag-
nosis is important and, second, to consider ethically
appropriate word choices in our specialty.

Sexist and discriminatory language is now recog-
nized as unacceptable. This is because we are aware
that such language impacts negatively on others. As
long ago as 1977, the United States Department of
Labor revised 3000 of its approximately 30,000 titles
for occupations. Advertisers are well aware of the
importance of language and spend huge resources
choosing names for products and developing phrases
to describe them. Language is also the tool of trade
of politicians. When there was an outcry over the
government’s harsh treatment of asylum seekers, the
Australian Prime Minister, John Howard, recently
declared that his party was endeavoring to govern in
the interests of the mainstream of the Australian com-
munity. Shortly afterward, when the majority of
Australians believed that he should dismiss the
Governor General who had failed to act on child sexual
abuse claims, he indicated that he would not be suc-
cumbing to the clamor of the mob. In other words,
when the majority of Australians agreed with him,
they represented the ‘mainstream’, but when most dis-
agreed, it was ‘the mob’ talking.1

People now take care to avoid sexist and discrimi-
natory language. Racist language, in particular, is
acknowledged as being offensive and inappropriate.
It is hurtful to, and places stress on, other people.
Nobody working in prenatal diagnosis could fail to be
aware of the unique stresses placed on a couple who
are given bad news following a prenatal test. Despite

this, however, there is remarkably little literature
analyzing what word choice in prenatal diagnosis
leaves couples feeling most comfortable. The impor-
tance of language has had very little focus in medicine
generally – indeed, discussions on word choice may
be perceived as trivial.

Language, reality, and moral
judgment
Language makers and users of language are in a posi-
tion to influence reality; language is a vehicle for
them to construct, reinforce, and reproduce their par-
ticular bias or view of reality.2 People’s language can
influence opinion: for example, a group might be called
‘freedom fighters’ if we support their cause, others may
call the same group ‘terrorists’ if they wish to present
them as evil.3

Doctors performing prenatal diagnosis are language
makers in their specialist field. By their language they
can subtly influence how their patients perceive a
problem. We know that doctors have the potential to
influence a patient’s decision of what to do when a
fetal anomaly is diagnosed. They can do this both by
their choice of what information to impart and in the
way they impart it. One group found that the propor-
tion of women choosing pregnancy termination
following the diagnosis of a facial cleft was 50%.
It dropped to 5% following the introduction of ‘emer-
gency counseling by the cleft team’.4 Women feel vul-
nerable and are susceptible to influence from their
doctor following the diagnosis of fetal abnormality.
There are few, if any, areas of medicine in which the
language used by doctors is more important than in
communicating with women having prenatal testing.
Women feel stressed and may need to make one of the
biggest decisions of their lives – to consider whether
to have an abortion if a major abnormality is found.
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Loftus and Palmer,5 who summarized their results
as follows, demonstrated the impact of language on
memory:

Two experiments are reported in which subjects
viewed films of automobile accidents and then
answered questions about events occurring in
the films. The question, “About how fast were
the cars going when they smashed into each
other?” elicited higher estimates of speed than
questions which used the verbs collided,
bumped, contacted, or hit in place of smashed.
On a retest one week later, those subjects who
received the verb smashed were more likely to
say “yes” to the question, “Did you see any broken
glass?” even though broken glass was not present
in the film. These results are consistent with the
view that the questions asked subsequent to an
event can cause a reconstruction in one’s memory
of that event.

The unique emotive experience suffered by women
given a diagnosis of fetal abnormality far exceeds that
of people watching a film. It is reasonable to assume
that the doctor’s language would have at least as much
impact on patients as did the wording of questions to
watchers of the crash film. In prenatal diagnosis there
is the added factor that the doctor is seen as ‘the
expert’. Following the diagnosis of fetal abnormality,
patients will often ask their doctor what is the best
course of action. They will even attempt to read into
a doctor’s words or manner whether he or she thinks
an abortion is warranted. It is not the role of the doctor
to make a moral judgment about what is best for any
particular patient. However, patients may be highly
influenced not only by what the doctor says, but also
by inferences from the doctor’s word choice. The use
of words such as ‘baby’ and ‘mother’ when the doctor
means ‘fetus’ and ‘pregnant woman’ may result in the
patient thinking that her doctor considers that her
fetus has the status of a baby and she is already a
mother. It might be expected that such a word choice
may influence the patient’s decision about abortion.
In the crash film the questioner’s language influenced
the subjects’ perception. Following detection of a fetal
abnormality, the doctor’s language at the time of diag-
nosis could affect the woman’s decision on abortion.
If her doctor, either directly or by word choice, infers
that the fetus is a baby, this might also impact in the
woman’s ultimate ability to come to terms with her
decision.

Medical language
In a field closely allied to prenatal testing, Bowker2

explores the level of gender insensitivity in specialist
language in the field of infertility. She cites examples

demonstrating that the language used for similar
problems leading to male and female infertility is often
gender insensitive. For example, ‘sperm antibodies’
are described as being present in a male, while a
woman whose cervical mucus develops such antibod-
ies is described as having ‘hostile mucus’. She claims
that the choices of language are not always innocent
and may be determined by belief systems that under-
lie them. Language may attempt to portray men in a
more positive light and women in a negative one. She
also notes that the term ‘expected date of confine-
ment’ suggests punishment and imprisonment reflect-
ing the male doctor’s control over the place of birth
and birthing practices. The terms ‘expected date of
delivery’ or ‘due date’ are more gender sensitive.
Bowker concludes that even when a doctor claims not
to have a bias against women, the language that he
uses to communicate to patients may be based on
such a bias and may therefore have a harmful effect,
even in the absence of a malicious intent.

A detailed analysis of the terms commonly used in
obstetrical ultrasound practice would be valuable.
Some language is clearly gender insensitive, such as
cervical incompetence and the labeling of a woman as
a ‘recurrent aborter’. Some language is simply insensi-
tive, such as intrauterine growth retardation (instead of
restriction, to avoid a perceived association with intel-
lectual retardation) or a fetal anomaly scan (instead of
a fetal normality scan, to focus on the normal).

Doctors also use terms that could lead to miscon-
ceptions in the eyes of colleagues as well as the pub-
lic. It has been suggested that ‘myocardial infarction’
should be replaced by ‘coronary occlusion’ since the
goal of current treatment is to prevent the myocardial
death that follows coronary occlusion.6 The same
author also proposed replacing the term ‘hyperten-
sion’, which falsely suggests that the condition is related
to tension or stress, and replacing ‘cardiac failure’ with
‘cardiac insufficiency’.

The medical profession has been slow to acknowl-
edge the importance of language, dismissing it as
being ‘politically correct’. The term ‘political correct-
ness’ is now used as a slogan of opprobrium, referring
to someone who is an ideological monster.7 Doctors
dislike linguistic change and find it threatening, sug-
gesting that there is something more acceptable about
their own linguistic preference.7 Why is it that the
Right to Life movement long ago learned to use
‘killing of babies’ instead of ‘abortion’, while doctors
often still speak as if language is mere political
correctness and does not impact on peoples’ opinions?

Language in obstetrics
Although doctors are often dismissive of politically
correct language, our journals have over time reduced
discriminatory language. The use of ‘husbands and
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wives’ when the author means ‘men and women’
would no longer be accepted, although these terms
were used in a leading journal as recently as 1984.8

Similarly, one would not now expect to find in a stan-
dard medical text a quote such as ‘it has been said that
bad girls get babies but good girls get myomata’.9

While this may have been presented as a joke, it helps
perpetuate sexism by suggesting ‘good girls comply
with the stereotypical portrayal of women as chaste
and passive’.10

The RCOG Study Group on Problems in Early
Pregnancy: Advances in Diagnosis in Management11

has recommended that in early pregnancy loss, the
term ‘abortion’ be replaced by ‘miscarriage’. It is recom-
mended that ‘spontaneous miscarriage’ replace ‘spon-
taneous abortion’, ‘early embryonic demise’ and ‘fetal
demise’ replace ‘blighted ovum’ and ‘missed abor-
tion’, respectively, and ‘incomplete miscarriage’ be
used instead of ‘incomplete abortion’.12 The general
community has long accepted that our language is
important in influencing the way people see reality;
this is also starting to be accepted in our specialty.

Language in prenatal diagnosis
Ethical dilemmas pervade the specialty of prenatal
diagnosis. However, there has so far been little
attempt to review the language we use and the impact
it may have on other professionals, and even more
importantly on our patients. It is time doctors were
more considered and considerate in their word choice.
The terms ‘fetus’ and ‘pregnant woman’ are grammati-
cally more correct than ‘baby’ and ‘mother’. The
latter names are used by some (including antiabortion-
ists) euphemistically with a more sinister motivation –
namely, to blur reality. Antiabortionists use ‘baby’ and
‘mother’ as ‘linguistic fig leaves’ to suggest that abor-
tion is wrong;7 while the motivation of doctors using
these terms is likely to differ from antiabortionists, it
may be misinterpreted by patients.

How do we determine the most appropriate termi-
nology for the language of our specialty? Should we
survey our patients and let them decide terminology?
One such survey showed pregnant women had a
strong preference to be called ‘patient’ rather than
‘mother’, ‘client’, ‘consumer’, ‘customer’, ‘lady’,
‘woman’, or ‘pregnant woman’.13 Another study sur-
veyed women in an antenatal clinic in an attempt to
decide whether to use the term ‘mother-to-be’, ‘preg-
nant woman’, ‘maternant’, ‘patient’, ‘client’, or ‘con-
sumer’.14 The authors concluded, ‘Simple softer terms
like mother-to-be please a vast majority’. While we do
not know the gestation of these women, given that
most women have healthy pregnancies, it must be
assumed that most of these women believed they had,
and in fact had, healthy pregnancies. How would
their answers have changed if, immediately after filling
out this questionnaire, their doctor had told them that

their fetus had a major abnormality? The softer pleasing
term of ‘mother-to-be’ suddenly seems inappropriate –
the patient will probably choose not to be a mother
this time. Would the doctor using the term ‘mother-to-
be’ have an impact on their patient’s decision whether
or not to continue with the pregnancy? Would the
patient think that the doctor is insinuating that since
she is a mother-to-be and not a pregnant woman that
the doctor therefore opposes an abortion? If the
woman has an abortion, might her grief be prolonged
because of her concern that the doctor had implied
that she should have become a mother?

Mothers, and presumably mothers-to-be, do not kill
their children/fetuses. Pregnant women, however, do
have a right to abortion in some circumstances in
most Western societies. We cannot expect patients in
an outpatient survey to think through these issues.
Sometimes word choice is better resolved by reflec-
tion and discussion, because the appropriate survey
cannot be easily carried out. Word choice is not
always best resolved by surveying patients – just as
medical treatments are not. Doctors have a role in
patient and community education.

Another study suggested that some patients preferred
the term ‘baby’ to ‘fetus’.15 Researchers in Canada exam-
ined the results of a questionnaire sent to women who
had been informed of ultrasound findings of ‘serious
anomalies’, soft markers of aneuploidy, or obstetric
complications. Approximately 900 patients were seen
in the study year, the number who declined to partici-
pate was not recorded, but 117 agreed to participate in
the survey. Surveys were returned by 65% of the 117.
This shows the difficulty in both performing and ana-
lyzing the results of such a survey – questionnaires
were analyzed from only 76 (8%) of the original
approximately 900 eligible women.

More women felt strongly that they preferred to have
their health care provider use the word ‘baby’ when
giving them bad news. A smaller number felt it important
to hear the word ‘fetus’. There was a significant minority
who considered the terms used to be unimportant. There
was great diversity of opinion among the women.

It is not clear from this paper how many women
had chosen pregnancy termination following diagno-
sis of a serious anomaly. It might be expected that
many women who continue their pregnancy, who
have made the decision that they are going to have a
baby, would prefer the term baby to be used. This
would apply particularly to the women in this study
who completed the survey up to 9 months after their
ultrasound visit, so would by then either have a baby
or be very late in pregnancy.

In our use of language in the specialist field of pre-
natal testing we have a number of goals:

(1) Maximize the information provided to pregnant
women. The words we use should be descriptive
and easily understood by the majority of preg-
nant women.
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(2) Be respectful of women’s choices. While some
have suggested that prenatal diagnosis is a ‘select
and destroy’ mission, most support the concept
of prenatal diagnosis enhancing autonomous
choices of pregnant women. The enhancement of
autonomy should apply not only to choice of
tests, but also to what information they receive
from these tests (does the woman wish to know
‘everything’ including all low-risk markers of
aneuploidy?) and the decision whether to con-
tinue the pregnancy or have an abortion.16

(3) Reduce risks of long-term psychological malad-
justment. Since we have few data on the impact
of language on psychological adjustment to
adverse pregnancy outcome, we must theorize on
its impact. Surveying healthy women at an ante-
natal clinic does not answer this question.

(4) Promote bonding in normal healthy pregnancies.
This is not only through our language, but also
by the use of technology, for example, offering of
three-dimensional (3D) and 4D ultrasound when
available.

At times, points (3) and (4) may appear to be in conflict.
In showing pregnant women ultrasound images, we
may promote bonding only to discover later in the
examination that there is a fetal abnormality. The bond-
ing itself is not necessarily a problem if the patient later
chooses pregnancy termination. Indeed, counselors go
to great lengths to support bonding by offering photo-
graphs, footprints, etc. following termination for fetal
abnormality, and such a policy is supported by patient
groups. We should not shield women from the fact that
the fetus they aborted looks human, but we can use lan-
guage that indicates that even though it looks human, it
does not have human characteristics such as a con-
scious life and an ability to plan. Careful use of lan-
guage can support this message.

Rothman has coined the phrase ‘tentative preg-
nancy’17 to describe the state of limbo that women are
in prior to completion of prenatal testing. Women can-
not say with confidence that ‘I am going to have a baby’
until after the completion of prenatal testing. Those
of us in prenatal diagnosis know that most women in
whom a major fetal abnormality is diagnosed will
choose pregnancy termination. Women who have had
a previous pregnancy terminated because of fetal
abnormality are uniquely aware of their ‘tentative preg-
nancy’. Their relief and excitement at the completion
of a normal midtrimester ultrasound examination are
plainly visible. Women are increasingly aware that a
midtrimester ultrasound examination is primarily for
fetal anomaly detection and that a midtrimester scan is
the final prenatal test. Although women anxiously
await the results of any prenatal test, the defining
moment for pregnant women has become the news of a
normal midtrimester ultrasound examination. It is rare
that subsequent events or testing cause a pregnant
woman to rethink pregnancy termination.

Our language should support and enhance the
autonomy of pregnant women.18 It is a normal
midtrimester ultrasound examination that indicates to
most pregnant women that their fetuses will become
babies. They will become mothers after the birth. They
are now unlikely to request abortion – a fetal anomaly
is now unlikely to be found. Our word choice should
acknowledge that our language is focused on the
woman, and not on the views of the doctor.

The Oxford English Dictionary defines ‘mother’ as
a female parent, one who has borne a child. It is there-
fore grammatically incorrect to use the term ‘mother’
for a pregnant woman. Pregnant women and mothers
have contrasting rights and responsibilities. Pregnant
women have the right to abortion in certain circum-
stances in most Western countries, while it is illegal
for a mother to kill or fail to care for her child.

The definitions of ‘baby’ are more variable. The
Oxford English Dictionary includes both unborn and
newly born human beings as a baby while the Collins
Dictionary defines a baby as a child in the first year
or two of life. It is proposed that ‘fetal patient’ (or the
lay terms ‘child’ or ‘baby’) should be used when it
is unlikely that termination of pregnancy would be
requested.18 For most women this is after normal
results of prenatal testing. An exception is the woman
who in early pregnancy clearly indicates that she
would not consider termination of pregnancy for fetal
abnormality; she has given the status of a fetal patient
to her previable fetus. She is free to withdraw that
status at any time.18

The goal should be to remain as neutral as possible
in the choice of words prior to the completion of pre-
natal testing in an attempt to avoid inadvertent direc-
tive counseling. The term ‘fetus’ is neutral in that it
does not imply the fetus has the status of a baby; it
implies that pregnancy termination is still considered
acceptable. Following completion of prenatal testing
the term ‘fetal patient’ is advocated with ‘child’ or
‘baby’ as the analogous lay term.18

The term ‘mother’ is clearly defined, and should be
used when grammatically correct. ‘Mother’ is appro-
priate when describing a woman who has borne a
child and is inappropriate when describing a preg-
nant woman who has not borne a child.

What alternative proposals for word choice might
be suggested?

(1) In an earlier paper the author argued that the
terms ‘pregnant woman’ and ‘fetus’ should replace
‘mother’ and ‘baby’ throughout pregnancy.19 Such
language supports the claim that ‘a pregnant
woman … should have the right to make deci-
sions about her own body up until the time of
birth …. In a difficult decision, the woman’s
present right to bodily integrity should prevail
over the rights of the potential person’.20

The law puts great emphasis on the moment of
birth. Late abortion is legal in many parts of the
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world, especially in the presence of a major fetal
abnormality. In most Western countries late abor-
tion is available for lethal abnormalities. Using
the term ‘fetus’ throughout pregnancy supports
the philosophy that women late in pregnancy
may put their rights above those of the fetus in
the unusual situation when these are in conflict.

There are good reasons for reserving the term
‘baby’ for after birth and ‘fetus’ for before birth.
This word choice is consistent with the defini-
tion of baby in at least some dictionaries. It sup-
ports the autonomy of the pregnant woman
throughout pregnancy.

On balance, however, the author suggests the
use of ‘baby’ is preferred following completion of
prenatal testing. A disadvantage of using the
term ‘fetus’ late in pregnancy is that it might
potentially prolong the ‘tentative pregnancy’ in
the eyes of the pregnant woman. Women benefit-
ing from modern obstetrical and neonatal care
have good reason for being confident that ‘they
are going to have a baby’ after completion of test-
ing; it would be a pity if our language dimin-
ished that confidence. Very few women have
reason to request abortion after standard tests are
completed. There is little reason not to enhance
such confidence by using the lay term ‘baby’ late
in pregnancy.

(2) Those opposing abortion following potential
fetal viability may argue that from viability the
term ‘baby’ should be used. Given a normal
midtrimester ultrasound examination, few
women will have further prenatal tests in the few
weeks prior to potential viability. Even fewer
women suddenly change their mind at this late
stage and decide that their apparently normal
pregnancy is unwanted and they wish to have an
abortion. To propose viability as being decisive in
determining word choice would result in the doc-
tor prolonging the tentative pregnancy to support
his or her ethical position. For the patient, the com-
pletion of prenatal testing is the more critical time.

(3) Finally, even after reflection, some doctors may
choose to call the fetus a ‘baby’ from conception.
This is the position of the Right to Life movement,
since it enhances their view that abortion is tanta-
mount to killing babies. These doctors are using
word choice to deliberately promote their personal
views on the status of the fetus. Others may claim
that they use the term ‘baby’ throughout pregnancy
because it is more patient friendly – better under-
stood by some women. However, the term ‘fetus’ is
now widely used and understood in the lay con-
text; few adults find this term confusing. Young
children and some adults may be more comfort-
able with ‘unborn baby’ and ‘mother-to-be’ – these
are acceptable alternatives to ‘baby’.

Some might claim that the language proposed
contradicts the language used by many pregnant

women who prefer to think of their child as a
baby. The doctor participating in such baby talk
may please some pregnant women and may be
preferred by many, or even most, women who
will proceed to have a baby. However, the long-
term interests of the patient may be better served
by more neutral language, particularly if the out-
come to the pregnancy is adverse. It would be
unfortunate if patients interpreted the doctor’s
participation in baby talk as the euphemistic
language of an antiabortionist.

It is important to consider the impact of our lan-
guage on women continuing the pregnancies. But the
life-long distress felt by many women following preg-
nancy loss means that this group deserves our special
attention. These women are at greatest risk – and they
will not have a baby. The critical issue is how language
impacts on women who are considering pregnancy
termination. The author’s proposition is that by using
neutral language, such as ‘fetus’ and ‘pregnant
woman’, these terms are not only more accurate, but
also assist in ensuring that the pregnant woman does
not misinterpret the health care provider as having an
antiabortion bias.

We need to be sensitive that women who give the
status of a patient to the fetus, in other words women
who have made a prior decision to continue the preg-
nancy, might prefer the use of ‘baby’ to ‘fetus’. We
should use whatever language is most supportive of
our patients.

After a miscarriage or pregnancy termination, some
couples like to think of and refer to their fetus as a
baby. They may even name the fetus. Even women
having a pregnancy termination may wish the fetus to
be considered as a baby, and that preterm labor is
being induced in the best interests of the baby. It is
important that our language is supportive of our
patients and flexible, so enhancing their best interests.
No rigid framework is correct for all situations. This is
not to say, however, that the doctor should support
the ‘baby talk’ of a woman early in pregnancy, excited
by the first images of her fetus on the ultrasound
screen. Not all pregnant women appreciate that pre-
natal testing may mean that they withdraw the status
of a baby from their fetus. We as professionals need to
be aware that we should, in general, support neutral
language, even when caring for excited couples early
in pregnancy. Doctors would be less tempted to
indulge in baby talk if they perceived there was any
risk that this could result in more prolonged psycho-
logical sequelae for a woman who subsequently chose
pregnancy termination in the presence of a fetal
abnormality. The principle guiding the physician
should be respect for the patient.

Our respect for the patient also extends to others in
the family. The term ‘father’ should be avoided during
pregnancy. A male partner or husband becomes an
expectant father following normal prenatal test.18 If

162 Words matter: nomenclature and communication in perinatal medicine

Kurjak-15.qxd  5/9/2006  11:34 AM  Page 162



the partner is a woman, she becomes the expectant
parent at that time.

Conclusion
The best interests of our patients are served by using
language that supports patient autonomy and is neu-
tral. While it remains a ‘tentative’ pregnancy, i.e. prior
to the completion of normal prenatal tests, the term
‘fetus’ should be used. Following normal prenatal test-
ing, only in rare situations will the pregnant woman
request an abortion. It is appropriate that the term ‘fetal
patient’, or lay terms ‘child’ or ‘baby’, be then used. To
be a mother, however, one must have borne a child.

Our language should support the autonomous
views of the patient. The language proposed is not
intended to be rigidly adhered to in all situations, but
rather is an appropriate starting point, after which we
as health providers need to be responsive to the posi-
tion of the pregnant woman. It is important to indi-
vidualize language to accommodate the views of
individual patients. It is, however, time for doctors to
acknowledge that their language can influence reality,
particularly since they are frequently considered
experts, not only in prenatal diagnosis, but also in
morality. Doctors’ language has a powerful influence
not only on the way patients think, but potentially
also on the decisions that they make.

Conclusion 163

REFERENCES

1. Henderson G. When the mainstream becomes a mob, blame the
dingo pack. The Age 2002;March 12:11.

2. Bowker L. Terminology and gender sensitivity; a corpus-based
study of the LSP of infertility. Lang Soc 2001;30:589–601.

3. Schulz MR. The semantic derogation of women. In Thorne B and
Henley N, eds. Language and Sex: Difference and Dominance,
1975:64–75.

4. Moss A. Controversies in cleft lip and palate management.
Ultrasound Obstet Gynecol 2001;18:420–1.

5. Loftus EF, Palmer JC. Reconstruction of automobile destruction:
an example of the interaction between language and memory.
J Verb Learn Verb Behav 1974;13:585–9.

6. O’Rourke MF. What’s in a name? Would that which we call
“cardiac failure,” by any other name threaten less? Med J Aust
1997;166:372–3.

7. Burridge K. Polcor-Big Brother, Thomas Bowdler or June Dally-
Watkins. In Peters PH, ed. Style in Context: Language at Large.
Proceedings of Style Councils, 1996, 1997 and 1999.

8. Stray-Pedersen B, Stray-Pedersen S. Etiologic factors and subse-
quent reproductive performance in 195 couples with a prior his-
tory of habitual abortion. Am J Obstet Gynecol 1984;148:140–4.

9. Llewellyn-Jones D. Fundamentals of Obstetrics and Gynaecology.
London: Faber & Faber, 1982;2.

10. Harres A. The representation of women in three medical texts
ARAL Ser 1993;35(10)–53.

11. Grudzinskas JG, O’Brien PMS. Problems in Early Pregnancy:
Advances in Diagnosis and Management. London: RCOG Press,
1997.

12. Hutchon DJR. Understanding miscarriage or insensitive abor-
tion: Time for more defined terminology? Am J Obstet Gynecol
1998;179:397–8.

13. Denning AS, Tuttle LK, Bryant VJ, Walker SP, Higgins JR.
Ascertaining women’s choice of title during pregnancy and
childbirth. Aust N Z J Obstet Gynaecol 2002;42:125–9.

14. Batra N, Lilford RJ. Not clients, not consumers and definitely not
maternants. Eur J Obstet Gynecol Reprod Biol 1996;64:197–9.

15. Alkazaleh F, Thomas M, Grebenyuk J, et al. What women want:
women’s preferences of caregiver behavior when prenatal
sonography findings are abnormal. Ultrasound Obstet Gynecol
2004;23:56–62.

16. de Crespigny L, Savulescu J. Is paternalism alive and well in
obstetric ultrasound? Helping couples choose their children.
Ultrasound Obstet Gynecol 2002;20:213–6.

17. Rothman BK. A Tentative Pregnancy: Prenatal Diagnosis and the
Future of Motherhood. New York: Viking, 1986.

18. de Crespigny L, Chervenak F, McCullough L. Mothers and
babies, pregnant women and fetuses. Br J Obstet Gynaecol
1999;106:1235–7.

19. de Crespigny L. What’s in a name – is the pregnant woman a
mother? Is the fetus a baby? Aust N Z J Obstet Gynaecol 1996;
36:435–6.

20. Special project: Legal rights and issues surrounding conception,
pregnancy and birth “maternal rights v’s fetal rights.” Vanderbilt
Law Review 819 at 849, 1986:39.

Kurjak-15.qxd  5/9/2006  11:34 AM  Page 163



164

16 The beginning of human
life – scientific and religious
controversies
A. Kurjak and J. M. Carrera 

One of the most controversial topics in modern
bioethics, science, and philosophy is the beginning of
individual human life. In the seemingly endless debate,
strongly stimulated by recent technologic advances in
human reproduction, a synthesis between scientific
data and hypothesis, philosophical thought, and issues
of humanities has become necessary to deal with ethi-
cal, juridical, and social problems.1 Furthermore, in
this field there is a temptation to ask science to choose
between opinions and beliefs that tend to neutralize
one another. Indeed, the question of when human life
begins requires the essential aid of different forms of
knowledge. Here, we become involved in the juncture
between science and religion, which needs to be care-
fully explored.2

Obviously, the beginning of human life is seen dif-
ferently by different individuals, groups, cultures,
and religions. Fundamental to productive debate and
reconciliation between minority and majority groups
is an understanding of the ill-defined concept of ‘the
beginning of human life’.3

Entering this field, scientists have been remiss in
failing to translate science into the terms that allow
mankind to share their excitement of discovering life
before birth. Regardless of the remarkable scientific
development, curiosity, and speculations dating back
to Hippocrates, life before birth still remains a big secret.
Different kinds of intellectuals involved themselves in
trying to contribute to the solution of the human life
puzzle. They are led by the idea that each newborn
child will only reach its full potential if its develop-
ment in utero is free from any adverse influence,
providing the best possible environment for the
embryo/fetus. Considering the embryo/fetus, the amaz-
ing aspect of these parts of human life in which the
pregnant woman and the embryo/fetus, although
locked in the most intimate of relationships, are at
all times two separate individuals should be always
kept in mind. Accepting the embryo/fetus as a person

opens a new set of questions about its personality and
human rights.

The definition of life
Proper answers to the question of how to define
human life are complicated. Nowadays, dilemmas
consider the respect of human life from birth to death
involving not just biology, but other sciences also.
Philosophy, theology, psychology, sociology, law, and
politics evaluate this topic from different points of
view. Integration of all could result in a useful answer.

Some authors say that life as such does not exist – no
one has ever seen it. Szent-Gyorgy says that the noun
‘life’ has no significance because there is no such thing
as ‘life’. Le Dantez holds that the expression ‘to live’ is
too general, and that it is better to say a dog ‘dogs’ or a
fish ‘fishes’ than ‘a dog or a fish lives’.4

When defining life, it should be considered not just
as it is today, but as it might have been in its primor-
dial form and as it will be in the future. All present
forms of life appear as something completely new.
Life, then, is transferred and not conceived in each new
generation. Furthermore, the phenomenon of life has
existed on Earth for approximately 3.5 billion years.
Consequently, although the genome of a new embryo
is unique, the makeup of an embryo is not new. If life is
observed through the cell, then every life (and human
life also) is considered as a continuum. Human cells
and mankind have existed on Earth continuously since
the appearance of the first man. However, if the defi-
nition refers to a single human being or the present
population, the statement that ‘human life is a contin-
uum’ is not acceptable.5

‘Life’, in the true sense of the word, begins when
the chemical matter gives rise, in a specific way, to an
autonomous, self-regulating, and self-reproducing
system. Life is connected with a living being, and it
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creates its own system as an indivisible whole – it
forms its individuality. One of the most important
characteristics of living beings is reproduction. 

Reproduction is a means of creating new life by
transferring forms of an old one into a newly formed
human being. Therefore, variability, individual devel-
opment, and harmony characterize human beings.
Individuality is the most essential characteristic of
human beings consisting of new life. But also all
human life forms through evolution, characterized by
phenotype, behavior, and the capability to recognize
and adapt. Human embryo and fetus gradually
develop into these characteristics.

‘Human life’ poses a semantic problem. The pla-
centa is ‘human life’, as is every individual cell or
organ of the human body, but ‘human life’ is clearly
not equivalent to ‘human being’. It is therefore man-
datory to differentiate between ‘organic or vegetative
human life’ and ‘potential personal human life’. The
latter term allows various groups to identify a point of
the continuum between abortion and birth to which
they can ascribe appropriate values and rights.3

Although we should not forget that today’s research
is tomorrow’s benefit,6 concerning human life, con-
clusions should not be treated one-sidedly – from one
perspective. This reality should be regarded in all its
richness: the embryo gives the biologist and geneticist
substance for consideration, but talking about the
beginning of a human life requires philosophical/
anthropological consideration, as well as theological
and social sciences. In its protection, we have to
include ethics and law. This approach leads to the
conclusion that it is necessary to reject reductionism
as well as integrism, and to find a ‘golden middle’
between these two methodologies.1

What does biology say?
Biology characterizes human beings by the dynamics
of the system and its self-control (homeostasis),
excitability (response to stimuli of different nature
and origins), self-reproducibility, the heredity of the
characters, and the evolutionary trend.1 For biologists,
it is important to specify which form of life phenomena

we are referring to: cell, organism population, or species.
The basic level of organization and the simplest form
of life is the cell. Biologically speaking, human cellu-
lar life never stops – or if it did, the extinction of the
human species would result – and is passed on from
one generation to another. Human individual organis-
mic life is defined within its life cycle, which is tem-
porarily limited, i.e. it has a beginning and an end.7 It
is obvious that life is a highly dynamic phenomenon
that could be described and explained through the
careful study of life processes and interactions by the
interdisciplinary approach. In human spermatozoa
and oocyte, there are two essential cells involved in
creating human life (Figures 16.1 and 16.2). It is clear
that biologists are most qualified to render judgment
on the structure and function of cells. To quote
Scarpelli,8 the very broad scope of biological science
(from molecular to behavioral biology, and from uni-
cellular to multisystem forms) brings with it the justifi-
able understanding that the biological scientist knows
and is able to define the state of being ‘alive’ or ‘life’.
If not, the science fails.

The biological scientist, who may specialize within
one or another domain of the broad scope, has partic-
ular and definitive knowledge and understanding of
the living individual that is his specialty. If not, dis-
order will rise above failure.

Understanding of the beginning of human life and
development of the embryo/fetus could provide defin-
itive resolution. However, with the recent possibility
of visualizing early human development virtually
from conception, perinatologists should be those who
by study, training, practice, and research are singularly
qualified.9

While science provides us data about physical
development of the human being, it does not provide
information about its personality and personhood. These
topics are philosophical rather than scientific.

Human embryogenesis
Only a proper understanding of the process of human
embryogenesis enables answering scientifically the
question of when the life cycle of a human individual

Figure 16.1 Schematic presentation of spermatozoa and oocyte.
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starts. Therefore, in the following text the main steps
of the human developmental process are briefly
described, primarily during the first 15 days following
fertilization.

A human being originates from two living cells: the
oocyte and the spermatozoon, transmitting the torch of
life to the next generation. The oocyte is a cell approxi-
mately 120µm in diameter with a thick membrane,
known as the zona pellucida. The spermatozoon moves,
using the flagellum or tail, and the total length of the
spermatozoon including the tail is 60 µm.10

After syngamy, the zygote undergoes mitotic cell
division as it moves down the fallopian tube toward
the uterus. A series of mitotic divisions then leads to
the development of the pre-embryo. The newly
divided cells are called blastomeres. From 1 to 3 days
after syngamy, there is a division into two cells, then
four cells. Blastomeres form cellular aggregates of dis-
tinct, totipotent, undifferentiated cells that, during
several early cell divisions, retain the capacity to
develop independently into normal pre-embryos. As
the blastocyst is in the process of attaching to the uter-
ine wall, the cells increase in number and organize
into two layers of cells. Implantation progresses as the
outer cell layer of the blastocyst, the trophectoderm,
invades the uterine wall and erodes blood vessels and
glands. Having begun five or more days after fertiliza-
tion with the attachment of the blastocyst to the
endometrial lining of the uterus, implantation is com-
pleted when the blastocyst is fully embedded in the
endometrium several days later. Even during these

5–6 days, modern medicine introduces the possibility
of making preimplantation genetic diagnosis.

However, at this time, these cells are not yet totally
differentiated in terms of their determination to
specific cells or organs of the embryo. The term ‘pre-
embryo’, then, includes the developmental stages
from the first cell division of the zygote through the
morula and the blastocyst. By approximately the 14th
day after the end of the process of fertilization, all
cells, depending on their position, will have become
parts of the placenta and membranes or the embryo.
The embryo stage, therefore, begins approximately
16 days after the beginning of the fertilization process
and continues until the end of 8 weeks after fertiliza-
tion, when organogenesis is complete.11

The pre-embryo is the structure that exists from the
end of the process of fertilization until the appearance
of a single primitive streak. Until the completion of
implantation, the pre-embryo is capable of dividing
into multiple entities, but does not contain enough
genetic information to develop into an embryo; it lacks
genetic material from maternal mitochondria and
maternal and parental genetic messages in the form of
messenger RNA or proteins. Therefore, during the pre-
embryonic period it has not yet been determined with
certainty that a biological individual will result, or
would be one or more (forming of identical twins), so
that the assignment of the full rights of an individual
human person is inconsistent with biological reality.

One conclusion from this is that the pre-embryo
requires the establishment of special rules in society: it

Figure 16.2 Some possible questions on the beginning of human life.
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cannot claim absolute protection based on claims of
personhood; although meriting respect, it does not
have the same moral value that a human person has.
Today, one largely accepted opinion is that until the
14th day from fertilization, or at least until implanta-
tion, the human embryo may not be considered, from
the ontological point of view, as an individual.

Genetic uniqueness and singleness coincide only
after implantation and restriction have completed,
which is about 3 weeks after fertilization. Until that
period, the zygote and its sequelae are in a fluid
process, are not a physical individual, and therefore
cannot be a person.

It is well known that high percentages of oocytes that
have been penetrated never proceed on to further devel-
opment, and that many oocytes that do are thwarted so
early in their development that their presence is not
even recognized. It is suggested that 30% of concep-
tions detected by positive reactions to human chorionic
gonadotropin (HCG) tests abort spontaneously before
these pregnancies are clinically verified.

The newly conceived pre-embryo presents itself as
a biologically defined reality. However, the status of
the pre-embryo as an individual remains a great mys-
tery. In the present scientific scene, especially with
the progress of ultrasound technologies, prenatal psy-
chology and therapeutics have opened a window into
the prenatal life of embryo and fetus confirming the
evidence that the embryo/fetus is a true subject in
itself.12

Personality
Defining personality is very complex. There is still no
clear definition of personality. One dictionary offers
‘what constitutes an individual as distinct person’, but
does not define what the ‘what’ is. Another dictionary
asserts ‘the state of existing as a thinking intelligent
being’. This definition might lead to the inference that
personality increases pro rata with intelligence, or that
some people may not have a personality at all if we
followed Bertrand Russell’s dictum that ‘most people
would rather die than think and many, in fact, do!’.
Kenneth Stallworthy’s Manual of Psychiatry is more
helpful with the definition that ‘personality is the indi-
vidual as a whole with everything about him which
makes him different from other people’, because we can
certainly distinguish fetuses from each other and from
other people. With the next sentence – ‘personality is
determined by what is born in the individual in the first
place and by everything which subsequently happens
to him in the second’ – we are really in the field.1,3

Viewpoints on the nature of ‘personhood’ and what
it means ethically and legally vary widely. In his pro-
posed Life Protection Act, Sass acknowledges that a
fetus with formed synapses is not a ‘person’ in the usual
sense of the word, connoting consciousness and self-
consciousness.13 Veatch sees the problem as defining

the life that has full moral standing,14 while Knutson15

has noted that ‘those who employ spiritual or religious
definitions of when life begins tend to place the begin-
ning of life earlier than those who employ psychologi-
cal, sociological, or cultural definitions’.

Led by the truism, ‘No insignificant person was
ever born’, human beings should be valued from birth
to natural death. It is hard to establish proper values
and exact definitions. This becomes especially prob-
lematic when prenatal life is considered. The above-
stated truism opens an important question: ‘Is the
person-unborn a person in the first place and, if so, is
the person-unborn a “significant” person?’.1

Let us evaluate further present controversies. There
is no doubt that the embryo and fetus in utero are bio-
logically human individuals prior to birth. The child
who is born is the same developing human individual
that was in the mother’s womb. Birth alone cannot
confer natural personhood or human individuality.
This is confirmed by preterm deliveries of babies who
are as truly human and almost as viable as those
whose gestation goes to full term. All the known evi-
dence supports the human fetus being a true ontolog-
ical human individual and consequently a human
person in fact, if not in law. A human person cannot
begin before the appropriate brain structures are
developed that are capable of sustaining awareness.
The same applies to a grossly malformed fetus. It
would still be a human individual even if its human
nature was not perfect or its functions quite normal.
Nobody questions the humanity of a Down’s syn-
drome fetus or child. A fetus or child with severe
open spina bifida is not less of a human being. The
same should be said for the live anencephalic fetus or
infant with only brain stem functions. It is a human
individual even if it lacks a complete brain and usu-
ally survives birth by only a few hours or a day.

‘Person’ and ‘personhood’ are the legally operational
terms in the USA and many other countries. Alter-
natively, ‘person’ and ‘personhood’ are replaced by
terms such as ‘viable outside the uterus’, ‘a woman’s
right to privacy’, and ‘a woman’s right to choose’. In
each case, viable, privacy, and choice, the life-support
provider may legally order transfer of the dependent
individual into a morbid environment. For this group,
dilemma (which includes the stem cell, abortion, and
cloning debates) is abated, but not resolved.3

Human society created several standards in defin-
ing ‘person’ or ‘human being’ based on what is famil-
iar and easy recognizable.1 For example, a human
speaks, understands, and laughs. Absence of these
characteristics (mutism, autism, and stoicism) is not a
disqualification. On the contrary, the conclusion is
that the characteristics we have come to associate
with being a person may not be applicable to each
individual person. Therefore, it is necessary to estab-
lish criteria for a definition of ‘person’ in society and
in time (Figures 16.3 and 16.4). Some prominent
Italian professors12 committed themselves to caring

Kurjak-16.qxd  5/9/2006  11:35 AM  Page 167



for the embryo in such a way, giving the same dignity
to every patient, and the human conditions to grow
and develop, to educate others inside and outside the
specialty, and to carry out research involving all the
components of society.

Embryo as a patient – bioethical
aspects
The idea of the embryo/fetus as a miniaturized infant
or adult is true to the extent that the embryonic/fetal
physiologist must be able to apply knowledge of every
system after birth, yet quite untrue in failing to recog-
nize the many ways in which life before birth differs
fundamentally from life after birth.6 The newly con-
ceived form presents itself as the biologically defined
reality: it is an individual that is completely human in
development, that autonomously, moment by moment
without any discontinuity, actualizes its proper form
in order to realize through intrinsic activity a design
present in its own genome (Figures 16.5–16.10).12 The
embryo as a patient is best understood as the subset of
the concept of the fetus as the patient. These two con-
cepts opened a whole set of questions regarding ethi-
cal problems. The embryo as the patient is indivisible
from its mother. However, balance is needed in pro-
tecting the interests of the embryo/fetus and the
mother. One prominent approach to understanding

the concept of the embryo/fetus as a patient has
involved attempts to show whether or not the embryo/
fetus has independent moral status, or person-
hood.16–18 Independent moral status for the fetus
would mean that one or more of the characteristics
possessed either in or of the embryo/fetus itself, and
therefore independently of the pregnant woman or
any other factor, generate, and therefore ground, obli-
gations to the embryo/fetus on the part of the pregnant
woman and her physician.

A wide range of intrinsic characteristics have been
considered for this role, e.g. moment of conception,
implantation, central nervous system development,
quickening, and moment of birth.19 Given the vari-
ability of proposed characteristics, there are many
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Figure 16.3 Some questions about the definition of a person.

Figure 16.4 Different behavioral patterns of the fetuses in the
second half of pregnancy. Are they different personalities?

Figure 16.5 Transvaginal sonography of the 8-week embryo
with yolk sac.
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views about when the embryo/fetus does or does not
acquire independent moral status. Some take the view
that the embryo/fetus possesses independent moral
status from the moment of conception or implanta-
tion. Others believe that the embryo/fetus acquires
independent moral status in degrees, thus resulting in
‘graded’ moral status. Still others hold, at least impli-
citly, that the embryo/fetus never has independent
moral status so long as it is in utero.18

Being a patient does not require that one possesses
independent moral status.20 Being a patient means
that one can benefit from the application of the clini-
cal skills of the physician.21 Put more precisely, a
human being without independent moral status is
properly regarded as a patient when the following
conditions are met: that a human being is presented to
the physician for the purpose of applying clinical inter-
ventions that are reliably expected to be efficacious,

in that they are reliably expected to result in a greater
balance of benefits over harms in the future of the
human being in question.19 In other words, an individ-
ual is considered a patient when a physician has
beneficence-based ethical obligations to that individual.

To clarify the concept of the embryo/fetus as the
patient, beneficence-based obligation is necessary to

Embryo as a patient – bioethical aspects 169

Figure 16.6 Color Doppler visualization of the entire
embryonic circulation.

Figure 16.7 Ten weeks’ gestation. Intrauterine content with
early fetus. Many anatomical landmarks are visible.

Figure 16.8 Nine-week embryo with vitelline duct and yolk
sac seen in three dimensions.

Figure 16.9 Eleven-week embryo with entire peripheral and
central vascularization visualized by 3D power Doppler.

Figure 16.10 The earliest detection of brain circulation at
7 weeks and 4 days of gestation.
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be provided. Beneficence-based obligations to the fetus
and embryo exist when the fetus can later achieve
independent moral status.21 This leads to the conclu-
sion that ethical significance of the unborn child is in
direct link with the child to be born – the child it can
become.

Legal status of the embryo
When discussing law, it should be always kept in
mind that medicine is international, but law is not.
Before the era of Aristotle, who taught that human life
begins when the fetus is formed, human life was con-
sidered to begin at birth. Prior to birth, the fetus was
not an independent human being but, like an organ,
part of the mother.22 Thus, the birth of a full-term
infant has been used in the laws of various countries
to signify the beginning of the human life that is to be
protected.

Indeed, the status of the human embryo is not
juridically defined and relies on the political, social,
and religious influences in each country. Interestingly,
nearly all countries of the Western world use the
12th week of pregnancy as the limit for legal abortion.
It is not the end of the first trimester, which is 13.3
weeks, and there is no other particular biological event
to justify this limit.

It is hard to answer the question when human life
should be legally protected. At the time of concep-
tion? At the time of implantation? At the time of
birth? (Figure 16.11). In all countries (except Ireland
and Liechtenstein) juridical considerations are based
on Roman law. Roman civil law says that the fetus has
rights when it is born or if it is born-nasciterus.

Few countries agree with the definition of the
beginning of human personality at the time of con-
ception. The majority does not grant legal status to the
human embryo in vitro (i.e. during the 14 days after
fertilization). Thus, even in the absence of legal rights,
there is no denying that the embryo constitutes the
beginning of human life, a member of the human
family. Therefore, whatever the attitude, every coun-
try has to examine which practices are compatible
with the respect of that dignity and the security of
human genetic material.23

Arguments for beginning of human
life and human person at fertilization
The fundamental approaches of biomedical and social
(secular) practice must begin with the understanding
that the subject before birth is a person and that ‘per-
sonhood’ is conferred by successful fertilization of the
egg. To hide from this in silence or ignorance should
be unacceptable to all, as stressed by Scarpelli.9

The view that human life begins when sperm and
eggs fuse to give rise to a single-cell human zygote,

whose genetic individuality and uniqueness remain
unchanged during normal development, is widely
supported. Because the zygote has the capacity to
become an adult human individual, it is thought it
must be one already. The same zygote organizes itself
into an embryo, a fetus, a child, and an adult. By this
account, the zygote is an actual human individual and
not simply a potential one, in much the same way as
an infant is an actual human person with potential to
develop to maturity and not just a potential person.
As Scarpelli pointed out, outside the realm of reli-
gious dogma, there has been no one whose existence
can be traced back to any entity other than the fertil-
ized egg. The biological line of existence of each
individual, without exception, begins precisely when
fertilization of the egg is successful.9

The process of fertilization actually begins with con-
ditioning of the spermatozoon in the male and female
reproductive tracts. Thereafter, fertilization involves
not only the egg itself, but also the various investments
that surround the egg at the time it is released from the
ovary follicle. Fertilization, therefore, is not an event,
but a complex biochemical process requiring a mini-
mum of 24 h to complete syngamy, that is, the forma-
tion of a diploid set of chromosomes. During this
process, there is no commingling of maternal and pater-
nal chromosomes within a single nuclear membrane
(prezygote); after this process, the parental chromo-
somes material is commingled (zygote).

Among the many other activities of this new cell,
most important is the recognition of the new genome,
which represents the principal information center for
the development of the new human being and for all
its further activities. For the better understanding of
the very nature of the zygote, two main features are to
be at least mentioned here. The first feature is that the
zygote exists and operates from syngamy on as a
being, ontologically one, and with a precise identity.
The second feature is that the zygote is intrinsically
oriented and determined to a definite development.
Both identity and orientation are due essentially to
the genetic information with which it is endowed.
That is why many do believe that this cell represents
the exact point in time and space where a new human
individual organism initiates its own life cycle.1

Arguments against the beginning of
human life at fertilization
Today, one largely accepted opinion is that until the 14th
day from fertilization – or at least, until implantation –
the human embryo may not be considered, from the
ontological point of view, as an individual. There are at
least five main reasons in favor of this opinion:

(1) Before the formation of the embryonic disk, the
embryo is ‘a mass of cells, genetically human’, ‘a
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cluster of distinct individual cells’, which are
each ‘distinct ontological entities in simple
contact with the others’ (see Ref.24, pp. 137–46).
The genetically unique, newly developed DNA, a
genome, is not established until 48 h after sperm
penetration. The ovum and sperm lie side by
side for more than 48 h before they finally merge.
In biological terms, this renders conception as a
process that occurs over time and not at a spe-
cific point in time.3

(2) Until approximately the 14th day after fertiliza-
tion, all that happens is simply a preparation of
the protective and nutritional systems required
for the future needs of the embryo. Only when
the entity called embryonic disk is formed can
the embryo develop into a fetus.25

(3) The monozygotic twins phenomenon or chimeras
can occur. In fact, this seems to be the strongest
reason why the embryo is denied the quality of
individuality, and proof that the zygote cannot be
an ontologically human being. In approximately
one-third of the cases the embryo divides at about
the two-cell stage, and in the other two-thirds, the
inner cell mass divides within the blastocyst from
day 38. Occasionally, the division takes place
from day 8 to day 12, but usually it is not com-
plete, thereby forming conjoined identical twins
or two-headed individuals.

The chimera, resulting from the recombina-
tion of two individua to become one individuum
(and detectable through genetic testing) provides
another argument against the equivalence of con-
ception and the beginning of human life: no indi-
viduum has died, yet one has ceased to exist.

(4) Coexistence of the embryo with its mother is a nec-
essary condition for an embryo belonging to the
human species, and this condition can be obtained
only at implantation.18 However, there is evidence
that development of a human embryo in vitro can
continue well beyond the stage of implantation,
and that mouse embryos implanted under the male
renal capsule can reach the fetal stage. It is also
argued, or at least implied, that so many human
embryos die before or after implantation that it
would be lacking in realism to accept that the
human individual begins before implantation.

It is well known that high percentages of
oocytes that have been penetrated never proceed
on to further development, and that many
oocytes that do are thwarted so early in their
development that their presence is not even rec-
ognized. Up to 50% of ovulated eggs and zygotes
recovered after operations were found so grossly
abnormal that it would be very unlikely that they
would result in viable pregnancies. It is also sug-
gested that 30% of conceptions detected by pos-
itive reactions to HCG tests abort spontaneously
before these pregnancies are clinically verified.
The scientific literature is not unanimous on the
incidence of natural wastage prior to, and during,

implantation in humans, varying from 15% to as
much as 50%. The vast majority of these losses
are due to chromosomal defects caused during
gametogenesis and fertilization.26

Genetic uniqueness and singleness coincide
only after implantation and restriction have com-
pleted, which is about 3 weeks after fertilization.
Until that period, the zygote and its sequelae are
in a fluid process and are not a physical individ-
ual, and therefore cannot be a person.

Although in a set of twins one individuum can
disappear, genetic and individual identities are
now more or less equivalent. Many eminent
Catholic writers, among them the Australian
priest Norman Ford, author of When Did I
Begin?, consider implantation to mark the begin-
ning of human life; they maintain that the pre-
embryo has only intrinsic potential and must be
protected only from the time of implantation.27

(5) The product of fertilization may be a tumor, a hyda-
tidiform mole, or chorioepithelioma. Though the
mole is alive and of human origin, it is definitely
not a human individual or human being. It lacks
a true human nature from the start and has no
natural potential to begin human development.

A teratoma is another clear instance of cells
developing abnormally that results from the
product of fertilization, but which could not be
considered to be a true human individual with a
human nature. It has no potential to develop
into an entire fetus or infant. Clearly, the fetus
with the teratoma would be a human individual,
but not the attached teratoma itself. Obviously,
not all the living cells that develop from the
conceptus, the early embryo, or the fetus form
an integral part of a developing human
individual.1

Different religious teachings and
historical aspects
The Catholic Church’s teachings are clearly described
in the Introduction of Donum Vitae: ‘A human crea-
ture is to be respected and treated as a person from
conception and therefore from that same time his
(her) rights as a person must be recognized, among
which in the first place is the invaluable right to life
of each innocent human creature’.

In 1997 the Third Assembly of the Pontifical
Academy for Life was held in Vatican City. It has been
concluded that ‘at the fusion of two gametes, a new real
human individual initiates its own existence, or life
cycle, during which – given all the necessary and suffi-
cient conditions – it will autonomously realize all the
potentialities with which he is intrinsically endowed’.
The embryo, therefore, from the time the gametes fuse,
is a real human individual, not a potential human
individual. It was even added that recent findings of
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human biological science recognize that in zygotes
resulting from fertilization, the biological identity of a
new human individual is already constituted.28,29

In Western Europe and in North and South America
these opinions are mostly based on Judeo-Christian
theology; in Arabian countries, in Africa, and in Asia
the influences of the Islamic and Buddhist religions
prevail. Although their approach to the beginning of
human life is impressively similar, each of these reli-
gions has different attitudes to the problem of embryo
research, infertility and its therapy. In fact, while
the Jewish attitude toward infertility is expressed in
the Talmud sayings and in the Bible (synthesized
in the first commandment of God to Adam: ‘Be fruitful
and multiply’), the Christian point of view establishes
no absolute right to parenthood. According to the
Islamic views, attempts to cure infertility are not only
permissible, but also a duty.

Islamic teaching is based on Prophet Mohammed’s
description:

The creation of each of you in his mother’s
abdomen assumes a “nufta” [male and female
semen drops] for 40 days, then becomes “alaga”
for the same [duration], then a “mudgha” [like a
chewed peace of meat] for the same, then God
sends an angel to it with instructions. The angel
is ordered to write the Sustenance, life span,
deeds and whether eventually his lot is happi-
ness or misery, then to blow the Spirit into him.
(Human developments as described in the
Khur’an and Sunnah; Moore et al. In Some
Evidence for the Truth of Islam, 1981)

The summary of this poetic and sacred description is:
‘Soul breathing “ensoulment” occurs at 120 days of
gestation from conception’.

To make this religious principle applicable to the
practice, the Islamic Jurisprudence Council wrote a
fatwa in 1990 that said: ‘Abortion is allowed in the first
120 days of conception if it is proven beyond doubt that
the fetus is affected with a severe malformation that is
not amenable to therapy, and if his life, after being born,
will be a means of misery to both him and his family,
and his parents agree’, so that there is no difficulty for
either the prenatal diagnosis, or for the possible termi-
nation of pregnancy within the exposed limits.

Buddhism has imposed strict ethics on priests, but
it has relatively lenient attitudes toward lay people, so
if medical treatment for infertility is available, people
should make use of it.

For about 2000 years the opinions of Aristotle, the
great Greek philosopher and naturalist, on the begin-
ning of the human being were commonly held. He
argued that the male semen had a special power resid-
ing in it, pneuma, to transform the menstrual blood,
first into a living being with a vegetative soul after
7 days, and subsequently into one with a sensitive
soul 40 days after contact with the male semen.30

Aquinas adopted Aristotle’s theory, but specified that
rational ensoulment took place through the creative act
of God to transform the living creature into a human
being once it had acquired a sensitive soul. The first
conception took place over 7 days, while the second
conception, or complete formation of the living indi-
vidual with a complete human nature, lasted 40 days.24

Hippocrates believed that entrance of the soul into the
male embryo occurred on the 30th day of intrauterine
life. It entered into the female embryo on the 40th day.
Actually, this idea was a considerable improvement on
the scheme found in the Book of Leviticus, where it is
suggested that the soul does not enter the female until
40 days after the conception.31

In short, the rational soul enables the matter to
become a human being, an animated body, an embodied
soul, a human person.

Harvey’s experiments with deer in 1633 proved
Aristotle’s theory of human reproduction wrong,
without finding a satisfactory explanation of human
conception. After modern scientists discovered the
process of fertilization, most people took it for granted
that human beings, complete with a rational soul,
began once fertilization had taken place.

It is clear that the answer to the question ‘When has
the human being actually come to life?’ could only be
given by combining the cognition of different reli-
gions, philosophies, and various biological scientific
disciplines. There is a very fine line between the com-
petence of science and that of metaphysics, and it
greatly depends on the individual’s philosophical
principles. These two, more or less autonomous intel-
lectual disciplines have very often tried dominating
one another, or ignoring each other. It is only recently
that the majority of scientists and some theologians
have come to realize that the separate meanings of sci-
entific and religious ‘truths’ complement each other,
thus representing methodologically independent enti-
ties. Current science is not interested in what Nature
is, but in the facts that could be stated regarding it,
thus trying to explain the term, rather then inventing
it. The main difference between science and religion
can be seen in the fact that scientific ‘truths’, unlike
religious postulates, can and must be experimentally
verified and the methods of scientific cognition can be
easily explained and learnt. Whereas religion favors
irrationality, science prefers an entirely rational
approach to matters of importance. Intellectual cogni-
tion, when scientifically expressed, usually is in the
form of mathematical formulas and presented quanti-
tatively. Contrarily, religion tends to keep its truths in
the form of metaphoric expressions, preferring quali-
tative presentation. Today, there is a tendency, on a
higher level, to reopen the dialog between science and
religion, which was present at the very beginning of
our culture. Religion had existed long before science
came to life, but science is not to be thought of as a
continuation of religion. Each discipline should pre-
serve its principles, its separate interpretations, and
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its own conclusions. In the end, both of them represent
different components of the one and indivisible
culture of mankind.

Clinical controversies
There are some clinical controversies pertinent in any
discussion of when life begins. Spermatozoa are living
cells. They present evidence that they are living by
their motility. They are equipped with an effective
mechanism for movement in the form of a tail that
beats under the control of the cytoplasmic droplets
within the head. These living cells, which have been
manufactured in the testes, are released into the envi-
ronment provided by the male reproductive tract. They
are not yet capable of fertilization. The spermatozoon
must first come under the influence of the male repro-
ductive tract, where it acquires the ability to function
in fertilization. Even after ejaculation, it is capable of
penetrating the egg, and it is modified further by expo-
sure to the female reproductive tract, taking on the abil-
ity or capacity to fertilize. The decision must be made as
to whether the spermatozoon is a being (i.e. living and
human with the potential for continued life once fertil-
ization has occurred), albeit in another form, it is enti-
tled to the right of protection as a person. Those who
deny right for life to the spermatozoon might argue that
it is not a complete human cell chromosomally – it con-
tains only the haploid number of chromosomes.
Paradoxically, those who take that point of view would
insist that an individual born with fewer or more chro-
mosomes than normal is human and entitled to all the
rights of ‘personhood’. As Mastroianni stressed, the
decision to base the definition of ‘human life’ solely on
the number of chromosomes in a given cell has far-
reaching implications.32

Furthermore, life has been defined as being termi-
nated when brain activity ends. If we were to say that
life begins when brain activity starts, we would be
admitting that the definition of the beginning of life is
dependent on technology and not on ethics or morality.

Some suggested that the beginning of human life
requires the neural fusion of the periphery with the
center, as well as sufficient development of the brain
itself.33 Brody formulated the so-called symmetry con-
cept: if the death of a human being requires the death
of the brain, the beginning of human life shall corres-
pond with the beginning of the life of the brain, con-
sidered to be at day 32 pc.34 However, Sass has
correctly pointed out that fusion is not established
anatomically without neurons that form synapses,
which would be expected from embryological devel-
opment at 70 days (8 weeks) pc.35

In this light, let us take, for example, the accepted
definition of birth, which some years ago was
described as the complete expulsion of a fetus of 1000
g or 28 weeks of pregnancy. With advances in perina-
tal and neonatal intensive care, the line was drawn at

500 g, or approximately 22 weeks of gestation, some
years later. This meant that a 20-week-old fetus was
not born by definition, even if it was viable. This con-
cept has changed. The same logic applies to a live
fetus being accorded the term ‘life’, if we use such
definitions as the beginning of brain activity or ultra-
sonic proof of heartbeat and movement. The estab-
lishment of each of these parameters is shifted to an
earlier stage year by year by improving technological
refinements in electronic and ultrasonic equipment.
This leads us to the conclusion that to follow this line
of reasoning means to give life, birth, and viability
definitions determined by technology. The more
advanced the technology, the earlier life begins.

In any consideration of the beginning of human
life, it helps to think about when life ends. Let us con-
sider the following. A 2-week-old newborn is hospi-
talized with massive brain injury suffered in an
automobile accident. Despite all measures, no electri-
cal or other brain activity can be detected during the
next 2 days and the child is pronounced dead. Its
body parts may survive after its death, as after the
death of every person of whatever age. Hair and nails
grow for days. Kidneys, heart, liver, and other organs
may go on living for years if transplanted into another
individual. Cells taken soon after death and cultured
in a laboratory might live well beyond the 72 or more
years this child might have lived, although the life of
the infant has ended. The conclusion reached in this
case – that death of the brain means the end of life –
is generally accepted by physicians, courts, and the
public.4

Returning to the question of when life begins, it is
true that the DNA of the fertilized egg has the infor-
mation necessary to form an individual, but so does
virtually every other cell in the body. Nobody would
claim full rights for the living cells of the infant killed
in the accident, although each has a complete library
of DNA. Nor would they for thousands of living skin
cells we lose every time we wash our hands and face.
Is there some stage in the development of the brain
that is critical? Or is it the time at which the fetus can
survive outside the womb, with or without the sup-
port of medical technology? Should we revert to a cri-
terion used for many years, the time of quickening,
when one can feel the fetus moving? These are ques-
tions still to be answered.

Visualization of early human
development
Significant advances have been made in recent years
in visualizing and analyzing the earliest human devel-
opment. Most of them have been done by introduction
of three-dimensional (3D) static and color Doppler and
4D sonography. Many new parameters about early
human development are now studied directly by new
ultrasound techniques.

Visualization of early human development 173
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A considerable number of biochemical, morpho-
logical, and vascular changes occur within the follicle
during the process of ovulation and luteinization and
most of them can be studied by transvaginal ultra-
sound with color Doppler and 3D facilities.36 If the
oocyte is fertilized, the embryo is transported into the
uterus where, under favorable hormonal and environ-
mental conditions, it will implant and develop into a
new and unique individual. The introduction of
transvaginal color Doppler improved the recognition
of blood vessels enabling detailed examination of
small vessels such as arteries supplying preovulatory
follicle, corpus luteum, and endometrium.25

Perifollicular vascularization can help in identifi-
cation of follicles containing high-quality oocytes,
with a high probability of recuperating, fertilizing,
cleaving, and implanting, while 3D ultrasound
enables accurate morphological inspection and detec-
tion of cumulus oophorus. Follicles without visuali-
zation of the cumulus by multiplanar imaging are not
likely to contain fertilizable oocytes. This information
is especially useful in patients undergoing ovulation
induction.

Following ovulation, the corpus luteum is formed
as the result of many structural, functional, and vascu-
lar changes in the former follicular wall. Color Doppler
studies of the luteal blood flow velocities enable eval-
uation of the corpus luteum function in the second
phase of the menstrual cycle and in early pregnancy.
When the placenta takes over the role of production of
progesterone, the corpus luteum starts regressing.

After ovulation there is a short period during which
the endometrial receptivity is maximal. During these
few days a blastocyst can attach to the endometrium and
provoke increased vascular permeability and vasodilata-
tion at the implantation site. Trophoblast-produced
proteolytic enzymes cause the penetration of the
uterine mucosa and erode adjacent maternal capillaries.

This results in the formation of the intercommunicating
lacunar network – the intervillous space of the placenta.
A small intradecidual gestational sac can be visualized
by transvaginal sonography between 32 and 34 days.37

The secondary yolk sac is the earliest extraembry-
onic structure normally seen within the gestational
sac in the beginning of the fifth gestational week
(Figure 16.8). The yolk sac volume was found to
increase from 5 to 10 weeks’ gestation. When the yolk
sac reaches its maximum volume at around 10 weeks,
it has already started to degenerate, which can be
indirectly proved by a significant reduction in visual-
ization rates of the yolk sac vascularity.24 Therefore, a
combination of functional and volumetric studies by
3D power Doppler helps to identify some of the most
important moments in early human development.

The embryonic heart begins beating on about days
22–23, accepting blood components from the yolk sac
and pushing blood into the circulation. The embry-
onic blood begins circulating at the end of the fourth
week of development.

The start of the embryo–chorionic circulation
changes the source of nourishment to all intraembry-
onic tissues. The survival and further development of
the embryo become dependent on the circulation of
embryonic/fetal blood. If the embryo–chorionic circu-
lation does not develop, or fails, the conceptus is
aborted. The embryo cannot survive without the
chorion (placenta) and the chorion will not survive
without the embryo. Avascular degenerated chorionic
villi constitute the hydatidiform mole.

Within the embryo, there are three distinct blood
circulatory systems:10

(1) Vitelline circulation (from yolk sac to embryo)
(2) Intraembryonic circulation
(3) Two umbilical arteries (from embryo to placenta –

fetoplacental circulation)

174 The beginning of human life – scientific and religious controversies

Figure 16.11 Another possible question about the beginning of human life.
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It is possible to visualize and assess them virtually
from conception.38–42

At 5 weeks from the maternal side of the placenta, it
is possible to obtain simultaneous 3D imaging of the
developing intervillous circulation during the first
trimester of pregnancy. 3D power Doppler reveals inten-
sive vascular activity surrounding the chorionic shell
starting from the first sonographic evidence of the devel-
oping pregnancy during the fifth week of gestation.

Figure 16.12 Hand near face movement of the fetus at 16
weeks of gestation, as seen by 3D ultrasound.

Figure 16.13 Early triplets clearly visualized by 3D
sonography.

Figure 16.14 Illustrative example of the complex fetal
movements recorded by 4D sonography at 12 weeks’ gestation.

Figure 16.15 Fourteen-week fetus. Complete vascular
anatomy of fetal and placental circulation shown by 3D power
Doppler.

Figure 16.16 3D sonography visualization of the part of
fallopian tube.

Kurjak-16.qxd  5/9/2006  11:35 AM  Page 175



176 The beginning of human life – scientific and religious controversies

At 7 weeks, 3D power Doppler images depict aortic
and umbilical blood flow. Initial branches of umbilical
vessels are visible at the placental umbilical insertion.

During the eighth and ninth weeks, the developing
intestine is being herniated into the proximal umbili-
cal cord.

At 9–10 weeks, herniation of the midgut is present.
The arms with elbow and legs with knee are clearly vis-
ible, while feet can be seen approaching the midline.

At 11 weeks, 3D power Doppler imaging allows
visualization of the entire fetal and placental circula-
tion (Figures 16.6, 16.9, 16.10, and 16.12).

During the 11th and 12th week of pregnancy, devel-
opment of the head and neck continues. Facial details
such as nose, orbits, maxilla, and mandibles are often
visible. Herniated midgut returns into the abdominal
cavity.

New possibilities for studying
embryonic movements and behavior
The latest development of 3D and 4D sonography
enables the precise study of embryonic and fetal activity

Figure 16.18 Illustrative example of the use of different medical methods to assess early human development.

Figure 16.17 Visualization of the patency of fallopian tube by 3D power Doppler sonography, important for successful first mitotic
division and transfer of early embryo to uterus.
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and behavior (Figure 16.13).43 With 4D ultrasound,
movements of head, body, and all four limbs and
extremities can be seen simultaneously in three
dimensions.44 Therefore, the earliest phases of the
human anatomical and motor development can be
visualized and studied simultaneously (Figures 16.11,
16.14, 16.18, and 16.19). It is clear that neurologic
development – early fetal motor activity and behavior –
needs to be re-evaluated by this new technique.45–47

Our group studied the development of the complexity
of spontaneous embryonic and fetal movements.48

With the advancing of the gestational age, the move-
ments become more and more complex. The increase
in the number of axodendritic and axosomatic
synapses between 8 and 10, and again between 12 and
15 weeks,49 correlates with the periods of fetal move-
ment differentiation and with the onset of general
movements and complex activity patterns, such as
swallowing, stretching, and yawning, seen easily by
4D technique. By 7–8 weeks of pregnancy, gross body
movements appear. They consist of changing the posi-
tion of the head toward the body. By 9–10 weeks of
pregnancy, limb movements appear. They consist of
changing the position of the extremities toward the
body without the extension or flexion in elbow and
knee. At 10–12 weeks of pregnancy, complex limb
movements appear. They consist of changes in the posi-
tion of limb segments toward each other, such as exten-
sion and flexion in elbow and knee (Figure 16.14).

Between 12 and 15 weeks of pregnancy, swallow-
ing, stretching, and yawning activities appear. In

addition to these activities, it is now feasible to study
by 4D ultrasound a full range of facial expression
including smiling, crying, and eyelid movement
(Figure 16.15).

It is hoped that the new 4D technique will help us
have a better understanding of both somatic and motoric
development of the early embryo. It will also enable the
reliable study of fetal and even parental behavior.44

Conclusion
The question of when a human life begins and how to
define it could be answered only through the inter-
connecting pathways of history, philosophy, medical
science, and religion (Figures 16.16–16.19). It has not
been easy to determine where to draw the fine line
between the competence of science and metaphysics
in this delicate philosophical field. To a large extent
the drawing of this line depends on one’s fundamen-
tal philosophical outlook. To quote Beller:

The point at which human life begins will
always be seen differently by different individu-
als, groups, cultures, and religious faiths. In
democracy there are always at least two sides,
and the center holds only when the majority
realizes that without a minority, democracy
itself is lost. The minority in turn must realize its
best chance lies in persuasion by reason and
thoughtfulness rather than fanaticism.3

Figure 16.19 Integrated slide showing continuity of scientific visualization of the beginning of early human development from
genetic material to oocyte, morphology of embryo, its vascularization, and fetal behavioral pattern assessed by 4D sonography.
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17 Preimplantation diagnosis
L. J. Nelson 

Preimplantation genetic diagnosis (PGD) is a technique
devised within the last 15 years used primarily to
identify genetic disorders or defects in human
embryos created by in vitro fertilization (IVF) prior to
their implantation for gestation. The two dominant
methods of PGD currently in use are polar body
biopsy and blastomere biopsy on cleavage stage
embryos, though fluorescence in situ hybridization
has been used for PGD of common aneuploidies. PGD
is an ‘attractive means of preventing heritable genetic
diseases’, which, as an alternative to traditional pre-
natal genetic diagnosis following chorionic villus
sampling (CVS) or amniocentesis, can avoid the need
for selective abortion of the affected fetuses, even
though it is strongly recommended that normality
be confirmed by subsequent CVS or amniocentesis.1

According to the National Society of Genetic
Counselors, the primary reason for electing PGD over
traditional prenatal diagnosis is the couple’s objection
to pregnancy termination.2

PGD is also used to detect aneuploidy (the major
cause of inherited diseases) and to select chromosoma-
lly normal embryos for implantation, mostly in women
of advanced maternal age undergoing IVF. The only
known risk factor for aneuploidy is maternal age. While
trisomies appear in 2% of recognized pregnancies of
women 25 years old, this number increases up to 19%
in women of 40 or more years of age.3 One study found
aneuploidy to be 52% in women aged 40–47 years.4

PGD of aneuploidy has been shown to reduce the risk of
children with trisomies, increase implantation rates,
and decrease spontaneous abortions.5

Finally, in cases of parents who have children with
bone marrow disorders, who are in need of human
leukocyte antigen (HLA)-matched stem cell transplan-
tation (e.g. acute lymphoid leukemia), and who wish to
conceive another child to serve as a donor of stem cells,
PGD can be employed to test embryos for causative
gene mutations and simultaneously for HLA alleles
with the goal of selecting and transferring only those
unaffected embryos that are HLA matched to the sick
child. A recent report documents this process as
resulting in five singleton pregnancies and the birth of
five HLA-matched healthy children.6

More than 1000 unaffected children have been
born following PGD; this suggests that the procedure
is both accurate and safe.7 Even though PGD was
described as experimental as recently as 1998,8 it is
now considered ‘an established technique with spe-
cific and expanding applications for standard clinical
practice’, that is, ‘a viable alternative to postconcep-
tion diagnosis and pregnancy termination’.1

This chapter will review and comment on the cen-
tral ethical issues raised by PGD. These fall into three
major categories: (1) ethics and the provision of PGD,
including the ethics of marketing PGD services, shared
risk or refund programs, and disclosure and patient
consent; (2) the moral status of the extracorporeal
human embryo (those outside a woman’s body) and its
destruction following embryo selection; and (3) the
ethically appropriate uses of PGD, including its use to
prevent the birth of disabled persons and to select for
sex and other traits for non-medical reasons. The last
section examines the importance of each individual
clinician making a personal decision, based on the
exercise of an informed conscience, about the ethical
propriety of his or her involvement in the provision of
PGD services whether for the prevention of genetic
disease and disability or for the selection of sex or
some other trait unrelated to health.

Ethics and the provision of PGD
Marketing
Most of the utilization of IVF and, by implication,
PGD, services is not covered by health insurance in
the USA,8 and this is likely true elsewhere in the
world as well. Consequently, most individuals pay for
these services directly out of their own private
resources. With the average cost for an IVF cycle in
the USA being $12,400,9 the financial commitment for
the individuals involved is substantial. Receiving
direct payment from patients appeals to clinicians
who are not required to wait weeks or months for
insurer reimbursement, or to expend large amounts of
time and effort in submitting reimbursement forms or
obtaining pretreatment authorization. These factors
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make the provision of IVF and PGD an attractive and
potentially profitable form of professional practice.
The utilization of PGD adds several thousands of
dollars in cost over and above those incurred for IVF.

Clinics providing IVF, PGD, and other reproductive
health services often advertise in the mass media and
make other efforts to attract patients (e.g. free infor-
mational seminars and internet sites). While advertis-
ing health care services is by no means inherently
unethical, the traditional professional values of benef-
icence and loyalty to the patients’ interests indicate
that the provision of medical services ought not to
resemble a common commercial transaction between
strangers. Clinicians are in a fiduciary relationship
with their patients and are obligated to act so as to
deserve and maintain the patient’s trust and confi-
dence that their wishes and best interests are being
faithfully served. Consequently, the marketing of infer-
tility services ought to place the good of patients above
other interests (especially a clinician’s or clinic’s own
economic interests), should not induce patients to
accept excessive, unneeded, or unproven services,
and should adhere to high standards of honesty and
accuracy in the information provided to the prospective
patients.10

For example, one infertility clinic that used adver-
tisements to entice persons to undergo IVF with lan-
guage suggesting that ‘the dream of having a child
might still come true for you’ can be criticized as sell-
ing profitable services at the expense of vulnerable
people suffering from the anguish and disappoint-
ment of childlessness. Another IVF clinic used chem-
ical rather than clinical pregnancies in calculating
its ‘success’ rate, a misleading number as only a rela-
tively small portion of chemical pregnancies result in
live birth.10 The success, that is, healthy live birth,
rate of IVF and PGD varies by center, and the staff of
each is ethically obligated to be scrupulously careful
in calculating and disclosing its rates of success – and
its rates of error as well. This is particularly important
as many PGD centers have not reported their experi-
ence, and there currently is no systematic approach to
presenting errors. Informal reports suggest an error
rate in the range of 1–10%, depending on the disease
and assay being evaluated.1 The European Society for
Human Reproduction and Embryology PGD consor-
tium has reported clinical pregnancies in 17% of
cases after testing for structural chromosomal abnor-
malities, 16% after sexing, and 21% after testing for
monogenic diseases, while the International Working
Group of Preimplantation Genetics has reported a
pregnancy rate of about 24%.11 The former also noted
an error rate of 2–3%.

Shared risk programs
In addition to traditional fee-for-service pricing, some
assisted reproduction programs offer IVF on a shared
risk basis by refunding the patient(s) a portion of, or

even all, specified fees (pretreatment screening and
drug costs are typically excluded from refund) if the
patient does not have a live birth or achieve an ongo-
ing pregnancy. However, patients electing shared risk
pay a significantly higher initial fee. These alternative
payment plans have been criticized as being ‘exploita-
tive, misleading, and contrary to long-standing pro-
fessional norms against charging contingent fees for
medical services’.12 There is also the objection that
shared risk plans create a conflict of interest in which
the clinician is induced to take steps to achieve preg-
nancy regardless of the impact on the patient in order
to avoid paying the refund. Assuming fair and ade-
quate disclosure of terms, defenders of the practice
point out that it is a legitimate alternative payment
plan given the usual absence of insurance coverage,
which addresses patient concerns about the high cost
of many cycles of IVF that fail to achieve pregnancy, a
not uncommon outcome.

The claim that all such programs are misleading or
exploiting those who are desperate to have a geneti-
cally related child by inducing them to purchase a
more expensive set of services is not persuasive.
While persons contemplating the utilization of expen-
sive IVF services may well suffer greatly from their
infertility and may feel some degree of desperation in
their efforts to conceive a child, it is wrong to assume
that they are inherently unable to determine their own
best interests and make decisions with significant eco-
nomic consequences. The clinicians involved are, of
course, obligated to provide patients with sufficient
information to make an informed choice of a shared risk
plan rather than fee-for-service. The shared risk plans
reviewed by the American Society for Reproductive
Medicine (ASRM) Ethics Committee were found to
meet this standard.12

The objection to shared risk plans as an unethical
contingency fee is likewise misplaced. The American
Medical Association Code of Medical Ethics states
that ‘a physician’s fee should not be made contingent
on the successful outcome of medical treatment’.13

First, this prohibition is primarily aimed at physi-
cians treating patients who are seeking compensation
for their injuries through the legal system. A contin-
gent fee arrangement would strongly tend to bias the
physician’s opinion in favor of more treatment and
more expensive treatment than might be warranted.
This concern is absent in assisted reproduction.
Second, the prohibition is aimed at dispelling the
implication that a good outcome is guaranteed and
avoiding unrealistic patient expectations that follow
from it. However, shared risks plans are offered pre-
cisely because the outcome of the procedure is in seri-
ous doubt and the provider is willing to accept some
of the financial risk of failure with the patient at the
latter’s own election.

The final objection based on conflict of interest
focuses on the likelihood of a clinician preferring
(1) utilization of egg stimulation procedures that will
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not only produce more oocytes but also pose more
risks to the woman’s health and (2) transfer of a larger
number of embryos in order to enhance the chances of
pregnancy occurring but simultaneously increasing
the chances of multiple gestation, which poses well-
known risks to both offspring and parents. This objec-
tion has some merit. These dangers do exist, but they
exist equally for IVF services provided on a fee-for-
service basis. The solution is not to prohibit shared
risk payment plans, but for clinicians both to carefully
monitor their own behavior for strict conformance
with the patient’s best interests and to fully disclose
to patients all of the risks and benefits, both to health
and to wealth, of the different financing arrange-
ments. Also, the ASRM Ethics Committee found no
evidence that either danger mentioned here has actu-
ally materialized.12

Disclosure and informed consent
All clinicians should be scrupulous about the accu-
racy and the truthfulness of the methods they use to
attract and secure patients who are dependent on pro-
fessionals for knowledge about the health care services
they receive. Likewise, all information provided by
clinicians to patients wanting to utilize PGD should be
complete, accurate, and devoid of ambiguity – in con-
trast with typical commercial information, which is
often deliberately incomplete and ambiguous, and at
least sometimes inaccurate. In particular, the risks,
burdens, benefits, and probabilities of success, and
the limits of PGD and IVF should be presented in a
matter-of-fact manner and in terms easily accessible
to persons unskilled in medical and scientific termi-
nology. In particular, it is ‘imperative that patients be
aware of potential diagnostic errors and the possibility
of currently unknown long-term consequences on the
fetus [and subsequently born child] of the embryo
biopsy procedure’.1

While the persons seeking PGD will almost certainly
be competent adults with an above-average amount
of education, they are also very likely to be struggling
with the reproductive decisions they face and seriously
worried about the outcomes. Clinicians providing PGD –
and all other infertility and reproductive services –
should be especially careful to avoid intentionally
exploiting the anxiety and apprehension (or even des-
peration) of persons who know they are at risk of trans-
mitting a genetic disease to their offspring.

Justice and ability to pay
Marked discrepancies in the use of prenatal genetic
diagnosis already exist between affluent white women
and other women in the USA.8 As PGD becomes more
available, this pattern will undoubtedly continue. It is
certainly not inherently unethical for clinicians to offer
health care services, such as cosmetic surgery, full body
scans for detection of abnormalities, laser-assisted

in situ keratomileusis (LASIK) vision correction, or
PGD, which are available only to those who can afford
to pay for them on their own. But the lack of broad
availability of PGD for the less economically advan-
taged does becomes ethically problematic to the
extent PGD satisfies fundamental human needs, but
remains unavailable to them (like basic preventive
and acute health care services) or produces additional
social advantages for the well-to-do by enhancing their
offspring, to which others cannot get access.8 Insofar,
as PGD can be legitimately considered as something
owed as a matter of social justice to all persons in
need, then it is the duty of the society in question to
make PGD available to all. Finally, it is worth noting
that it is seriously ethically questionable for public
funds to be used in the development of PGD services
when they are largely available only to persons of
high socioeconomic status.

Moral status of the
extracorporeal embryo
PGD is intended to result in the selective destruction
(or the limbo of indefinite freezing) of extracorporeal
human embryos following genetic analysis. Some
consider PGD to be morally preferable to traditional
prenatal genetic diagnosis because it precludes the
need for an abortion to avoid the birth of a genetically
abnormal child. This moral advantage to PGD can be
understood in one of two ways. First, the woman who
would have to undergo the abortion may find it
morally preferable from her personal point of view to
discard embryos prior to implantation rather than
undergo a surgical or medical abortion with its atten-
dant physical and psychological risks. Second, one
could claim that discard is not morally wrong because
extracorporeal embryos either lack moral status alto-
gether or have less moral status than gestating embryos
or fetuses, either of which makes destroying them
in utero via abortion more morally problematic.

For many, the ethical acceptability of the destruction
of human embryos turns much more on the inherent
moral status or standing of the (gestating or extra-
corporeal) human embryo than on someone’s moral
preference for discard over abortion given that both
end in the death of the human entity. If, as some con-
tend, all human embryos have the same moral status
as live-born persons,14 then they are entitled to basic
rights, including the right not to be killed arbitrarily
or for the purpose of advancing the interests of other
persons. In this view, PGD that resulted in the destruc-
tion of extracorporeal embryos, as well as abortion
following traditional prenatal genetic diagnosis,
would be seriously morally wrong. The opposing
view would hold that embryos lack any moral status
whatsoever as they lack any properties, such as sen-
tience or other cognitive traits, that determine moral
standing and hence can be destroyed at will.
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Perhaps the more commonly held and the more
ethically defensible position is that human embryos
deserve some modest moral status because they are
alive – embryos have some degree of potential to
become human persons, and are in fact valued by
moral agents whose views deserve at least some
respect and deference from others, but they neverthe-
less do not possess the full and equal moral standing
of persons because they lack interests and other moral
claims to personhood. Having a modest level of moral
status does not preclude the destruction of embryos
for a morally serious reason or purpose, and the
informed and conscientious choice of the persons
who created the embryos to prevent the birth of a
child with a serious genetic disease or abnormality is
widely (though by no means universally) considered
to be such a reason.

This ethical position roughly parallels that of cur-
rent American constitutional law, which does not rec-
ognize embryos or fetuses as legal persons with rights
(including the 14th Amendment rights not to be
deprived of life, liberty, or property without due
process of law and to have the equal protection of the
laws), but recognizes considerable value in these enti-
ties through the State’s substantial interest in pre-
serving potential human life, an interest that becomes
particularly compelling at viability.15 This interpreta-
tion of constitutional personhood means that the State
may ban postviability abortions (40 states have done
so) unless an abortion is necessary to preserve the
pregnant woman’s life or health, but it may not totally
ban previability abortions or otherwise place an
undue burden on a woman’s right to terminate her
pregnancy.16 In the absence of a state statute prohibit-
ing the practice (and none exist at present), the dis-
carding of embryos following PGD with the informed
consent of the gamete sources cannot be considered a
violation of the embryo’s legal rights or be a form of
criminal homicide in the USA. Whether the state
could constitutionally ban PGD and IVF because they
result in embryo discard is uncertain. Such a ban
implicates not only the legal status of extracorporeal
embryos, but also the constitutionally protected right
of the persons whose gametes constitute the embryo
to reproduce.17

However, the legal status of human embryos is not
uniform around the world. Recently, the European
Court of Human Rights ruled that the unborn are not
human beings entitled to full human rights under
applicable human rights conventions and that each
national government must settle this legal issue for
itself.18 The legal status of embryos and the legal pro-
priety of PGD vary in Europe. For example, PGD is cur-
rently illegal in Germany and Switzerland, although a
recent study shows that a majority of Germans think
the technique should be permitted for detecting
genetic diseases.19,20 The German Embryo Protection
Law protects embryos from improper use and forbids
genetic analysis of an embryo at the eight-cell stage or

before.21 One Austrian clinician has reported that the
legal permissibility of PGD in Austria is unclear.20

PGD has been authorized in France since 1994, but is
strictly limited to cases in which there is a strong
probability of the presence of a severe genetic dis-
order known to be incurable at the time of diagnosis.22

The Human Fertilisation and Embryology Authority
in the UK has licensed PGD for certain severe or life-
threatening disorders at a limited number of clinics.23

PGD is legally permitted in the Netherlands and Spain
as well.20

Returning to the ethical analysis, the persons most
humanly and ethically connected to human embryos
are the individual men and women whose gametes
wholly constitute the embryo. Almost all persons care
deeply if their gametes or embryos are used for repro-
duction, and being a genetic parent is linked in
profound ways to the individual’s identity and the
meaning he or she gives to life. Embryos ethically
‘belong’ to the people who created them, even if they
are not property like inanimate objects.24

Consequently, even though embryos themselves
have only a modest moral status, it is nonetheless
seriously morally wrong to use the extracorporeal
embryos of persons for any purpose without their
informed consent. A corollary to this view is that the
discarding of embryos secondary to PGD with the
informed consent of the persons whose gametes
created them is morally proper. In other words, the
persons who created an embryo have the right of
exclusive control over the disposition of those
embryos, a right grounded in their interest in making
the intimate, personal decision of when and how to
reproduce. As no one else has a more significant
moral connection to the embryos than the persons
who created them, no one else has the moral author-
ity to overrule their decision about the disposition of
their embryos. Yet this right of disposition does not
render embryos morally insignificant or allow them to
be used for a morally trivial purpose; human embryos
retain their modest moral status in any event.24

Ethics and the current uses of PGD
Before considering the ethics of the dominant use
of PGD (the prevention of heritable genetic diseases),
let us consider the other major uses mentioned previ-
ously: the identification (and discard) of chromo-
somally abnormal embryos in IVF and testing for HLA
compatibility with an existing child. A moral objection
to the former is actually an objection to the entire IVF
process insofar as it results in the discard or indefinite
cryopreservation of any human embryos, which have
the moral status of persons with full and equal basic
rights because this status would preclude their destruc-
tion or suspended animation. The objection to the
intentional destruction of extracorporeal embryos for
any purpose rests on the very controversial conclusion
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that such immature human entities are entitled to the
very same moral respect owed to born persons.
Moreover, the objection considers the benefits to the
parents of a child born free of a serious, even devas-
tating, genetic disease and to the child herself to be
morally irrelevant, a conclusion that seems myopic and
incomplete.

The use of PGD for HLA testing and selection of
embryos who, when born, can serve as stem cell
donors for their seriously ill siblings is certainly more
controversial than the use of PGD for the detection of
aneuploidy. The most commonly heard objection here
is that the child to be conceived is being used as a
means to benefit the already existing diseased child
and her parents, and is not being brought into the
world for her own sake, a violation of the Kantian
principle of respect for persons. For this same reason
the parents’ motives for conception of a child are con-
sidered ethically improper. Some critics would also
claim that the child would be harmed psychologi-
cally, once she finds out that she was brought into the
world for the purpose of saving a sibling.

The moral objection to the child being conceived as
a means to an end really has force only if the parents
actually have this specific intent and treat the child in
a manner consistent with it by, for example, putting the
child up for adoption immediately after stem cell har-
vesting or abandoning her. No public report that docu-
ments such a state of affairs could be located; in fact,
the children born in this manner appear to be loved
and valuable members of the family just as their ill sib-
ling is. People conceive children for a wide variety of
reasons and motives – to have help in their old age, to
fulfill cultural expectations, to make grandparents of
their parents, to honor a command of God, to fulfill
their own dreams of parenthood, and so on – not all of
which are morally admirable or accepted as legitimate
by most persons. The real moral test is not the purity of
parental motives, but the quality of their behavior
during pregnancy and after birth, which should show
love, concern, and dedication to their child. Moreover,
as existing children can properly serve as bone marrow
donors for sick siblings, it follows by analogy that it is
ethically acceptable for parents to make a child who
will serve in the same role, assuming all children
involved are loved and not subjected to procedures that
are clearly contrary to their best interests.11 Finally, it is
implausible to assume that psychological harm will
come to children who serve as donors when they are as
likely to benefit from knowing they assisted in preserv-
ing their sibling’s life.

The most common utilization of PGD is by a par-
ticular woman who wishes to avoid bearing a child
with a genetic disease or abnormality that she (and
commonly a spouse or partner) finds unacceptable.
Actually, the risk of bearing such a child is reduced, but
not eliminated, because PGD can only detect diseases
or conditions with an identified genetic basis (such as
certain single-gene defects and translocations), and it

has an estimated error rate in the range of 1–10%,
depending on the particular disease and assay being
evaluated.1 Errors are particularly bothersome when
testing autosomal recessive or dominant conditions
due to the phenomenon of allele-specific dropout.25

While the key purpose of traditional, non-directive
prenatal diagnosis is to provide persons with informa-
tion about the genetic constitution of the pregnancy
and not to render any opinion on its termination, the
same cannot be said of PGD.

The purpose of PGD is not simply to inform cou-
ples about the genetic nature of their embryos.
The explicit purpose is also to transfer healthy
embryos and to discard those destined to be
affected. Once a couple has chosen PGD, non-
directiveness is no longer relevant.8

Therefore, the very purpose of PGD is to avoid the
gestation and birth of a child who will have, or is likely
to have, an identifiable genetic disease or disability of
some sort. Nevertheless, clinicians remain ethically
obligated not to impose on the prospective parents the
values they bring to the assessment of a given embryo’s
genetic condition.

As a matter of general principle, prevention of the
birth of a (genetically or otherwise) diseased or dis-
abled child (such as one with profound mental retar-
dation) is plainly a morally legitimate goal. If it were
not, then it would make no sense to encourage preg-
nant (or prepregnant) women to avoid smoking
tobacco or consuming large amounts of alcohol, to
obtain competent prenatal care, or to take folic acid.
But the prevention of such births is at least morally
permissible, even if it is not morally obligatory.

There are two fundamental moral objections that
can be levied at this particular goal: (1) the means
taken to avoid the birth – the intentional discarding of
embryos in the case of PGD – is morally wrong (this
objection, based on the moral status of the embryo,
was discussed above) and (2) the conception of ‘dis-
ease or disability’ being utilized by prospective par-
ents and the clinicians assisting their reproduction is
morally deficient. In addition, strong moral objections
have been made to the use of PGD to determine con-
ditions that cannot plausibly be called ‘diseases’, such
as sex and the absence of desirable physical, mental,
or social characteristics.

Disease and disability
Historically, medicine has offered prenatal diagnosis
as a means of preventing the birth of children with the
so-called serious inherited disorders, such as Tay
Sachs, Trisomy 13, 18, and 21, cystic fibrosis, muscu-
lar dystrophy, Huntington’s disease, Lesch–Nyhan,
and neurofibromatosis. To one degree or another, each
of these conditions may entail the imposition of pain,
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suffering, shortened life span, and/or significant
inability to engage in typical activities of daily living
on the individual with the condition. They also may
place personal and economic burdens of one degree
or another on the individual’s parents, family, and
even the society in which they live. These considera-
tions lead some individuals to conclude that they
would rather not give birth to a child with such a dis-
order; they then turn to medical professionals, such as
those who provide PGD, to assist them in effectuating
this decision. Embryo selection then prevents disabil-
ity by avoiding the gestation of individuals who
would (or likely) be significantly disabled or diseased
if born.

Recently, disability activists have strongly chal-
lenged what they deem to be the basic assumption
underlying PGD and traditional prenatal diagnosis:
reducing the incidence of disease and disability is an
obvious and unambiguous good. They rightly criticize
certain views that can, and frequently do, support this
assumption: that the disabled’s enjoyment of life is
necessarily less than for non-disabled people, that
raising a child with a disability is a wholly undesir-
able thing, and that selective embryo discard or abor-
tion necessarily saves mothers from the heavy
burdens of raising disabled children.26 Not all dis-
abled persons are barred from having a satisfying life
by their disability (although the social disadvantages
and discrimination they encounter do decrease their
quality of life), nor is it the case that raising a disabled
child is always terribly burdensome or unrewarding.

However, the ethical critique of the disability activists
goes much deeper than this quite proper debunking of
broadly drawn and inaccurate assumptions about life
with any disability. First, they contend that the medical
system tends to exaggerate the ‘burden’ associated with
having a disability and underestimates the functional
abilities of the disabled:

Conditions receiving priority attention for pre-
natal [genetic testing] are Down’s syndrome,
spina bifida, cystic fibrosis, and Fragile X, whose
clinical outcomes are usually mildly to moder-
ately disabling. Individuals with these condi-
tions can live good lives.26

The activists also point out how medical language rein-
forces the negativity associated with disability by using
such terms as ‘deformity’ or ‘defective embryo or fetus’.

Second, and more importantly, the disability
activists claim that the promotion and use of PGD and
traditional prenatal diagnosis ‘sends a message’ to the
public which negatively affects existing disabled people
and fosters an increase in the oppression and preju-
dice from which they regularly suffer. The so-called
‘message’ of PGD – that the birth of disabled persons
who are defective or deformed ought to be prevented –
‘may have the effect of triggering additional oppres-
sion, reinforcing the general public’s perception that

disability is a tragic mistake (that could and should
have been avoided) and that disabled people are there-
fore justifiably marginalized’.26

Some commentators within the disability commu-
nity acknowledge that disability itself is not inherently
a neutral condition; it may limit some options and
impose real health problems and diminished human
capacities. But they also emphasize that ‘oppressive
social conditions have so distorted the public’s per-
ceptions [of disability and disabled persons], as well
as how disabled individuals themselves might inter-
nalize these perceptions, that it is difficult to assess
the true impact of disability on the individual’s life
experiences’.26 In other words, the real negative impact
of disability in and of itself is exceedingly difficult to
isolate because of deep and pervasive social discrimi-
nation against disabled individuals and widely shared,
strongly negative social views on the meaning and
personal impact of disability.

Insofar as individual clinicians do, in fact, exag-
gerate the problems and burdens of living as an indi-
vidual with a disability or of living with a disabled
person as a parent or family member, they are doing a
moral disservice to the people they are duty bound to
be helping. Adults who wish to reproduce are ethi-
cally obligated to do so in a responsible manner, and
this means (insofar as it is possible in a world about
which we have imperfect knowledge) gathering and
assessing fair and accurate information about what
the future might hold for them and the child they
might produce. Clinicians (especially genetic coun-
selors) should endeavor to provide this kind of infor-
mation, supplemented – if at all possible – by the
first-hand information that comes from those who
have actually lived with disabilities of various kinds,
as parents of the disabled, or from the disabled indi-
viduals themselves. For example, it is certainly true
that not all individuals with Down’s syndrome or
their parents live painful, frustrated, or tragically
diminished lives. The same is true for individuals
with spina bifida, cystic fibrosis, Fragile X, and other
genetic disorders.

On the other hand, these conditions are simply not
utterly benign or neutral as each may, and often does,
involve what can fairly be described as an ‘undesirable
event, such as pain, repeated hospitalizations and
operations, paralysis, a shortened life span, limited
educational and job opportunities, limited independ-
ence, and so forth’.27 Even though not all instances of
such disorders will involve the experience of such
problems, a significant risk that an individual may
encounter them always exists. A prospective parent
who chooses to act on his or her conclusion that it is
better for a child not to have, or to be at significant risk
of having, such serious disorders is acting reasonably.
‘We do no one – not disabled individuals, not women,
not families – a service by minimizing the physical,
mental, and emotional burdens that may result from
parenting children with disabilities’.27
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The claim of certain disability advocates that those
who utilize PGD as patients or who offer it as clini-
cians are necessarily ‘sending a message’ to the public
that it is ethically right to oppress or discriminate
against the disabled, or that the birth of any disabled
child is a tragic mistake which ought to have been
avoided, is simply untenable. ‘From the fact that a
couple wants to avoid the birth of a child with a dis-
ability, it just does not follow that they value less the
lives of existing people with disabilities, any more
than taking folic acid to avoid spina bifida indicates a
devaluing of the lives of people with spina bifida.’27

The attempt on the part of a prospective parent to
avoid the conception and birth of a child with a dis-
ability through PGD (and it is always just an attempt
as there are no guarantees) does not mean that he or
she would surely reject or fail to love a child born
with a disability – or show disrespect to an existing
disabled person.

While it is morally permissible for a prospective
parent to discard an embryo with a genetic disease, it
would be seriously wrong for him or her to ‘discard’
or reject a live-born child with the same disease.
Adults who reproduce must take moral and legal
responsibility for their reproductive decisions, and
this necessarily includes accepting the risk that the
child born to them may not be ‘perfect’ or not as
healthy as they would like. Unlike an embryo that has
only modest moral status whose very existence can
properly be controlled by the persons who created it,
a live-born child is an independent individual with
full and equal moral status who has now joined the
human community and who cannot be arbitrarily dis-
carded or destroyed by its parents without a serious
moral wrong being done. Rejecting or not loving a
child solely because he or she has a disability is rea-
sonably considered morally arbitrary and wrong
because the child has full and equal moral status,
while an extracorporeal embryo does not.

Society does not utilize PGD or traditional prenatal
diagnosis, whatever ‘society’s’ views on disability might
be. Individual persons utilize such services with the
assistance of individual clinicians, and they do so in
order to make deliberate choices about their personal
reproduction and about their particular lives rather
than leave these entirely to chance. A choice that each
individual makes about his or her own reproduction
has no moral implication for how a similar choice
ought to be made by another person: a choice not to
implant an embryo with the gene for cystic fibrosis,
while morally permissible, does not (indeed cannot)
mean that the opposite choice by a different person is
morally wrong. Nor does such a choice mean that the
individual must therefore devalue persons living with
cystic fibrosis. However, some commentators have
argued that under certain circumstances persons have
a positive ethical duty not to reproduce.28

Suppose PGD reveals the presence of a genetic abnor-
mality, Down’s syndrome, in an embryo. Someone

could say that an individual woman who chooses not
to have that embryo transferred into her uterus is
rejecting persons with Down’s syndrome, but there is
another, more plausible interpretation as well.

What I would say is ‘I do not want my child to
be born with Down’s syndrome’, meaning ‘if I
have a choice, I want the person who will be my
child to be born into a body without such poten-
tially significant limitations ...’. That is all [I am
expressing]. For a person with a disability to
take this as a personal rejection seems unreason-
able to me.29

The claim of the disability activists that the meaning
of PGD must be that ‘people like us will never be born’
is unfounded: of course, ‘they will [be born], they just
won’t have the disability’. To me, this objection only
really makes sense if people with disabilities are their
disabilities, which they are not.29

In sum, discrimination against persons with disabil-
ities is just as morally repugnant as discrimination
against persons based on race, religion, or sex, but it is
not at all clear that PGD reinforces or contributes to this
in any manner. Regardless of how society might change
(as it surely ought to change) its attitudes and practices
to decrease or, better, eliminate the socially created
disadvantages wrongly placed on the disabled – and
regardless of how individual persons might change
their views on the prospect of knowingly having a
child with a serious disability – other persons

will prefer not to have a child with a serious dis-
ability, no matter how wonderful the social serv-
ices, no matter how inclusive the society. [T]his
is a perfectly acceptable attitude, one that does
not impugn their ability to be good parents. This
attitude does not imply a devaluing of the lives
of existing people with disabilities, any more
than do programs to vaccinate children against
polio or ensure that pregnant women get enough
folic acid.27

It is this individual choice that PGD preserves,
although the clinicians who offer PGD have a moral
obligation to explore their own and their patients’ atti-
tudes about, and understanding of, disability so these
individual decisions can be made fairly and responsi-
bly with accurate information about the real world of
life with and without disability.

PGD and selection for sex and other
desirable characteristics
Three methods for prepregnancy or prebirth sex
selection are available: (1) prefertilization separation
of X-bearing from Y-bearing sperm with selection
of the desired sex for artificial insemination or IVF
(Microsort), (2) PGD with transfer of embryos of the
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desired sex, and (3) traditional prenatal diagnosis and
selective abortion. However, given that IVF with PGD
is expensive, technologically daunting, and imposes
significant burdens on women, it has only limited
usefulness as a method for sex selection, though it
currently works much better than sperm sorting.30

This may change as more reports of clinical experi-
ence with Microsort are made publicly available.

Interestingly, the Ethics Committee of the American
Society for Reproductive Medicine has opined that
‘policies to prohibit or condemn as unethical all uses
of non-medically indicated preconception gender
selection are not justified’,1 yet it has also held that

... initiation of IVF and PGD solely for sex selec-
tion holds even greater risk of unwarranted
gender bias, social harm, and the diversion of
medical resources from genuine medical need. It
should therefore be discouraged.31

The National Society of Genetic Counselors has flatly
stated that couples wanting ‘sex selection for personal
preference are not candidates for PGD’.2 The primary
ethical distinction between sperm sorting and PGD
rests on the fact that the latter involves the creation
and destruction of embryos, which have some moral
status and are therefore entitled to some moral
respect, while gametes have no moral status.

The selection of an embryo’s sex via PGD is done
for two basic reasons: (1) preventing the transmission
of sex-linked genetic disorders, such as hemophilia
A and B, Lesch–Nyhan syndrome, Duchenne–Becker
muscular dystrophy, and Hunter syndrome and
(2) choosing sex to achieve gender balance in a family
with more than one child, to achieve a preferred order
in the birth of children by sex, or to provide a parent
with a child of the sex he or she prefers to raise.31

While little extended ethical debate exists regarding
the former, sex selection for the purpose of preventing
the transmission of sex-linked genetic disease, the
latter is the subject of heated ethical disagreement.

The ethical objections to sex selection for non-
medical reasons can be grounded both in the very act of
deliberately choosing one sex over the other and in the
untoward consequences of sex selection, particularly if
it is performed frequently. Sex selection can be consid-
ered inherently ethically objectionable because it makes
sex a determinative reason to value one human being
over another when it ought to be completely irrelevant:
female and male children as such always ought to be
valued equally and never differentially.

Sex selection can also be ethically criticized for the
undesirable consequences it may generate. Choice by
sex supports socially created assumptions about the
relative value and meaning of ‘male’ and ‘female’ with
the latter almost universally being considered seri-
ously inferior to the former. By supporting assump-
tions that hold femaleness in lower social regard, sex
selection enhances the likelihood that females will be

the targets of infanticide, unfair discrimination, and
damaging stereotypes. The experience in India and
China indicates that sex selection is commonly used to
ensure the birth of males over females.32 At one point
in China there were 153 boys for every 100 girls.30 A
more recent report indicates that in parts of China,
there are 140 boys for every 100 girls (in contrast to
the USA and world average of 105 boys for every 100
girls) and suggests that this will likely result in an
increase in prostitution and the outright selling of
women.33 A preference for males as first-born could
also disadvantage females, as research consistently
shows that the first-born are more aggressive, more
achieving, and of higher income and education than
later-born children.30

Proponents of the ethical acceptability of sex selec-
tion would argue that the parents’ desire for family
balancing can be – and typically is – morally neutral.
The defense of family balancing rests on the view that
once a parent has a child of one sex, he or she can
properly prefer to have a child of the other sex because
the two genders are different and generate different
parenting experiences.

To deny that the experience of parenting a boy is
different from that of parenting a girl “seems breath-
takingly simplistic, as if gender played no role either
in a person’s personality or relationships to others.
Gender may be partly cultural (which does not make
it less ‘real’), but it probably is partly biological …. I
see nothing wrong with wanting to have both the
experiences”.30

Thus, gender differences in fact exist and appear to
be both cultural and biological in origin; actual phys-
ical and psychological differences exist between male
and female children that affect parental child rearing
experiences in important ways.34 Even one noted fem-
inist author has asserted that gender asimilarity and
complementarity are morally acceptable reasons for
wanting a child of a certain sex.35

The defender of sex selection for family balancing
can also point out that parents who desire this differ-
ent experience can do so without believing or acting
as if one sex is better than the other and without
imposing harmful gender roles (e.g. females are emo-
tional, not rational) upon their children. As persons
having such a preference may do so without believing
that one sex is superior to another and with respect
for the equal rights and status of females, proponents
would argue that their preference should be respected
incident to the exercise of their right to reproduce,
especially in the absence of empirical evidence show-
ing that the practice of sex selection actually harms
females. Moreover, it can be argued that the modest
moral respect due to embryos is not offended by a
parental choice made on the basis of sex.

It also seems very unlikely that sex selection would
significantly skew the male–female balance in the
U.S. population or that of other developed Western
nations. One U.S. study has shown that among the
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respondents who would use sex selection, 81% of the
women and 94% of the men would want their first-
born to be a boy, which would result in more males
receiving the advantage of being first-born. But given
that this same study found that only 25% of all
respondents would use sex selection methods, it
appears unlikely that this would dramatically add to
the number of first-born males.

Nevertheless, if sex selection became widely
available, it might change the American family,
making older sisters to younger brothers some-
what less common than they otherwise would
be. Whether this change would be harmful
enough to justify constraining choice [of sex],
however, remains hard to say.30

Overall, the predictions of potential bad con-
sequences due to sex selection seem too speculative to
be determinative of its moral propriety.31

An opponent of sex selection for family balancing
can argue that good parents, whether prospective or
actual, ought never to prefer, favor, or give more love
to a child of one sex over the other. For example, a
morally good and admirable parent would never love
a male child more than a female child, give the male
more privileges than a female, or give a female more
material things than a male simply because of sex or
beliefs about the child’s ‘proper’ gender. A virtuous
and conscientious parent, then, ought not to think
that, or behave as if, a child of one sex is better than
one of the other sex, nor should a good parent believe
or act as if, at bottom, girls are really different from
boys in the ways that truly matter.

The argument in favor of sex selection for family
balancing has to assume that gender and gender roles
exist and matter in the lived world. For if they did
not, then no reason would exist to differentiate the
experience of parenting a male child from that of a
female child. However, it is precisely the reliance on
this assumption to which the opponent of sex selec-
tion objects: accepting – and perpetuating – gender
roles inevitably both harms and wrongs both males
and females, although females clearly suffer much
more from them than males. While some gender roles
or expectations are innocuous (e.g. men do not like
asking for directions), the overwhelming majority (e.g.
males are – and should be – aggressive, women are –
and should be – self-sacrificing) are not. Consequently,
given that sex selection is inevitably gendered and
most gender roles and expectations restrict the free-
dom of persons to be who they wish to be regardless
of gender, sex selection is at least strongly ethically
suspect, if not outright wrong.

Some would claim that choosing the sex of our
children is not the most morally worrisome applica-
tion of PGD or other forms of medical intervention in
reproduction; it is rather the prospect of our ability to
choose the characteristics of our offspring. ‘[T]he real

threat comes from the identification of an increasing
number of genetic markers associated with conditions
that are not life-threatening, but impairing or socially
undesirable, such as hyperactivity, homosexuality,
and obesity’.36 Botkin notes that the moral reluctance
to discard an embryo or abort a fetus for a less than
serious medical condition already conflicts with the
value of honoring parental autonomy ‘in this most
intimate of enterprises’.8

This conflict will be ‘exacerbated by the rapid
increase in genetic tests for a wide range of condi-
tions, including late-onset conditions, conditions
with a limited impact on health, and, possibly, behav-
ioral or physical characteristics that fall within the
normal range’.8 Despite the apparent falsity of strict
genetic determinism,

… we may only need a popular perception of
genetic determinism, fueled by creative market-
ing and weak regulation, to move poorly predic-
tive tests from the lab into the clinic … [T]hese
tests need not be very predictive to be adopted
by some couples who want the very best that
their sperm, eggs, and money can buy.8

In this regard, it is also worth recalling the ASRM’s
characterization of PGD as ‘an established technique
with specific and expanding applications for standard
clinical practice’34 (emphasis added).

Sex selection by PGD or traditional prenatal diag-
nosis is already available, although one recent study
shows that a majority of physicians who offer PGD are
not willing to do so for sex selection.37 The existence
of genetic tests linked (even tenuously) to certain
desirable or undesirable social, psychological, or
behavioral characteristics is highly likely to generate
at least some demand from people who will pay the
going rate for such tests up front in cash and who will
be more than capable of giving informed consent to
the procedure. The critical ethical question will be:
should medical professionals provide any such tests
(or sex selection for that matter) on request or, more
likely, on demand?

The role of the individual clinician’s conscience
It is quite common for bioethicists to call for a ‘social’
resolution of thorny questions like this that arise in
medicine.8,38 One type of social resolution comes from
the law. However, an answer to the ethical and practi-
cal question of which genetic tests clinicians should
offer will almost surely not come from the law, which
is (at least in the USA) a typically politically charged,
slow (it is consistently behind developments in sci-
ence), expensive (for both lobbying and litigation),
uncertain, and cumbersome method for regulating what
physicians and other clinicians do, especially when it
comes to human reproduction. A true social consensus
about matters involving embryo destruction is even
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less likely, as witnessed by the current debate over
therapeutic cloning and stem cell research, not to
mention abortion. Some semblance of an answer may
come from professional medical organizations in the
form of ‘recommendations’ or ‘guidelines’, but they
probably will be quite general and in need of interpre-
tation and application to specific cases. Professional
guidelines may also be intentionally ambiguously
worded in order not to create a standard of care that
could be legally enforced through civil lawsuits.

What then is a clinician involved in PGD to do?
Should she perform PGD for sex selection for non-medical
reasons or for roughly determining, say, IQ (which prob-
ably has some genetic basis)? There undoubtedly will be
coherent and serious ethical arguments on both sides of
the question, as the brief review of the debate over sex
selection (above) indicates. Thoughtful and conscien-
tious clinicians will undoubtedly disagree, but this is the
same situation with other controversial areas in medi-
cine, such as futility, the propriety of treatment in the
absence of ‘medical indications’, physician-assisted sui-
cide, and physician-performed euthanasia.39

Little true consensus exists regarding when physi-
cians and other clinicians ought to refuse to do certain
interventions because they do not benefit patients,
harm patients or others, are inconsistent with the heal-
ing nature of medicine, disrespect the value of human
life, or are outside the legitimate scope of medicine
which should be devoted to promoting human health,
not human happiness or simple human preference. As
a result of this variability in ethical interpretation,
each individual clinician has to make a personal deci-
sion, in light of his or her own conscience and under-
standing of the ethical requirements of responsible
professional practice, about which genetic tests he will
and will not perform incident to PGD.

Conscience is a form of self-reflection on, and a
judgment about, whether a particular act (or omis-
sion) is morally right or wrong, good or bad, but it is
never self-certifying from the moral point of view.40

Conscience has to be properly informed by the perti-
nent moral principles and rules as well as relevant
professional values. But conscience must, at some
point or other, lead the individual to take a stand on
pressing ethical issues – like which genetic tests of
offer incident to PGD. And the stand must at least
sometimes be ‘this I will not do’. The very meaning
and integrity of an individual as a moral agent turns
on this: the good things any person does can be made
complete only by the things she refuses to do.39

When conscientiously refusing to do PGD for sex
or a new marker associated with homosexuality or
increased height, a clinician is not necessarily adopting
the position that it is unethical for any other clinician
to act in this manner, although she may believe this to
be so and may attempt to persuade others to exercise
their consciences in the same manner. An individual
clinician who refuses to perform PGD for some specific
purpose is primarily making a judgment about the
ethical importance of acting in a way that preserves her
personal moral integrity and expresses her need to
assume personal moral responsibility for her actions.
Clinicians cannot control the behavior of other profes-
sionals in their field, but they can and should choose to
conform their own behavior to the ethical standards
they personally embrace, even if the field as a whole
has not taken a firm stand on the relevant issue.

Each and every clinician involved in assisted repro-
ductive medicine (whether physician, nurse, genetic
counselor, or technician) should practice as a respon-
sible individual moral agent who has developed an
informed conscience and not as a vending machine of
professional services operated on patient demand.
Every clinician should recognize that not all of her col-
leagues may come to the same conclusion as she and
that her professional organizations may waffle on cer-
tain issues and issue only vague or ambiguous ethical
exhortations. But the lack of agreement or consensus
on ethical issues does not permit a morally conscien-
tious individual to follow the path of least resistance
and simply do whatever can technologically be done
and whatever a willing patient will pay for.

Conclusion
PGD is a valuable addition to the repertoire of repro-
ductive medicine as it gives individuals with a docu-
mented history of a genetic disorder the opportunity
to begin a wanted pregnancy with little or even possi-
bly no fear that they are transmitting this disorder to
their offspring. An outstanding example of this is the
recent report of PGD being successfully used to avoid
the conception of a child that could have inherited a
predisposition to early-onset Alzheimer disease.41

But, if this service becomes embroiled in the detection
of conditions having little or nothing to do with
health and disease in order to satisfy patient demand
or be a profitable business, its practitioners will get,
and deserve, serious ethical criticism.
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18 Genetic counseling
Á. Csaba and Z. Papp 

In the past decades, genetic counseling has assumed an
increasingly significant role in medical science. Deep
changes in societal expectations coupled with the trans-
forming social structure have led a growing number of
married couples to make use of services offered by
genetic counseling. Whereas, at the time of Semmelweis,
the saving of mothers’ lives had constituted a break-
through in obstetrical practice, the 20th century devel-
opment of neonatology and perinatology leading to
improved survival chances in fetuses and newborn
babies, brought further significant progress. As birth-
rates decreased and families tended to be founded at
older age, more and more pregnant women chose to
take advantage of genetics. It became a more important,
if not the most important, objective to enable families
burdened with inheritable and accumulating problems
to have healthy children. The natural selection process
that works on a large scale was no longer acceptable for
families desiring to have one or two children; therefore,
the demand emerged in developed countries for the
safest possible pregnancy care. As part of this develop-
ment, genetic counseling developed and continues to
assume an increasingly significant role. The recent,
explosive progress in genetic research has made people
believe that now every hereditary disease can be
screened in time and prevented, that is, the birth of a
sick baby can be avoided with absolute certainty. The
requirement of living up to this expectation more com-
prehensively has led to establishing and launching
genetic counseling centers, which have become an
integral part of the maternity care system. It has
become virtually the first priority for families to expect
the health care system to prepare and inform them, and
thus make it possible for them to accept pregnancy as a
result of a well-informed and well-considered decision.
Society has also recognized that for a number of rea-
sons (healing, psychological, financial, societal, etc.) it
is preferable to prevent diseases than treat them after
their emergence.

The roots of genetic counseling go back a long time
in history. The correction of the undesirable qualities
of the human race and the curing of its diseases has
preoccupied us since prehistoric times. In one of his
works, The State, Plato (427–347 B.C.) described a
way to improve people by ‘selective breeding’. The

English scientist Francis Galton was the first to be
engaged more thoroughly and seriously in eugenics.
(It was he who introduced the word eugenics in
1883.) In a book written in 1869 (Hereditary Genius),
he proposed that outstanding men be married by a
plan to well-to-do women for a talented race to
emerge. In the first half of the 20th century, certain
forces disgracefully used the science of genetics and
its achievements as a distorted means of eugenics to
underpin their racial theories (for the extinction of
Jews, blacks, and homosexuals), and also in the early
20th century this culminated in political dictator-
ships ordering sterilization for individuals with high
genetic risk. As a result, the application of genetic
achievements was long stigmatized and it had a hard
time regaining the appreciation it deserves.

Before discovering genetic rules, genetic counsel-
ing was based on empirical observations. In this
process it was important to recognize that certain
diagnoses were more frequent in certain couples’
descendents.

The 20th century witnessed revolutionary progress
in the science of genetics that coincided with increas-
ing societal demands and therefore became an integral
part of modern genetic counseling. In the beginning,
in the age of ‘classic genetic counseling’, our means
were quite limited. Genetic diseases were Mendelian
disorders or diseases that were inheritable through one
gene. Then, counseling extended merely to clarifying
the genetic, i.e. hereditable nature of a certain disease
and informing the patients about the risk of recur-
rence. This was the time when society’s demand for
the prevention of diseases emerged, but our scientific
and technical possibilities were still rather restricted.
Regrettably, we were in no position to offer a reassur-
ing ‘alternative’ to the couples who approached us
with their problems. Those asking for advice had to
make do with mere information, the rigid percentage
numbers of the risk of repetition, on the basis of
which they could make their decision on whether to
have a child. In many cases, however, the high risk of
occurrence and/or recurrence communicated by the
physician forever deterred the couple from having
another child. To be sure, in other cases it was useful
for the couple to know that with the knowledge about
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the heredity of the given problem, they could safely
have another pregnancy without having to dread the
recurrence of the disease that they had feared. In that
period, there could occur such a situation (due to a lack
of assisted reproduction techniques) when genetic coun-
seling shed light on a disease inherited in a recessive
manner, which might have led the couple to the con-
clusion that their descendents were exposed to a height-
ened risk. This could, unfortunately, result in the
deterioration of the relationship, and even in their
divorce, so that they both could increase their respec-
tive chances of having a healthy child. At last, the
physician performing genetic counseling was also in a
difficult position, since in many cases he was aware
that he could not give the assistance that was needed,
and he must have sensed the tension generated by
the puzzlement of the couple seeking advice. (In cer-
tain cases, this feeling has, unfortunately, remained
known to physicians providing genetic counseling.)

Theoretical and practical means
of genetic counseling
Genetic counseling is centered on close interactive
communication between those requesting and those
giving advice. Genetic counseling centers operate in
numerous countries of the world. Their task every-
where is to give information about hereditary diseases,
to let patients know about the possible cures, and not
the least to define the method of heredity. Knowing
the type of heredity is indispensable for figuring out
the risk of occurrence and/or recurrence, which is the
most frequently asked and most important question for
pregnant women or couples wanting babies, and there-
fore seeking counseling. Thus, genetic counseling can
basically be divided into two major branches:

(a) Finding out if the disease of a newborn baby,
older child, or adult is hereditary, making a diag-
nosis, and providing information about the possi-
ble treatment.

(b) Counseling during pregnancy concerning the
occurrence and/or recurrence of hereditary
(genetically determined) diseases in a family or
those materializing in pregnancy, using prenatal
diagnostic tools with the aim of ensuring the
birth of healthy offspring.

Although the two branches obviously focus on the
same diseases, they require different approaches. All
over the world, genetic counseling is primarily done
by biologists, geneticists, and various medical spe-
cialists, mainly pediatricians and obstetricians.1–3

Pregnant women and their partners facing various
genetic problems can base their decision on informa-
tion and advice made available by these profession-
als’ knowledge and expertise.4 Counseling can follow
two principles: the more widely used non-directive

genetic counseling and the so-called directive genetic
counseling.5 Because the current era is dominated by
legal claims against physicians, the non-directive method
is more acceptable and more easily defendable, even
though in many cases patients expect and demand a
decision-shaping process closely guided by the physi-
cians. When applying the non-directive method, the
genetic counselor is ready to share information in a non-
directive manner without committing to any potential
alternative. It is very important that having thoroughly
described the disease in question, the consultant should
also inform the patient about the risk of occurrence and/
or recurrence. After that, diagnostic alternatives should
be described and offered – if there are any. This has to
be done in a fashion so that the patients seeking coun-
seling can understand the basic facts, and it may vary
with the given circumstances. The patient’s fear and
anxiety must not be worsened by giving an opinion
expressed in mystical, complicated sentences that are
incomprehensible to ordinary people. By this point,
the couples have already started the decision-making
process. The physician leaves it to the patients to use
the intensive interactive process to arrive at their final
decision. Various prenatal screening and diagnostic
methods have demonstrated revolutionary progress and
have been made indispensable parts and means of
modern genetic counseling.

Often screening tests could at least lower the excite-
ment and nervousness, but it was prenatal diagnostics
that made the real breakthrough in the practice of
genetic counseling. At this point during counseling,
one has to mention the inevitable necessity of
explaining the differences between screening tests
and diagnostic tests. Society mistakenly confuses the
two examinations and attributes to them equal impor-
tance. In daily practice, this can result in erroneous
decisions because many regard the reassuring results
of the screening tests as a safe diagnosis. Too often, we
can hear the following statement from a 40-year-old
pregnant woman and her 50-year-old husband:

As the biochemical markers (triple–quadro test)
are normal, and the genetic ultrasound examina-
tion has not detected any visible abnormalities
either, we can rest assured for we cannot have a
child with chromosome abnormalities. We do
not want amniocentesis.

Screening tests are performed to help us detect and ‘take
out’ those who face a higher than average risk of certain
pathological conditions of concern. Some procedures
may serve a screening purpose in some cases, while
they can have a diagnostic value in association with
another disease. Sonography is one of these procedures,
but it is only of a screening nature in the case of Down’s
syndrome, while it has a diagnostic value in the case of
anencephaly, spina bifida, and hydrocephalus.

Among prenatal diagnostic tools we distinguish bet-
ween non-invasive and invasive methods. Sonography,
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one of the most frequently and widely used, dynamically
developing examination procedure belongs to the first
group. In the non-invasive group, we also have the
tests using maternal blood, of which tests with fetal
cells obtained from maternal circulation deserve more
attention. The arsenal of invasive prenatal diagnostics
is also steadily broadening, but those applied first in
the practice of genetic counseling remain its most fre-
quent procedures. These are genetic amniocentesis
and chorionic villus sampling (CVS). Invasive proce-
dures, unfortunately, carry certain risks for the fetus
and the pregnant woman. Their complications have
a considerable influence on the patients’ decision,
since in many cases they perceive their situation as a
choice between bad and worse. In this context, it is
understandable that the essential factor on which they
base their decision is the intention to opt for the less
risky examination if they are given a choice. The pain
and tension caused by the examination also appear as
a problem in invasive examination, but this does not
have a decisive influence when making the final choice.
While these procedures are not painless, the pain is not
extensive either.

This strong inter-relatedness between genetic coun-
seling and prenatal diagnostics is largely determined
and driven by ultrasound examinations that, as a
result of rapid technological advancements, allow the
physician to follow more closely the life of the
embryo and the fetus.6–8 Ultrasound is biologically
harmless, so undergoing an ultrasound examination
cannot pose a serious dilemma for pregnant women.
However, despite the accumulation of an increasingly
significant amount of expertise and knowledge, it is
often difficult to evaluate and interpret the results
of the examination. Modern medical examination
equipment with largely improved detection capabili-
ties makes even tiny ‘suspicious signs’ recognizable.9

Nevertheless, these signs can lead to differing inter-
pretations, thereby causing unwarranted concern
among patients. The sonograph can record even tiny
divergences from normal conditions that cannot be
ignored, because written documents can later serve as
legal evidence. Frequently, we are in no position to
perform further non-invasive examinations to reassure
the patients. This often renders invasive examinations
advisable, potentially putting the patients in a difficult
decision-making situation. Patients can become anxious
or even fearful, because they are apt to treat machine-
made images virtually as facts, and to interpret them
as serious threats to the fetus. It is then a daunting
task to dispel anxiety or fear because the patients tend
to believe the ‘objective’ computer. Here too, the non-
directive method is advisable, and it is important to
point out not only the possible pathologic conditions,
but also the possibility of a reassuring outcome. For
this reason, it is essential to follow closely any abnor-
malities detected during ultrasound examinations in
later stages of the pregnancy and after delivery. This
approach can lead us to a stage when images currently

interpreted as suspicious signs will not result in
groundless tension and fears for the pregnant woman.

Practice standards regarding ultrasound examina-
tions during pregnancy vary from country to country. In
some countries, one or two examinations are deemed
sufficient without providing much detail as to how
these should be timed. Nearly a decade ago, we intro-
duced in Hungary a carefully designed system that
pays due consideration to the interests of pregnant
women and to professional rationality. Our protocol
advises four plus one examinations for the pregnant
woman, with the first taking place during the first call
(usually in the fifth to eighth weeks), the others later in
the 10th to 12th, 18th to 20th, 28th to 30th, and 36th to
38th weeks. If necessary, we advise an intrauterine
examination of the fetuses’ heart (echocardiography).10

The pregnant woman must understand that these
examinations are part of a series of screening tests
meant to check on the intrauterine development of the
fetus. Countries advising or performing fewer examina-
tions partly cite high costs and question the efficiency
of the examinations. There are also skeptical opinions
about whether ultrasound examinations can signifi-
cantly improve morbidity and mortality indicators.11

Some others, arguing against ultrasound examinations,
also point to the misleading, wrongly reassuring effects
of ‘false-negative’ diagnoses. Well-elaborated and
organized sonographic training can, however, mini-
mize such risks. It is imperative that examinations be
carried out and interpreted by trained and experienced
professionals.

Such invasive genetic examinations as amniocente-
sis, CVS, and fetal blood sampling have become indis-
pensable means of prenatal diagnostics and genetic
counseling. These examinations allow us to obtain
genetic information, leading to major breakthroughs
in the development of genetic counseling. Samples
obtained during invasive procedures are helpful in
performing several examinations, and the number of
diseases that can be detected this way is steadily
increasing. Beyond detecting chromosome irregulari-
ties, these are now important means of diagnosing
monogenic inheritable diseases (Mendelian inheri-
tance) as well. From the samples, we can also perform
microbiological and serological examinations. The
newest molecular genetic techniques are opening a
previously unhoped-for dimension in prenatal diag-
nostics. Beyond the dangers arising from the invasive
nature of such examinations (due to the higher risk of
miscarriage), their more widespread use has raised
numerous ethical questions as well. Even when we
face increased risks of genetic, inheritable diseases,
we must try our best to make sure that no sick children
are born, while giving couples a realistic chance to
have a healthy newborn. Here, we have a reverse situa-
tion: contrary to ultrasound examinations, in this case
the interpretation of examination results leaves very
few questions owing to diagnostic accuracy from the
principle of methods applied. In these cases, however,
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the examination carries dangers that create significant
tension, concern, and complicated decision situations.
There can emerge a peculiar and difficult contradic-
tion because the patients would like to have a healthy
child, but the examination necessary to make this
happen might endanger the further development of
the fetus. When the woman makes this decision, the
physician must stick with non-directive counseling,
which allows him to inform patients about the benefits
and drawbacks, but has him answer any further ques-
tion about what decision to make in a non-directive
fashion. The final decision has to come from the
woman. The genetic counselor must not assume a
‘divine role’ and cannot be familiar with all relevant
aspects of another person’s life. Even in cases that
seem identical, the final decisions can be different. A
37-year-old couple who already have three healthy
children and where the woman can conceive without
difficulty is likely to request karyotyping, whereas
a couple having tried in vain to conceive a child for
15 years can be very concerned about the threat of
miscarriage and may choose not to have such an inva-
sive act performed.

During genetic counseling, certain ‘semi-invasive’
examinations can also be of assistance; these are widely
used in screening because of their minimal level of
invasiveness. Nevertheless, as a result of their being a
screening test, they can produce false-positive results,
generating serious concern in pregnant women. Bio-
chemical marker tests done from samples of the
mother’s blood (AFP, BHCG, E2, PAPP-A, Inhibin)
constitute one sort of genetic screening examination.
Besides false-positive results, there are some false-
negative test results as well, which makes it essential
to explain to patients that screening examinations do
not provide the basis for establishing a diagnosis. In
view of the existing risk factors of invasive examina-
tions, one has to aim at putting together as reliable a
screening examination protocol as possible. There are
ongoing efforts to examine an increasing number of
serum markers that can be combined with ultrasound
examinations (e.g. nuchal translucency) to improve
results. Because of fears of being held accountable and
exposed to malpractice claims, the drawing of the
point will regrettably increase the number of false-
positive cases, which, in turn, will demand a larger
capacity for intrauterine chromosome analysis.

Decision making: rights
and responsibilities
Physicians who have provided genetic counseling for
an anxious married couple have faced their distress
and feelings of defenselessness. The very uncertainty
shadowing the health of their desired offspring puts
a considerable burden on the expectant woman and
her spouse. Add to that the further risk of various
other special circumstances, and the result can be an

effectively unbearable load. Those couples seeking
genetic counseling almost always carry the ‘extra
burden’, that being the very reason why their physi-
cian sends them to consult a specialist.

Many decision-making situations crop up during
genetic counseling. In certain cases, the first question
to answer is whether or not the patient is ready for
pregnancy, knowing the genetic risk. The individual
seeking counseling must decide if she wants to have
the proffered diagnostic test. Another decision may
have to be made with regard to the patient’s wish to
carry on with or terminate the pregnancy in the case
of a positive result (indicating disease).2,12,13

The diverse nature of genetic problems necessitates
separating the following branches in order to better
understand decision-making mechanisms:

(a) Those cases requiring invasive, high-risk inter-
vention (chromosome defects).

(b) Monogenic diseases with a high risk of occur-
rence and/or recurrence.

(c) Low-risk genetic situations (taking medicine,
diagnostic x-ray examinations).

(d) Uncertain conditions for which diagnostics are
limited (certain infections and anatomical defects
detectable by serology or ultrasound where the
outcome cannot be predicted).

One important consideration is whether the available
means can result in a rock-solid diagnosis, or the
problem in hand cannot be diagnosed during preg-
nancy, although certain results may indicate patho-
logical conditions. The decision-making mechanism
seems to be affected by a couple of factors, including
risk of recurrence, seriousness of the disease, risk
of the procedure, maternal age, previous pathological
pregnancies (malformations, miscarriages), number of
healthy offspring, level of education, religious faith,
and convictions of conscience.

The kind of genetic counseling we prefer lets the
patients have the final word. Neither the right to make
a decision nor the responsibility resulting from that
decision can rest with the genetic counselor. This
point is important because it makes many legal claims
avoidable. The non-directive counseling process can
be easily violated, because the patients can be mani-
pulated by carefully determining the sequence of sen-
tences. It must be our objective to be as neutral as
possible, while providing comprehensive and honest
information to patients. Our words ought not to give
away which decision we might favor. Although it is
true that we cannot exist without having certain
ideals, values, and views, and that we are bound to
form an opinion about what we say in a counseling
situation, the patients should not sense that we might
disagree with their decision or that we might judge
them negatively as a result. For the pregnant woman
and her partner to accurately feel the weight of their
decision, it is necessary to stress that they can choose
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freely from the alternatives described to them. They
have to see clearly the consequences of whatever deci-
sion they opt for.

It would be very difficult to conceive of any other
counseling mechanism and decision-making process
in democratic states where the wide-ranging rights of
the individual are safeguarded. In democratic systems,
however, one should not forget about obligations and
responsibilities. Systems that exclusively emphasize
rights, but not obligations, are moving toward anar-
chy. This anarchy would obviously apply to the field
of genetic counseling as well. For free choice to be
preserved, it is crucial that the decision made by the
patients in no way influences further pregnancy care,
and that the physicians continue to provide the broad-
est range of services possible.

The weight of the decision requires that pregnant
women be given sufficient time to ponder the various
dimensions of their choices. In most cases, the preg-
nant woman finds it reassuring to discuss her situation
with her partner or physician and to seek the advice of
her family before committing to one of the alternatives.
It is highly possible that the patient and the counselor
will have to see each other more than once.

During counseling, the physician should be under-
standing and patient – one cannot overemphasize
the role empathy plays in the process. Dramatic
statements, gestures, and other forms of non-verbal
communication are equally impermissible during
non-directive genetic counseling. A written report
must be prepared about the counseling session and
the patient’s decision.

The complex nature of genetic counseling and its
relatively short history are bound to raise several
moral and ethical questions. Although there is an
emerging consensus on the older problems, the new
possibilities and achievements have caused significant
rifts among physicians and scientists. These develop-
ments are increasingly prevalent in our everyday life,
and their divisive effects can be felt in the society as
well. When it comes to genetics and our endeavors to
influence heredity, society tends to be sharply divided.
In these situations, the individual’s freedom and need
to decide are at play simultaneously.

The counselor is not in an easy situation either. In
these complicated and often very difficult decision-
making situations the consultant’s room for maneuver
is rather limited due to the non-directive principle of
counseling. One can feel every now and then that the
advice seeker counts on the consultant’s help when
making her decision. Limited though the consultant’s
opportunities may be, he is still able to help by sup-
plying clear and direct information relevant to the
case. He is not to use either verbal or metacommu-
nicative means, which might suggest that he is taking
a firm stand on either side of the dilemma. At the
same time, the verbal and metacommunicative behav-
ior he does perform must not contradict each other,
because that may confuse the other party. He must be

patient and compassionate, but focused on the issues
in hand, and should not let the advice seeker’s atten-
tion wander. He must dissipate fears raised by
‘rumors’ and ‘horror stories’, but must never gloss
over or retouch actual facts and dangers. The consult-
ant must always be prepared and set forth possible
alternatives along with their advantages, drawbacks,
and consequences.14 In many cases, the counselor is
aware of the problem’s serious and occasionally hope-
less prognosis. The recurrence of this mental burden
can pose a serious challenge for the physician. In
cases of possible abortion, the genetic counselor’s role
goes beyond merely sharing information. From the
moment that patients are confronted with the prob-
lem, we have to provide them with support. Besides
the bare facts, we also need to point out the potential
remedies. We must convey positive messages to the
couple so that they can more easily deal with a
tragedy. The description of the problem is never
meant to deter; therefore, calm, a human voice, and
compassion are the most important qualities of a
genetic counselor. We stand a much better chance of
achieving cooperation if, instead of telling the facts in
a cold, matter-of-fact manner, we act kindly, and do
not conceal the problem. The patients must never
sense frustration and exhaustion on the part of the
genetic counselor.

It is essential that the decision possibly reflects the
common will of the couple, but at a minimum be pre-
ceded by a consultation between the partners. The
couple frequently wishes to request the advice of the
woman’s gynecologist before making the final deci-
sion. This reinforces the strong bond of confidence
that develops between the pregnant woman and her
physician. This is especially true when genetic coun-
seling is done by an obstetrician/gynecologist who
may also be in charge of the patient’s pregnancy.

The woman usually desires the most comprehen-
sive information possible so that she can make an edu-
cated final decision. Questions like ‘How would you
decide in my place?’ are often put to the genetic coun-
selor. When responding, one has to follow the rules of
non-directive counseling and accordingly give infor-
mation about how the majority of other couples decide
in similar situations. It needs to be pointed out to the
patients that every individual’s and every family’s life
is different, and therefore it is impossible to give a gen-
eralized answer. The decision is influenced, among
other factors, by whether the family already has a
healthy child, how many pregnancies the woman has
had, how old the couple are, and how long they have
been trying to conceive a child. Religion and beliefs
certainly also play an important role. After the final
decision is made, the couple must be given assistance
to be able to deal with the consequences as smoothly
as possible. A guilty conscience and the shadow of an
irresponsible decision are difficult to dispel in a family,
but proficiently executed counseling can prevent them
from developing.
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Ethical and moral aspects
of genetic counseling

The diagnostics of monogenic diseases [heterozygote
screening, Human Genome Project (HGP), eugenics]
The molecular genetic research brought to a high stage
of development in the last years of the 20th century
resulted in an even more detailed knowledge of the
human genetic material. The HGP has established that
the sequence of 3.1 billion letters of DNA shows that
humans are made up of about 30,000–40,000 genes.15,16

This may generate erroneous beliefs in society,
because many think that any hereditary gene defect
can be detected today, and therefore any given disease
can be screened in the embryonic stage. True, more
and more monogenic diseases may be diagnosed by
polymerase chain reaction (PCR) or other molecular
genetic techniques, but science has yet to enable us to
detect every genetic defect. These examinations, com-
bined with assisted reproduction techniques, in cer-
tain cases, make possible the detection of diseases
in the pre-embryo conceived by in vitro fertilization
(IVF). This doubtlessly important fact can be a strong
propaganda factor for the unconditional supporters of
this method and can contribute to solidifying it in
practice and making its application more widespread
by pushing its disadvantages into the background and
making use of the media’s help. Given that these are
costly examinations, it is necessary to bring about a
well-established international network of research. If
the disease in question is serious, every effort is
morally justifiable to organize prenatal diagnostics
and make them available. However, HGP and our
ever-deepening knowledge also mean that the genetic
background of more and more ‘conditions’ can be
examined, which conceals ethical dangers. Does
humankind not try to implement positive eugenics
when unearthing the genetic (hereditary) background
of intelligence and physical features? Is there not a
strange ‘preordination’, ‘innate predestination’, or ‘spe-
cial selection’ for those who, because of their financial
status, are able to take the opportunity provided by
science however costly it may be in the beginning? Will
it be possible to acquire or ‘purchase’ favored social
status even before childbirth? Will these sayings come
true: my child was born to be a banker, a doctor, a
lawyer, a teacher or an athlete, an artist? Utopian as this
assertion may seem, it is not unimaginable.

Let us play with the idea, and assume that the
genetic code of every human disease and human qual-
ity, including physical and mental endowments as
well as appearance, has become detectable through
the HGP. In the present social environment, science
and technology provide for the possibility of choosing
and creating the socially most ‘competitive’, healthy
descendants. If at the beginning it can be done
through costly procedures, we have already reached
the eugenics envisioned by Plato and Sir Francis

Galton. Further, there could emerge in society castes
firmly embedded for several generations, for with the
help of genetic advantages, the descendants of the
wealthier would become the leading stratum, while
those with no access to these advantages would consti-
tute the stratum of the subordinates and the employees.
Would it be ‘healthy’, socially useful, or beneficial if
everybody wished to be endowed with Einstein’s IQ
and Schwarzenegger’s or Marylin Monroe’s appear-
ance? In our view, this vast acceleration of evolution’s
long and slow process could lead to unforeseeable
tragic consequences.

A more delicate and much more topical aspect of
this line of thinking is very much alive today: What are
the pathological conditions that justify the induction of
premature delivery as they exhaust its scope of indica-
tion? Who is to decide on these? If certain conditions
(e.g. depression, rheumatoid arthritis, schizophrenia,
arteriosclerosis, certain tumors, and autoimmune dis-
eases) are proven to be inherited monogenically, is the
pregnancy to be terminated if the fetus carries the
faulty gene(s) and there is no known therapy? It is of
paramount importance that the scope of therapy be
extended so that more and more detected diseases can
be treated. In order to prevent this, it is urgently neces-
sary to create the proper legal framework of regulations
and to introduce rational restrictions instead of out-
right prohibitions. Historical examples show that what-
ever can conceivably be done by man will be created
sooner or later. We, therefore, cannot lull ourselves into
illusions that mere prohibitions can prevent human
cloning or that irrational restrictions can prevent the
above vision from materializing.

Presymptomatic diagnostics (confidentiality of
genetic data – relatives, insurance companies,
employers, the family, and the individual)
Presymptomatic diagnostics and so-called ‘suscepti-
bility testing’ are gaining increasing salience with
reference to an increasing number of diseases.17

Presymptomatic testing refers to identification of
healthy individuals who may have inherited a gene for
a late-onset disease, and if so will develop the
disorder if they live long enough (e.g. Huntington dis-
ease). Susceptibility (predictive) testing identifies
healthy individuals who may have inherited a genetic
predisposition that puts them at increased risk of
developing a multifactorial disease (e.g. heart disease,
Alzheimer disease, or cancer), but who may never
develop the disease in question. Do we have the right
to inform the patient about the existence of untreat-
able diseases before symptoms appear? Is it necessary
to do so? Are we obliged to do that? Is this individual
ill at all? Can or need populations be screened for
certain diseases? Indeed, the development of some
diseases might be slowed down if changes in lifestyle
were implemented. The knowledge, however, that
the development of a serious disease is inevitable in a
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later stage of one’s life could put a heavy burden on
his everyday existence and might even change an
individual’s personality. Surviving in the knowledge
that one is to expect to develop a malignant tumor by
the age of 30–40 years is difficult. By the same token,
possessing the relevant information might result in
more careful diagnostic examinations, which should
have a substantial effect on the life expectancy.

At the same time, this raises the question of who is
entitled to know the information, i.e. confidential-
ity,18,19 the individual affected and his relatives? One
might think that only the individual affected should,
but with the disease in question being a genetic one,
are the relatives not affected, too? Do they not have
the right to know their risk? Is the parent obliged to
tell his or her child? Can the child request the per-
formance of a predictive test? Can the parent make a
decision on whether the examination should be per-
formed for her minor child?20 Presymptomatic and
susceptibility testing in the absence of therapeutic
options should be available if certain conditions are
met. It is important that the individual be provided
thorough information about the limits of testing, and
the information contribute to enhancing the patho-
graphy and informing the family because, in many
cases, it is impossible to predict the onset and serious-
ness of a particular disease and its symptoms.
Awareness of susceptibility could induce a change in
the lifestyle that could prevent or prolong the develop-
ment of a disease. If a disease is inevitable, the indi-
vidual will have the chance of planning for his or her
short life, as in the case of Huntington disease. Such
genetic information can influence plans for marriage
and having children. Preimplantation genetics could
possibly prevent the development of a particular dis-
ease in their children. But the basic question remains:
Is it good or useful to know what for millennia
mankind has had no way of knowing – the ultimate
end of life, the number of years, the sequence of proba-
ble diseases? Is society prepared for this? Is the human
soul strong enough to carry this burden? Do such exam-
inations make sense as long as we lack adequate thera-
pies? Do we have to do everything just because we can?
The problem is further complicated by the shortcom-
ings of available predictive genetic tests that still carry
a factor of serious uncertainty about whether a disease
will develop, and if it does, when exactly and to what
extent. Given the onus of this information, if there is no
medical advantage concerning prevention or treatment,
these examinations can best be postponed until adult-
hood, when the individual is able to make decisions on
crucial aspects of his own life.

Stigmatization, discrimination
Society tends to single out ‘other-than-average’ indi-
viduals, in many cases stigmatizing them. Given the
sensitive nature of issues, such as reproduction,
heredity, child-rearing skills, and the fact that society

considers calculable and predictable health defects a
serious drawback, exposing information about such
issues is unethical. It is for the individual to decide
whether or not his genetic profile ought to be made
public. Employers, insurance companies, government
administrations, and schools are prone to gather the
widest possible spectrum of information about their
associates.21–23 The results of presymptomatic and sus-
ceptibility tests are beginning to become central issues
for these institutions. These organizations would like
to have unrestricted access to these data. The indivi-
dual is essentially interested in the opposite, since the
insurance company would surely demand a higher
premium if it is ready to offer insurance at all.

Similarly, an employer would be disinclined to
employ someone of whom it is known that in a few
years he or she cannot do his or her job. At the same
time, the fear of insurers and employers is also under-
standable, because the individual can also abuse such
genetic information. Those declared ‘healthy’, who
will not have to reckon with the development of a
serious disease in the course of their lives, would not
pay for insurance, and even the ‘ill’ would wait
almost until the likely development of the disease
before they would buy insurance. This could generate
unmanageable burdens for insurance companies and
could lead to the total collapse of the insurance sys-
tem. Environmental or occupational (e.g. miners and
chemical industry workers, pilots) hazards can play a
significant role in the development of certain condi-
tions (e.g. asthma, allergies, heart disease, or cancers);
therefore, by applying for such jobs, people jeopardize
their own health, which can become starting points of
future lawsuits. (The employer could propose that the
individual should work in a different department,
since the desired job could accelerate the develop-
ment of the disease. If the employee would still
choose the job not recommended, which he should
have a right to do, then he or she would lose his or her
right to sue his company on these grounds.)

Considering the likely rapid dissemination of pre-
dictive tests, there is an urgent need to develop a well-
thought-out, detailed legal framework. Prohibition
cannot be allowed because it would deprive the indi-
vidual of rather important information. The proper
regulation would eliminate the situation of diametri-
cally opposed interests among the parties and would
make them interested in wide-ranging examinations.
(For instance, at birth everyone should be genetically
screened for ‘susceptibility’ and the resulting informa-
tion should be made available to those concerned, but
at the same time, discrimination and the possibility of
abuse by the examined individual should be prohib-
ited; emphasis should be placed on prevention, and
adequate sets of incentives should be elaborated).
Apparently, avoiding stigmatization and discrimina-
tion makes a very important goal, but the problem itself
is highly complex. It is unacceptable to discriminate
against anybody at school, work, or when taking out an
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insurance policy because of one’s genetic background.
It must not be allowed either that individuals misuse
this information. Therefore, it is crucial to bring about
well-considered, detailed regulation and legislative
background. At present, the individual’s and the
family’s personal rights must not suffer damage, and
genetic information may be made public only with
their consent.

Sex selection and sex determination
Both the prenatal and the preimplantation diagnostic
procedures are suitable for the determination of the
sex of the pre-embryo/embryo or the fetus. The major-
ity of society does not prefer one sex to the other. In
certain communities, however, the offsprings’ sex is
very important; therefore, sex determination presents
itself as a problem in this controversial moral field.
Many civilized societies do not allow carrying out
invasive genetic examinations merely to select or
determine sex, but loopholes exist in many countries.
Where a pregnancy may be terminated at the married
couple’s request, the decision to do so is often made
in the knowledge of the fetus’ sex (as a result of karyo-
typing or an ultrasound examination). In these cases,
we speak of sex determination done for non-medical
reasons. Those in favor of this try to rely on demo-
graphic/statistical data arguing that in certain cases it
would be favorable to permit it. There are certain
research groups and countries where sex determina-
tion is permitted if a couple already has a child, and
would like the next one to be of the other sex. Some
claim that in countries with decreasing populations
this could even become an instrument in stopping the
declining numbers. In other countries (in Asia), this
possibility is seen as one of the factors slowing down
population growth.24,25 They point out previous
European experience when the selection of the
descendant’s sex was possible on the basis of the
sperms, and practice showed that this did not change
the proportion of the sexes in the population. In 2001,
The American Society for Reproductive Medicine
ruled that it is proper and ethical to help couples to
choose the sex of their babies.26

By the same token, sex determination done for non-
medical reasons also has several opponents. The most
frequently heard argument against the use of preim-
plantation genetic diagnosis for non-medical sexing is
that a medical method should not be used for non-
medical reasons.27 We are even more concerned that
by legalizing this kind of sex determination, we will
cross the Rubicon, for it would be classifying the sex
of an individual as ‘an abnormality’. This would be
the first step toward the above-described, apparently
utopian human interventions that on the surface
would be ‘done for genetic reasons’, but in reality
would serve a manipulated selection of human quali-
ties. At a later point, this logic could have us argue
that the decreasing population could be expanded if

legal regulations allowed selection on the basis of
intelligence or physique, or where the opposite is
needed, the high-quality, efficient, and productive
descendants could just as well slow down population
growth.

In our view, to avoid abusing information about sex
revealed by carrying out karyotyping for other reasons,
careful regulation is needed, which effectively makes
it impossible to terminate pregnancy just because the
fetus belongs to one or the other sex.28 Individual
(personal) rights must be curtailed, and those uncriti-
cally embracing them should not ignore the rights of
the fetus. Individualism is not identical to exemption
from obeying rules and laws.

Today, sex determination may be justifiably indi-
cated only if a family is affected by a hereditary disease
connected to a sex chromosome, and when special
molecular diagnostic tools making use of genetic engi-
neering are not yet available. In such a case, if the test
reveals that the fetus is male, the couple has the right
to ask for the termination of pregnancy so that the
disease will be avoided. In this case, we speak of sex
determination done for medical reasons. If the pre-
ferred method of conception is IVF–ET and the disease
in question is an X-determined, recessive one, the so-
called preimplantation diagnostics is a possible option,
which may ensure that only healthy female pre-
embryos get implanted.29

The definition of illness and health
Differentiating between illness and health presents
an increasingly complex problem. According to the
World Health Organization’s (WHO’s) definition,
health is a state of complete physical, mental, and
social well-being, and is not merely the absence of
disease or infirmity.30 Holding the assertion that the
absence of disease (an organic, physical decrease in or
failure of function) does not in itself constitute health
makes it difficult to define the conditions that ought
to be regarded as healthy. Late-onset diseases, devia-
tions from the statistical norm, and increased suscep-
tibility to cancers are questionable states. These men
and women are not ill for a long time, but they are
handicapped from a certain point of view. Shall we or
shall we not treat these states as diseases until we are
able to cure already detected genetic predispositions?
At the same time, millions of people live happy lives
with certain diseases (blindness, absence of fingers,
color blindness, deafness) presuming they are healthy.
A number of geniuses would not have been born had
they fallen victim to procured abortion because of con-
ditions considered by society as illnesses.

There is another serious ethical challenge here. Do
parents have the right to decide whether or not an
obvious infirmity they carry is one that needs screen-
ing that might help avoid it in their children? And if
they do not, who can decide? If it is left to the parents
to make decisions, then strange situations should be
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expected. A good example is reported by Green.31 A
deaf–mute couple sought genetic counseling, their
disease’s nature being monogenically hereditary.
Having been informed about their prospects, they
asked for a molecular genetic diagnosis to be made on
the 13-week-old fetus. To the pleasure of their con-
sultant, the result was homozygote recessive, meaning
they could expect a healthy offspring. Surprisingly,
however, the couple was disappointed by the result,
indicating:

We can’t carry on with the pregnancy. How could
we bring up a child totally alien to us, able to hear and
communicate, while our friends and we live in a
different way? We aren’t capable of establishing the
appropriate circumstances.

Terminating pregnancy because of genetic indications
The most challenging moments of genetic counseling
arise when a decision has to be made on the disposi-
tion of a pregnancy. From the consultant’s point of
view, those situations are the most difficult when the
problem is so severe and the prognosis is so bad that
termination on a genetic basis may be proffered. Even
in this case, the goal of non-directive counseling is to
inform the patient about this option. The woman is
about to resolve one of the most difficult situations of
her life. The weight of the decision depends on the
gestational age of the pregnancy and other factors.
Decisions on serious conditions detected in the first
trimester are made easier. Given that most diagnoses
are made in the second trimester, when the fetus has
already made its first movement, a very close rela-
tionship has sometimes developed between the fetus
and the expectant mother by decision time. She may
have seen its face during an ultrasound examination,
and she may even know her offspring’s sex. Realizing
her widening waistline, the people around her may
learn about the pregnancy, and this knowledge and
having to wait, make it even more difficult for her to
cope. The necessity to make a decision presents a
major state of crisis, the extent of which depends,
among other things, on the obstetrical anamnesis.

In such a case, the task is to give the relevant facts,
help the patient to consider them thoughtfully and
calmly, and encourage her to develop positive prospects
for the future. It is important to outline the possible
short-term and long-term consequences of the deci-
sions, the risk of the defect being recurrent, and the
details of its heredity. If the woman opts to continue
her pregnancy, she needs to be briefed on what sort of
aid she can rely on from the fields of medicine and
social services, as well as family care. Those deciding
to terminate the pregnancy must be informed about
the procedure to relieve tension and distress. In any
case, this should ease the anxiety regarding the oper-
ation itself. It must be stressed that if the couple opts
to terminate the pregnancy, the procedure must be
initiated as early as possible. The methods used for

midterm abortions vary from country to country.
Regardless of the method, the objective is to get the
procedure over within the shortest possible time and
in the least intrusive way. The patient ought to get
back to her home as soon as possible to be able to deal
with the tragedy with her loved ones. Access must be
made available to post-termination counseling.

The woman’s and partner’s freedom of choice and
representing the fetus’ and the newborn’s interest:
considerations relating to faith and religion
One basic feature of modern genetic counseling is that
the final decision is always made by those seeking
assistance.1 The justification for this appeals to indi-
vidual rights of freedom and people’s right to decide
issues affecting their own lives. Obstetrics and genet-
ics, however, are fields where a decision often has to do
with another individual (i.e. the embryo, fetus, or new-
born); therefore, it must not be practiced without limi-
tations and relevant regulation. The problems of fetal
life have often been put in the center of debates, not
only in professional circles, but also as a political issue.
The rigid attitude of the Roman Catholic Church is well
known and stirs a lot of debates even within that faith
community. The church turns a deaf ear to the issue of
termination and does not accept contraception as a
legitimate option (with a few exceptions). Thus, it is
difficult to provide the opportunities offered by the
achievements of prenatal diagnosis to Catholics. In
some liberal circles’ view, parents must be assured of
having the widest possible sphere of authority. This
cannot be readily accepted by a physician or an obste-
trician-geneticist. In the USA, it is legally possible that
termination be carried out until the 24th week of preg-
nancy at the request of the patient and without any
medical indication. The test is whether an individual
physician accepts the pregnant woman’s decision to
terminate her pregnancy.

The WHO’s position is that after the 24th week, an
end to pregnancy has to be considered as childbirth
and as such, everything has to be done to save the life
of the premature infant. Therefore, there are cases
where several doctors and nurses make superhuman
efforts for weeks to rescue a 490-g premature baby born
after the 24th week, whereas the life of another baby,
perhaps with a little better initial life expectancy,
perhaps even weighing a little more, is taken in min-
utes because the parents changed their mind ‘at the
last minute’. Our era is burdened with lawsuits
brought against thousands of doctors, and many tend
to give in to patients’ request as self-defense. There
are cases of minor problems whose long-time progno-
sis is not known for certain. In such cases, the ques-
tion is frequently asked, ‘But surely our child will be
healthy? You know we don’t want a sick baby’. Well,
this question is difficult to answer. One must not
yield to pressure by irresponsibly allowing termina-
tion in such cases. The freedom of choice must be
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kept in focus, but between reasonable boundaries, too.
Regulation established to protect fetal life enables us
to do our job, living up to the principles of modern
medicine, and actually protect life and health.

Preimplantation diagnostics: gene therapy
Assisted reproductive techniques are becoming more
and more sophisticated, contributing to the expertise
that makes it possible to subject the fertilized egg to
ever more detailed genetic examinations still outside
the mother’s body. In the course of the procedure, blas-
tomer, blastocyst, and polar-body biopsy take place,
while the genetic analysis is performed with two major
molecular genetic techniques, PCR and fluorescence
in situ hybridization. The high cost of practice and the
low pregnancy rate achieved are still considered the
two major drawbacks of this new procedure. As our
knowledge of the genetic background of diseases
expands, the number of those for whom these exami-
nations may be indicated is also increased. In the
future, IVF may become more widespread, because it
would prevent numerous terminations from occurring:
pre-embryos carrying disease would not be implanted
in the first place. Regulation must not be neglected in
this field, because within a short time, society would be
confronted with a deluge of unwarranted examina-
tions. The financial and moral burden of this would
surely prove unbearable. Positive eugenics must not be
allowed to be realized this way.

Currently, the number of gene therapy procedures
is negligible, but intensive research may make some
treatments possible soon. This will herald a new age
of genetics and, indeed, the whole of medicine. On
the one hand, many couples as yet unable to rear chil-
dren will have the opportunity to do so; on the other
hand, one or another of these therapeutic methods
might become a way of retrieving health, indeed, a
new lease of life for many people.

Financial considerations
Science is capable of much more today in the fields of
genetics and prenatal diagnostics than the health care
system is able to offer to society. It is those costly
interventions that make the difference. When setting

priorities, their social usefulness must always be kept
in mind. The needs of the wide social strata must
never be sacrificed for the sake of a relatively narrow
stratum. This principle will be there to be confronted
in the field of genetics and prenatal diagnostics for a
long time, because the procedures that have been
introduced recently are highly costly. A breakthrough
in this field may also be expected, but only if efficient
screening/diagnostic methods and treatments are
available, which are advantageous to the masses of
society and for which financial consequences (insur-
ance, work, pensions) are beneficial. The cost–benefit
principle may not be accepted without reservation, but
it defines what sort of examinations can be routinely
carried out in a health care system with a finite budget.

Summary
The basic and clinical science of genetics has made
vast progress in a few decades. In accordance with this,
genetic counseling has reached the limelight of public
attention. Given the fact that the subject of counseling
is of momentous consequences and has important
effects for both the short and the long term, its ethical
aspect is paramount. What was inconceivable just half
a century ago has become a routine procedure, and for
the majority of previously hopeless couples it is now
possible to have healthy descendants. Visions articu-
lated by Plato millennia ago have come close to being
realized. While ancient Sparta used exposure of infants
on Mount Taigetos as a means of creating a healthy
society, today we try to prevent the birth of ill children
by examining and improving tiny DNA spirals and base
pairs. The question is indeed whether mankind is
mature enough to use this knowledge for choosing the
right way ahead and utilizing the achievements for
society’s benefit. It is crucial that the relevant regula-
tion be designed. The center of the ethical questions is
occupied by the treatment of important personal infor-
mation and the method of its being made public. The
way the problems are dealt with is always changing,
just as society is in a constant process of change. It is
important, however, that we always be ready to offer
proper help to those in need when they need it.

Summary 199

REFERENCES

1. Papp Z. Change in public demand for genetic counselling in the
past 25 years. In Chervenak FA, Kurjak A, Papp Z, eds. The Fetus
as a Patient: The Evolving Challenge. Boca Raton: Parthenon
Publishing Group, 2002;11:130–45.

2. Sjogren B, Uddenberg N. Decision making during the prenatal
diagnostic procedure. A questionnaire and interview study of
211 women participating in prenatal diagnosis. Prenat Diagn
1988;8(4):263–73.

3. Marteau T, Drake H, Bobrow M. Counselling following diagno-
sis of a fetal abnormality: The differing approaches of obstetri-
cians, clinical geneticists, and genetic nurses. J Med Genet
1994;31:864–7.

4. Johnson KA, Brensinger JD. Genetic counseling and testing:
Implications for clinical practice. Nurs Clin North Am
2000;35:615–26.

5. Seller MJ. Ethical aspects of genetic counseling. J Med Ethics
1982;8:185–8.

6. Berkowitz RA. Should every pregnant woman undergo ultra-
sonography? N Engl J Med 1993;329:874–5.

7. Chervenak FA, McCullough LB. Ethics and emerging subdisci-
pline of obstetric ultrasound, and its relevance to the routine
obstetric scan. Ultrasound Obstet Gynecol 1991;1:18–20.

8. Romero R. Routine obstetric ultrasound. Ultrasound Obstet
Gynecol 1993;3:303–7.

Kurjak-18.qxd  5/9/2006  11:36 AM  Page 199



9. Egan JF, Malakh L, Turner GW, et al. Role of ultrasound for Down
syndrome screening in advanced maternal age. Am J Obstet
Gynecol 2001;185:1028–31.

10. Caughey AB, Lyell DJ, Filly RA, et al. The impact of the use of the
isolated echogenic intracardiac focus as a screen for Down syn-
drome in women under the age of 35 years. Am J Obstet
Gynecol 2001;185:1021–7.

11. Chervenak FA, McCullough LB. Ethical dimensions of ultrasound
screening for fetal anomalies. Ann NY Acad Sci 1998;847:185–90.

12. Hunfield JAM, Wladimiroff JW, Passchier J, et al. Emotional reac-
tions in women in late pregnancy (24 weeks or longer) following
the ultrasound diagnosis of a severe or lethal fetal malformation.
Prenat Diagn 1993;13:603–12.

13. Chitty LS, Barnes CA, Berry C. For debate: Continuing with preg-
nancy after a diagnosis of lethal abnormality: Experience of
five couples and recommendations for management. Br Med J
1996;313:478–80.

14. Donnai D. The management of the patient having fetal diagno-
sis. Baillieres Clin Obstet Gynaecol 1987;1:737–45.

15. Macer D. Whose genome project? Bioethics 1991;5:183–211.
16. Murray TH, Livny E. The Human Genome Project: Ethical and

social implications. Bull Med Libr Assoc 1995;83:14–21.
17. Macer DRJ. Ethics and prenatal diagnosis. In Milunsky A, ed.

Genetic Disorders and the Fetus: Diagnosis, Prevention and
Treatment. Baltimore: John Hopkins University Press, 1998:
999–1024.

18. Grady C. Ethics and genetic testing. Adv Intern Med 1999;44:
389–411.

19. Rawbone RG. Future impact of genetic screening in occupa-
tional and environmental medicine. Occup Environ Med
1999;56:721–4.

20. Savulescu J. Predictive genetic testing in children. Med J Aust
2001;175:379–81.

21. Billings PR, Kohn MA, de Cuevas M, et al. Discrimination as a
consequence of genetic testing. Am J Hum Genet 1992;50:
476–82.

22. Rothenberg K, Fuller B, Rothstein M, et al. Genetic information
and the workplace: Legislative approaches and policy chal-
lenges. Science 1997; 275:1755–7.

23. Lapham EV, Kozma C, Weiss JO. Genetic discrimination:
Perspectives of consumers. Science 1996;274:621–4.

24. Williamson NE. Sex preference and its effect on family size and
child welfare. Draper Fund Rep 1982;(11):22–5.

25. Malpani A, Malpani A, Modi D. The use of preimplantation
genetic diagnosis in sex selection for family balancing in India.
Reprod Biomed Online 2002;4(1):16–20.

26. Gottlieb S. US doctors say sex selection acceptable for non-med-
ical reasons. Br Med J 2001;323:828.

27. Pennings G. Personal desires of patients and social obligations of
geneticists: Applying preimplantation genetic diagnosis for non-
medical sex selection. Prenat Diagn 2002;22:1123–29.

28. Sachs BP, Korf B. The Human Genome Project: Implications for
the practicing obstetrician. Obstet Gynecol 1993;81:458–62.

29. Botkin JR. Ethical issues and practical problems in preimplanta-
tion genetic diagnosis. J Law Med Ethics 1998;26:17–28.

30. Preamble to the Constitution of the World Health Organization
as adopted by the International Health Conference, New York,
June 19–22, 1946. Signed July 22, 1946. Official Records of the
World Health Organization, 1948;2:100.

31. Green RM. Prenatal autonomy and the obligation not to harm
one’s child genetically. J Law Med Ethics 1997;25:5–15.

200 Genetic counseling

Kurjak-18.qxd  5/9/2006  11:36 AM  Page 200



19 Selective reduction
M. I. Evans, D. W. Britt, D. Ciorica and J. C. Fletcher† 

Introduction
Millions of babies have been born benefiting from
infertility therapies including more than 1 million
in vitro fertilization (IVF) babies over the past 25 years.
These fulfilling outcomes, however, have been accom-
panied by serious side effects. The twin pregnancy
rate has doubled to more than 1 in 45. Multiple
pregnancies have continually risen. Prematurity and
related sequelae closely correlate with fetal number
(Figure 19.1, Table 19.1).1 Infertility treatments have
become so pervasive that more than 70% of all twins
and 99% of higher-order multiples are initiated by
them (Table 19.2). With increasing public and profes-
sional attention, some of the very high-order multiples
have diminished, particularly secondary to lower trans-
fer numbers of embryos in IVF. There are some sugges-
tions that the incidence of triplets and higher is slowly
diminishing, but the incidence is still very high.

Perceived pregnancy losses in multiple pregnancies
are mostly correlated to how early in pregnancy one
establishes the denominator.2,3 Some perinatal reports
are overly optimistic because these physicians do not
start counting until they begin to see patients at nearly
20 weeks, at which time most losses have already
occurred.3,4 Many other articles have addressed these
issues, which will not be repeated here.4–6

In the 1980s, about 75% of multifetal pregnancy
patients seeking reduction had pregnancies initiated
with ovulation induction agents such as Pergonal.7

However, even with the first month of the lowest dose
of Clomid, quintuplets have occurred. Over the years,
cases induced by assisted reproductive technologies
(ARTs), such as IVF, have become increasingly com-
mon. Currently, about 70% of patients we see seeking
reduction have pregnancies generated by ARTs.8

Despite the increased utilization of ARTs,8 the pro-
portion of cases significantly hyperstimulated, and
resulting in quintuplets or more, has dramatically
decreased to less than 10% of all cases seen by us.
Regardless, the 2000 report of the Society of Assisted
Reproductive Technologies (SART) suggested that, of

all pregnancies achieved by ARTs, in the USA 58.5%
are singletons, 28% twins, 7.5% triplets or higher, and
5.9% were unknown.9,10 In our experience with
referred cases of ovulation stimulation, the proportion
of cases that are quintuplets or more has likewise
fallen but not as remarkably.11

The vast majority of multifetal cases occur to physi-
cians with the best of equipment and with the best of
intentions who have an unfortunate and reasonably
unpredictable or unpreventable mal-occurrence.
Despite this, clearly some cases might have been pre-
vented if increased vigilance had been used.11–13

Patient issues
The demographics of patients considering multifetal
pregnancy reduction (MFPR) have evolved consider-
ably over the past 10–15 years.11,12 The most dramatic
change has been the introduction of donor eggs,
which has opened the door to ‘older women’. Over
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Figure 19.1 Risks of prematurity as a function of fetal number.
2002 United States Centers for Disease Control Data. Dark
shaded area represent preterm birth < 32 weeks. Light shaded
area represents birth weight < 1500 g.
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10% of all patients seeking MFPR that we see are over
40 years of age; nearly half of them are using donor
eggs. As a consequence of the shift to older patients,
many of who already had previous relationships and
children, there is an increased desire by these patients
to have only one further child. The number of experi-
enced centers willing to do two to one reductions is
still very limited, but we believe it can be justified in
the appropriate circumstances.11,13 We expect the pro-
portion of all patients with multiples reducing to a
singleton to continually rise.

For patients who are ‘older’, particularly using their
own eggs, the issue of genetic diagnosis comes into
play. By 2001, more than 50% of patients in the USA
having ART cycles were over 35 (Table 19.3).1,9,10,14 In
the 1980s and early 1990s, the most common approach
was to offer amniocentesis at 16–17 weeks on the
remaining twins. A 1995 paper suggested a 11% loss
rate in these cases, which caused considerable con-
cern.15 However, the issue was settled by a much larger
collaborative series in 1998 that showed that loss rates
were no higher than comparable controls of MFPR
patients who did not have amniocentesis.16 The col-
laborative data demonstrate a loss rate of 5%, which

was certainly no higher than the group of patients
post-MFPR who did not have genetic studies.

As the centers with the most MFPR experience also
happened to be the ones that also had the same
accomplishments with chorionic villus sampling
(CVS), combinations of the procedures were very log-
ical. There are two main schools of thought as to the
best approach to first trimester genetic diagnosis, i.e.
should it be before or after the performance of MFPR?
Published data in the early 1990s on doing the CVS
first followed by reductions suggested a 1–2% error
rate as to which fetus was which, particularly if the
entire karyotype is obtained before going on to reduc-
tion.17 Therefore, for the first 10–15 years, the
approach we used was to generally do the reduction
first at approximately 10.5 weeks in patients reducing
down to twins or triplets, followed by CVS approxi-
mately 1 week later.11,14 However, in patients going to a
singleton pregnancy, essentially putting ‘all of their eggs
in one basket’, we believed the best approach was to
know what was in the basket before reducing the other
embryos.11,12 In these cases we performed a CVS on
usually all the fetuses or one more than the intended
stopping number, and performed a fluorescent in situ
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Table 19.1 Multiple births in the USA (data taken from National Vital Statitics Report, 2003;52(10):22)

Quintuplets and
Year Twins Triplets Quadruplets higher multiples

2002 125,134 6898 434 69
2001 121,246 6885 501 85
2000 118,916 6742 506 77
1999 114,307 6742 512 67
1998 110,670 6,919 627 79
1997 104,137 6,148 510 79
1996 100,750 5,298 560 81
1995 96,736 4,551 365 57
1994 97,064 4,233 315 46
1993 96,445 3,834 277 57
1992 95,372 3,547 310 26
1991 94,779 3,121 203 22
1990 93,865 2,830 185 13
1989 90,118 2,529 229 40
% Change from 38.9% 172.8% 89.6% 72.5%
1989–2002

Table 19.2 Ratio of observed to expected multiples

Births Observed Expected Ratio

Twins 125,134 44,686 2.80:1
Triplets 6,898 496 13.9:1
Quadruplets 434 6 72.3:1
Quintuplets and 69 0.07 985.7:1
higher multiples 

Total births in 2002 – 4,021,726

Table 19.3 Maternal age and ART (SART data, 2001)
(from Evans et al.11)

All cases 81,915
Fresh non -donor 60,780
< 35 28,778
35–37 14,416
38–40 11,301
41–42 4,365
42+ 2,190
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hybridization (FISH) analysis with probes for chromo-
somes 13, 18, 21, X, and Y (Figure 19.2). Whereas
about 30% of overall anomalies seen on karyotype
would not be detectable by FISH with these probes,18

there is always residual risk.19 The absolute risk given
both a normal FISH and a normal ultrasound includ-
ing nuchal translucency20 is only about 1/500. We
believe that risk is lower than the increased risk from
the 2-week wait necessary to get the full karyotype.
We have now commonly extended this approach to
all patients who are appropriate candidates for prena-
tal diagnosis regardless of the fetal number. Over the
past few years, more than half our patients have com-
bined CVS and MFPR procedures. With data now
suggesting increased risks of chromosomal and other
anomalies in patients conceiving by IVF and espe-
cially with intracytoplasmic sperm injection (ICSI),
the utilization of prenatal diagnosis will likely
increase even further.21–26

The other approach used by another group was to
perform the CVS and complete karyotype first and
have the patient come back for the reduction.
Although ‘mistakes’ were common 10 years ago, the
chance of error has been considerably reduced, and
they believed the benefits of the full karyotype justi-
fied the wait. The issue as to the better of these two
approaches is currently unsettled and would require a
very large series to differentiate among small risks.

Procedures
MFPR is a clinical procedure developed in the 1980s
when a small number of centers in both the USA and
Europe attempted to reduce the usual and tremen-
dously adverse sequelae of multifetal pregnancies by

selectively terminating or reducing the number of
fetuses to a more manageable number. The first
European reports by Dumez,27 and the first American
report by Evans et al.,28 followed by a further report by
Berkowitz et al.,29 and later Wapner et al.30 described a
surgical approach to improve the outcome in such cases.

Even these early reports appreciated the ethical
dilemma faced by couples and physicians under such
difficult circumstances.13 In the mid-1980s, needles
were inserted transabdominally and maneuvered
into the thorax for the injection of KCl or mechanical
disruption of the fetus by mechanical destruction,
air embolization, or potassium chloride injections
despite relatively mediocre ultrasound visualization.
Transcervical aspirations were also initially tried,
but with little success. Some centers also used trans-
vaginal mechanical disruption, but data suggested a sig-
nificantly higher loss rate than with the transabdominal
route.31 Today, virtually all experienced operators per-
form the procedure inserting needles transabdomi-
nally under ultrasound guidance.

Outcome
Several centers with the world’s largest experience
have, for more than a decade, collaborated to leverage
the power of their data. In 1993, the first collaborative
report showed a 16% pregnancy loss rate through 24
completed weeks.17 While by today’s standards, that
was not a very satisfactory number, it did represent a
major improvement for higher-order multiple pregnan-
cies. Further collaborative papers have shown contin-
ued dramatic improvements in the overall outcomes of
such pregnancies (Table 19.4).11 The 2001 collaborative
data demonstrated that the triplets reduced to twins
and quadruplets reduced to twins now perform essen-
tially as if they had started as twins.11 Even with the
tremendous advances in neonatal care for premature
babies, the 95% take-home baby rate for triplets and the
92% take-home baby rate for quadruplets clearly repre-
sent dramatic improvements over natural statistics. Not
only has the pregnancy loss rate been substantially
lowered, but so has the rate of very dangerous early
prematurity. Both continue to be correlated with the
starting number. Data from the past few years show that
the improvements are, not surprisingly, greatest from
the higher starting numbers (Figure 19.3).

The lowest pregnancy loss rates are for those cases
reduced to twins with increasing losses for singletons
followed by triplets. However, the rate of early pre-
mature delivery has been, not surprisingly, highest
with triplets followed by twins and lowest with single-
tons. Mean gestational age at delivery was also lower
for higher-order cases. Birth weights following MFPR
decreased with starting and finishing numbers reflect-
ing increasing prematurity.32

While data in the literature are conflicting, our
experiences suggest that triplets reduced to twins do
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Figure 19.2 Transcervical CVS being performed on posterior
placenta. For this patient, anterior placenta can be reached
either transcervically or transabdominally.
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much better in terms of loss and prematurity than do
unreduced triplets. We believe that if a patient’s pri-
mary goal is to maximize the chances of surviving
children, then reduction of triplets to twins achieves
the best live born results. More recent analyses sug-
gest that while mortality is lowest with twins, mor-
bidity is lowest with remaining singletons.

There has continued to be a debate in some circles
over whether to reduce triplets or not. Yaron et al.33

compared triplets to twins data to unreduced triplets
with two large cohorts of twins. The data show sub-
stantial improvement of reduced twins as compared
to triplets. The data from the most recent collaborative
series suggest that pregnancy outcomes for cases start-
ing at triplets or even quadruplets reduced to twins do
fundamentally as well as starting as twins. These data
therefore support some cautious aggressiveness in
infertility treatments to achieve pregnancy in difficult
clinical situations. However, when higher numbers
occur, good outcomes clearly diminish. A paper pub-
lished in 2001 suggested that reduced triplets did
worse than continuing ones.34 However, analysis of
that series showed a loss rate following MFPR twice
that seen in our collaborative series11 and poorer out-
comes in every other category for remaining triplets.
Several other recent papers have likewise shown
higher risks for ‘unreduced’ triplets than for reduced

cases.35–38 It is clear that one must use extreme caution
in choosing comparison groups (Table 19.5). An ever-
increasing situation involves the inclusion of a
monozygotic pair of twins in a higher-order multiple.39

Our experience suggests that provided the ‘singleton’
seems healthy, the best outcomes are achieved by
reduction of the monozygotic twins. Obviously, if the
singleton is not healthy, then keeping the twins is the
next choice.

Pregnancy loss is only one of the deleterious
outcomes. Very early preterm delivery correlates with
the starting number. However, it has not been well
appreciated that about 20% of babies born at less than
750 g develop cerebral palsy.40 In Western Australia,
Peterson et al. showed that the rate of cerebral palsy
was 4.6 times higher for twins than singletons per live
births, but 8.3 times higher when calculated per preg-
nancy.41 Pharoah and Cooke calculated cerebral palsy
rates per 1000 first-year survivors as 2.3 for single-
tons, 12.6 for twins, and 44.8 for triplets.42

In the 2001 collaborative report, the subset of
patients who reduced from two to one (not for fetal
anomalies) included 154 patients. These data sug-
gested a loss rate comparable to three to two, but, in
about one-third of the two to one cases, there was a
medical indication for the procedure – e.g. maternal
cardiac disease or prior twin pregnancy with severe
prematurity, or uterine abnormality.11 In recent years,
however, the demographics are changing, and the vast
majority of such cases are from women in their forties,
or even fifties, some of whom are using donor eggs and
who, more for social than medical reasons, only want
a singleton pregnancy.42,43 New data suggest that twins
reduced to a singleton do better than remaining as
twins.13 Consistent with the above, more women are
desiring to reduce to a singleton. In a recent series of
triplets, we found the average age of outpatients reduc-
ing to twins to be 37 years and to a singleton 41
years.44 While the reduction in pregnancy loss risk
for three to one is not as much as for three to two,
(15–7% and 15–5%, respectively), the gestational age
at delivery for the resulting singleton is higher, and the
incidence of births < 1500 g is 10 higher for twins than
for singletons.1 These data have made counseling of
such patients far more complex than previously
(Figures 19.4 and 19.5). Not surprisingly, there are
often differences between members of the couple as to
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Table 19.4 Multifetal pregnancy reduction – percentage of losses and deliveries by years (from Evans et al.11)

Losses (weeks) Deliveries (weeks)
Total % < 24 % > 24 % 25–28 % 29–32 % 33–36 % 37+

1986–1990 508 13.2 4.5 10.0 21.1 15.7 35.4
1991–1994 724 9.4 0.3 2.8 5.4 21.1 61.0
1995–1998 1356 6.4 0.2 4.3 10.2 31.5 47.4

Figure 19.3 Multifetal pregnancy reduction: losses and very
prematures by starting number. Adapted from Evans et al.11 with
permission.
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Figure 19.4 Risk reduction as a function of starting number. Figure 19.5 Risks starting with triplets. Reduction of triplets to
twins has lower loss rates but higher incidence of prematurity,
low birth weight, and infant mortality than reducing to a
singleton.

Table 19.5 Comparison of reduced vs. unreduced triplets (from Evans et al. The optimal management of first
trimester triplets: Reduce. The Central Association of Obstetricians and Gynecologists Annual Meeting, Las Vegas,
NV, October 27–30, 2002)

MFPR cases (%)
Deliveries (weeks)

Years < 24 24–28 29–32 33–36 37+

Reduced triplets
1980s 6.7 6.1 9.1 36.9 47.9
1990–1994 5.7 5.2 9.9 39.2 45.2
1995–1998 4.5 3.2 6.9 28.3 55.1
1998–2002 5.1 4.6 10.8 41.8 37.6

Mean GA PMR 
35.5 10.0/1000

1998–2002 8.0 4.0 12.0 4.0 72.0
(3→1)

Mean GA PMR 
39.5 0/1000

Unreduced triplets
1998 9.9
(Leondires)

Mean GA PMR 
33.3 55/1000

1999 (Angel) 8.0
Mean GA PMR 
32.3 29/1000

1999 (Lipitz) 25.0
Mean GA PMR 
33.5 109/1000

2002 8.3
(Francois)

Mean GA PMR 
31.0 57.6/1000
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the desirability of twins or singleton.45 There are also
profound public health and financial implications to
these decisions, as 2000 United States Data show that
of $10.2 billion spent per year on initial newborn care,
57% of the money is spent on the 9% of babies born at
< 37 weeks.46 This progress is much more likely to rise
than fall.

Societal issues
There will never be a complete societal consensus
on MFPR. Opinions have never followed the classic
‘pro-choice/pro-life’ dichotomy.2,7,11,14 We believe that
the real debate over the next 5–10 years will not be
whether or not MFPR should be performed with triplets
or more. A serious argument will be put forth over
whether or not it will be appropriate to offer MFPR rou-
tinely for twins, even natural ones for whom the out-
come has commonly been considered ‘good enough’.44

Our data suggest that reduction of twins to a singleton
actually improves the outcome of the remaining fetus.44

No consensus on the appropriateness of routine two to
one reductions, however, is ever likely to emerge. We do,
however, expect the proportion of patients reducing to a
singleton to steadily increase over the next several years.

The ethical issues surrounding MFPR will also
always be controversial. Over the years, much has
been written on the subject. Opinions will always vary
substantially from outraged condemnation to com-
plete acceptance. No short paragraph could do justice
to the subject other than to state that most proponents
do not believe this is a frivolous procedure, but see it
in terms of the principle of proportionality, i.e. therapy
to achieve the most good for the least harm.13,47–49

How patients ‘hear’ and internalize data and make
decisions with respect to reduction has been a subject
of our investigation for several years. Much of the lit-
erature on medical decision making has emphasized
a rational choice model in which emotions, feelings,

and values are treated as complications that must be
considered as the second stage of an analysis that puts
hard data regarding relative risks into center stage.50,51

Even in the literature that talks about genuine alterna-
tive models of decision making (systematic vs. heuris-
tic, for example), a central assumption is that these are
individual differences in style that can be identified
through what people say.52,53

We have investigated this problem from a different
direction, arguing that where controversial, high-
anxiety decisions are concerned, patients treat these
decisions as an ongoing part of the social reality that
they are creating to live in and raise a family.54 These
realities, composed of supportive people and institu-
tions together with complexes of supportive values,
norms, and attitudes, are the source of frames that
the patients use to view the data.47–49 The decisions
they make and how they justify those decisions may
help resolve incompatible elements in the realities in
which they find themselves enmeshed.

The one thing in common for all such patients is a
very strong desire to have a family (Table 19.6). But
there does not appear to be a single set of supportive
institutions, people, and norms that is conducive to
going through the pain, stress, and resource expendi-
ture of IVF and then consider partial reduction as
a pregnancy-management strategy. Rather, we think
there are three viable alternative resolutions. The first
of these, a rational medical frame, looks superficially
like what one would expect from the rational analysis
model. But the commitment to factual analysis comes
from the patients having selected themselves into the
hard sciences, medicine, dentistry, engineering, or
law – disciplines in which ‘facts’ are crucial. Such
women will want to see the numbers regarding the
relative risk associated with different reduction
choices and will want to engage in a rigorous discus-
sion of the data and their implications. And they will
be likely to choose a final number for reduction that
maximizes the chances of a ‘take-home’ baby.
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Table 19.6 Frame comparison

Medical frame Conceptionalist frame Lifestyle frame

Intensity of commitment to having children High High High

Intensity of training in medicine, dentistry, High Low Modest
hard sciences, and the law

Intensity of commitment to belief that Modest High Modest
life begins at conception

Intensity of commitment to career High Low High

Source of moral Relative  Minimization of beliefs Having a ‘normal’ life 
authority for resolution survivability damage to moral in a culture that values 

of fetuses though a both careers and 
‘barely sufficient’ reduction family for women
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The lens of scientific objectivity is not the only
frame through which women who have gone through
IVF in order to have a child will examine these data.
For those who have immersed themselves in a social
reality that has a strong emphasis on norms against
abortion and/or reduction – such that they themselves
have such normative beliefs and are heavily involved
in churches that reinforce similar beliefs – a detached
examination of the ‘facts’ is simply not possible. These
‘facts’ hold no special moral authority. Their beliefs
and those of the individuals and social institutions in
which they have selected themselves have a moral
authority as well. The balance that such women will
likely seek is one that reduces their relative risk to
acceptable limits. So, unless the consequences are dire,
they will not reduce or choose to reduce only to three.
We labeled such a resolution a conceptionalist frame.

Finally, there are those for whom the demands of
career and/or existing children constitute powerful
elements in their constructed realities. For such
women – and this includes many of the older patients
we encountered – the essential balance that they seek
is a more secular one, a lifestyle frame, one that
emphasizes creating a family situation in which having
a family can be balanced with having a career. Such
women will more than likely choose reduction to two
or even one embryo, depending on the number of
other children they have and the level of resources the
family has.

Where women have selected themselves into and/or
been trained to accept the legitimacy of rigorously
determined statistics regarding relative risk (a medical
frame), reduction choices can be straightforward – or
at least, they can appear to be relatively straight-
forward. This is usually not the case, however, for
women who must forge a resolution among potentially
incompatible elements, as for women who are strug-
gling to reconcile the potentially oppositional elements
of religious beliefs and involvement with risks associ-
ated with higher-level pregnancies (conceptionalist
frame) or those who are struggling to reconcile the
potentially conflicting identities of home and career

(lifestyle frame). We have been able to examine some
of these issues in a few studies to date. In one we were
able to trace the extreme fluctuations in anxiety and
stress as women progress through IVF and then must
confront the painful choice of reduction.48 In a second,
we were able to show that the meaning of detecting a
fetal anomaly changes depending on the needs of the
patient and her spouse for some confirmation regarding
their choice.47

Summary
MFPR has become a well-established and integral part
of infertility therapy and the attempts to deal with
sequelae of aggressive infertility management. In the
mid-1980s, the risks and benefits of the procedure
could only be guessed.10–14 Now we have very clear and
precise data on the risks and benefits as well as an
understanding that the risks increase substantially with
the starting and finishing number of fetuses in multi-
fetal pregnancies. The collaborative loss rate numbers,
i.e. 4.5% for triplets, 8% for quadruplets, 11% for
quintuplets, and 15% for sextuplets or more, seem rea-
sonable ones to present to patients for the procedure
performed by an experienced operator. Our own expe-
rience and anecdotal reports from other groups suggest
that less-experienced operators have worse outcomes.

Pregnancy loss is not the only poor outcome. The
other main issue of concern is very early preterm
delivery and the profound consequences for such
infants. Here again, there is an increasing rate of poor
outcomes correlated with the starting number. The
finishing numbers are also critical, with twins having
the best viable pregnancy outcomes for cases starting
with three or more. Triplets and singletons do not do
as well. However, an emerging appreciation that single-
tons have prematurity rates less than twins is making
the counseling far more complex. We continue to hope,
however, that MFPR will become obsolete as better
control of ovulation agents and ARTs make multifetal
pregnancies uncommon.
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20 Neonatal ethics
K. N. S. Subramanian 

Background
Neonatal medicine has undergone significant changes
over the last four decades. The increasing survival of
smaller and younger infants is possible because of med-
ical and technological innovations, such as antenatal
steroid administration to a pregnant mother in preterm
labor, the availability of surfactant to the premature
infants, ventilators of different kinds (conventional,
high frequency, etc.), inhaled nitric oxide (iNO), and
extra corporeal membrane oxygenation (ECMO) to
name a few. The mortality rate has improved over time
in the USA1,2 and the rest of the world,3,4 and it has sig-
nificantly declined in all weight categories. But there
also is a need to have uniformity in the denominators
we use for defining mortality and morbidity of these
infants. Currently, the mortality rates are expressed as
deaths per 1000 live born babies, deaths per all prema-
ture infants, by specific weight categories, by admis-
sions to neonatal intensive care units (NICUs), or by
deliveries in one hospital, geographic region, or country.
The rates vary significantly depending on which termi-
nology is used. Although rates of significant morbidities
or serious handicaps have reduced or have remained
steady across many gestational ages or weight groups
over the years,5 there is still a high rate of handicaps in
lower birth weight or early gestational age groups.6–8

With increased survival and an increase in the total
number of handicapped infants, society is confronted
with the need for special assistance for these children.
Decisions regarding resuscitation at the lower ends of
gestational age (< 24 weeks) and birth weight (<400 g)
become increasingly difficult. Decisions regarding the
congenitally malformed or infants with chromosomal
problems (like Trisomy 13 and 18), identified during
pregnancy, pose an ethical and moral challenge for
the various participants. The pregnant woman and the
father of the fetus, along with the family and physi-
cians and other health care providers, struggle with
these decisions at times of extreme vulnerability and
uncertainty. Numerous publications and guidelines
by professional and legal organizations attempt to
clarify the issues and guide the parents, health care
providers, and hospitals. Management of these issues

compels the clinicians to make decisions ‘in the
moment of clinical truth’.9

Significant medical and technological innovations
have invaded the NICU. Thoughtful use of such
advances might help to save more lives but attention
should be paid to whether these advances decrease
morbidity over time. Surfactant use from 1990 has sig-
nificantly increased survival and reduced morbidity.
Administration of antenatal steroids to pregnant
mothers with preterm labor has increased both pul-
monary maturity and survival. Short-term outcomes
of these infants appear to be favorable but long-term
outcomes are being evaluated. On the other hand, the
introduction of ECMO and ventilators occurred with-
out any controlled studies in NICUs. Later studies
suggested limited benefit for some of these therapies.
It is critical to evaluate any new medical or surgical
therapies before implementing them on a widespread
basis in NICUs.

In this chapter some of these issues, such as the
lower limit of viability (periviable or how small is too
small?), withdrawal and/or withholding life support
including nutrition and fluids, economics, role of par-
ents and health care providers, global perspectives,
and a common framework for neonatal ethical issues,
will be reviewed.

Threshold of viability or how
small is too small?
The current published statistics about survival and
morbidity rates of extremely low birth weight (ELBW)
and very low birth weight (VLBW) babies will be pre-
sented to assist in addressing the issue of viability.
Survivability of infants correlates with gestational age
and birth weight. African-American infants comprise
36.8% of the ELBW (<1000 g) babies born in the
USA but account for only 15.5% of all live births.
Biomedical and biopsychosocial factors may be con-
tributing to this disproportionate increase in ELBW in
African-American births, and these dynamics need
further investigation.
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It is important to know the outcomes of these
ELBW and VLBW infants, especially below 25 weeks
of gestation, to assist in decision making regarding
withholding or withdrawing support. Infants born
and admitted to the NICU at or < 23 weeks have a less
than 10% chance of survival. Less than 1% survival
was reported in ELBW infants with birth weights
< 400 g. In a large multicenter review in the USA, the
survival rate from birth until discharge for infants
born between 1996 and 2000 and with birth weights
of 401–500 g was 17%.10 Earlier reports by other
investigators were more dismal in terms of survival of
infants <500 g.11,12

In a prospective study from England and Ireland,12

the survival rates expressed as a percentage of live
births in 1995 for infants at 23, 24, and 25 weeks
of gestation were 11%, 26%, and 44%, respectively.
Expressed as a percentage of the admission to NICUs,
the survival rates improved to 20%, 34%, and 52%,
respectively. For the same cohort of infants, the sur-
vival rates expressed by birth weight for infants weigh-
ing < 500, 500–749, and 750–999 g were 6%, 32%, and
55%, respectively. 

Birth-weight-specific statistics of admissions to
NICUs in the USA have shown higher survival rates.
The National Institute of Child Health and Human
Development (NICHD) network2 reported that survival
rates for infants at 23, 24, and 25 weeks of gestation
were < 20%, 47%, and 68%, respectively. In the same
report, survival rates from birth until discharge for
infants born between January 1993 and December 1994
with birth weights of 501–750, 751–1000, 1001–1250,
and 1251–1500 g were 49%, 85%, 93%, and 96%,
respectively. Among these survivors, chronic lung dis-
ease developed in 19%, intraventricular hemorrhage in
32% (with 11% having severe grades), and periventric-
ular leukomalacia in 6%. The incidence of necrotizing
enterocolitis ranged from 3% to 9% and that of late-
onset sepsis varied from 9% to 34%, inversely related
to birth weights. Infants in these weight groups stayed
in the hospital for an average of 2–4 months. The report
also notes that the mortality rate declined by 42% from
1988 to 1994 in all weight groups but with no signifi-
cant drop in the morbidity rates of infants < 750 g (38%
in 1988 and 37% in 1994).

In 1997, a report compared the survival and
morbidity rates of infants weighing 501–800 g born in
North Carolina, USA,5 during three time periods from
1979 to 1984, 1984 to 1989, and 1989 to 1994. Survival
rates increased from 20% to 36% to 59%, respectively.
On the other hand, the major neurosensory impair-
ments at 1 year of age remained relatively the same, at
25%, 28%, and 21%, during the same three periods.
Hussain and Rosenkrantz13 reported in a 2003 com-
posite of many studies from developed nations a sur-
vival rate of < 3.5% at 22 weeks, 21% at 23 weeks,
46% at 24 weeks, and 66% at 25 weeks of gestation.

The cohort of infants born in 1995 in England and
Ireland at < 25 completed weeks were prospectively

followed for > 6 years. The report in 2005 suggested
that the cognitive and neurological deficits were
common at school age (21%).14 A comparison with
their classroom peers showed even more impairment
(41%). The rates of mild, moderate, and severe dis-
abilities were 34%, 24%, and 22%, respectively, in
these survivors. Twelve percent had cerebral palsy.
Even more sobering were the rates of survival with no
disability among this group at 6 years of age: 1%, 3%,
and 8% for those born at 23, 24, and 25 weeks of ges-
tation, respectively.

While this information will keep changing in the
future as mortality and morbidity rates change, one
can attempt to address the issue of how small is too
small. Biologically, at < 22 weeks of gestational age,
the physiological and anatomical maturity of the lung
will unlikely support extrauterine function and hence
survival.15–17 Over the last 10 years there seems to be
a leveling of improvement in survival in these gesta-
tional age groups. This leveling suggests that we may
have reached the threshold of viability with the cur-
rent technology and support. Sharing this information
and institutional, regional, national, and global mor-
tality and morbidity reports with parents will be the
first step in addressing the issue of viability.

Parents’ role
In the USA, parents are generally considered appro-
priate surrogate decision makers for their children.
They are also considered to have the required author-
ity and best interests of the infant in their minds
when making decisions about medical care for their
children.

Attitudes of parents and health care providers
regarding outcomes of ELBW infants, including qual-
ity of life, have been evaluated in many reports.18–20

Saigal reported that when presented with hypotheti-
cal clinical vignettes, health care providers in NICU
were significantly more negative than the parents of
the teenaged ELBW children.18 The parents rated the
quality of life as good for their children even though
they acknowledged that their children have a greater
burden than other normal birth weight children. These
studies suggest that parents are appropriate decision
makers in most cases.

It is evident from the available data that the
mortality and morbidity rates are high for infants born
at < 24 weeks and/or weighing < 500 g. At 23 and
24 weeks, even though survival has improved, reported
handicaps of survivors should give a pause to those
in NICU in pursuing a course of aggressive action in
the delivery room and subsequently in the unit. It is
important to have the global, national, regional, and
institutional data on not only survival but also out-
comes of these ELBW infants so the information can be
shared with the parents to assist in decision making.
Because the statistics differ depending on which
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denominators are used, one should be clear and
consistent in the communication.

The issue of sanctity of life vs. quality of life is a run-
ning debate in neonatal and obstetric specialties, as well
as with the prospective parents. Those who believe in
sanctity of life may suggest that it is worth intervening
with aggressive support for any live product of concep-
tion. Many have difficulty in accepting this notion as
necessarily directing anyone to initiate or sustain treat-
ments regardless of the mortality and morbidity. They
suggest that it may be preferable to assess intervention
after birth so that the decision can be made with more
information at hand. On the other hand, the slippery
slope argument about the quality of life judgment is
well known. This issue remains a continuing debate in
society and adds to the uncertainty in decision making.

Economics
As a result of advancing technology hospital bills
have increased dramatically, and the total lifetime
costs may go up even higher if the infant needs any
type of rehabilitation or follow-up care. The cost of
care in NICUs in the USA is now reported as exceed-
ing four billion dollars. A 2003 California study21

reported an average hospital cost of $224,000 for an
infant with birth weight between 500 and 700 g com-
pared to $4300 for infants between 2250 and 2500 g
and $1000 for those with birth weights greater than
3000 g. In the same study, hospital costs averaged
$202,400 for an infant born at 25 weeks compared to
$2600 for an infant born at 36 weeks and $1100 for a
38-week infant. Similarly, another study22 reported a
median cost of $103,600 for infants born between 501
and 750 g, going down to $31,200 for those between
1251 and 1500 g. The hospital costs were highest for
infants born at 25–26 weeks of gestation with a
median of $101,600, dropping to $18,700 for infants
born at > 32 weeks. Another 1987 California study23

calculated that the average cost per first-year survivor
in infants in NICUs with birth weights less than 750 g
was $273,900; for those who weighed 750–999 g, the
average cost was $138,800. In a May 16, 1988, article,
Newsweek quoted the total cost for a surviving fetal
infant as $366,480 with additional costs during reha-
bilitation. However, the aggregate cost of NICU is
still far less than the cost of adult intensive care units
providing care for those at the end of life.

This brief discussion of the economics of caring for
critically ill infants in the NICU is necessary to under-
stand the full impact on families, society, and the sur-
viving infant with special needs. The infant’s family
undergoes severe emotional and financial stress with
the birth of an extremely premature infant, and they
are often confused, angry, and frustrated by the result-
ing issues. This concern needs to be understood by
the medical team, and the public and society need to
address it in an open forum.

Withholding/withdrawal of nutrition
and fluids
The benefits and burdens of any medical intervention
should be assessed so that a determination can be
made regarding the withholding/withdrawal (WH/WD)
of nutrition and fluids. Most will agree that if the
burdens outweigh the benefits, the withholding or
withdrawal of support to adults, children, or neonates
is acceptable. Currently, most reports suggest that
for adults with terminal conditions it is appropriate
for the patient to request WH/WD of nutrition and
fluids as well (JAMA 1990).24,25 Most agree that appro-
priate family members, especially if authorized to
make medical decisions, can request WH/WD of
nutrition and fluids for a terminally ill adult patient.
Increasingly, pediatric patients are also reported as
appropriate candidates for requests for WH/WD in
terminal conditions.26–28 The premise behind such
requests is that tube feeding or intravenous alimenta-
tion should be considered a medical intervention just
like intubation or other treatments. Others would
argue that withdrawal of nutrition and fluids, espe-
cially from neonates, should not be recommended.

In an excellent review by Carter and Leuthner,29 the
authors hold that WH/WD of nutrition and fluids in
newborn infants is also appropriate. They state that the
‘medical facts such as underlying diagnosis, response
to previously given treatments, likely response to
appropriate treatments or interventions not yet offered
and ultimate prognosis for the infant’s condition’
should be considered and discussed in detail with the
team, parents, and extended family. In addition, par-
ents’ expectations, culture, religion, traditions, and
other social values should be brought to bear on this
decision for their infant. The health care team should
not usurp the authority of the parents without docu-
mentation (from independent experts) that they are not
capable of making such decisions. The institution’s
policies and state legal statues should be reviewed and
taken into account. Offering oral feeding in infants
should be acceptable as well as pain medications as
part of palliative care. Hospice care, if available, for
such infants when the WH/WD of care including nutri-
tion and fluids is indicated as a good alternative. More
discussion by physicians, the health care community,
parental groups, and society is necessary to guide the
decision making about WH/WD of nutrition and fluids
in the newborn in the future.

Global perspectives
It is clear that ethical decision making does not take
place in the abstract. Societies, nations, cultures and
traditions, and religions play an intricate part in such
decision making. In developing nations, and now in
developed nations as well, the economy also plays a
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role in such decisions at the macro level of national
health care policy and at the micro level in the deci-
sion making of a patient (the principle of justice). In
many countries, such as India, Nepal, and Sri Lanka30

quality of life and economy clearly play a crucial role
in parental and societal decisions regarding WH/WD of
support. In Singapore31 using an individualized prog-
nostic strategy, ‘a consensual decision that respects
parental authority and promotes physician benefi-
cence with the best interest of the infant placed in
the center of analysis’ is being reached. In Israel32 the
maternal birth place and level of religious observance
were associated with aggressive intervention in hypo-
thetical cases. In neonatal care, specific guidelines,
such as those in The Netherlands and Japan,33,34 led
to infants at 22 or < 25 weeks of gestation being
resuscitated, but resulted in significant mortality
and morbidity. Similarly, a study in California, USA,
requiring resuscitation of all infants > 22 weeks of ges-
tation or > 450 g, resulted in significant mortality and
morbidity, leading to a recommendation of providing
other than comfort care as exceptional for infants < 23
weeks or < 500 g. A report from Scotland35 outlined
that eight European countries compared the ‘legal,
ethical and professional settings within which decision
making for neonates took place’. Overly aggressive
treatment was discouraged and comfort care recom-
mended. Most of the countries prohibited ‘active inten-
tional ending of life’, except Dutch pediatricians.
Reports from the USA,36,37 Australia,38,39 and Austria40

suggest that infants born at tertiary centers with
neonatal and perinatal specialties had a better sur-
vival rate at these gestational ages. Those transferred
in utero to tertiary centers at 23, 24, and 25 or 26 weeks
of gestation showed lower morbidity and had a better
prognosis. Globally, the viability limit seems to be
slowly but steadily converging around 22–24 weeks
based on biological and experiential data.

Common framework for
perinatal and neonatal ethics

Attempting to create a common framework for neonatal
and perinatal ethics is a daunting task. We proposed in
1987, a model41 based on the ethical principles of
beneficence and respect for autonomy, incorporating
the families, religion, culture and traditions, societies,
and nations as part of the fabric of decision making
(Figure 20.1). With minor modifications it probably
still holds as an anatomical framework for clinicians to
work through difficult ethical dilemmas.

The principles of beneficence and respect for
autonomy are clearly addressed in the model. The
fetus and future neonate along with the pregnant
woman are at the center of this schema generating
both beneficence- and autonomy-related obligations.
Even though there are ethical obligations generated
toward the parent/s, the neonatologist’s primary
patient is the neonate. The future parent/s is included
at the top of the model to reflect the relationship in
the neonatal period. The physician is at the base of
the model generating ethical obligations to prospec-
tive parents, the pregnant woman, and the fetus
during the perinatal period and to the neonate and
the parents in the postnatal period and beyond. It is
recognized that these ethical dilemmas are affected
by the context in which they occur and hence the
schema recognize the need to add religious beliefs,
traditions, family beliefs and values, cultures, soci-
eties, and nations as the very fabric on which this
model is built. There are primarily beneficence-based
ethical obligations to the fetus and neonate, but the
model included autonomy-based obligations as sec-
ondary in the model because some may believe they
exist. This structural guidance could be applied to
ELBW infants, infants with congenital anomalies such
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Figure 20.1 Common framework for perinatal/neonatal ethics. Modified from Subramanian and McCullough.41
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as Trisomy 13, Trisomy 18, anencephalic and other
terminally ill infants.

This model extends Pellegrino’s proposed frame-
work9 for clinical ethical dilemmas to the complex
perinatal and neonatal areas. This model recommends
a collaborative approach to decision making between
the parent/s, physician, and other health care
providers acting in the best interest of the baby.
Parents should be able to make these decisions for
their infant unless they are shown to be incompetent
or incapable as assessed by independent specialists
such as psychiatrists or, of course, the courts.
Obtaining the opinion of ethics consultant or ethics
committee will help the clinician and family in guid-
ing the decision making. Many families have found the
objective view of another expert or group of people
helpful in facilitating the discussion and clarification
of the facts of the ethical dilemma being faced and the
options available.

The four ‘C’s of clinical ethical decision making
include: (1) communication, (2) clarification, (3) con-
sistency, and (4) caring. Maintaining a high level of
communication between parents and health care
providers is necessary in the NICU where issues are
extremely complex and highly charged with emo-
tions. Clarification of issues that arise among health
care givers and between parents and medical and
nursing staff is crucial for problem solving even
before a dilemma arises. Providing consistent infor-
mation available to date by all care givers (provided

good communication exists between providers) will
allow for a trusting environment in which decision
making is encouraged. An attitude of caring from the
very beginning provides the necessary environment
in which parents feel comfortable in discussing any
and all issues about their infants. All four of these
facilitate decision making by the parents and health
care providers during difficult times.

Guidelines
Currently, there exist guidelines from various organiza-
tions including the American Academy of Pediatrics
(AAP), AAP Committee on Fetus and Newborn,42,43

AAP Committee on Bioethics,44 NICHD concensus
conference,45 American College of Obstetricians and
Gynecologists (ACOG), ACOG Committee on Obstetric
Practice,46 Canadian Pediatric Society,47 Thames
Regional Perinatal Group,48 Colorado Collective for
Medical Decisions,49 International Guidelines for
Neonatal Resuscitation,50 New York State Task Force on
Life and Law,51 and from other countries (Table 20.1). At
22 weeks or < 23 weeks or < 400 g, most guidelines rec-
ommend giving only comfort or compassionate care,
which is consistent with available data on mortality,
morbidity, and biological information. Most guidelines
will also suggest comfort care at 23 weeks unless par-
ents, after understanding the high risks, want to initiate
aggressive attempts. At 24 weeks, resuscitation will
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Table 20.1 Guidelines for care of extremely preterm infants [from Boyle RJ, c472. NeoReviews 2004;5(11):
November]

Canadian Pediatric Society (1994)
• 22 weeks’ gestation: treatment should be started only at the request of fully informed parents or if it appears that the

gestational age was underestimated
• 23–24 weeks’ gestation: there is a role for parental wishes, the option of resuscitation, and a need for flexibility in deciding

to start or withhold resuscitation, depending on the infant’s condition at birth
• 25 weeks’ gestation: resuscitation should be attempted for all infants who do not have fatal anomalies

Colorado Collective for Medical Decisions (2000)
• 22 weeks’ gestation: comfort care is the only appropriate choice
• 23 weeks’ gestation: most participants would advise comfort care, but if parents understood the high risks, they would be

willing to initiate a course of intensive care.
• 24 weeks’ gestation: participants are able to support either decision, as long as a collaborative process with good sharing of

information occurred
• 25 weeks’ gestation: most participants were uncomfortable with withholding care, but some were willing to support a

parental request for comfort care if there had been good education and an effort at collaboration

American Academy of Pediatrics/American Heart Association Neonatal Resuscitation Program (2000)
• Non-initiation of resuscitation in the delivery room is appropriate for newborns who had confirmed gestation of less than

23 weeks or birth weights of less than 400 g

Thames Regional Perinatal Group (2000)
• Less than or equal to 22 weeks’ gestation: compassionate care only
• 23–24 weeks’ gestation: resuscitation depends on infant’s condition at birth
• 25–27 weeks’ gestation: full resuscitation and supportive care
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depend on the assessment of the baby’s condition at
birth and the parents’ understanding of the mortality,
morbidity, and prognosis; choosing to intervene to
give a trial of life is an appropriate alternative. In some
of the recommendations (Italy 2004, New York 1988),
≥24 weeks or > 500 g are used as cutoff points for
resuscitation. At 25 weeks and beyond, most guidelines
recommend full resuscitation. However, some maintain
that a parental request not to resuscitate should be
followed even at 25 weeks. Most guidelines base the
recommendations on gestational age. Because growth-
restricted mature infants are included in the statistics
presented by birth weight, a hard birth weight cutoff is
more difficult to use in deciding viability.

All guidelines consistently recommend the need
for clear communication among physicians, nurses,
and parents both before delivery and afterward.
Collaborative decision making between parents and
physicians, along with other health care providers, is
the best way to chart a course that is appropriate for
the individual baby and parents, especially in infants
expected to be < 24 weeks of gestation or < 500 g in
birth weight. Any strict cutoff by gestational age
or birth weight at this edge of viability should be
avoided because the prognosis for the individual
infant remains uncertain in terms of both mortality
and morbidity. Parents who understand the high risks
involved in aggressive interventions at the borderline
gestational ages should be given the option of assess-
ment at birth and resuscitation. Further action will
depend on the infant’s condition and the NICU
course. Even prior to delivery, one should discuss
with parents that, if assessment after birth indicates a
significantly poor prognosis, withdrawal of support
should be an option. There should always be room
for individual decision making based on the specifics
of the situation, such as a parent with infertility,
advanced age, multiple pregnancy losses, etc. Even
though ethically there is no difference between
withholding and withdrawing care, emotionally the
latter may be harder for parents or some health care
providers. For some, withholding may be preferable
to withdrawing, but clear communication before and
throughout the hospital course will help in making
the right decision.

Collaborative or consensus decision making
between the parents, physician, and team with care-
ful, clear communication and discussion is the best
way to resolve any ethical dilemmas. In situations
where disagreement exists between the health care
team and parent(s), additional consultations with a
colleague and other specialists and/or ethics consult-
ants and committee meetings should help clarify the
issues and resolve the differences. In those difficult
situations where differences remain, one or the other
party can seek legal action. Usually, courts are not in
the best position to resolve these difficult moral and
ethical issues except on narrow legal grounds. In

many situations Law and Ethics may not see eye-to-
eye in resolving the dilemma.

Summary
In summary, the tremendous advances made in the
last four decades in neonatal medicine have also
brought difficult ethical dilemmas for health care
providers and parents. Over these years the lower
limit of viability dropped from 28–32 weeks to 22–23
weeks of gestation. As we reach the physiological and
anatomical limits of lung development and extrauter-
ine survival we also reach a natural barrier of lower
limit of viability. Of course, this can change if there
are some additional advances in existing treatments
such as liquid ventilation or providing nutrition in a
novel way, or new interventions such as artificial pla-
centa or uterus. But this ‘medical miracles around the
corner’ argument or outliers in terms of survival of
< 23 weeks gestation infants cannot be used for deci-
sion making occurring now. Advances in technology
and the ability to prolong life should be tempered
with the benefits and burdens to the patient. Princi-
ples of beneficence and respect for autonomy obliga-
tions weigh heavily in neonatal ethical dilemmas in
the milieu of principle of justice and cultures, tradi-
tions, religions, and nations. Weighing the benefits/
burden to the patient should guide everyone in the
decision making. Both obstetrician and neonatalogist
have beneficence-generated obligations toward the
fetus and neonate. The neonatologist has both benefi-
cence- and autonomy-generated obligations toward the
pregnant mother and father during antenatal consulta-
tions and subsequently to the parent/s when the neo-
nate comes into the NICUs. Collaborative/consensus/
shared decision making with parents, physicians, and
others, applying the ethical principles outlined in the
model, will result in the best practice in NICU for
these infants. Judicial uses of the ethics consultant or
committee and other experts may facilitate better
communication and clarification in difficult circum-
stances. Providing communication in a clear, consis-
tent, and caring way (four Cs) and sharing all the
information about mortality, morbidity, and prognosis
before and after delivery of a high-risk infant facili-
tates decision making.
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21 Medicolegal aspects
of perinatal medicine:
European perspective
J. Walker

Introduction
A pregnant woman has similar rights to any other
patient and these are protected by the normal human
rights assigned to her by society. Therefore, her
informed consent is required before intervention and
her right to refuse treatment is accepted. However,
there is a complication – she carries another potential
individual; therefore, her rights and control over her
pregnancy are influenced by the rights assigned to the
fetus and how much of these rights are allocated to
the mother to hold.

Irrespective of the rights the child has in utero,
after birth, its rights are paramount, and although the
parents may control these rights to a degree, this is not
absolute and their control can be taken away in the
best interests of the baby. Also, in some situations, the
rights of the newborn baby can be considered to be
present in retrospect; in other words, damage done
prior to delivery that results in problems after birth
can give rights of complaint to the baby that were not
there at the time of the event. Therefore, potentially,
the rights of this one individual, the child, and the
rights of others over it, can change at the moment of
birth and, in some instances, this change of rights can
then be applied retrospectively.

This has caused increasing ethical dilemmas over
the years because of the increasing knowledge of preg-
nancy physiology and, more importantly, the increas-
ing ability to assess and visualize the fetus. This
means that the fetus is increasingly seen as an indi-
vidual that has access to medical care and is a factor
in medical decision making. This has led to the concept
of the ‘fetus as a patient’ and, by definition, medical
rights.1 Generally, what is good for the baby is good
for the mother, so there is no conflict. It is when the
mother disagrees with her carers about what is best
for the baby that conflict appears.2,3

With advances in medical technology and the ability
to salvage pregnancies that failed previously, society
has begun to believe that medicine can achieve any-
thing. This means that if damage occurs, there has to
have been error and negligence. Since the fetus is
usually the one that is damaged, it is the baby, or its
guardian, who will have to proceed with litigation,
even though the fetus may not have had rights at the
time of the event. If a neonatal death occurs, this may
increasingly lead to potential criminal proceedings,4,5

but this can depend on the legal rights of the fetus and
whether it is born alive or not. It is in these areas of
litigation and fetal rights that there is so much differ-
ence between countries.

The rights of the fetus
There is no universal truth and this is never truer than
for ethical and legal issues. Perinatal doctors in dif-
ferent countries work in different environments. What
is acceptable in one country may not be acceptable in
another, not because it is right or wrong, but because
of differences in ethical, legal or social mores.5 In
medicine, we are taught to ‘first do no harm’, but in
the case of perinatal medicine, we also need to con-
sider ‘to whom?’. The problem is that there can be
conflict between the concept of the ‘fetus as a patient’
and the rights of the mother.

This situation is covered by the term beneficence.1

Beneficence is the moral principle that one should
aim to help and failure to do this when one is in the
position to do so is morally wrong. However, one is
obligated to act to benefit others when one can do so
with minimal risk, inconvenience or expense. In peri-
natal medicine there is potentially two patients to
consider. How much of a conflict this is depends on
both legal and moral belief. In general, the life of the
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mother takes precedence because the health of the
mother is important for the health not only of that baby
but also of any siblings. However, the main governor
of the decision-making process is the legal rights of
the fetus.

If the fetus has the same rights as a newborn baby,
decisions can be made on behalf of the baby against
the wishes of the mother, so-called court-ordered care.
There is also the chance of the newborn suing for any
damage sustained in utero from maternal or other’s
actions, so-called Wrongful Life decisions.6

However, where the fetus has no legal rights, the
mother’s wishes are paramount. It is only variations in
law or ethical constraints that will restrict her and her
carers’ actions. However, this maternal control exists
only up to the moment of birth, when full neonatal
rights exist and the control transfers to the baby or
its guardians. This change in legal status occurs in a
matter of minutes and can be confusing to the mother,
attendant staff and society as a whole.

Generally, in European law, the starting point is
that a child en ventre sa mere is a part of its mother
and therefore its rights are held by the mother.7

However, in English common law an unborn child has
rights to inherit property as follows:

There is nothing in law to prevent a man from
owning property before he is born. His ownership
is contingent, for he may never be born at all; but
it is nonetheless real and present ownership. A man
may settle property on his wife and the children to
be born of her. Or he may die intestate and his
unborn child will inherit his estate.

This is traditionally called ‘present ownership’, that is,
a right possessed by the unborn child at that time, but
conditional on being born alive. If the child is still-
born, the inheritance (or rights) will revert to someone
else. This is referred to as the ‘born alive rule’.7

Therefore, any right the fetus has in English com-
mon law is dependant on being born alive. This
means that actions leading to death of the baby before
birth do not come under the normal crimes against the
person, but if the baby is born alive and then dies then
the baby’s existence, and therefore rights, exists and
action can be taken. Overall, the legal situation in Europe
is somewhat confused and is constantly evolving, as
will be described. Within the European Community,
there is a further complication since the countries are
governed by similar European laws on human rights,
although there are still differences with the applica-
tion due to the local law in each country.

The right to life
When the European Human Rights Act came into
force in 2000, it was felt by many that the ‘Right to
Life’ stated in Article 2 could be extended to the
unborn fetus. This would protect it from termination

of pregnancy and give it equal rights to those of the
mother when considering medical decisions. However,
a case based on this belief has recently been heard in the
European Court of Human Rights, and it was decided
that the rights of the fetus are not covered by Article 2.
This is an important landmark decision not based on
law but more on lack of consensus of what is right.

The case involved Mrs Vo, one of two women of the
same name admitted to the same hospital at the same
time, one for a medical examination when 6 months
pregnant, the other to have a coil removed. The wrong
Mrs Vo went for coil removal. In an attempt to remove
the non-existent coil, Mrs Vo’s amniotic sac was
pierced and the pregnancy had to be terminated. The
doctor was charged with unintentional homicide, the
French equivalent of involuntary homicide. He was
initially acquitted, but was then convicted on appeal
and sentenced to 6 months in prison and fined 10,000
francs. He then appealed to the Court of Cassation –
France’s highest court – which overturned the ruling
on the grounds that the fetus was not a human being
and not entitled to the protection of criminal law.

Mrs Vo then took the case before the Grand Chamber
of the European Court (application no. 53924/00). She
alleged that France’s failure to extend the law on unin-
tentional homicide to the unborn violated the State’s
Article 2-based obligation to respect life. However, the
court found 14 votes to 3 in favor of France.

The Court felt that the decision of when the right
to life begins was a question to be decided at the
national level. They noted that there was no European
consensus on the scientific and legal definition of the
beginning of life, particularly in France, where the
issue had been the subject of public debate. At best, it
could be said that the consensus was that the
embryo/fetus belonged to the human race. Its poten-
tial and capacity to become a person required some
protection in the name of human dignity, without
making it a person with the right to life for the pur-
poses of Article 2 or legal status in conflict with the
mother. Therefore, the Court was convinced that it
was neither desirable, nor even possible as matters
stood, to answer the question whether the unborn
child was a person for the purposes of Article 2 of the
Convention. The main judgment of the Court was to
accord each State a degree of autonomy, or a ‘margin
of appreciation’ as it is called, to work out the right
legal position for itself. So on this view, Article 2 did
not apply. A minority of the judges felt that there was
no issue since ‘even if one accepts that life begins
before birth, that does not automatically and uncon-
ditionally confer on this form of human life a right to
life equivalent to the corresponding right of a child
after its birth’.

Therefore, by a majority of 13 votes to 4, the court
was in favor of the inapplicability of Article 2, imply-
ing a lack of rights for the unborn child and setting a
precedent on the legal status of unborn babies that
will be applied across European countries.
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Wrongful Life and Wrongful Birth
After the baby is born, it has equal rights to the mother
and the rest of society. To some extent these rights can
be applied retrospectively and the events that occurred
or did not occur prior to birth can, in theory, be liti-
gated against if they adversely affect the baby after
birth. There are two particular situations, Wrongful Life
and Wrongful Birth, where the plaintiff claims that the
baby would rather not have been born, i.e. be termi-
nated. Since this usually involves failure of prenatal
diagnosis and termination of pregnancy, it can produce
conflict with the various legal and moral arguments.

Definitions
Wrongful Life is when the child takes the action
against another party for allowing it to be born in a
deformed or harmed way caused by actions or inaction
prior to birth. In other words, it would rather have
been terminated and litigates for damages to help it
live as comfortably as possible.

Wrongful Birth is when the mother sues other people
for being burdened with a disabled child, something
she could have avoided.

In essence, these suits are genetic or prenatal diag-
nosis litigation cases where termination could have
been offered. Again, much of the debate has occurred
in France but affects all countries.

The Nicholas Perruche case
In 1982, when Josette Perruche was in her early preg-
nancy, her 4-year-old daughter developed rubella. She
told her doctor that if she had been infected, she
wanted a termination rather than risk giving birth to a
handicapped child. She had two blood tests, 2 weeks
apart, which gave contradictory results. Mrs Perruche
was reassured that all was well. However, Nicholas
was born with the rubella syndrome and, after investi-
gation, it was discovered that the laboratory had made
an error. A case was brought on behalf of Nicholas
against the doctors alleging that failure by the doctors
to diagnose the condition in the womb had prevented
a termination of pregnancy and led to Nicholas being
born with deformity. The French Court found in his
favor, stating in its ruling: 8

… since mistakes committed by the doctors and
the laboratory while carrying out their contract
with Mrs Perruche prevented her from exercis-
ing her choice to end the pregnancy to avoid the
birth of a handicapped child, the latter can ask
for compensation for damages resulting from
this handicap.

There was great discontent over the court ruling.
Cathrine Fabre, of the Federation of French Families,
said at the time, ‘we cannot approve the idea of claim-
ing for compensation for being alive’.

Further cases were brought where families argued
that if doctors had detected the disabilities prior to
birth, they would have had the pregnancies termi-
nated.9 This case went on appeal to the highest court
in France, the Cour de Cassation. The court ruled that
disabled children were entitled to compensation if
their mothers were not given the chance of an abor-
tion. The court stated that the Perruche precedent
remained ‘as long as a causal link can be established
with an error committed by a doctor’.

Following this, doctors and campaigners for the
disabled reacted furiously, describing the decision by
the court as an incitement to eugenics. The case was
widely described as establishing in French law a dis-
abled child’s ‘right not to be born’. The Collective to
Stop Discrimination against the Disabled (CCH),
which was set up after the Perruche case, feared that
parents would be attacked for giving birth to a handi-
capped child as a result of the decision. ‘This is a real
act of phobia. Now parents are going to be attacked
and seen as irresponsible because they gave birth to a
handicapped child’, it said. ‘The ruling means that the
handicapped have no place in our society’, said Yves
Richard, a lawyer representing the medical profes-
sion. ‘There is a real risk of this starting a process that
ends with the search for the perfect child’.

Doctors expressed increasing concern that the verdict
would push doctors to terminate pregnancies when
they were unsure about the normality of the fetus.
Some started to refuse to carry out routine antenatal
scans as they were worried that they would be sued if
a disabled baby was born that they had failed to diag-
nose. The doctors threatened strike action.

Ethicists and legal specialists also attacked the rulings.
‘To allow a child to be born cannot be considered as a
mistake – that must be written into law’, said Laurent
Aynes, a professor in civil law at Paris’ Sorbonne
University. Many called on the government to change
the law on the subject. Initially, they held out against
legislation, but were forced to act by public pressure
and by the decision of some medical staff to stop carry-
ing out prenatal scans. The bill was passed, and it states
that nobody can claim to have been harmed simply by
being born. By doing this, the government’s ruling
brought to an end a year’s legal and moral debate.8

However, the new parliament bill prohibited
Wrongful Life cases only, not Wrongful Birth suits.
This means that the obstetrician or technician can still
be sued, and the parents – not the affected child – will
be able to seek damages, but only on the grounds of a
‘blatant error’ by doctors, the argument being that the
birth of the disabled child is damaging the life of the
mother.

The Dutch experience
After a court awarded damages to a severely disabled
girl for the fact that she was born, Members of
Parliament (MPs) called for The Netherlands to follow
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France and ban damage claims for Wrongful Life.
Doctors fear the judgment could lead to a sharp increase
in defensive prenatal testing.

The case was of 9-year-old Kelly Molenaar whose
parents had informed a midwife at the Leiden University
Medical Centre that a relative of the father was disabled
because of a chromosomal abnormality. The midwife
reassured them and did not carry out further prenatal
diagnostic tests or refer the case to a clinical geneti-
cist. The abnormality was not detected early enough
for intervention and Kelly was born with multiple
mental and physical disabilities. She cannot walk,
talk or properly recognize her parents; has deformed
feet; is believed to be in constant pain and has had
several heart operations. By the age of 21 months, she
had been admitted to hospital nine times due to
‘inconsolable crying’.10

The court accepted that damage to Kelly resulted
from the midwife’s error. The appropriate referral
would have resulted in a termination and Kelly would
not have been born. Damages against the hospital
amounting to the cost of Kelly’s care and upbringing
until her 21st birthday were awarded to her parents.
But the court went further, ruling that Kelly herself
was liable to damages. The court judged that the
damage experienced by Kelly was in a legal sense a
predictable consequence of the midwife’s mistake.
Therefore, the court accepted the possibility of a
claim for Wrongful Life. The amount of the damages
is still to be decided.

The hospital’s lawyers are considering an appeal to
the Supreme Court to quash the judgment and MPs
are urging the ministries of health and justice to
respond to the decision. Boris Dittrich (MP) has called
for Dutch law to be changed to prohibit Wrongful Life
claims as has happened in France.

Joseph Hubben, Professor of Health Law at the Free
University of Amsterdam, said:

To recognize a disabled life as a source of finan-
cial damages gives the wrong signal to society.
Disabled people should be fellow citizens not
someone who should have been aborted.

He also argued that the decision would increase pres-
sure for more prenatal diagnostic testing not just from
parents but also from doctors.

The UK experience
In 2004, a UK mother was successful in suing her
hospital after giving birth to a child with genetic abnor-
malities. She claimed damages, saying that if she had
been informed of the child’s disability, she would
have had him killed before birth. The baby had had
extensive scanning but no abnormality was detected.
The baby boy was born in 1999 with a genetic abnor-
mality that causes bladder, bowel and genitalia
defects. The Hospital, Leeds Teaching Hospitals NHS

Trust, had to pay an undisclosed amount of damages
to assist the woman in the raising of the child. A
spokesman for the Leeds Teaching Hospitals NHS
Trust said, ‘This was an extremely complex case and
one which was defended by the trust because it raised
important clinical questions’.

Summary of the European situation
As can be seen, the European situation is confusing,
but it would seem that Wrongful Life cases are not
being allowed, not only because of the litigation fears
it brings, but also because of the moral aspects decid-
ing that a disabled child is better off not being born.
However, Wrongful Birth cases are increasing. These
cases, unlike the usual litigation case, which relates
to damage sustained, center around the doctor or
technician’s failure to diagnose a pre-existing abnor-
mality and therefore prevent the mother from having
the opportunity to terminate the pregnancy. This pro-
duces major problems and concern for obstetric units
because any scan may sometimes ‘miss’ an abnormal-
ity. Also, which abnormalities ‘merit’ consideration for
termination? This is accentuated by a case currently
under consideration in the UK where a member of
the public has asked for a judicial review of a case of
a late termination of pregnancy for a cleft lip and
palate.

The upper gestational limit of termination varies
from country to country. In France, the law allows ter-
mination of pregnancy with no upper gestational age
limit. In Italy, termination of pregnancy after the time
of viability may be legally carried out only when con-
tinuation of pregnancy represents, either for physical
or psychological reasons, a danger to the mother’s life.
In the UK, the most recent abortion act states that a
termination of pregnancy can be carried out for a seri-
ous handicap right up to term as long as the baby is
born dead.

What, however, is a serious handicap? A paper, in
2001, demonstrated that of the 270 children born with
cleft lip and/or palate, 23 were positively diagnosed
by ultrasound prior to birth.11 Out of these 23 cases,
two ended in termination of pregnancy, which is just
less than 10%. The assumption from this and other
studies is that if the diagnosis were available to more
couples, then more terminations for cleft lip and
palate would be requested. It also implies that there
are many causes of fetal abnormality that parents may
wish to terminate and that are not currently univer-
sally diagnosed or termination offered. In a European
survey, only 2% of doctors would offer a termination
for cleft lip/palate.12 Do we need to extend the screen-
ing of babies to cover a wider range of abnormalities
and offer all termination of pregnancy? If we do not
offer them termination and/or the abnormalities are
missed, will litigation follow to cover any surgical
and other care costs? Who is to decide what a serious
handicap is and whether a termination is justified?
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Litigation – the European perspective
This problem relating to Wrong Birth cases is adding
to the already increasing litigation culture in Europe.
There are significant differences between Europe and
the USA. In Europe:

(1) The litigation is usually brought by claimants
paying for the legal costs. However, this is often
supported by government grant (Legal Aid in the
UK) although some No Win, No Fee cases are
beginning to appear.

(2) The cases are heard in front of judges, not juries,
which means that the cases are usually less emo-
tive but lead to law of precedent.

(3) The awards are largely for cost of care required,
not suffering. This means that the cost of an
award for a child with cerebral palsy may be in
the region of 4 million UK pounds but if the
child dies, the award may only be £20,000.

The cost of litigation is mounting and, at present, the
total potential payouts for litigation in the UK is more
than the total cost of running three London teaching
hospitals or providing all maternity care for England
for a year. However, this is a misleading statistic, as
the total amount paid out in settling claims each year
is only about 1% of the total National Health Service
(NHS) budget, not a huge sum.13 In 1998, the rate of
litigation was 0.81 closed claims per 1000 finished
consultant episodes. The problem is that 65% of the
cost, but not the numbers, are obstetric cases. Because
of the rising litigation cost, medical malpractice insur-
ance for obstetricians has escalated. This has led to
the UK government bringing in ‘Crown Indemnity’,
meaning that the NHS (the Crown) will cover the cost
of litigation.14 Therefore, it is the health authority that
is sued and not the individual doctor. Also, all cases
brought against hospitals are defended in England by
lawyers working for the National Health Service
Litigation Authority (NHSLA), a centralized body.
Any costs up to £100,000 are paid by the individual
hospitals but above that, the costs are met by the
Clinical Negligence Scheme for Trusts (CNST), which
was set up in 1995 to indemnify acute NHS Trusts
against litigation. The CNST grades hospitals accord-
ing to risk, and when a Trust undergoes this assess-
ment it can earn a rebate of up to 30% of its indemnity
payments if it can demonstrate significantly good
performance in terms of certain risk management
processes.15 This can be a six-figure sum.

Therefore, litigation in Europe is becoming an
increasing drain on health care resources and govern-
ments are stepping in to provide the financial cover in
various ways. However, this does not come without
strings; although individuals are no longer targeted
for litigation, the government agencies are wielding
increasing power to insist on risk management proce-
dures and the appropriate training and supervision of

staff. So although individuals are no longer responsible
to reduce the litigation threat, the hospitals them-
selves have financial gains to be made if their staff
follows the necessary guidelines and practices. This
can be an important driver of improved care.15

Obstetric decision making
Decision making by doctors is a complex business
influenced by training, culture and knowledge of out-
come. A good example of this is the decision to deliver
the premature fetus by cesarean section. Obstetricians
in the different European countries were asked about
what would be the earliest gestation at which they
would intervene by cesarean section in the fetal interest
in three different scenarios:

(1) when parents wanted everything possible done to
save this baby,

(2) when parents were against aggressive manage-
ment or

(3) when it was your child.

In the first situation, the median lowest gestational
age at which obstetricians would be willing to per-
form an emergency cesarean section for fetal indica-
tion varied from 24 completed weeks in Sweden and
Germany to 26 in The Netherlands, the UK, Italy and
Spain. Knowledge that parents were against aggres-
sive management would increase this figure by 1 week
in Spain, France, The Netherlands, Luxembourg and
Sweden. Interestingly, the most conservative approach,
i.e. the latest gestation, was found in scenario 3,
where it was your own child.12 These results imply
that if you want to achieve a live birth, then going
early can be justified; but it is not if the best interests
of the parents and the baby are taken into account.
The recent Growth Restriction Intervention Trial
(GRIT) study would tend to confirm the rightness of
this view since delayed delivery reduced long-term
disability.16

Neonatal decision making
As previously stated, at birth, the baby takes on
individual rights, which may initially rest with the
parents but ultimately can be practiced independ-
ently through an appointed guardian. This can cause
confusion before birth, sometimes just minutes
before; the maternal rights were paramount, now the
baby’s rights can be in conflict.

Here again, retrospective rights pertain. In English
law, termination of pregnancy is allowed right up to
term for significant fetal abnormality; however, the
baby must be born dead. If the baby is born alive and
then dies due to the result of prematurity or of the pro-
cedure itself, the doctor who carried out the procedure
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that led to the baby’s death can be charged with
manslaughter. This means that late termination usually
requires feticide. This adds to the stress and unpleas-
antness of the procedure for the parents and the staff
carrying out the procedure, although others might feel
that it is more humane.17 The fact that the killing of a
handicapped fetus is allowed but is not minutes later
after birth adds to the confusion.

However, Dr Eduard Verhagen, of the Groningen
Academic Hospital and Dr Louis Kollée of Radboud
University Medical Centre in The Netherlands have
asserted that euthanasia of infants is occurring world-
wide. They called on the Dutch government to regu-
larize the killing of handicapped newborn babies by
providing guidelines that will protect physicians from
murder charges. They felt that there should be a panel
to consider guidelines for euthanasia for people with
‘no free will’, i.e. severely handicapped infants. The
practice varies throughout Europe, most commonly
in The Netherlands and France, but doctors are
divided on whether it should be controlled by law.18

Interestingly, nurses are more in favor than doctors.
An associated problem is when to initiate and/or

withdraw care from an infant with a severe abnormal-
ity or gross prematurity. This problem was high-
lighted by the ‘Baby Messenger’ case in the US, where
a severely ill preterm infant was resuscitated against
his parents’ wishes and was removed by his parents
from ventilator support and allowed to die in their arms.
The father was initially charged with manslaughter,
although subsequently acquitted.19

The approach to the resuscitation of premature
babies varies among countries with many producing
clear guidelines of when small or abnormal babies
should be treated or when treatment should be with-
drawn.20 The different approaches are based on vari-
ous methodologies, including

• the ‘statistical’ approach, whereby treatment is
withheld from infants defined as underweight
and/or immature,

• the ‘initiate and re-evaluate’ approach, whereby
aggressive treatment is begun and then re-evaluated
relative to the infant’s progress and parents’ wishes
and

• a ‘treat until certainty’ approach, whereby each
infant is treated until death or discharge.

Each of these approaches has advantages and disadvan-
tages. The Danish Council of Ethics produced a protocol
that combines a minimum gestational age, maturity
and parental wishes. Generally, infants younger than
24 or 25 weeks are not treated aggressively but this
can be modified if the infant looks mature and can be
resuscitated using ‘low-technology modalities’ and
minimal handling.19 Also, the approach can be modi-
fied by considerations of parental wishes. The long-
term outcome for the baby is greatly influenced by the
ability of his parents to provide the care it requires.

Therefore, the threshold can be moved down by parents
wishing to care for a child that fails to meet the criterion
or can be moved up by parents requesting to withhold
treatment from a newborn that meets the threshold
requirement. Under these guidelines, Baby Messenger
would not have been resuscitated. Even had the
neonatologist decided that the gestational threshold
had been met, the baby’s immediate condition follow-
ing birth did not meet the maturity criterion. This,
together with the parent’s refusal of ventilator support,
should have meant that he should not have been resus-
citated. The council’s recommendations are based on
two main factors, the infant’s best interests and eco-
nomic justice:

The basis for the [modified threshold] recommen-
dation is that the panel considers the 35% occur-
rence of severe handicaps in children born after a
pregnancy term of 24–25 full weeks to be high in
relation to the number of surviving infants; the
panel also takes into account the comparison of
the expenditure incurred with the possible alter-
native applications for that amount.9

Therefore, the infant’s best interests and the cost to
society are considered and not just survival. A 35%
risk of severe impairment may be too high for a parent,
physician or policy maker to accept. However, there
is also a chance that the child may lead a relatively
normal life. While this may seem a reasonable decision
for parents to make, it does result in large numbers of
healthy infants being allowed to die to avoid a smaller
number of handicapped infants. One benefit of target-
ing care is to benefit those who would gain most.

It seems reasonable to exercise reticence in the
treatment of extremely preterm infants in order
to benefit the slightly less premature, since the
prospects of better results increase with age and
fewer resources are consumed, allowing more to
be helped.10

In a survey in different European countries, doctors
were asked how they would care for a case of extreme
prematurity (24 weeks’ gestational age, birth weight of
560 g, Apgar score of 1 at 1 min). Most physicians in
every country but The Netherlands would resuscitate
this baby and start intensive care.20 On subsequent
deterioration of clinical conditions caused by a severe
intraventricular hemorrhage, attitudes diverge: most
neonatologists in Germany, Italy, Estonia and Hungary
would favor continuation of intensive care, whereas in
other countries some form of limitation of treatment
would be the preferred choice. Parental wishes appear
to play a role, especially in Great Britain and The
Netherlands. Interestingly, again nurses are more likely
than doctors to want to withhold resuscitation in the
delivery room and to ask parental opinion regarding
subsequent treatment choices. Among doctors who
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would resuscitate, only in Great Britain and The
Netherlands would a substantial percentage change the
decision, knowing that parents were against resuscita-
tion. In Estonia, Hungary, Italy, Germany and Spain,
most doctors would withhold treatment in case of emer-
gencies, such as cardiac arrest, whereas doctors in Great
Britain, The Netherlands and Sweden would withdraw
mechanical ventilation. Only in France and The
Netherlands would definitive actions be taken to end
life. Therefore, the range of care throughout Europe, in
the same clinical situation, varied from active care until
there was no hope to positively ending life.

Interestingly, the parents’ responses to these deci-
sions are varied, partly depending on the outcome,
with 22% of the parents expressing reservations
about the length of the dying process. Some reported
that this had taken from 3 to 36 h. Deaths that medical
teams had predicted would be quick had, according
to the parents’ recollections, taken from 1.5 to 31 h.
When a baby died swiftly, it seemed to confirm the
decision to stop, but when babies lingered, doubts
were raised.20

Conclusions
So there is no pan-European perspective; each coun-
try has its own approach. The Danes have a varied

statistical approach to what should and should not be
done; the Dutch similarly have a definite cut-off
point, with a pragmatic approach toward withdrawal
of treatment and even active ending of life; the British
wait and see, discuss the case with their colleagues
and the parents and largely let nature take its course
but will withdraw treatment when clear possibilities
of a successful outcome have gone and the Germans
will work to save the baby until it dies. This does not
appear to be influenced by religious factors but by the
social norms of the society in which the doctors work.

Similarly, the approach toward termination is
extremely liberal and uninfluenced by religious prej-
udice. This is helped by the largely pan-European
legal position that the fetus has no rights before birth,
as this is the main pillar of the right to life battle. The
recent findings in the European courts have ended
this fight for the foreseeable future.

However, there is an increasing European problem
of litigation with the number and cost of cases increas-
ing. The UK leads the way in this situation and has
tried to solve the insurance costs by the government
footing the bill. This has just led to spiraling costs. The
newer Wrongful Birth cases has opened up what
appears to be an endless source of new cases, which
can be of significant cost. Again, Governments have
had to intervene to legislate in these situations, not
because of the rights or wrongs but for the social good.
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22 Malpractice issues in perinatal
medicine: The United States
perspective
B. S. Schifrin, M. R. Lebed and J. McCauley

Introduction
It was probably inevitable that the law and medicine
would come into conflict irrespective of the fact that
despite some obviously different approaches, these
learned professions share more than they conflict.
While medicine is fundamentally inductive and law
deductive, both fields are centered in advocacy for the
client. When it comes to medicine, the law tries to
reconcile a body of science with the art of clinical
practice. When it comes to the law, medicine tries to
reconcile a body of laws with notions of fault and
accountability. The relationship is abetted when the
goals of better, more efficient care and prompt and
effective methods of dealing with error and adverse
outcome are agreed upon. On the other hand, when
each profession deems the other side to hold some
unscrupulous advantage, when the ‘playing field is
perceived to be not level’, and when myth and
misdirection are rampant and malpractice premiums
have become excessive or insurance coverage
unavailable, then the worst of the relationship comes
to the fore and political and legislative resources are
recruited to help control the dialog and the invective
and define or create new rules of engagement. In the
end, care is compromised as are notions of justice and
access to the law.

Historic perspective of malpractice
in the United States
Malpractice suits were unheard of until 1848. Prior to
that there was no control over the practice of
medicine or its numerous schools of practice. There
was no need: patients generally were fatalists,
believing that any adverse medical outcome was the
will of God. It became an issue after 1848 only
because allopathic physicians, to eliminate other

‘schools of medicine’, created objective standards of
practice, created national medical societies and
national standards, elected to support litigation under
tort law rather than contract law, and established the
‘deep pockets’ of malpractice insurance – a profitable
industry for attorneys.

But it was only with the beginning of the 1960s that
more educated, informed, and assertive patients
began to question their physicians in the same
manner that they evaluated their other goods and
services. In general, this was poorly accepted by
physicians, who for the most part maintained a
traditional authoritarian stance in the care of their
patients. The legislative crises of the 1970s, and the
subsequent ‘crises’ of the 1980s, 1990s, and today
brought with them tort reform, health maintenance
organizations (HMOs), increasing regulation, decreasing
autonomy, strained relations between physicians,
hospital administrations, and allied health care pro-
viders, and decreased physician and patient satisfac-
tion. Although much has changed from the mid-1800 s
there is one historic consistency: the major litogen (a
promoter of lawsuits) is not outcome but physician
behavior.

Malpractice law
Malpractice law is part of tort, or personal injury, law
that affects large segments of society, including
product liability, automobile accidents, airplane
crashes, and other examples of unintended harm. As
mentioned above, it was the physicians, themselves,
who determined that due to their superior status, they
were not subject to contract law with patients, who
were not their equal, and set the higher civil law
standard of Tort law. The objectives of malpractice
litigation are straight forward: (1) to resolve disputes
fairly with equal opportunity for ‘justice’ on both
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sides, (2) to compensate persons injured through
negligence, and (3) to prevent unsafe practices – i.e.
raise the standard of care1 – all without resorting to
armaments or fisticuffs.

A plaintiff prevails in a lawsuit by proving the four
Ds: that the defendant (1) owed a Duty of care to the
plaintiff, (2) that there was a Deviation from an
acceptable standard of care, and (3) that there was a
non-trivial injury to the plaintiff (Damages) that was
Directly caused by the deviation from the standard of
care.1 A failure to demonstrate any one of the four
means that the requirements, under the law, are not
met. To begin the process, a patient approaches a
lawyer. The reasons patients sue are many.2–5

For patients and family members, the physical and
emotional devastation of medical error cannot be easily
overcome. As a rule, however, this circumstance has
been made even more difficult because there was no
satisfactory explanation to the patient of the reason
for the adverse outcome, no admission of negligence,
no opportunity for questions, and no consolation for
loss.6,7 In reality, the patients want a forthright explana-
tion of what happened, and want to understand if they
had played a role in it. And if, just if, a mistake had
been made, they expect an apology and an offer to
compensate for the expense and aggravation. They are
real people and whether the injury was the result of
negligence or not, they, not the physicians burdened
with a lawsuit, are the real victims. When asked,
‘What was wrong with the care you or your child
received?’ or ’What complaints do you have about
physicians?’, patients respond rather specifically
(Table 22.1).4 As underscored by these data, the
attorney is often the last person who is contacted, not
the first. Indeed, most often patients are directed to an
attorney by a member of the medical community.

Indeed, many are amazed, when looking at medical
malpractice cases, by the cold-blooded attitude so
many defendants have taken toward patients who
have been seriously, and sometimes grotesquely,
harmed. Inhumanity and indifference to the suffering
of others is in itself another form of injury. When
patients file suit, they are often made to feel as though
they had done something wrong, as if seeking legal
redress and compensation was in some sense an
affront to the system, a personal assault on the
physician. Many plaintiffs feel pressured by all the
parties involved to agree to a settlement. In some
instances, such advice may come from the plaintiff
attorney or even the sitting judge. Indeed, on occasion
extraordinary amounts of offered settlement are
turned down, not because of the size of the award, but
because all the details of their case would then come
out publicly – they would have their day in court.

Physicians believe themselves to be operating in an
environment of zero tolerance for error. It is
embedded in their oath and dedication to ‘do no
harm’, in their professed desires to help others, and
magnified by a historic paternalistic tendency to

extend unrealistic expectations to their patients. 8 The
physician who has erred is wounded, and suffers the
consequences of guilt, fear of reprisal (from the
patient, hospital, regulatory agencies), embarrassment
(peer), and sorrow for having harmed someone
(Levinson).5,9 Because medicine, for centuries, has
been loathe to identify negligent care (even in closed,
protected settings), this system of justice has
enfranchised the plaintiff’s attorney, not especially
trained for the purpose, to determine the medical and
the legal merits of the case (they are not the same!)
Under the contingency-fee relationship prevalent in
the United States, the attorney takes a percentage of
the award as a fee (often around 35%) to compensate
for the costs, expenses, and time absorbed in pursuing
the case irrespective of the outcome; they take nothing
if the defendant prevails. These expenses are not
trivial; bringing a ‘damaged child’ case to court, for
example, may easily cost $100,000 of up front
expenses. It is not undertaken lightly.10

But before the attorney can proceed, one of his first
expenses will involve consultation with a medical
expert (a physician) to determine whether the
potential case satisfies the two most critical criteria of
the four Ds: was there a Deviation from a reasonable
standard of care and was there a Direct causal
relationship between that failure and the adverse
outcome? Damages and Duty, generally, are self-
evident. Traditionally, the ‘standard of care’ is defined
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Table 22.1 Why patients sue (Hickson et al.4)

Cited deficiencies of care

Recognizing fetal distress 53%

Managing fetal distress 57%

Timely cesarean section 35%

Physician unavailable 29%

Birth injury (forceps) 28%

Consultation or transfer 10%

What prompted the lawsuit?

Person outside family 33%

Medical personnel 23/41 (56%)

Lawyer 8/41 (20%)

Money for long-term care 24%

Physician deception 24%

Child would have no future 20%

Find out what happened 20%

Prevent malpractice/revenge 19%

Complaints about physicians

Not informed about injury potential 70%

Misled patient 48%

Would not talk or answer questions 32%

Would not listen 13%
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as the quality of care (customs and behavior) that
would be expected of a reasonable practitioner in
similar circumstances. These standards are drawn
from members of the profession itself as well as
documents that reflect a consensus on appropriate
standards (plural) of care.

It should be emphasized that there is no single
standard of care. Satisfying the need to do something
reasonable under the circumstances, indeed, may
permit mutually exclusive choices to be within the
standard of care. Because the law holds the arcane
nature of medicine, ‘a learned profession’, to be beyond
the grasp of common citizens, it requires the testimony
of experts in the same field as the defendant.11,12

Neither the courts nor the legislatures can reasonably
establish detailed conduct for professional practice
without ‘practicing medicine’.13

Ideally, medical witnesses will be readily available
and forthright and medical standards will be deter-
minable from readily available medical records that
are well documented, readable, and responsive to
questions of whether or not the medical conduct met a
reasonable standard of care. The medical consultant/
potential expert witness will possess both current
knowledge and experience with the issues at hand,
but, at any time in the review process, is honor bound
to use all available relevant information and to apply
broadly understood, minimal, standards of care – not
their own personal standards. An expert witness must
elaborate the standard for medical care at the time of
the plaintiff’s injury and give an opinion on whether
the defendant’s conduct met this standard. The
standard is not unique to the expert, but rather must
reflect general principles applicable to all practitioners,
but at the same time, specific to the individual
patient’s circumstances. Ideally, it should be sup-
ported by scholarly literature. While it need not
prescribe a single course of action, it must either (for
the plaintiff) proscribe the defendant’s conduct or (for
the defense) endorse the defendant’s conduct as an
acceptable alternative. Therein lies the conflict.

While the courts expect that medicine, as a learned,
science-based discipline, will have articulated stan-
dards for practice in most circumstances, they also
recognize that not all standards are formalized or even
well defined, not all clinical circumstances can be
circumscribed in some obvious standard of care, and
there is ‘art’ to the practice of medicine. To overcome
these hurdles the courts, using their own legal (not
medical) standards of witness acceptability, allow
appropriately qualified expert witnesses to express
expert opinions. Indeed, the expert witness is the only
party in the lawsuit who may express opinions;
everyone else is only entitled to the ‘facts’ of the case.
Ideally, the expert will not be an advocate, except
perhaps of his own opinion, and will honestly present
his or her understanding of the applicable standards
without tailoring his responses to serve the single-
minded ends of the lawyer engaging the expert.

Obtaining expert testimony has always been the
most difficult part of medical malpractice litigation.
Historically, experts were readily available to testify
against competing medical disciplines, including
homeopathic physicians and chiropractors, although
they were expected to remain silent about the
misconduct of members of their own profession
(omerta). To abolish these vituperative, economic
rivalries, the courts established the doctrines of
‘school of practice’ and ‘locality rule’ as the bases for
qualifying expert witnesses.

The school of practice rule permits the differentia-
tion of physicians into self-designated specialties
depending on whether the case concerns procedures
and expertise that are intrinsic to the specialty or
general medical knowledge and techniques that are
common to all physicians. Thus, obstetrical cases may
involve family practitioners, midwives, obstetrician-
gynecologists, as well as members in training; the
potentially significant differences in their individual
standards may indeed require expert witnesses from
each of these specialties.

Before the standardization of medical training and
certification that prevails today, there was a tremendous
gulf between the skills and abilities of university-
trained physicians and the graduates of ‘less reputable’
schools issuing diplomas. Thus, in many parts of the
country, a physician’s ability to serve as an expert
would be determined by comparison with the other
physicians in the community, or at least in similar
neighboring communities. For obvious reasons, this
rule essentially precluded injured patients from finding
supportive expert testimony – effectively preventing
most medical malpractice litigation. Reasonably, there
is no longer a justification for any rule that impedes
evaluation of what have become national standards of
care on the sole basis that it is the norm for a given
community. While most states have explicitly abolished
the locality rule, it is being reinvigorated in some states
as a tort reform measure (and omerta) to deal with the
problems of access to care and facilities in rural areas.

A national standard of care implies that the rural
and urban physicians will have the same training and
exercise the same level of judgment and diligence. The
rule does not require that the rural physician have
the same medical facilities, consultants, or other
resources available. If the community does not have
facilities for an emergency cesarean section, for
example, the physician cannot be found negligent for
failing to do this surgery within the 15 min that might
be the standard in a well-equipped urban hospital. The
physician, however, to comply with the standard of
care, must inform the patient of the limitations of the
available facilities and recommend prompt transfer
if indicated. He must also make reasonable efforts to
deal with the inevitability of requiring an emergency
section – even in a rural community. Proper informed
consent allows patients to balance the convenience of
local care against the risks of inadequate facilities.
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At trial, judges and jurors (the triers of fact) have no
alternative but to judge the testimony of witnesses
whether expert or percipient (fact) on the personal
credibility of the witness. For the experts and the
defendants, positive factors such as academic degrees,
specialty board certification, and publications enhance
credibility. So do such factors as physical appearance,
race, gender, command of English, and personality.
Irrespective of these personal traits, the objective is to
be believed. The defendant also has to be believed but
his/her role is much more focused; he/she has but one
chore: to convince anyone who will listen (judge, juror,
attorney, stenographer, bailiff, passerby) that he/she is a
thoughtful, caring, concerned human being who did
what was professionally reasonable under the circum-
stances. The defendant has no other job. Performing
research, providing expert opinion, or combating the
opinions of the opposing expert are all, we believe,
someone else’s function. As mentioned above, the
defendant’s demeanor in deposition or trial (as well as
with patients) has a great deal to do both with the
likelihood of lawsuit and its resolution. For the expert
witness, the foremost requirements are effective
presentation and teaching ability. The expert must
educate the judge and jury on the technical matters at
hand.

Until 1993, federal courts had used the ‘general
acceptance’ test, set forth in Frye v. United States, to
assess the admissibility of expert scientific testi-
mony.14 In 1993, the United States Supreme Court
modified the standard for determining the admissibi-
lity of expert scientific testimony in federal trials. In
Daubert, the court stated that the Frye test did not
comport with the Federal Rules of Evidence and that
‘a rigid “general acceptance” requirement would be at
odds with the “liberal thrust” of the Federal Rules and
their “general approach to relaxing the traditional
barriers to opinion testimony”’.14 Accordingly, the
court emphasized that a trial judge must screen
the proposed scientific testimony to ensure that the
testimony is relevant and reliable before allowing it to
be presented at trial.14–16

If scientific, technical, or other specialized know-
ledge will assist the trier of fact to understand the
evidence or to determine a fact in issue, a witness
qualified as an expert by knowledge, skill, experience,
training, or education may testify thereto in the form
of an opinion or otherwise. It is a judicial decision not
a medical one.16,17

The court set forth four factors that may be used to
assist the trial judge in determining ‘whether the expert
is proposing to testify to scientific knowledge that will
assist the trier of fact to understand or determine a fact
in issue’. The factors that may be considered when
determining the validity of a scientific theory or
technique are: (1) whether the theory or technique can
be tested, (2) whether the theory has been subject to
peer review and publication, (3) the rate of error, and
(4) the acceptance of the theory or technique within the

community. The court cautioned that ‘[t]he focus must
be solely on principles and methodology, not on the
conclusions that they generate’. The court emphasized
that these factors are not exclusive.

Thus, under Daubert, a defendant doctor may be
considered negligent for treatment and diagnosis even
though he presents evidence from a number of
medical experts genuinely of the opinion that the
defendant’s care followed customary medical
practice. The court must determine for itself the
appropriateness and the logic of the professional
opinion and find reassurance that the body of opinion
relied upon was not created for defensive purposes
(see below). It is a curiosity that an expert’s position
may fail a Daubert challenge in one case but may
continue to be offered in other cases! It seems
counterintuitive that a lay judge is qualified to be
asked to determine the qualifications and credibility
of an expert. Some believe that the selection of
medical experts be the purview of medically trained
peers. Indeed, there is an argument to be made that
the specialty societies develop a list of ‘true’ experts
that are available to either side or the judge himself.

At least in Federal Court the expert’s legal activities
over the last 5 years must be listed with the court prior
to his appearance. Federal rules also give a judge the
authority to (1) limit cumulative evidence, i.e. more
than one expert testifying to the same issues unrelated
to qualifications, (2) retain experts to assist the court,
or (3) with mutual consent appoint a single expert
witness. Despite these available options, especially in
‘damaged child’ cases, there is an increasing tendency
to line up a broad array of qualified experts on both
sides, including an obstetrician, perinatologist, placen-
tal pathologist, neonatologist, neurologist, nurse,
economist, neuroradiologist, etc. There is at least some
evidence that this proliferation of experts (and costs),
more likely driven by the defense, is counterproduc-
tive. Bors-Koefoed et al. found that the use of multiple
defense expert witnesses decreased the chances of a
successful defense.18

Many jurisdictions have attempted to insinuate the
expert witness into the proceedings prior to the case
being filed. In several states a report or affidavit of
merit from the expert is required to launch the suit, in
others only the testimony by the lawyer that he has
contacted an expert is required. By and large there is
no standard format for expert reports. While they are
often quite minimal and non-specific there is an
increasing trend to make them more substantive and
even to limit in some states the allegations to those
specifically identified in the report. There is also no
requirement that the ‘expert’ who gave an affirmative
opinion to the attorney, whether he signed the letter of
merit or not, will subsequently be involved in the
case, a deplorable circumstance as will be discussed
below. Even if he/she were later involved, there are no
mechanisms short of deposition or interrogatory to
amplify on the experts’ allegations. In some states, the
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expert cannot be deposed before trial and indeed his
identity is unknown to the opposing side until he is
called to the stand – widely referred to as ‘trial by
ambush’.

While the expert’s opinion is normally protected by
the doctrine of witness immunity, this does not
protect the witness from fraud or from professional
malpractice liability19 or from other forms of harass-
ment. ‘The goal to insuring that the path to truth is
unobstructed and the judicial process is protected, by
fostering an atmosphere where the expert witness will
be forthright and candid in stating his or her opinion,
is not advanced by immunizing the expert witness
from … negligence in forming the opinion’.19 In one
instance, a consulting expert was sued for failing to
testify on behalf of the plaintiff in trial. The expert
believed that causation could not be satisfactorily
proven.

It is perhaps instructive here to deal with the terms,
‘meritorious’ and ‘frivolous’ as applied to malpractice
cases. In brief, whether the case is meritorious or not
is a function not of the result, but of whether there is
a substantive question about the standard of care and
its relationship to the outcome. In a frivolous case,
there is no substantive question, the four Ds cannot be
shown or linked, or any question of negligence is
readily answered in the negative simply with the most
cursory examination of the evidence. Often, the
complaints that prompt the visit to the attorney derive
from actual or perceived slights by the physician
related to a poor ‘bedside manner’, a disputed bill, a
lack of timely response, etc. In this respect, it is
important to understand how, given the unrequited
emotional needs associated with adverse outcomes,
malpractice litigation serves the purpose of emotional
vindication.20,21 Such complaints are usually dismissed
out of hand by the attorney in the first interview with
the patient or secondarily on the basis of the review
by the consulting expert. It is not widely appreciated
but the vast majority of patients who approach
lawyers with complaints about their physicians are
turned down (probably greater than 90%). Some
patients are actually grateful to know that they did not
receive substandard care, and equally important, that
they themselves did not contribute to the adverse
outcome. Despite any anger or frustration they may
have with the conduct or deportment of the physician
they often harbor notions of their own complicity in
an adverse outcome, especially when there has been a
brain-damaged baby. If they had only not skipped an
appointment, not used the hot tub, not gained so
much weight, etc Being turned down in a request to
sue a physician may have positive benefits of closure.
It may indeed help them to forgive themselves. While
it is quite uncommon to pursue a lawsuit based solely
on an emotional misdemeanor by the physician, it
becomes a powerful incentive to bring a lawsuit if the
care has also been negligent. As will be seen in the
statistics below, many negligent physicians are
exculpated or avoid lawsuits entirely not because of

the facts of the case, but by a becoming demeanor to
the patient or to the jury. Other physicians have been
found negligent, not because of their care, but by their
indifference toward the patient. It is this author’s
experience that the minute the jury perceives that the
physician does not care vindication of his medical
conduct is not possible.

Thus, to label as ‘frivolous’, as many physicians
have, all cases that plaintiffs lose, or are settled ‘for
economic reasons’ or are dismissed trivializes the tort
system, the lawyers, the patients, the opposing expert
witness and, in its way, impedes the solution of the
malpractice problem and foments more error. This
posture reveals an inadequate understanding of the
dynamics of expert allegations, settlements, jury
verdicts, and even the process of peer review.

Given the affirmative report by his expert, the
attorney is legally obligated to pursue discovery –
the accession of all the relevant clinical data from
the medical records or other sources. To flesh out the
records and to understand something of the
personality of the defendants, depositions are taken of
the relevant treating or factual witness – sometimes
including the custodian of records, etc. and the
various medical experts.

The defense against the allegation of failing to meet
the standard of care of a malpractice case centers
around issues of customary practice, clinical practice
guidelines, informed consent, and differentiating error
from complication. In judging the conduct of the
physician in a court of law, the court is guided by a
notion called ‘reasonable conduct’. Indeed, it is
sufficiently vague as to require the participation of
an expert witness to state what is and what is not
‘reasonable’ conduct. At least theoretically, the creation
of clinical practice guidelines would simplify and
implement broadly understood practices subscribing to
a quality of care that could be objectively measured. At
the same time, the quality of care would be improved
and iatrogenic injury diminished.

There has been a broad implementation of ‘clinical
practice guidelines’ from various hospitals, professional
organizations, and the government itself. A clinical
practice guideline is any guide to the clinical manage-
ment of a patient. These guidelines vary widely
according to the purpose for which they are written
and who has been selected to write them. They may
be driven by medicolegal issues, by the cost of care, or
by the quality of care. While great emphasis has now
been placed on the process of writing guidelines,
many providers have become concerned with the
basic precepts of guidelines, including the possible
emergence of ‘cookbook’ medicine, the effect of
patient variability, and the need to keep guidelines
flexible, current, and credible.22,23

Clearly, one impetus for the creation of clinical
practice guidelines for specific medical conditions
and their treatment was the notion that they would
help avoid or defend malpractice claims. Indeed,
someday they might replace the ‘reasonable conduct’
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standards and their dependence on expert testimony
in medical cases and thereby discourage both
defensive medical practices and spurious claims –
after all, it is the medical profession and not the juries
that establish the standard of care; the jury just
attempts to find out what were the standards that the
medical profession had set for itself in any given
situation and then to determine whether those guide-
lines were appropriately and reasonably followed.
There are several problems with the use of ‘guide-
lines’. First, they may not be usable (admissible in
evidence) at all. Because of the wide range of reasons
for creating guidelines (care, costs, medicolegal
protection) in many states, such guidelines constitute
‘hearsay’ in great measure because their author is not
in court to be cross-examined. Finally, having
followed the guidelines may not mean malpractice
was not committed. Scrupulous adherence to the
relevant guidelines for an amputation, for example,
avails nothing if the wrong leg has been amputated.
Thus, it is that the notion that compliance with
guidelines renders the clinician immune from lawsuit
has not been upheld. Consensus, after all, is not
necessarily wisdom, or applicable in all cases!

When the opinions of the opposing experts conflict
irreconcilably over this issue, the jury comes face to
face with the logical conundrum. Is the disagreement
related to lack of awareness of the standards or is one
of the experts lying? The jury assesses the credentials
and the credibility and various other sources of
information, to help them decide which expert is
more credible in relating the individual patient’s care
to the prevailing standards.

One of the most widely quoted and misunderstood
guidelines requires that institutions be capable of
instituting an emergency cesarean section within
30 min of decision.24 Some institutions cannot meet
these guidelines reliably while others maintain a
standard that can result in an emergency cesarean
section in 10 min or less. While several studies have
attempted to determine the reasonableness of ‘the 30-
min rule’, neither the studies nor the guidelines take
into account certain realities or certain remedies.24

The 30-min rule is shorthand designation for a more
encompassing principle that, under certain conditions,
performance of a cesarean section should be carried
out as quickly as possible consistent with concern for
the health and well-being of the mother and fetus,
preferably within 30 min. But what is the standard if
there is already one cesarean section in progress, or
two? Under these circumstances, a delay becomes
‘reasonable under the circumstances’, notwithstanding
the fact that the standard of care required an earlier
cesarean section. However, if a physician is late in
realizing the need for cesarean section or is ready to
operate within 20 min but fritters away 10 min
beforehand, his conduct cannot possibly comport
with a reasonable standard of care, even if the patient
is delivered within 30 min. Further, it stands to reason,
that institutions normally unable to consistently meet

the 30-min rule must modify their practices and
exhibit a willingness to prepare for cesarean section
early (even if it proves unnecessary) in anticipation of
problems and make special arrangements for unique
situations such as vaginal birth after cesarean (VBAC).
Thus, the failure to meet the 30-min rule is rarely by
itself a telling plaintiff’s allegation. Much more
frequently, the plaintiff’s allegation is that the failure to
properly interpret the fetal monitoring tracing or to
properly estimate the feasibility of safe vaginal delivery
hopelessly delayed the decision in the first place,
irrespective of the ‘decision to incision’ interval.

There is frequent debate over whether ‘official’ pro-
nouncements such as the 30-min rule are to be construed
as monolithic ‘standards of care’. More reasonably,
it seems, that irrespective of whether these writings
are entitled practice parameters, guidelines, standards,
apocrypha, hints, clues, etc., the imprimatur of an offi-
cial body, gives any statement about care the force of a
‘standard’. Indeed, during litigation, both sides are apt
to offer these professional publications as standards
to support their case irrespective of the disclaimer
that these recommendations are guidelines rather
than standards of care. Thus, guidelines, whatever their
provenance, are never ‘medicolegally binding’ and can
be directly and reasonably contravened by a thoughtful,
alternative choice of care – that is annotated!

Informed consent
Similarly, the patient has rights, no matter how
appropriately they may be exercised, to influence
decisions about her care. In dealing with matters of
informed consent, most courts in the United States
look to what a reasonable patient would want to know,
not what a ‘reasonable physician’ would have said. The
courts have on several occasions been asked to
intervene in circumstances involving the refusal of
treatment by a pregnant woman, refusal that nominally
threatens the life and well-being of her fetus and
herself. While the courts’ responses have been varied,
there is general consensus among the specialties that
these ethical (not legal) issues should not be resolved
in court and that considerable ethical weight should
be given to the mother’s decision as long as the
consent has been proper and there has been no
coercion. Lawsuits based entirely on informed
consent are quite uncommon, but most such cases in
obstetrics seem to involve VBAC, the use of operative
delivery, and the decision to induce labor with a
previous history of shoulder dystocia. If the consent
document signed by the potential VBAC patient, for
example, is to truly represent that her consent is truly
‘informed’, it must reveal the patient’s understanding
that she may either undergo an elective repeat
cesarean section or, if she is a suitable candidate,
attempt a VBAC. She must understand that not all
patients are candidates for VBAC and that not all
VBAC attempts will result in successful vaginal
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delivery. She must be aware that some of the
determinable clinical factors that affect the success of
VBAC become apparent only in labor. The patient
must also understand that all pregnancies carry a
small risk to both mother and fetus, whether or not
the mother has had a previous cesarean section. In
patients with a previous cesarean section, the risk of
uterine rupture during a VBAC is approximately 1%
and this occasionally may result in serious, potentially
life-threatening complications for the mother or the
baby. If the patient initially agrees to attempt VBAC,
she needs to understand that she is entitled to an
updating of the likelihood of success and to change her
mind at any reasonable time and to obtain a cesarean
section even during labor. Finally, the patient should
understand that no decision, however thoughtfully
made, or however reasonably pursued, guarantees a
normal outcome for the mother or the infant.

The reader may now compare this approach with
the deliberations in an informed consent case that was
decided by the Wisconsin Supreme Court and that
stretched the limits to which some physicians would
go to reduce their cesarean delivery rate. In this case
a patient presented with a history of two previous
cesarean sections, the first undertaken for arrest of
labor after 17 h (the second was elective); she had
agreed prior to labor to attempt VBAC.25 During labor,
in the face of slow progress and severe abdominal
pain, she changed her mind and repeatedly requested
a cesarean section. Just as often the obstetrician
maintained that it was unnecessary. The obstetrician
commented, ‘… if I performed cesarean section on
every woman who wanted one then all deliveries
would be by cesarean section’. Intimidated, the patient
no longer requested cesarean section. Ultimately, the
uterus ruptured and the child was hopelessly injured
despite delivery within 30 min. The physician
defended his conduct on the ground that the original
informed consent should prevail throughout the labor
and that the standard of care had been met by the
‘timely’ delivery within 30 min. He noted that the
patient had reaffirmed upon admission her earlier
willingness to undergo a trial of labor and he main-
tained that labor continued ‘without objection’.

The court (inviting the implication that the patient
had been coerced) rejected the defense position that
the patient’s resignation implied acceptance of a
continued trial of labor.25 The court did not comment
on the change in the medical situation (dysfunctional
labor, unexplained abdominal pain) that required
medical reconsideration of the case and updating of
the informed consent. The court did, however,
conclude that the legal situation had changed:

Where two or more medically acceptable options for
treatment are present, the competent patient has the
absolute right to select from among those treatment
options after being informed of the relative risks and
benefits of each approach. But consent, once given, is not
categorically immutable and the patient was entitled to

withdraw her consent to VBAC. That indisputable
withdrawal, placed the patient and her physician in their
original position – a blank slate on which the parties must
again diagram their plan which in this case would have
resulted in cesarean section.

It was foreseeable that as a backlash to the alarm
generated by this verdict along with other reports and
settlements, many hospitals no longer permit VBAC
deliveries and an increasing number of malpractice
insurers are limiting their indemnification of
physicians performing VBAC deliveries!26

Complication or error?
The ‘recognized risk defense’, asserts that the
undesirable outcome or injury in question is nothing
more than an unavoidable complication – an under-
standable and acceptable risk of a properly considered
and provided treatment. Accordingly, so long as the
patient is reasonably apprised of the more serious and
the commonplace risks and participates in the
decision, in theory there can be no issue of negligence.
A typical example is subgaleal or intracranial hemorrh-
age in the newborn following vacuum-assisted delivery.
Indeed, every obstetrical text devotes significant space
to such complications but only rarely do they include
a full discussion about preventability or even the
distinction between complication and negligence. Is
intracranial/subgaleal hemorrhage following vacuum
extraction, for example, an unavoidable risk or, in some
instances, the result of negligence and how would that
be determined?27 Similarly, is brachial plexus injury
after shoulder dystocia a foreseeable event related to
excessive lateral traction on the fetal neck, antici-
pated by multiple risk factors, or is it a totally
unpredictable, unpreventable injury always unrelated
to the care of the physician during delivery. In the
courtroom, the plaintiff’s attorney will use the statistics
on complications as follows. A ‘recognized com-
plication’ does not preclude that the complication was
caused by negligence. Indeed, none, all, or only some
of these complications may represent negligence. For
example, if 2% of all drivers run red lights, running
red lights is a known complication of driving, but it is
also a case of negligence. The most likely situation is
that some of the injury is potentially avoidable. Thus,
that a given adverse outcome is a known complication
of a procedure tells an attorney nothing. The attorney
wants to know why the complication occurs and,
more importantly, why it occurred in this particular
case.

Pursuing the case
If the case is pursued, it may be settled by an
agreement of the parties or may go to trial. While the
physician believes himself disadvantaged in this
system of finding fault, in reality the law gives health
care providers considerable advantage. They are
advantaged by the presumption of non-negligence.

230 Malpractice issues in perinatal medicine: The United States perspective

Kurjak-22.qxd  5/9/2006  11:38 AM  Page 230



They do not have to be right in their care, just
reasonable. The law denies the jury the right to decide
medical issues and even requires expert witnesses
from the profession itself. After an agreement to settle
the case or after an adjudication that finds the
defendant negligent, his insurance company bears
the costs of both economic losses (lost earnings and
medical bills) and non-economic losses, so-called
‘pain and suffering’. The system is maintained in
balance by the provision of insurance for both
hospitals and physicians based on a pooling of risk,
historically through separate lines of insurance.13,28

This minimizes the risk of bankruptcy by a single
large payout and because resources are available to
compensate patients. The cost of insurance coverage
for hospitals is typically linked to the history of
claims from year to year, an arrangement known as
‘experience rating’. Physicians, on the other hand,
unless their experience is extreme, are generally not
risk rated, a potentially contrived actuarial practice.29

In practice, this theoretically balanced system falls
short of its objectives, as illustrated in the ‘ire and
angst’ of contemporary malpractice litigation.13 This
chapter, written at the end of 2004, will therefore
attempt to review some of the competing, nay dueling,
agendas that are being brought to bear in the medical,
legal, and political arenas. The enterprise redounds
with myth and divisive and often contradictory data –
sometimes of dubious provenance. The dust of the
latest in these, increasingly disagreeable, epochal
skirmishes for the malpractice ‘high road’ has not yet
settled and is unlikely to be settled to everyone’s
satisfaction in the near future. In the authors’ view,
this situation prevails because each side, for its
particular reasons, is unwilling to make the tort
system work as it was designed to. Indeed some of the
issues raised are ethical in nature, beyond the
purview of the courts and the legislature.

Malpractice mythology – the failure
of medicolegal education
An enduring feature of the malpractice upheaval in the
United States (and almost nowhere else) is the
ignorance of malpractice doctrine in the medical
community and beyond. Not only is there widespread
fear of being sued, but there is also a great mispercep-
tion about the requirements for proof of malpractice,
the outcomes of lawsuits, and the reasons patients sue.
There is little appetite to deal with the major litogen
(a factor promoting lawsuit) – physician behavior.

Some current mythology: ‘Malpractice relates to
the incompetence of a few bad physicians’; ‘Anyone
can sue, everyone wins’; ‘Every case resulting in CP
will come to lawsuit’; ‘The system is unfair and favors
the plaintiff’; ‘Patients who sue are greedy, ingrates’;
‘Judges and juries cannot understand medicine’;
‘Losing a lawsuit raises premiums and besmirches the
physician’s name in the community’; ‘The plaintiff’s

attorney and the expert are the enemy, along with the
judge, jury, insurance company’; ‘Malpractice doesn’t
make care better’; ‘The majority of suits in medicine
are frivolous whether they are settled, dropped, go to
jury trial, or lose’; ‘We’re living in a time when people
have a higher expectation from physicians – that until
proven otherwise, it’s the doctor’s fault’; ‘The system
is overrun with runaway juries and jackpot justice,
with sinister lawyers and opportunistic plaintiffs
preying on virtuous corporations, hospitals, and
doctors in search of that big payout from the lawsuit
lottery’.30

There is almost a universal belief that the injured
child’s appearance in the courtroom elicits sufficient
sympathy from the jury for the plaintiff to win the case.
Physicians, however, win about 80% of lawsuits that
do go to court. It is naive to believe that these were the
cases in which the plaintiff’s attorney forgot to bring
the affected child into the courtroom. More reasonably,
it is the thoughtful, compassionate physician, who
manifests his sympathy and compassion, who most
easily obtains the jury’s favor and a favorable verdict.

The defendant is often unaware of the statistics that
about 40% of cases are dropped and about 50% settle,
sometimes as befitting the merits of the case and
sometimes as a calculated strategy that limits expo-
sure of assets. The physician who is terrified by an ad
damnum clause (demand for damages) that greatly
exceeds his insurance policy limits is rarely in our
experience reassured by his own attorney that the
risk to his/her assets is essentially nil. The authors
are unaware of any malpractice suit involving an
obstetrician who was covered by a reasonable policy
and who, despite a verdict that exceeded the policy
limits, had to pay any money out of his own pocket.
Despite counseling, the frightened obstetrician does
‘not want to be the first one’. To some extent the
defense attorney may be excused for failing to under-
stand how impoverished the physician’s medicolegal
education is. As one American physician put it:

I fought in the battle of the bulge in World War II. We
were trained, we were fighting a good cause and we were
armed. I felt safer then than I do in a malpractice suit.

Education is the antidote to disabling myth.
Medical and legal organizations have long recognized
the importance of legal medicine and have repeatedly
recommended its study by physicians in training –
with minimal success. In 1952, the American Medical
Association (AMA) advised that ‘No medical student
should be permitted to receive his medical degree
without instruction in legal duties’. Four decades later,
less than 50% of medical schools had medicolegal
courses, considering the subject too unimportant to
teach. Even fewer schools have any formal instruction
on communication and dispute management skills.
Many medical schools feel that the intense curriculum
leaves no room for such instruction, and that the
ability to communicate and deal with conflict is part
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of the student selection process, which is to be refined
following their didactic medical school training,
during their apprentice/mentor training of internship
and residency.

Kollas, in 1997, studied the medicolegal knowledge
base of senior residents in internal medicine. Only
28% felt they had been adequately trained in the
subject. Only 26% could list the requirements for proof
of malpractice, i.e. the four Ds.31,32

A national survey of physicians in 1999 revealed
that 58% had faced malpractice charges and that more
than 20% had been sued at least three times. Almost
70% expected to be sued during their career. Despite
the fact that physicians win the vast majority of cases
that go to court, more than 75% of physicians polled
felt that lay juries were not capable of deciding
malpractice cases! While ready to admit that everyone
makes mistakes and that they had made mistakes in
other cases, virtually all physicians believe that the
cases filed against them had no merit.33 Something
(read tort reform) must be done, physicians cry, to stem
the tide, to eliminate the reign of terror by the plaintiff’s
attorneys. Plaintiff’s attorneys and some consumer
groups also want to stem the tide as they see it – the
tide of medical error, the tide of unsympathetic,
unapologetic, and ill-informed physicians.34

When all of these myths are wiped away, the most
devastating myth or fiction about malpractice, the one
that resides deepest beneath the surface, is that the
allegation of malpractice represents the allegation of
incompetence, or misanthropy, or malice. In fact, it
simply represents an allegation of fallibility – being
human and being capable of error. Imagine the
response of the physician who believes that he or she
is being accused of malice – the intention to do harm.
The allegation of malice is precluded by the precepts
of tort law and is rendered improper by the
Hippocratic Oath by which the physician swears to
‘First, do no harm’ and, by implication, to ‘intend no
harm’, i.e. malice. Judges and jurors understand that
the physician, like the speeding driver, did not intend
harm. But the physician’s good intentions are not the
test of reasonable performance and the profession will
be unlikely to regulate itself without fundamental
understanding that the legal rules of evidence in
negligence cases, including malpractice, exclude the
accusation of the intent to harm. When misunder-
standing about the law is combined with an appreci-
able incidence of medical error and a high resistance
among physicians to report errors,35 then it seems that
the ‘culture of secrecy’ derives in part from a ‘culture
of fear’.36 Thus, despite the attention to the subject of
medical error and the formation of organizations
devoted to patient safety, there has been little demon-
strable evidence of a reduction in medical error. The
solution will involve changes not only in the conduct of
care but also in the educational, ethical, and emotional
components associated with medical errors.37

We will attempt, in passing, to deal with these
notions, but perhaps the following experiences will

assist the reader to focus on the issue of patients’
expectations of a perfect outcome. The senior author
delivered his first baby as a medical student about
1963. After the delivery, the first words out of the
mother’s mouth were, ‘Is my baby alright?’ He would
deliver his last baby about 40 years later and the first
question this mother asked was exactly the same as
the question asked by the mother 40 years earlier. In
the intervening 40 years, the ultrasounds, computers,
and monitors of every description have allowed us to
visualize the fetus, characterize its genetic composi-
tion, and determine its behavior, its growth, and its
tolerance to hypoxia. As a result, there has been a
dramatic reduction in the risk of fetal anomaly or
death, especially during labor. Labor rooms have
become intensive care suites with remote surveillance
capabilities. Indeed, it has never in history been safer to
deliver a baby, or perversely, to be sued for negligent
care. Everyone, patients and physicians included,
understands that there are no guarantees with preg-
nancy and under the best of circumstances, consider-
ing the stakes, not all outcomes are perfect. As with
all medical care, there is always an element of
uncertainty – about care and about outcome. Are
lawsuits generated by those patients who fail to
understand this principle or by physicians who,
confronted with a bad outcome, fail to educate their
patients or respond compassionately?

With regard to the notion that the presentation
of the handicapped child in the courtroom dooms
the defense case because of sympathy for the child, the
author has witnessed the following situation in the
courtroom in the case of a neurologically handi-
capped infant. After their deliberations, the jury
returned to the courtroom to announce their verdict
before the judge and the various parties. When the
judge asked for the decision of the jury, the foreman
arose and asked the judge if he could first make a
preliminary statement on behalf of each of the jury.
With tears in his eyes, the foreman acknowledged that
over the course of the trial the members of the jury felt
that they had come to know and care for the parents
and the afflicted child. He further stated that he
wanted to extend from each member of the jury both
their best wishes for the future and their considerable
concern about the future support of the child. They
did not find the physician negligent.

In medicine today there is considerable enthusiasm
for ‘evidence-based medicine’, epidemiologically
driven decisions, and structured reimbursement.
There seems much less appetite for ‘evidence-based
law’. The initiatives derived from evidence-based
medicine seem driven as much by motives of cost
control as by the hope for better health care services.
Similarly, the avoidance of error, such as the use of
automated medication ordering and dispensing, and
the efforts of risk management (safeguarding assets)
while contributory may not directly enhance the
quality of care. The extraordinary response to the
Institute of Medicine study has led to a nationwide
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movement to find ways to reduce error and increase
patient safety. The foundation of these efforts is based
on increasing the ease and confidentiality of error
reporting, as well as the facilitation of root cause
analysis systems, team approach techniques, and
improved communication and dispute management
techniques, all with the goal of improving patient care.

In this way, the avoidance of error and the efforts of
risk management (safeguarding assets) have become as
important as, if not more important than, ensuring the
quality of care. The breadth of malpractice mythology
and the detestation and fear of the malpractice system
by the physicians and organized medicine have
distracted our attention from the public’s concern
about the ineffectual efforts to improve outcome
whether by the adoption of higher standards, improved
educational processes, or the meaningful activities of
peer review committees and professional societies.

Peer review
In 1973, the U.S. Congress enacted legislation
requiring physicians to initiate Peer Review
Organizations to monitor the utilization and the
quality of hospital and physician services in the
federally funded Medicare program. Now more than 30
years later we must acknowledge the lack of a gold
standard, medical or legal, for reviewing allegations of
negligence and dealing meaningfully with medical
error. Peer reviews produce inconsistent agreement
and operate without formal rules or guidelines for
review.38 They are left to the local hospital,39 and
although the American College of Obstetricians and
Gynecologists (ACOG) has attempted to provide
outside review to individual hospitals, there is no
analysis of such efforts.40 The majority of ‘true’ peer
review exercises are driven by adverse outcomes and
do not represent systemic reviews of the numerous
latent processes promoting adverse outcome. These are
left to the occasional review of a ‘sentinel event’. With
peer review the rules for reviewing records and for
obtaining agreement about either the severity of any
departure or the impact on the offending physician are
inconstantly applied and haphazardly administered.
Peer review requires the presence of the physician – an
overt acknowledgment of the fact that medical records
are often silent about important questions whose
understanding is necessary to determine the standard
of care. Despite the physician’s presence, the
deliberations of the peer review committee are not
backed up by systemic reviews of the physician’s
conduct in similar cases. The system is not designed to
promote either patient education or an apology.

Peer review in obstetrics is especially problematic.
The medical records of the infant may not be present,
and there may not be anyone (neonatologists/
pediatrician) present to discuss the infant’s course
and the impact of the obstetrical care on that course.
The patient, moreover, is rarely, if ever, questioned
about her perceptions of the care! Invariably, there is

no long-term follow-up, especially if the infant is
transferred to another hospital. Imagine, therefore, a
discussion at a Peer Review Meeting of the medical
conduct in a case of shoulder dystocia and brachial
plexus injury. The medical record is silent about the
use of fundal pressure – as it should be: fundal
pressure should not be used to relieve shoulder
dystocia. As a result, the physician who had carefully
documented a normal sequence of maneuvers was
exonerated. During the malpractice case, however,
incontrovertible evidence was produced that the 263-
lb anesthesiologist was exerting sufficient force on top
of the patient’s abdomen to produce considerable pain
and broad ecchymoses. The case was settled on behalf
of the plaintiff!

Other complaints of lack of due process, poor
reproducibility, and motivation by non-medical/non-
scientific considerations plague discussions of the
peer review process whether involving the practicing
physician by a hospital department, the review of a
manuscript submitted for publication, the funding of
grants submitted for research, or the evaluation of
expert testimony by professional societies (Judson,
Cohen, Pegalis, American College of Physicians).41,42

Peer reviews are conducted by people from the same
department of the hospital and in many states are
safeguarded from legal scrutiny under the common law
privilege of self-critical analysis, a privilege that
protects and encourages quality assessment, but that
secrecy, in the final analysis, may be counterproduc-
tive for the ultimate objective of improved patient
care and better transparency of medicines self-
governance.34,43 At its most collegial, colleagues of the
physician being reviewed are likely to minimize error
on the notion that when their turn comes, similar
cordiality and extenuation will prevail. After all, the
objective of the process of review is not to find fault
or apportion blame, but to improve outcomes for the
future.44 The greatest failure of error is the failure to
learn from it.

Gawande in an article in The New Yorker describes
a surgical peer review exercise and the limitations of
this process. He admits that he had made a serious
medical error, but he was not obligated to face the
peer review committee directly and the committee
did not deal directly with the error itself in any
remedial way.45 Under the heading of ‘the banality of
injury’, Gawande acknowledges that medial error is
ubiquitous and makes the point that medical error is
not the province of a select few culprits as common
wisdom suggests. He avers, ‘There are no “incompetent,
unethical, negligent few”, no basket of “bad apples”
that conspire to taint all of medicine’.

Sometimes, however, peer review meetings may
not be cordial and the meeting may become the venue
for limitation of privileges or dismissal. Here, the
purpose is not educational or remedial but political or
economic, described under such appellations as
‘economic credentialing’ or ‘sham peer review’. At
these times, generally, hostility may prevail, the
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physician will have a lawyer present, and the battle
will be joined. It is the law, not medicine, that must
safeguard due process in these cases. If it can be
shown that the peer review process was being used
for purposes other than those related to medical care,
the deliberations of the committee may no longer be
protected. In either circumstance, it is an expensive,
unsatisfying experience for which physicians have
little appetite – whatever the outcome.

There is evidence that the knowledge of an adverse
outcome (hindsight bias) may cause the peer review
committee, like the expert in a malpractice case, to
criticize retrospectively the decisions of the treating
doctor.46–48 While it might be better to withhold
outcome information in both circumstances, it seems
neither practical nor enforceable. While a 1988 study
of anesthetic mishaps from a national database found
strong agreement among anesthesiologist reviewers,49

a later study about on agreement among anesthesio-
logists assessing 12 actual malpractice cases whose
verdict was known has implications both for mal-
practice and peer review.50 Here, the intraobserver
agreement among observers was high (> 80%). Of the
eight cases with complete or virtually complete
agreement between respondent anesthesiologists,
three (37.5%) disagreed with the verdict rendered by
the actual juries. In addition, anesthesiologists showed
significant disagreement (> 30%) among themselves
in four of the case scenarios, indicating there may not
be agreement regarding the standard of care in these
clinical circumstances. Finally, anesthesiologists
predicted jury verdicts poorly, with success rates of
50% or less in 7 of the 12 case scenarios. It should be
pointed out that these reviews are usually parochial
matters for only rarely does the peer review evaluation
benefit from information obtained from the patient or
in the hospital review, from bona fide experts in the
field. These potential sources of enlightenment are
available in the courtroom.

While there are correlations between the risk of
lawsuit and such features of character as medical
school prestige, physician intuition, gender, and even
the apparently perverse inverse relationship between
current medical knowledge and the likelihood of being
sued, the fact is that most obstetricians are sued at least
once in their professional life.51 Repeat offenders may
sometimes occur, but are not a common problem. As
Gawande poignantly asks, ‘How do we keep good
physicians from harming patients?’ He and others
invite the inference that it is not the peer review
process that can accomplish this, in part because of the
dynamics mentioned above, but also because the
contributing causes to adverse events are often not
detected by current medical review processes.38 We
may also ask, what is the value of either peer review or
even malpractice suits in improving care?38,45

A study (generally known as the Harvard study)
commissioned by New York State in 1986, and released
in 1990, showed that although actual malpractice is
relatively rare, it is nevertheless underreported. If

anything, the study group believed that there were too
few lawsuits.52–54 Further, they wrote, ‘Physicians
tended to equate a finding of negligence with a
judgment of incompetence. Thus, although willing to
admit that ‘all doctors make mistakes’, physicians
were often unwilling to label substandard care as
negligent and were opposed to compensation for
iatrogenic injury. Given medicine’s delayed response
to the problem of medical error, including the limita-
tions of peer review, the public’s only alternative
therefore was for individual patients to try to hold
individual practitioners, one at a time, to whatever
medical standards could be upheld by lawyers and
expert witnesses.55 It may be true that to ‘address the
problem of iatrogenic injuries seriously, we must
reform the system of malpractice litigation’. What
seems equally true is that the problems of iatrogenic
injury and physician conduct cannot be contingent on
changing the tort system alone.

The role of the physician
These complaints about the system also serve to
camouflage the physician’s role in the genesis of
malpractice suits. ‘It has been estimated that, the risk
of lawsuit “seems not to be predicted by patient
characteristics, illness complexity, or even physicians’
technical skills”. Instead, risk appears related to
patients’ dissatisfaction with their physicians’ ability to
establish rapport, develop trust, provide access,
administer care and treatment consistent with reason-
able expectations, deal effectively with conflict, and
communicate effectively’.4 In an article by Hickson
et al., patients who saw physicians with the highest
number of lawsuits were more likely to complain that
their physicians ‘would not listen or return telephone
calls’, were ‘rude’, and ‘did not show respect’.2 Such
complaints, furthermore, were similar to those
documented in interviews with families who sued
their physicians. Patients are less likely to sue (about
50% less) even for moderate and severe mistakes if the
physician informs them of the mistake (basically,
apologizes).

For the reasons mentioned above, physicians are
untrained in the art of apology. It may seem
counterintuitive for many physicians that one can
accept responsibility for an outcome without
admitting blameworthiness.56,57

In an analysis of 500 claims in obstetrics and
gynecology, B-Lynch et al. show that 46% were
misguided allegations and about half were due to
incompetent care, an error of judgment, lack of
expertise, poor supervision, or inadequate staffing.
The other half were due to poor communication and
‘misguided allegations’, for which they recommend
an alternative course of dispute resolution combined
with improved communication.58 Parenthetically, the
more time the physician spends with a patient the
greater is the satisfaction of both patient and
physician.59 In a survey reported by the ACOG,
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physicians reported wholesale changes in their
practices (Table 22.2) and their fees as a result of
malpractice suits – including greater consultation
with the patient.60

In 1997, a highly publicized article recommended
that when doctors make a mistake that harms a patient,
they should tell the patient what happened, apologize,
and do whatever it takes to repair the damage.61 Basic
professional ethics aver that patients have a right to
know what happened to them. It seems like the right
thing to do as part of the physician’s responsibility to
his patient and it may be therapeutic for the physician
who may feel guilt and distress. Telling the truth may
also strengthen the patient’s faith in the doctor while a
cover-up that fails, as many do, may anger the patient
and make him/her more inclined to sue. Cover-ups also
antagonize juries. Medicine is a human enterprise and
error (i.e. fallibility) is part of being human. ‘We are
programmed for error’.

Understandably, the notion of admitting error has
drawn skeptical review from the medical community,
the insurance companies, and the defense bar.62 They
fear that admitting mistakes will ‘open the floodgates’
to lawsuits and hurt their reputations and careers.
They fear also that without tort reform to decrease the
number of malpractice suits and large settlements,
and to reduce the punitive implications of existing
reporting, few doctors could risk owning up to errors.
The notion that telling the truth, apologizing, and
reaching out to a family in grief can defuse some of
the anger and polarization that characterize a typical
lawsuit becomes hostage to the notion that every word
you utter in consolation or contrition is an admission
that can be used against you in a court of law. On top
of that, defense lawyers then order doctors to say
nothing until all the facts are in, and then to say
nothing. It seems obvious to state that until legislative
protections maintaining such admissions are enacted,
it is very likely that lawyers will continue to order
doctors to say nothing until all the facts have been
ascertained through discovery, and then to say
nothing. But is this a medicolegal problem, or is it an
ethical problem?61,63,64 Baldwin suggests that

increased levels of moral reasoning may diminish the
risk of malpractice suit,65 making legislative
protection unnecessary.

The Joint Commission on Hospital Accreditation
(JACHO) standards require the disclosure of sentinel
events and other unanticipated outcomes of care to
patients and to their family members when appro-
priate. Hospital administrators, fearing medical
liability suits, are reluctant to comply with this
standard.66 If disclosure is taken a step further to the
offer of an apology, hospitals and physicians are even
more likely to gravitate to traditional ‘defend and
deny’ behaviors. Apology as it turns out is yet one
more control that physicians exert over the risk of
lawsuit. Thus, a prompt explanation of what is
understood about what happened and its probable
effects; assurance that an analysis will take place to
understand what went wrong; follow-up based on the
analysis to make it unlikely that such an event will
happen again; and an apology will likely reduce the
risk of lawsuit and heal, rather than harm, the
physician-patient relationship.67 In fact, a growing
number of hospitals, doctors, and insurers have come
to accept that genuine disclosure and apology may
reduce error-related payouts and the frequency of
litigation.9,59,68,69 Further, a growing number of states
are passing (‘I’m sorry’) laws that protect an apology
from being used against a doctor in court.68 Despite
the ethical imperatives underlying such disclosure, it
seems likely that more such fundamental protections
will be needed before these practices become
commonplace.

Common areas of litigation during labor
General problems relating to litigation in medicine
include documentation, communication, institution
of a chain of command, or internal systems conflicts,
when there are unresolved disagreements between
individuals, departments, and all levels of health care
providers, such as between physicians and nurses or
physicians and administrators. Of most concern are
the attitudinal problems involving the interaction of
nurses and physicians, which receive too little
emphasis and are particularly difficult to change.
Their potential serious impact on the ability of an
obstetrical unit to provide ‘high-reliability care’ has
been discussed at length by Simpson and Knox.70 Of
the many specific types of cases, only some will be
briefly discussed here: (1) the failure to properly
interpret fetal monitoring tracings, (2) the poor
conduct of operative vaginal delivery, (3) the
management of the large infant and shoulder dystocia
resulting in either in brain damage with death or
subsequent CP, or (4) the infant with brachial plexus
injury (sometimes both).

Along with the measures taken by physicians in
response to the threat of malpractice (Table 22.2), the
profession, especially obstetrics, has embarked upon
a series of defensive ‘scientific’ initiatives to modify
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Table 22.2 Malpractice-induced activities (from
ACOG, 1990)

Modality Percentage

Testing 76.2

Monitoring 73.3

Documenting 72.2

Informed consent 61.6

Consulting MDs 58.0

Patient information 51.2

Referrals 47.2

Staff presence 21.8
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its vocabulary and its accountability. Defensive
medicine is a practice designed not for the purpose of
answering clinical questions or directing therapy, but
for the purpose of preventing lawsuits or counter-
acting plaintiff testimony in court. The ACOG, for
example, has recommended the elimination of such
universally applied terms of art as ‘fetal distress’,
‘perinatal asphyxia’, and ‘stat cesarean section’ and
have modified the definitions of ‘low-’ and ‘mid-
forceps’.71–73 Further articles have created definitive,
unyielding requirements for the diagnosis of birth-
related injury and suggest that labor related injury is
rare and perhaps irreducible.74

Irrespective of motivation, these publications have
not been accompanied by any decrease in lawsuits,
any improvement in outcome, or any less defensive
posture on the part of the obstetrical community.
These efforts to make our specialty ‘fair of speech’ and
litigation-proof discount important mechanisms of
injury, diminish notions of medical judgment, inhibit
scientific inquiry into the timing and mechanism of
fetal injury, and delay the testing of new paradigms
for dealing with adverse outcome. These articles
attempt to influence the defense in these cases in
several ways. An inexperienced lawyer may turn
down a meritorious case because, as the guideline
states, ‘It is not possible to ascertain retrospectively
whether earlier obstetric intervention could have
prevented injury or cerebral damage in any individual
case where no detectable sentinel hypoxic event
occurred’, or because the umbilical artery pH was
> 7.0 despite obvious injury during labor or delivery.
In addition, by insisting that extreme derangements
in pH values are required to begin to make the
correlation between labor events and subsequent
neonatal injury, these criteria modify the level of
proof normally required in malpractice suits. The
burden of proof in these suits requires that the level of
confidence in the relationship between the events and
the outcome be more probable than not. It is well to
compare these pronouncements with a widely
respected authority of neonatal brain injury.

Brain injury in the intrapartum [period] does occur, [it]
affects a large absolute number of infants worldwide …
and represents a large source of potentially preventable
neurological morbidity. Among the many adverse con-
sequences of the explosion in obstetrical litigation has
been a tendency in the medical profession to deny the
importance or even existence of intrapartum brain injury.
(Volpe, Neurology of the Newborn, 3rd ed., 1995)

These issues have also been discussed at some
length for the brain-damaged infant75,76 and for
brachial plexus injury.77

Fetal cardiotocography (CTG)
In part, because of the pivotal role it plays in
malpractice cases, there have been attacks on fetal

monitoring that have come both from within the
profession and from without. In an article in the
Stanford University Law Review, Margaret Lent, a
young defense lawyer, argues that the widespread use
of electronic fetal monitoring (EFM) is both medically
and legally unsound.78 Ms Lent points to selected
clinical trials to demonstrate that EFM does not
reduce fetal mortality, morbidity, or CP rates. She
argues that because EFM has a very high false-positive
rate and its usage correlates strongly with a rise in
cesarean section rates so that it offers no medical
advantage over auscultation. Similarly, she argues,
EFM provides no protection in the courtroom.
Though obstetricians believe that they should use
EFM because its status as the standard of care will
protect them from liability, Ms Lent argues that given
its failings it may in fact expose them to liability.
She further argues that auscultation, at least as safe
and effective as EFM, is also more likely to protect
physicians from liability. Ms Lent concludes that
obstetricians have an obligation to their patients and
to themselves to adopt auscultation as the new
standard of care. She finds ‘no excuses left to defend
the continued use of EFM’. The medical literature can
be used to justify any position on monitoring,
including those of Ms Lent. Thus, it may be shown
that CTG increases the risk of CP and that ‘substan-
dard care’ protects against subsequent CP.

While failure on the part of the health care provider
to recognize clear fetal heart rate abnormalities is
frequently alleged in malpractice cases, to isolate the
CTG tracing under these circumstances frequently
oversteps its permissive role in obstetrical care. A
normal CTG pattern permits ongoing labor only as long
as safe vaginal delivery is a reasonable option. If the
pattern turns abnormal (rising baseline, decreasing
variability along with variable/late decelerations),
especially in the second stage, then the questions are
several. Can the pattern be ameliorated (by reducing
the oxytocin, moderating the pushing efforts)? If the
pattern cannot be ameliorated what is the feasibility of
safe vaginal delivery given the estimated fetal weight,
previous obstetrical history, position, presentation of
the fetal head, and progress in labor to this point?
Experience suggests that the vast majority of cases
hinge far more on the reasonableness of the conduct of
obstetrical care (especially the second stage) than on
the interpretation of the fetal monitor. Regardless,
reviewers of malpractice cases consistently find that
the CTG tracing has been frequently misinterpreted in
allegations of negligence.79

The legal climate
Most changes in both the medical and the legal
professions are evolutionary and it is often difficult to
define any sea change. The last three decades,
however, have witnessed a number of remarkable and
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epochal changes in the medicolegal climate in the
United States, with doubtless more to come. Many of
the changes derive from periodic surges in malprac-
tice premiums, reduced availability of insurance
coverage, and the exodus of major insurers from the
market first in the early 1970s, again in the mid-
1980s, a lesser event in the 1990s, and more recently
in the new millennium. In each epoch, affected
providers clamored for policy changes to inhibit
litigation.80 In the 1970s, legislatures established joint
underwriting associations to serve as insurers of last
resort,81 special state patient compensation funds were
introduced to absolve commercial insurers of
responsibility for specified dollar portions of malprac-
tice payments, and public reinsurance mechanisms
were established to fill gaps in the underwriting
market. By the late 1970s, the malpractice crisis had
abated – only to recur less than a decade later. In
Washington State between 1984 and 1986, for example,
malpractice premiums for obstetrics jumped approxi-
mately 100%. As a consequence, obstetricians
marched on legislatures or joined many family
physicians and midwives in an exodus from obstetric
practice. Those remaining in practice became more
reluctant to care for high-risk obstetric patients and
less willing to accept indigent patients and reduced
fees, irrespective of the fact that indigent patients, in
fact, appear less likely to sue.82 In many rural areas
across the United States obstetric care became
virtually unobtainable. Periodically, these circum-
stances galvanized legislative activity in virtually
every state and led to further far-reaching reforms
of existing tort and insurance law83,84 with some
stabilization of premiums – at least initially. After
almost a decade of essentially flat premiums,
premiums are rising exponentially, which is said to be
due to the increasing size of awards and insurers
leaving the medical malpractice business because of
diminishing returns on investment. This has been
aggravated by rising health care costs ($1.6 trillion in
2002 and increasing yearly), and efforts to control
physician income. The average annual increase in
health care costs from 2000 to 2004 was 12–16% with
predictions that, whether or not the result of negligent
care, they will rise by a further 8% in 2005, with
likely little containment beyond that.85

It is important to emphasize that premium levels
are responsive to a variety of factors besides litigation
dynamics, including previous losses, past and
expected investment returns, business strategies, and
the degree of state regulation of rate changes.86 A
January 2004 study found that nationwide, average
premiums for all physicians between 2000 and 2002
rose by 15% – a rate of rise almost twice as fast as per
capita total health care spending. Certain specialties
had even greater increases, including obstetricians/
gynecologists (22%) and internists and general
surgeons (33%).87 Neurosurgeons, obstetricians,
orthopedists, and emergency room physicians are

particularly likely to have premium rate increases.
The rates for obstetricians/gynecologists vary
nationally, but according to ACOG, between 2002 and
2003 about half of obstetricians/gynecologists were
experiencing increases of 10–49% in their insurance
premiums.

Premiums may influence physicians’ decisions to
join and leave the labor force, their choice of a
medical specialty, and their decision of where to
locate, creating the potential for undeserved patient
populations in certain specialties or geographic areas.
Rising malpractice premiums may also encourage
physicians to practice ‘defensive medicine’, perfor-
ming more tests and procedures than necessary in
order to reduce exposure to lawsuits. Parenthetically,
however, defensive medicine (ordering a test not for
the purpose of furthering patient care, but for the legal
protection of the physician) is indefensible in court.
Imagine the physician-defendant responding to a
question about the indication for a certain test with
the answer: ‘I didn’t want to get sued’. Both rising
malpractice premiums and defensive medicine
practices may contribute to the rising health care costs
and thus to an increase in health insurance premiums.

The choices for the obstetricians – short of some
windfall protection scheme – are leave practice, move
to a ‘more compliant’ state, give up obstetrics, obtain
employment where malpractice insurance is provided,
raise fees, discontinue seeing patients with restrictive
payment structures, or go bare, i.e. do not obtain any
malpractice insurance. For many, there is no good
option and their future will hinge on the least inimical
choice. Beyond physicians, these rapidly rising
medical malpractice premiums have again become an
issue of increasing concern about the health care
system for policy makers and the general public.

Underwriter data claims payments
The insurance industry also has its problems. In 2003,
insurers were paying out in claims and expenses
$1.38 for every medical malpractice premium dollar
collected. (National Underwriter Data Services).
Results have deteriorated steadily from 1998, when
the rate of return was −7.6. Medical malpractice
insurers’ return on net worth was −7.4% in 2002,
down from −4.7% in 2001.88 Results in 2002 were the
worst in the following states: Arkansas, Nevada,
Montana, Mississippi, Illinois, and Missouri, with a
return on net worth ranging from −33.7% in Arkansas
−24.4% in Missouri. In reality, even in the good years,
premiums rarely cover payouts. The system works in
part because premiums are invested and with at least
a modest return permit the insurance company to
make a profit. This is abetted by the fact that
malpractice suits, especially, take a long time to
resolve – about 4 years on average.

The average claim payment rose almost 8% per
annum from $95,000 in 1986 to $320,000 in 2002
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despite the fact that the frequency of claims per 100
doctors has remained more or less constant. Only about
30% of claims result in insurance payouts, but
expenses for cases, especially obstetrical (brain-injured
baby cases), where there is no payout are consider-
able18. Concurrently, insurance companies, along with
the population at large, faced reduced income from
investments to help offset underwriting losses.

Another study in 2004 found that hospital
professional liability and physician liability claims
costs have increased at a steady 9.7% since 2000 and
are likely to rise at the same rate in 2004. Frequency,
or the number of claims, is growing at 3% a year;
claim severity (the dollar amount) is increasing by
6.5% annually. Hospital liability claim costs for 2004
are expected to reach almost $150,000 per claim, com-
pared with $79,000 per claim in 1996. The average
claim against a physician is expected to reach
$178,000, compared with $120,000 in 1996.89

Jury awards and settlements
In early 2005, a Towers Perrin study found that over
the 28 years since 1975, when they were first identi-
fied separately, medical malpractice cost increases
have outpaced those in other tort areas, rising at an
average of 11.8% a year, compared with 9.2% for all
other tort costs. In 2003, medical malpractice, at
almost $27 billion, cost each American an average of
$91 a year. This compares with $5 a year in 1975.85

Recent data suggest that while jury awards are
stabilizing and the frequency of claims may be
decreasing, the severity of malpractice claims is
increasing and the range of awards is moving upward.89

Median medical malpractice jury awards have held
steady at about $1 million over the 3 years
2000–2002.90 Awards ranged from a low of $11,000,
almost double the amount of the previous year, to a
high of $95 million. The average award in 2002 hit
$6.25 million, up from $3.91 million in 2001.
However, only a small fraction of cases go to trial and
very large awards are frequently reduced after the fact
and after the publicity.

The costs of perinatal injury are quite high, relative
not only to the costs of settlement and defense but also
to personal and professional upheaval for all
concerned. As Simpson and Knox have pointed out,70

the perspective of human and system factors reveals
themes, context, and conditions common to accidental
injury in other high-risk domains. According to the
Jury Verdict Research, in 2000 the median jury award
for neonatal neurological injury had increased to $5
million compared to $725,000 in 1994, with 76% of the
jury awards valued at greater than $1 million
(compared to 40% in 1994).90 Higher awards were
more likely to occur when the hospital was the sole
defendant than when both were defendants.

Conventional wisdom holds several contributing
factors to account for the increased incidence of

malpractice claims. (1) People are more litigious; it is
part of our culture and extends everywhere from
lawyers themselves to city governments. (2) Given the
media coverage and watchdog groups, there has been
an increasing understanding by the public of the
fallibility of physicians. The Public Citizen Health
Research Group, and the more recently formed groups
emphasizing both medical error and the need to
improve care as part of tort reform, have also helped
fuel the public’s demand for change.34 (3) Another
factor is the diminishing intimacy of the patient-
doctor relationship fomented in part by larger changes
in the way health care is distributed (HMOs), by
increasing overhead and by deteriorating reimburse-
ment schedules. (4) Then, there is the increasing
availability of medical experts to testify in malprac-
tice cases (the breakdown of omerta). (5) Also, there is
the increasing assertiveness of the courts and the
increasing sophistication of the plaintiff’s bar with
more careful selection of meritorious suits. (6) Last,
there is the need for assistance with financing medical
bills. Indeed, there is a seeming increase in the
frequency of lawsuits for the ‘damaged child’, in part
due to the large verdicts sometimes realized but also
due to the increasing incidence of CP related to the
increasing survival of low birth weight infants and the
costs thereof.

Several clinical practices and media attention
would seem also to be impacting on the frequency
and type of lawsuit. As an example, the United States
Food and Drug Administration (FDA) issued a
national advisory on the risks of vacuum extractors.91

This was rapidly followed by a nationwide television
program emphasizing some of the disastrous results
with vacuums. In turn, there has been a dramatic
increase both in the reporting of adverse events
associated with vacuum deliveries to the FDA and in
the number of lawsuits alleging negligent care in the
use of vacuums. Similarly, the methods undertaken to
lower the cesarean section rate in the United States
have perhaps been accomplished at the expense of an
increased risk of ruptured uterus, shoulder dystocia,
and lawsuit.92 While all authorities would agree that
any woman with one previous cesarean section and
no other adverse features may be eligible for an
attempt at VBAC – if she chooses to do so after being
carefully explained the options, some HMOs have
refused to accede to the mother’s choice and have
required that every patient with a previous cesarean
be given a trial of labor – a horrific, medically
indefensible recommendation. One institution in
California that adopted this policy was assessed
almost $25 million as a result of 48 women who
suffered adverse outcome as a result of this policy.

Prevalence of medical malpractice
When hospital medical records from New York State
were examined as part of the Harvard study, the
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incidence of adverse events or injuries resulting
from medical ‘interventions’ or treatment was 3.7%.
The percentage of adverse events due to what the
physician team characterized as ‘negligence’ (not
necessarily a legal definition) was 1%. However, only
one in eight who suffered from an adverse event due
to negligence filed a medical malpractice claim, and
only 1 in 15 received compensation. Most adverse
events resulted in only minimal and transient
disability and most of the patients’ medical care
expenses were paid for by health insurance. This
helps to explain why only a small percentage of
patients who are injured as a result of negligence file
medical malpractice claims. However, a significant
proportion (22%) of patients who did not file medical
malpractice claims suffered moderate or greater
incapacity. In the second phase of the study,
researchers confirmed that some of the tort claims
filed provided little or no evidence of medical
malpractice or even an adverse event, suggesting that
the tort system is ‘very error-prone’, at least in its
initial stages (related to the expert). This inefficiency
in both the medical and the legal systems, notwith-
standing, the study noted that ‘if anything, there are
too few lawsuits’. The inference here is that more
patients with adverse outcomes related to negligence
should be suing.52,53,93,94

There are several studies of closed claims in
obstetrics and their relationship to negligence or their
adherence to guidelines. Julian et al. reviewed the
files of 220 obstetric closed-claim cases to identify
common factors predisposing to claims and to suggest
preventative measures.95 Identification of common
obstetric risks and correct management of these risks
was poor in these cases. Only 54% of the risks were
recognized; of these, only 32% were correctly
managed. A high percentage of risks were thought to
be directly related to the obstetric outcome leading to
the claim (66%). The authors feel obstetric closed
claims can be studied and suggestions made to aid
obstetricians in providing care. They concluded that
obstetric malpractice closed claims are amenable to
study; physicians and their patients would benefit
from better data collection systems to identify risks
in individual pregnancies, along with available
resources to aid their management of patients. They
felt that suits can be avoided through modification of
physician behavior.95

In 1989, Rosenblatt and Hurst reviewed all closed
obstetric claims in the records of a major physician-
sponsored malpractice insurer from 1982 to 1989.96 Of
the 54 files closed during the 6.5-year period covered
by this study, 21 (39%) involved physician reports of
bad outcomes that did not lead to a formal claim. Of
the 33 formal claims, 14 (42%) were dismissed, either
by the plaintiff’s attorney or by the courts. Eighteen of
the remaining 19 claims were settled before trial, with
an average payment to the plaintiff of $185,000. The
one suit that went to trial resulted in a defense

verdict. A review of the case histories demonstrated
that in the majority of cases when a payment was
made, probable medical negligence had taken place.
Non-meritorious claims were not compensated. For
those cases in which a payment was made, the size of
the settlement was commensurate with the seriousness
of the injury, which almost always involved damage to
the infant. Poor physician judgment was the most
common source of error.96

The surviving, handicapped infant continues to
represent the highest payout/case. There are numerous
representative reviews of closed cases (Table 22.3). An
analysis of 353 closed claims involving obstetrician-
gynecologists revealed that the 40 highest-paid claims
(11.3%) accounted for 88.7% of the total dollars spent.
The majority of these 23 (57.5%) were obstetrical,
including the five highest claims and 17 of the first 20
highest-paid awards. Obstetrical negligence represen-
ted over $5 million (76.5%) of the total expense. Of the
40 cases, 23 (60%) were resolved with a compromise
settlement, 9 claims (22.5%) were resolved with
indemnity payment on the basis of verdict or pretrial
compromise; 7 (17.5%) had no indemnity payment
because of a jury verdict or voluntary dismissal. These
seven were in the highest-paid claims group only
because of expenses.91,96

Of the 40 cases, none were considered frivolous, 28
(70%) were judged to be meritorious, and 12 (30%)
were judged to be non-meritorious. Seven of the latter
settled without indemnity costs, including four that
went to trial with a defense verdict and three that
were dismissed, leaving five others in this group with
proper treatment and indemnity costs. Expenses to
defend all 12 cases of proper treatment totaled over
$500,000. Irrespective of the absence of strict
negligence, each of these ‘non-meritorious claims’
illustrated substantial deficits with the medical
record or system failures – inviting the allegation of
negligence and lawsuit (making the case appear
meritorious). These analyses clearly reveal that bad
outcomes may not be the fault of the physician, but
that physician behavior in the conduct of the case and
the conduct of the medical record contribute heavily
to successful allegations of malpractice.

Ogburn et al. reviewed 153 closed claims involving
perinatal injury or death filed from 1980 through 1982
with the St. Paul Fire and Marine Insurance
Company.97 The claims included were those in which
an indemnity was paid or $1,000 or more was
expended on the legal defense. Cases were classified
according to the presence or absence of medical
negligence. Most of the complications leading to
claims arose during labor and delivery. Many claims
resulted from the failure to evaluate or treat in a
manner consistent with accepted standards of care.
Many lacked documentation of the physician’s recogni-
tion of the risk factors involved. In the opinion of the
reviewers, medical negligence occurred in 47% of the
cases. Indemnity payment occurred with most (but not
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all!) of the claims judged to be associated with medical
negligence. Payment to the claimant was also made in
a number of cases in which the reviewer thought no
malpractice had occurred. The authors concluded that
these results suggest that improvements are needed in
prenatal and perinatal health care as well as in the legal
system used to address the problem of perinatal
medical negligence.97

In a study published in 2003, Ransom et al, tried
to estimate whether guideline compliance affected
medicolegal risk in obstetrics and whether malprac-
tice claims data can provide useful information about
compliance.98 From the claims experience of a large
health system delivering approximately 12,000 infants
annually, they retrospectively identified 290 delivery-
related (diagnosis-related groups 370–374) malpractice
claims and 262 control deliveries between 1988 and
1998. Clinical pathways for vaginal delivery and
cesarean section, implemented in 1998, were used as
a standard of care. They compared rates of non-
compliance with the pathways in the claims and
control groups. They found that non-compliance
with the clinical pathways was significantly more
common among claims than controls (43.2% vs.
11.7%, P < 0.001; odds ratio �5.76, 95% CI 3.59, 9.2).
In 81 (79.4%) of the claims involving non-compliance
with the pathway, the main allegation in the claim
related directly to the departure from the pathway.
The excess malpractice risk attributable to noncom-
pliance explained approximately one-third (104 of
290) of the claims filed (attributable risk �82.6%).
They concluded that malpractice data are a useful
resource in understanding breakdowns in processes
of care and that adherence to clinical pathways might
(1) reduce clinical variation, (2) improve the quality of
care, and (3) protect clinicians and institutions
against malpractice litigation.

A study by Greenwood et al. from the National
Perinatal Epidemiology Unit, Oxford, United Kingdom
compared the prevalence of criteria suggesting acute
intrapartum hypoxia in children with CP according to
whether a lawsuit was brought alleging obstetrical
negligence.99 The subjects were singleton children
with CP born between 1984 and 1993, excluding cases
with a recognized postnatal cause for CP. Only one-
fifth (27/138) of all singleton CP children were the
subject of a lawsuit. The greater the number of criteria
suggesting intrapartum insult the more likely was
a legal claim (P < 0.01), but 36% (4/11) of those
satisfying all required criteria did not make a claim.
Of the 27 claims, 12 were discontinued, 8 were settled,
and in 7 the legal process was still pending at the time
of writing the article. Furthermore, the presence of the
three essential criteria for acute intrapartum hypoxia
did not increase the likelihood of a legal claim being
settled.99

Other studies have focused on the costs and
outcomes of litigation but not on culpability.18 Closed
claims provide valuable data, but because, on average,
a medical liability case takes 3–5 years to come to
closure,86 opportunities for timely intervention in
unsafe practices are lost. The research value is further
compromised when the details of cases that reach
settlement are suffocated by ‘gag clauses’ that
mandate silence not only on the amount of award, but
also on the allegations and the admission or even
acknowledgment of wrong-doing, thereby removing
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Table 22.3 Operative delivery notes

Operative delivery note (A)

Op del note:

MF, OP �OA, mid epis, no lac

Apgar 8, 9 P and M intact

EBL 400, M and B left DR in good cond.

Signature

Translation:

Operative delivery note:

Midforceps, occiput posterior (OP) to occiput anterior (OA),
midline episiotomy, no lacerations

Apgar scores 8, 9 at 1, 5 min. Placenta and membranes
expressed intact

Estimated blood loss 400 ml. Mother and infant left the
delivery room in good condition

Operative delivery note (B)

Procedures: Trial of forceps, midforceps rotation,
episiotomy repaired

Findings: Gyneocoid pelvis, normal active phase, +3
station, minimal molding, direct OP, epidural anesthesia,
second stage �2.5 h, pushing inadequate, patient tired

EFW �3000. Prev. baby �2800

Indications: Persistent occiput posterior, prolonged second
stage, secondary arrest of descent, tired patient

Informed consent: Discussed options with patient and
husband, who agree and understand that if any difficulty is
encountered, the forceps will be abandoned and cesarean
section undertaken

The operating room has been alerted

Methods: Midline episiotomy Kielland forceps. Direct
application to OP without difficulty

Gentle rotation: ROT to OA. Kiellands removed, Simpson
forceps applied. Gentle traction – delivered as OA

Fetal outcome: 3200-g male infant, APGAR 8, 9 (see
individual features in chart)

Resuscitation: Oxygen only, no evidence of trauma to skull
forceps, marks reveal appropriate placement

Maternal outcome: Perineum intact, episiotomy repaired,
no lacerations. Placenta and membranes intact. Estimated
blood loss: 300 cc

Mother left delivery room in good condition
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an obvious incentive to make care better. Hatlie
and Sheridan have suggested that gag orders are
counterproductive.34

Medical records
Unfortunately, the opinions that serve to launch
medical or medicolegal proceedings are most often
based on a review of medical records that are frequently
silent on the intentions of the provider or their exercise
of ‘medical judgment’. They may be silent, as well, on
fundamental details of the obstetrical care. As a result,
medical records, which represent both a medical
document and a legal document, often promote or
perpetuate cases and confound their defense. A cost
analysis of 3205 multispecialty claims showed an
average cost per claim of $22,584.100 Deficits in the
medical record, e.g. inadequate instructions, delayed
entries, inadequate notes, and consent-form issues,
more than double the average cost. System failures
nearly triple the average cost. Thus, while an erroneous
decision may be defensible if the reasons leading to it
are recorded in the chart, the changed record and the
contradictory record are almost impossible to defend.
Until medical records objectively communicate the
findings, the attention paid, the comprehension that
was achieved and offer a reasonable plan followed by
appropriate and consistent action, their appearance
in court will continue to be an uphill battle for
the physician and he/she will get little credit for the
thought process or use to his/her advantage the
testimony of ‘a witness whose memory never dies’.

As an aside, the reader is invited to compare the
two enclosed notes regarding a midforceps procedure
(Table 22.3). In the first example, the note invites
lawsuit if there is an adverse outcome. The note
provides no indication for, or details about, the
procedure. It is more a personal memorandum than a
responsible medical description relevant for decisions
about care in future pregnancies, for example. The
second note, on the other hand, would seem to protect
against lawsuit in several ways. The note (1) clearly
bespeaks thoughtfulness, (2) bespeaks understanding of
the medical issues and alternatives, and (3) underscores
the physician’s efforts to provide a forthright explana-
tion to the patient and her husband – all powerful
disincentives to lawsuit. Naked may be the best
disguise!

One can readily blame the plaintiff’s attorney for
bringing to suit an apparently frivolous case, but who
is to blame (i.e. what has been learned?) for the
negligent care and adverse outcome in situations
where no suit is brought despite negligent care or
where no award is made despite a suit, and the
physician’s care is vindicated? Should the plaintiff’s
attorney be blamed for pursuing a case that his expert
has told him, based on a review of the medical records
only, is negligent care? Each of the articles that
evaluated closed cases found appreciable amounts of

agreed upon negligent care. Each emphasizes (1) the
need for better data, 2) the inculpating role of
physician behavior, and 3) the importance of the
review of malpractice claims to identify problem-
prone clinical processes and suggest interventions
that may improve outcome and reduce negligence.101

It must be readily apparent from even these limited
studies that not all meritorious suits succeed and not
all non-meritorious suits (not the same as frivolous)
lose. These articles leave it open to speculation why
patients victimized by obvious medical negligence do
not sue or why they are not compensated by the
system in the face of agreed upon negligence. Clearly,
patients without demonstrable evidence of negligence
bring suit and sometimes they are rewarded in the
system. The system does not work perfectly, but these
studies from various specialties and perspectives
strongly suggest that it is not a lottery. Given the non-
medical issues that incite or color a case, physicians
squander much of the advantage they have in the
system! Thus, it is with some justification that critics
of malpractice litigation point out that it is unrealistic
to expect that increased levels of litigation will make
compensation for injuries more ‘just’ or health care
better. A reductio ad absurdum argument suggests
that immunity from lawsuit, perhaps the true goal
behind physicians’ notion of tort reform, will, by
eliminating lawsuits, achieve these goals. Some
conventional tort reforms appear to be effective in
reducing litigation costs and stabilizing insurance
markets; they are not, however, designed to remedy
the fundamental failings of the malpractice system –
making care better and making the physician–patient
relationship better. Fulfillment of these objectives
may not require more sweeping tort reform; perhaps
more sweeping ‘thought reform’ may be required or,
alternatively, trying to make the system work as it was
supposed to. These reforms can only come from the
medical community.

Legal vulnerability
The last several decades have also witnessed the
development of new bases for lawsuit in reproductive
matters, including wrongful birth and wrongful life.
In the former, the parents with an injured child may
bring suit alleging that negligent treatment or advice
deprived them of the opportunity to avoid conception
or terminate a pregnancy. The latter, brought on behalf
of the child born with birth defects, alleges that the
child would not have been born but for negligent
advice to, or negligent treatment of, the parents. It
should be emphasized that such allegations are
actionable in some states but not in others. While not
strictly related to malpractice, a mother who pleaded
with her hopelessly premature infant’s caretakers to
discontinue resuscitation was not heeded, resulting in
the survival of a severely handicapped child and a
provisional $42 million verdict for the plaintiff.
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Tort reform measures
Most liability reform acts have four major components:
(1) reforms directly addressing the size of awards –
under the heading of caps on damages; (2) reforms
intended to modify liability rules, to control the
number of claims and size of payouts by eliminating
joint and several liability for cases in which a plaintiff
found to be partially at fault becomes responsible for
a disproportionate share of the damages; 3) reforms
limiting access to the courts, through shortening
statutes of limitation – a reduction in the length of time
during which lawsuit can be brought; and 4) periodic
payments – the latitude to pay future economic
damages over time. Some initiatives have legislated
review panels to pass on the merit of a case prior to the
institution of suit, while others have attempted to
remove the infant who is brain damaged during birth
from the medicolegal arena by the institution of no-
fault insurance. Still other initiatives have attempted to
increase the percentage of any award that goes to the
patient by limiting the attorney’s fees.

The most popular of these, caps on premiums, have
had the benefit of moderating the increases in insur-
ance payments. A publication from the Rand Corpora-
tion has emphasized that in cases with modest claims
there is indeed a reduction in indemnity payouts, but
they cast doubt on the likely benefit of caps on the
high-award cases where economic damages are large
and ‘pain and suffering’ may be much smaller. It seems
axiomatic that caps should not apply to frivolous suits
where the cap should be zero.102

In the 1970’s 22 states legislated some form of
prelitigation processes, including screening panels
and mandatory binding and non-binding arbitration:
only two remain active and neither has been effective.
The costs of constitutional battles over due process
rights for binding processes and the failed reduction
of litigated cases in non-binding processes, led to
further soaring legal costs, rather than reductions.
The only lasting ‘tort reform’, although, as discussed
later, with questionable material impact on malprac-
tice frequency and awards, has been caps on non-
economic damages, with the gold standard being that
of California’s Medical Injury Compensation Reform
Act of 1975 (MICRA).102

Tort reform, the mantra of both the ACOG and the
Bush administration to deal with high medical
malpractice costs, makes sense only from the political
aspect.30 Capping awards on malpractice suits may
offend trial lawyers, but it helps or holds harmless
special interests in the insurance, drug, and health
care industries. It provides no assistance to patients
who suffer grievous harm as a result of negligent care
nor does it improve the delivery of medical care. To
many, a $250,000 cap (the cap placed on non-
economic damages in California) is poor acknowledg-
ment indeed for the physical and emotional damage
done to people who have suffered total paralysis,

permanent blindness, or severe brain injury because
of medical errors. Indeed, many states burdened with
high premiums have already set their own caps, but
generally at more reasonable levels. It would seem
more useful to consider making it harder for insur-
ance companies to gain rate increases.

Guidelines for judges and juries might be enacted to
help determine what compensation is reasonable in a
given circumstance. Similar guidelines could help
ensure that punitive damages, sometimes masquerading
as non-economic damages, are high enough to deter bad
conduct; $250,000 would hardly amount to a slap on
the wrist.

The problem with frivolous lawsuits is best
addressed by raising the hurdles for filing a malpractice
suit, for example, requiring an expert judgment on the
merits of a case before it can proceed through the
courts. As mentioned above, there seems to be no place
for the expert witness to certify a case as meritorious if
that same expert will not appear on the record for
(public) report, deposition, and trial if necessary.

The notion that the crisis of escalating malpractice
insurance premiums is forcing doctors out of business
remains murky. Insurance companies have substan-
tially raised premiums for malpractice coverage for
doctors in high-risk specialties like obstetrics and
neurosurgery in some states, leading at least some
doctors to curtail their services, retire, or move. But
when the Government Accountability Office visited
five of the hardest hit states in 2003, it found only
scattered problems and was unable to document
wide-scale lack of access to medical care.86

None of the tort reform proposals deal with the
underlying need to diminish malpractice and to
identify harmed patients and provide them with fair,
prompt compensation, or provide tools for health care
providers to properly prepare patients and deal
effectively with unanticipated outcomes. Although,
they do resolve the desire of the health care industry
and the insurance companies for fewer big court
awards, they do not materially impact the frequency
of suit. But they do act as a rollback of the legal rights
of patients who are injured.

The Center for Justice and Democracy, a consumer
advocacy group, recently commented:

It may be hard to understand why ‘tort reform’ is even on
the national agenda at a time when insurance industry
profits are booming, tort filings are declining, only 2% of
injured people sue for compensation, punitive damages
are rarely awarded, liability insurance costs for busi-
nesses are minuscule, medical malpractice insurance
and claims are both less than 1% of all health care costs in
America, and premium-gouging underwriting practices of
the insurance industry have been widely exposed.

Despite claims by the insurance industry, there is
no evidence that soaring malpractice premiums are
the result of sharp increases in the amounts of money
paid out for malpractice claims. And, tellingly,
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industry executives have carefully acknowledged that
tort reforms will not result in substantial premium
reductions – only an improvement in care can do
that.30,103

Caps do not limit lawsuits. More reasonably, caps
are intended to increase the hurdles to a lawsuit by
diminishing the economic value of a suit. In cases
where there is little economic loss (irrespective of
negligence), victims may not be able to find lawyers to
take their cases (www.saynotocaps.org/newsarticles/
WSJEffectof Caps.html) because malpractice cases can
cost plaintiff’s lawyers hundreds of thousands of
dollars out of pocket to prosecute, with no guarantee
of recouping those expenses. As pointed out by the
Rand Corporation study, caps have little impact on
lawsuits where there are substantial economic losses,
e.g. brain-damaged infant, maternal death. A one-size-
fits-all cap cannot encompass the unique facts in any
case and, in fact, more reasonably creates a system of
‘one-size-fits-none’.102 It unfairly discriminates against
victims with no economic losses, such as children,
stay-at-home moms, the elderly, the poor, and the
mentally handicapped. The media unflinchingly
promulgates numerous cases of tragic, ineffable
medical error where such arbitrary limits (originally
set in 1979) seem inadequate and, if not inadequate,
arbitrary.

Caps will not lower doctors’ malpractice insurance
premiums.(www.saynotocaps.org/reports/Premium
Deceit.pdf: The Failure of Tort ‘Reform’ to Cut
Insurance Rates) Average premiums are actually 16%
higher in states with caps. In states that have recently
adopted caps, most notably Texas and Florida,
insurance rates are continuing to increase. Indeed the
only thing keeping rates down in California – a state
often cited as a model for caps – is insurance industry
regulation provided by Proposition 103.

The amount of money awarded on pain and
suffering is not known. In the majority of awards,
those reached by settlement out of court, there is no
distinction between economic and non-economic
damages. In jury trials economic and non-economic
damages are awarded separately, but there appears
to be no calculation of either the amount or the
propriety. Nor has there been any compilation of
those extreme awards that are reduced, sometimes
drastically, by judicial review. In three cases where
the jury awarded over $220 million, the total cumula-
tive amount received was $14 million (6 cents on the
dollar!). There was no publication of the reduction!
(Public Citizen.pdf.)104 When adjusted for the sky-
rocketing rate of health care inflation, total payouts
in malpractice cases remained flat until 2001. In the
3 years since, total payouts have declined each year
(newsarticle/LowerPayouts.htm).

Many states have enacted legal reforms that have
effectively eliminated any lawsuits that could be
construed as ‘frivolous’ by requiring a ‘certificate of
merit’ from a physician certified in the same medical

specialty as the doctor being sued. There have also
been laws enacted to prevent ‘venue shopping’ for a
more favorable jury. Indeed, a Republican state
senator from Pennsylvania declared that ‘There is
no such thing as a frivolous lawsuit any more’ in
Pennsylvania. In addition, again in Pennsylvania, one
of the ‘red alert states’, there has been a significant
increase in the number of physicians over the past
several years, prompting one state legislator to call
such claims of a doctor exodus as ‘scare tactics’.

It is far from clear that malpractice costs are driving
up the costs of health care. Malpractice costs account
for less than 2% of the U.S. health care budget. The
Congressional Budget Office, in a report released in
January 2004, found that legislation to cap damages in
medical malpractice lawsuits would ‘do little to hold
down health care spending’ or eliminate the practice
of ‘defensive medicine’. There is little evidence that
the threat of malpractice lawsuits contributes to the
practice of defensive medicine. Rather, it has been
suggested that doctors order additional tests because
it is good medical practice; doctors make money from
additional testing; and managed care discourages
unnecessary testing, or ‘bad’ defensive medicine.86

Faulty underwriting and misfeasance by malprac-
tice underwriters are additional factors contributing
to the rise in premiums. In Pennsylvania in the late
1990s, six major malpractice insurers became insol-
vent because of risky premium underpricing, poor
investment strategies, and Enron-style malfeasance,
leaving doctors to pay for their mismanagement
(InsolvencySummary.pdf.).

There is no basis for the notion that insurance
companies routinely settle lawsuits just to make
them go away. This seems more like a strategy for self-
destruction and is contradicted by the closed-claims
data presented above (factsandfigures/fibsysfacts.
html).

There can be little doubt that there is an immediate
question of affordability that must be dealt with
acutely. Indeed, several states have contributed
significant amounts of public money to subsidize
insurance premiums. Physicians remain the highest-
paid professionals in the state, according to U.S.
Census data. Indeed, the incomes of obstetricians – the
physicians most affected by higher premiums – are
rising. For many, on average, doctors spend 1–5% of
their gross revenues on medical malpractice insurance.
It seems obvious also that many doctors supplement
their incomes with fees from attorneys for providing
‘independent medical evaluations’ in malpractice
cases.

Alternative system reforms
Experts have suggested a number of approaches,
including special health courts with judges trained to
deal with malpractice issues, required mediation,

Alternative system reforms 243

Kurjak-22.qxd  5/9/2006  11:38 AM  Page 243



mandatory reporting of errors by doctors, and prompt
offers of compensation. Some of these will be
reviewed briefly here. Not strictly a part of tort
reform, alternative dispute resolution has much to
recommend it.58

The strict liability (no-fault) administrative system
supports creation of a just patient safety culture and
encourages reporting (and prevention) of adverse
events. It has the advantages of dispensing with trial
and supports open disclosure to the patient (not the
public) as the deliberations are administrative. In this
system the provider is accountable for all avoidable
medically related losses and the matter can be
resolved promptly. It eliminates the requirement of
proving negligence, but the patient must establish that
their injury was actually caused by the treatment. As
a generalization, eligibility is based on avoidability
rather than providers being strictly responsible
for medically related losses. There is, unfortunately,
the common perception that ‘no-fault’ means ‘no
accountability’. Examples include the Neurological
Injury Compensation Association (NICA) in Florida
and Virginia.104–108

Although, the system of No-Fault is modeled after
that of Workers Compensation and Automobile No-
Fault claims, the complexity of determining causal
and avoidable injury medical injury claims is very
different. And although it removes negligence as a
basis for the claim, it does not replace the regulatory
system of reporting and the resultant physician fear,
nor does it address the inbred philosophy of ‘do no
harm’, ‘zero tolerance’. Since premiums in any no-
fault system are based on injury rates, this creates
an incentive to conceal injuries and reduce the
admission of high-risk specialists to medical staffs. It
may also discriminate against patients at high risk for
injury. It is uncertain how the establishment of a no-
fault system will impact cost. Some test programs
have demonstrated that costs of a general no-fault
system would exceed those of the present tort system.
Finally, the introduction and administration of a
no-fault medical injury system, whether public or
private, will be complicated and likely politically
encumbered.

Preventable events (ACEs) represents consensus on
what constitutes an avoidable event.106 These are
predetermined events that should not occur in quality
health care delivery. They encourage prevention of
avoidable events that can trigger eligibility for an early
compensation offer. ACEs make ‘avoidability’, and
therefore eligibility for compensation, transparent to
providers and patients alike. They standardize eligibi-
lity for compensation and provide quicker identification
of eligible cases. There is, however, no comprehensive
ACE list currently available, and there is concern as to
who is to develop the categories of avoidable events.
Brain-damaged infants, for example, would not be
covered. Development of the list will, of course,
require an array of expert consensus (selected by

whom?). The use of ACEs provides a basis to
determine eligibility for alternative and conventional
compensation systems. It can also be paired with a
standardized compensation fee schedule.

Mediation
Mediation represents a highly efficient option for
non-adversarial resolution of health care conflicts. It
is a process in which the parties to the conflict them-
selves, not lawyers, craft their own unique resolution
to a conflict. Mediation is essentially facilitated
communication and negotiation using a neutral third
party. The process itself is non-binding and does not
prevent the patient from moving forward to litigation.
However, if a resolution is reached, it becomes
binding under contract law and may even be brought
as an order of the court. Mediation is highly cost-
efficient and time sparing, in that it makes response to
adverse events and their resolution more timely, and
boasts a greater than 90% resolution rate. It is widely
accepted and highly successful in many ‘industries’
such as real estate and education, but has met with
much resistance in the health care industry, espe-
cially in medical malpractice. It intensifies the
pressure on patients to settle, thus reducing or
avoiding litigation. Because confidentiality has been
stripped from the mediation process in medical
malpractice disputes by medical regulatory boards
and reporting agencies, the successful application of
the mediation process in physician–patient conflicts
has therefore been crippled. Although confidentiality
in error reporting is the foundation of most of the
proposed legislation, it has not been extended to the
resolution of conflicts arising from alleged medical
errors. The statutory obligation physicians have to
report settlements of disputes involving quality of
care issues creates a perverse incentive for physicians
to move forward in litigation, especially when one
considers the high attrition rate of malpractice claims
and the likelihood of a physician prevailing in those
cases that persist. It is likely that even in the face of
tort reform mediation will remain an infrequently
used medium for the resolution of physician–patient
disputes.

Arbitration
As with mediation, arbitration provides economical
and prompt adjudication of adverse events. Like
mediation, it provides prompt, private settlement
and compensation, yet is also subject to reporting
requirements and regulatory oversight. The processes
differ, however, in a few major factors. With arbitration
the decision maker is a third party, the arbitrator(s),
and the process is highly formalistic and adversarial.
There are two forms of arbitration, binding and
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non-binding. The latter is similar to mediation in that
if either party disagrees with the arbitrator’s decision,
they may move on to litigation. The former, however,
is a binding decision that cannot be appealed. Binding
arbitration for malpractice claims has met with con-
siderable legal opposition and non-binding arbitration
has met with low utilization and increased litigation
costs. Such systems intensify the pressure on patients
to settle, thus reducing or avoiding litigation. They
may be used with the current tort system – as well as
with no-fault and ACEs. Kaiser Permanente, for
example, requires enrollees to sign a ‘willingness to
arbitrate’ agreement. With this approach, the health
plan undertakes to resolve disputes through arbitra-
tion rather than go through the courts. This of course
is not the same as a waiver of liability.

Specialized medical malpractice
courts
There are three types of specialized courts under
consideration: the Health Court, the Medical Board
Administrative Adjudication System, and the Tripartite
Panel.

Health Court: This involves the creation of an
alternative court system within the federal court
system. This proposal will, as touted by the consumer
advocate group Common Good, presumably make
judgments more reliable and provide clearer lessons for
deterrence of adverse outcome. In theory, it can provide
more timely access, faster resolution of claims, along
with more reliable and standardized compensation. It
requires appointment of special expert courts to hear
medical cases or administer compensation based on
avoidable events. Health courts also make the system
more transparent by providing public access to
settlement and adjudication findings. It will require
judges who have special knowledge or training in
medicine. Although proponents believe that this form
of adjudication will offer more consistent and informed
decisions than the traditional trier of fact, a lay jury,
many studies find that in comparison with expert’s
reviews, the present jury system is quite consistent.

Health courts may be paired with ACEs and a
standardized compensation schedule – and may even
add a trial option to an administrative system. There
are precedents for these types of courts in certain tax
and patent infringement and workers’ compensation
laws.

Medical Board Administrative Adjudication
System: In 1988, the AMA, 31 medical specialty
associations, the Physician Insurer’s Association of
America (PIAA), and the Counsel of Medical
Specialty Societies created the Medical Liability
Project to develop an equitable and efficient method
to handle malpractice claims.109,110 They proposed a
claims adjudication process based on fault and

suggested that the states’ medical boards act as the
trier of fact in addition to their regulatory and
disciplinary roles. This system would initially screen
cases, offer free legal counsel for cases passing review,
and offer limited judicial review. In a parallel
development, the AMA considers that the provision
of expert testimony constitutes ‘the practice of
medicine’ and that it should be subject to peer review
by state medical boards. The AMA encourages the
state medical associations to work with the licensing
boards to develop effective disciplinary measures for
fraudulent testimony.

Tripartite Panel: Also in 1988, the PIAA proposed
an administrative system similar to that used for
workers’ compensation in the hope that patients
would elect this more speedy system through the offer
of incentives. The panel would consist of a judge, a
physician, and a lay person and function much like
the few state screening panels that remain active. In
cases where malpractice was found, all medical
expenses would be paid under a specific method of
computation, all non-economic awards would be
based on a fixed schedule of benefits, and there would
be a limit on attorney’s fees.

Pretrial screening panels
This is a system that is modeled after state programs
that are presently functioning, with those of Maine and
Vermont the most recognized. To enlist the Panel, the
patient provides written notice to the physician and
with the superior court to be acted upon within 90 days.
The superior court selects a Panel Chair from a pool of
retired judges and/or mediators with judicial or legal
experience. The Chair selects from a court issued list
one attorney and one physician panelist, of the same
or relevant specialty. The parties may challenge the
selection for cause. There is a Prehearing Discovery,
then a Pretrial Screening Hearing that follows the
format of an arbitration. Depositions are admissible, but
expert testimony is unusual. The panel has prior access
to written briefs, complete medical records, deposition
transcripts. The panel then acts as the trier of both
fact and law, under the standard used by lay juries,
‘preponderance of the evidence’. It evaluates the case
on the basis of the four Ds of negligence. Unanimous
decisions by the panel on negligence and causation are
admissible in court, in favor of either the patient or the
provider. The decision of the panel, like in non-binding
arbitration, does not bind either party from pursuing
litigation and trial. Some systems allow recovery of
costs by the losing party, but as stated previously, if it is
the plaintiff, actual recovery is unlikely.

Enterprise liability
Enterprise liability provides an incentive for prioriti-
zation of enterprise-wide safety. It shifts liability from
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the individual provider to a provider organization
such as an integrated medical staff, IPO, large group
practice, or hospital capable of influencing care across
the systems. Enterprise liability essentially makes
these organizations ‘strictly liable’ in both a legal and
an economic sense by their responsibility for liability
premiums for all staff involved in the organization,
which could potentially impact the present punitive
reporting system and allow for a freer flow of error
reporting. Such a system would promote institutional
safety, and potentially stabilize liability insurance fees.
Legal provisions (Stark laws) may prohibit liability
insurance coverage of non-employee physicians. It
works equally well with alternatives as well as the
current tort system. The Department of Health and
Human Services Office of Inspector General (OIG)
historically has been concerned that a hospital’s
subsidy of malpractice insurance premiums for
potential referral sources, including hospital medical
staff, may implicate the antikickback statute, because
the payments may be used to influence referrals. ‘There
is a particular concern where subsidies are offered in a
conditional or selective manner that reflects current or
anticipated referrals from the subsidized practitioners’.
Hospitals may be able to subsidize the malpractice
insurance of local obstetricians without triggering
antikickback sanctions, according to an advisory
opinion issued by the OIG. In this opinion, OIG
outlines a specific case in which it would not impose
antikickback sanctions against a medical center that
provides subsidies to four community-based obstetri-
cians who hold staff privileges at the medical center
but are not employees of the facility.111

Tort reform in many of its guises, however, has
historically not been universally ‘friendly’ to the
physician. In 1988, the U.S. Congress established a
National Practitioner Data Bank authorizing the
collection of data about physicians and dentists from
malpractice settlements, awards, and disciplinary
actions; these data were to be supplied by insurers,
hospitals, and HMOs.112 Queries of the Data Bank
might be made by hospitals and physicians, but there
is to be no access by the public or actual or prospective
litigants including patients and attorneys although
expanded access to this information is the subject of
much debate. This tracking by the Data Bank has
probably decreased the willingness of physicians to
settle cases, but has probably not decreased the
frequency of malpractice. The non-departmental
public body (NPDB) reporting system is primarily
based on the reporting of any formal written claim of
malpractice that results in even one penny changing
hands, regardless of admission of blame or severity of
injury. Such reports carry great weight in considera-
tions for staff privileges, provider contracts, and
malpractice premium rates. Hatlie and Sheridan have
argued that the NPDB should be abandoned.34

Even more recently, there has been increasing
attention on the amount of medical error that has

heretofore gone unnoticed and undocumented. The
AMA has created a Patient Safety Initiative and the
Federal Government is considering legislation that
will likely reorient the approach to error. Indeed,
since the publication of the prestigious IOM’s ‘To Err
is Human’, which claims that between 44,000 and
98,000 hospitalized patients die per year as a result of
medical error, and subsequent studies such as that of
Chaudhry and coworkers, patient safety has become
the mantra of the Joint Commission on Accreditation,
which has now embellished the requirements for
disclosure of error.36,66,113 Programs for the evaluation
of root cause analyses of reported errors and the
resulting error reducing actions have become, as they
should, a national priority.

Also potentially threatening to the physician are
those tort reforms that are linked (politically) to the
establishment of enhanced physician review panels,
the creation of ‘three strikes and you are out’ rules,
etc. In Texas, for example, along with a stringent tort
reform bill passed in 2003, the Texas legislature gave
the Texas State Board of Medical Examiners new
authority to regulate medical practice through the
passage of S.B. 104. This bill gave the board increased
funding for expert consultants and staff. These
resources were used to assess the approximately 6000
complaints the board receives each year. As a result,
Board enforcements have increased dramatically.
Before the augmentation, cases were filed against
physicians immediately, which immediately affected
their records. The new system provides more due
process, but is more far wide-ranging. Opponents of
this feature of Texas Health litigation argue that
standard of care issues should be left to local
community medical societies or hospital peer review
and credentialing societies. But when the boot is on
the other foot and these organizations engage in sham
peer review or economic credentialing, physicians
complain about their unfair practices (see below).
Physician groups complaining about S.B. 104 want
the presumption of innocence, the right to access
details of the complaints against them, the right of
discovery, the right to present witnesses and cross-
examine witnesses, and the right to appeal. How
seductive is the illusion of a new idea – all of these
features are present in current malpractice law, the
beneficiary of 200 years of accumulated jurisprudence.
Public Citizens’s Health Research Group ranked Texas
23 out of the 50 states.

Reviews of the impact of tort reform on premiums
suggest that while premiums do respond to increases
in payments, they do not increase dollar for dollar
(http://www.nber.org/papers/w10709). This suggests
that other factors may also be important in explaining
the recent jump in malpractice premiums, such as a
less competitive insurance industry or a decline in
insurers’ investment income. There is little evidence
that changes in malpractice premiums are linked to
changes in either the total number of physicians or
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the number of physicians working in obstetrics/
gynecology, surgery, or internal medicine. There is
weak evidence to suggest that the entry decisions of
young physicians and the exit decisions of older
physicians may be affected by malpractice premiums.
There is stronger evidence to suggest that rural
physicians are more sensitive to a change in premiums
– a 10% increase in premiums results in a 1% decrease
in rural physicians per capita and a 2% decrease in
older rural MDs (http://www.nber.org/papers/w10709).

Although there is no change in the frequency of
most treatments, some data suggest that physicians
may increase the use of screening procedures in
response to higher premiums. Such practices however
have had little effect on total Medicare expenditures,
suggesting that the costs associated with defensive
medicine practices may be small, at least for this age
group. Thus, it is far from clear that state tort reforms
will avert local physician shortages or lead to greater
efficiencies in care. The stabilization of premiums,
the initial response to most rounds of tort reform, may
not indeed be the result of the tort reform legislation.
Normally, it takes years before legislative tort reform
has a direct impact on malpractice premiums and
several, but not all, state courts have invalidated the
cap on damages, the component of the law with
the greatest potential to reduce premiums.114,115

Malpractice premiums are affected by a constellation of
additional factors, including the general investment
climate, interest rate cycles, and insurance regulations.

Whether driven by legislation or not, it seems
reasonable that stable malpractice insurance premiums
offered by experienced, reputable companies are
important reasons for maintaining physician avail-
ability and equilibrium.

There is no evidence that tort reform has resulted
in better care or more realistic confrontation of error.
Tort reform simply ‘tinkers with certain aspects of the
system in a piecemeal fashion without having to
grapple with fundamental reform of either the health
care delivery system, the reimbursement system or
physician behavior’.

Tort reform and finances – litigation
and risk management
There is universal agreement that the medical needs
of those with adverse outcome require more attention,
whether they are related to negligence or not. There is
also universal agreement that the present functioning
of the medicolegal system is an anachronism – neither
is it efficient or error-free in reaching a settlement nor
is the distribution of money equitable. In the United
States, only about 28 cents of every premium dollar
goes to injured patients after an average delay of 4.9
years to dispose of a case.

Is no-fault insurance better? To determine whether
Florida’s implementation of a no-fault system for

birth-related neurological injuries reduced lawsuits
and the total spending associated with such injuries,
and whether no-fault was more efficient than
customary tort procedures in distributing compensa-
tion, Sloan et al. compared claims and payments
before and after implementation of a no-fault system
in 1989.6 They found that the number of tort claims
for permanent labor-delivery injury and death indeed
fell by about 16–32%. However, when no-fault claims
were added to tort claims, the total frequency of
claims rose by 11–38%. Further, of the estimated 479
children who suffered birth-related injuries annually,
only 13 were compensated under no-fault. The total
combined payments to patients and all lawyers did not
decrease, but under no-fault, a much larger portion of
the total went to patients. Thus, less than 3% of the
total payments went to lawyers under no-fault versus
39% under tort – a new equilibrium. Some claimants
with birth-related injuries were winners, taking home a
larger percentage of their awards than their tort
counterparts. Lawyers clearly lost under no-fault, but
so did many children with birth-related neurologic
injuries who did not qualify for coverage because of the
narrow statutory definition.

Solving the malpractice problem
While the focus of clinical risk management
intuitively rests on the analysis of adverse events, it
seems clear that this is the most inefficient way of
reducing or eliminating harm to the patient. In the
current climate, risk management tends to deal more
with avoidance of blame and litigation than with the
avoidance of harm to patients.

One of health care’s principal patient safety success
stories is anesthesiology. In the 1980s, in the midst
of a separate medical liability crisis, the rate of
anesthesia-related deaths was one in 10,000; 6000
people per year who had undergone anesthesia died
or suffered brain damage, and anesthesiologists’
liability insurance premiums had sharply escalated.68

Following a national news magazine broadcast that
pilloried the field for these outcomes, the American
Society of Anesthesiologists (ASA) decided to seize
the opportunity presented by the crisis to improve
anesthesiology safety.

It started with the hiring of a systems engineer.
Through close scientific examination of 359 anesthesia
errors, every aspect of anesthesia care – equipment,
practices, and caregivers – was analyzed. Eventually,
with the commitment of leadership and resources
toward the task, the many system failures revealed by
the study were re-engineered, and anesthesia-related
death rates fell dramatically.

The ASA uses case analysis to identify liability risk
areas, monitor trends in patient injury, and design
strategies for prevention. Today, the ASA Closed
Claims Project – created in 1985 – contains 6448
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closed insurance claims. Analyses of these claims
have, for example, revealed patterns in patient injury
in the use of regional anesthesia, in the placement of
central venous catheters, and in chronic pain
management. Results of these analyses are published
in the professional literature to aid practitioner
learning and promote changes in practices that
improve safety and reduce liability exposure.

Closed claims data analysis is the one way in which
the current medical liability system helps to inform
improvements in care delivery. However, reliance on
closed claims for information related to error and
injury is cumbersome at best. It may take years for an
insurance or malpractice claim to close. These are years
in which potentially vital information on substandard
practices remains unknown. Providing patient safety
researchers with access to open claims, now protected
from external examination, could vastly improve
efforts aimed at identifying worrisome patterns in care
and designing appropriate safety interventions.

In addition to anesthesiology’s early work in
identifying the human factors and system failures that
cause error, anesthesiology has also promoted
reliance on standards and guidelines to support
optimal anesthesiology care. Anesthesiology has also
been at the forefront in the use of patient simulation
for research, training, and performance assessment.
With simulation, no patients are at risk of exposure to
novice caregivers or unproven technologies.116

Anesthesiology is still far from perfect. But, its
‘institutionalization of safety’ continues to serve the
field well as it tackles the continuing threats to
patient safety that are endemic to modern medicine.

Medicine is different from industry in that the
medical system has not adjusted to the realities of
human fallibility. The circumstances of the
contemporary malpractice situation continue to

compromise both the provision and the safety of
health care as well as our notions of justice, of access
to the law and to health care. This state of affairs
benefits neither the patient nor, in the long run, the
physician. While in some instances the fear of lawsuit
has increased the amount of surveillance and may
have even had a salutary effect on outcome, there is
little argument that the present format for dealing
with allegations of negligence provides any incentive
to the profession to practice better medicine, provide
better peer review, or, in the occasional instance,
restrict the future practice of the physician whatever
his conduct. True reform will require a systemic
approach to error in medicine as elsewhere and some
refinement of our ethics and an appreciation of the
paradoxes of contemporary malpractice. To lower the
risk of malpractice we must continue to attempt to
raise the standards of care. We need this more than
we need the identification of the ‘bad apples’ of our
specialty. We must increase communication with the
patient and remain their advocate. We must address
the formal teaching of communication skills, conflict
management, and team development techniques
throughout medical school and residency. We must
construct effective error reporting and systems
analysis programs that promote error reduction, while
protecting physicians from being punished by
arbitrary and ineffective reporting systems. We must
not squander our greatest asset – the medical record –
and we must stop playing the role of victim. Often the
ultimate failure is often not the individual provider
but the latent, systemic errors, errors for which our
systems are programmed, but which are functionally
immune from lawsuit. A lawsuit cannot make ‘the
system’ a defendant. Finally, we must be willing to
participate in the process of uncovering error and
make the patients our allies in these efforts.
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23 Epidemiology in perinatal
medicine
L. S. Bakketeig

Definitions
For a long time, it has been recognized that events
during pregnancy and childbirth influence the health
and development of the newborn. This recognition
has led to the establishment of perinatology as a med-
ical specialty that bridges the gap between the obste-
trician’s concern for the pregnant woman and the
pediatrician’s care of the newborn.

Population-based studies of these phenomena are
labeled ‘perinatal epidemiology’, which has evolved
into a major subspecialty of epidemiology, represent-
ing an important contribution to perinatal medicine.
Traditionally, perinatal epidemiologists have focused
on exposures and outcomes occurring in the perinatal
period, which most commonly covers the time from
conception through to birth and the first part of life
(1 week, 1 month or the first year of life). In recent
years, though, it has been realized that events or expo-
sures that take place in utero, or shortly after birth,
can also affect development and health even into
adult life. We also have come to realize that even
events occurring long before pregnancy, sometimes
intergenerationally, can affect our reproduction.

An Austrian pediatrician suggested nearly 75 years
ago that stillbirths and deaths during the first week
of life should be treated as one statistical entity in
the analysis of causes of death.1 The term ‘perinatal
mortality’ was increasingly used from the 1940s
onward.2–4 The increasing attention being paid to
perinatal mortality was caused by the observation that
the fall in infant mortality (death during the first year
of life) in the first half of the 20th century derived
mainly from the reduction in mortality of infants sur-
viving beyond the first week of life.5 It appeared that
the progress made was mostly a result of the success in
combating deaths due to infectious diseases in early
infancy. Mortality among infants shortly after birth, as
well as fetal mortality, had decreased far less.5

Perinatal mortality is the most commonly used
death rate as an indicator of perinatal health. The
other death rates used in perinatal epidemiology
are stillbirth, neonatal, postneonatal and infant death

rates, as illustrated in Figure 23.1. The death rates are
defined as the number of deaths per 1000 births, or
per 1000 live births for the last three rates.

Perinatal surveillance
Perinatal surveillance can be based on the perinatal
and infant death rates, but also on other health indi-
cators such as the frequency of different congenital
anomalies or the frequency of preterm births or low-
birth-weight (LBW) births. Some countries, for exam-
ple, the Scandinavian countries, have established
medical birth registries where all births in the country
are monitored. Thus, the occurrence of different
adverse outcomes can be monitored and changes in
frequencies can be detected and further investigated.
The thalidomide disaster in the early 1960s was the
main reason why such a medical registration system
was established in Norway in 1967. This was the first
national population-based registration of births ever
established.6 Later, similar registration systems were
established in Denmark, Sweden and Finland. 

The medical registration of births contains informa-
tion on the parents (a few items on civic and medical
information), the course of pregnancy and delivery
and, finally, some information about the newborn baby.
Therefore, the medical birth registration information
can be used for perinatal audit purposes beyond the
surveillance of congenital anomalies. Perinatal audit
represents a current assessment of the quality of peri-
natal care, based on the structure of care, the process of
care and the outcome of care. The information col-
lected through the medical birth registration represents
a valuable basis for assessing at least the process and
the outcome of care, while data on the structure of care
will have to be collected separately.

The medical birth registration forms the basis of
the Medical Birth Registries in the Nordic countries.
The child and its parents are identified by unique iden-
tification numbers. This facilitates the linkage of the
information with other data sources, like the death reg-
istry, the census data and the education registry. Also,
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the identification number makes it possible to link the
medical birth registries with other morbidity registries,
such as the cancer registries, which represent high-
quality data sources in the Nordic countries.

Risk factors
Perinatal epidemiology focuses on different risk fac-
tors associated with pregnancy and childbirth. Births
with an adverse outcome are compared with controls
and whether one group has more often been exposed
to the risk factor under study than the controls
(case–control study). An outstanding example of such
a study is the discovery of the strong association
between the use of diethylstilbestrol in pregnancy to
prevent miscarriages and the risk of cancer vaginalis
in the female offspring of these women when they
reach their early reproductive years.7

The other approach in studying associations between
exposures and adverse outcomes is the use of cohort
studies, where two groups of women are selected, one
exposed and the other not exposed to the suspected
risk factor, and then comparing the outcomes in the
groups. In Table 23.1, an example is shown of such a
cohort study, which focuses on the risk of small-for-
gestational-age (SGA) births in groups of women with
established risk factors at the start of their pregnan-
cies, and evaluates the additional risk associated with
cigarette smoking. The data shown in the table are
based on a longitudinal study of fetal growth.8 For
women with no known risk factors at the beginning of
the pregnancy, 6.5% will have an SGA birth. If the
women smoke cigarettes, the risk increases to 11.8%
[relative risk (RR) =1.8]. If the women have had a pre-
vious LBW birth (birth weight below 2500 g), then the
risk of an SGA birth is more than doubled (RR =2.4),
and if they smoke cigarettes, there is a further dou-
bling of the risk (RR =5.4).

Case–control and cohort studies are both obser-
vational studies. Furthermore, within perinatal

epidemiology as well as other areas of epidemiology,
observational studies are the dominant tools in
addition to more descriptive and even hypotheses-
generating studies. The more powerful experimental
approaches are obviously less suitable. However, in
evaluating perinatal care, one can use randomized
controlled trials, applying either individual or cluster
randomization. This approach can also be applied in
the evaluation of preventive programs. Here, the clus-
ter randomization approach ought to be used more
often. For example, in evaluating a new program for
antenatal care, instead of randomizing individuals,
one could randomize areas, counties, municipalities
or clinics to alternative programs and then compare
the results.9

Recurrence risks
The feasibility of linking parents and child in the
medical birth registries makes it possible to study the
recurrence of pregnancy and childbirth events within
sibships. This has been done extensively, based on the
Norwegian Medical Birth Registry data over the last
25 years, starting with a paper in 1977, which demon-
strated the strong tendency to repeat preterm, LBW
and SGA births in successive pregnancies in the same
woman.10

As it turned out, as shown in Table 23.2, LBW was
the best predictor of subsequent LBW birth, preterm
birth was the best predictor of later preterm birth and
SGA birth was the best predictor of subsequent SGA
births. These and later analyses have indicated that
women are ‘programmed’ to have births of a similar
size in subsequent pregnancies.

The first babies included in the Norwegian Medical
Birth Registry from 1967 onward have now long since
started to reproduce themselves, which facilitates the
study of intergenerational effects. As it turns out, birth
weight correlates across generations, but gestational
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Figure 23.1 Time of death surrounding birth and during the first year of life.
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age correlates to a lesser extent.11 A recent analysis is
based on 105,104 mother/child pairs recruited from
females in the Norwegian Medical Birth Registry born
since 1967 and reproducing through 1995. Based on
101,579 single mother/child units, the recurrence
risks across generations are shown in Table 23.3. The
recurrence risk or LBW is of the same magnitude as
the recurrence within sibships.10 However, for gesta-
tional age, the recurrence risk across generations is
much weaker compared to the recurrence within sib-
ships. This could indicate that genetic factors affect
fetal growth more than the duration of pregnancy and
that gestational age might be more affected by envi-
ronmental factors. Further studies of paternal effects
and the association among paternal and maternal half-
siblings might help to clarify these relationships.

Future perspectives
of perinatal epidemiology
The idea that health in adult life may reflect circum-
stances in childhood, or even earlier in life, dates
back many years.12 The notion that at least some adult
diseases may originate in utero has recently captured
attention across a wide range of biomedical sciences.
Editorial comments have ranged from being enthusi-
astic, claiming a ‘paradigm shift’,13 to being more criti-
cal and skeptical.14

Barker has introduced a series of hypotheses of rela-
tionships between perinatal events and later health.15

For example, Barker et al. have examined the associa-
tion between blood pressure and measures of size and
shape at birth, indicating that the ratio of birth weight
to placental weight is an important predictor of subse-
quent blood pressure, where men who were light at
birth, but with a relatively heavy placenta, had the
highest blood pressure.16

Most of these associations will require more sophisti-
cated studies before the issues can be resolved. In the
Nordic countries we have some advantages in approach-
ing some of these challenges, particularly since we
have relatively homogenous populations where the
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Table 23.1 The frequency of SGA births in cohorts of women with different risk factors, including cigarette
smoking, at start of pregnancy (derived from Bakketeig et al.8)

Risk factor SGA births

Women (n) N Percentage Relative risk 95% Confidence interval

None*
Non-smoker 3190 208 6.5 1.0
Smoker 1515 179 11.8 1.8 (1.5, 2.2)

Previous LBW birth
Non-smoker 286 44 15.4 2.4 (1.7, 3.3)
Smoker 238 84 35.3 5.4 (4.2, 7.0)

Low prepregnancy weight (< 50 kg)
Non-smoker 164 20 12.2 1.9 (1.2, 3.0)
Smoker 175 45 25.7 3.9 (2.9, 5.4)

*Defined as the absence of the following risk factors: previous LBW birth, low prepregnancy weight, previous perinatal death or chronic maternal
diseases (essential hypertension, heart disease or renal disease)

Table 23.2 Prediction of LBW, preterm and SGA second births based on birth weight and gestational age of first
birth (76,398 mothers with first two births in 1967–73) (from Bakketeig10)

First birth Risk of second birth

LBW Preterm SGA

% Relative risk % Relative risk % Relative risk

LBW 15.2 5.6 15.4 3.7 20.5 4.1
Preterm 11.8 4.1 16.4 4.0 11.5 1.5
SGA 7.7 2.8 6.6 1.4 22.1 3.9

Table 23.3 Recurrence risks across generations

Relative risk

Preterm birth (< 37 weeks) 1.18
LBW birth (< 2500 g) 2.25
SGA birth (sex and parity specific) 2.57
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individuals can be traced over time due to our identifi-
cation number system, which thus facilitates longitudi-
nal studies with follow-up over a long time.17

Epidemiology certainly has an extremely important
role to play in perinatal medicine, and genetic epi-
demiology and molecular epidemiology are likely to
introduce new and more effective analytical methods,
which will provide the basis for improved prevention

of adverse outcomes of perinatal events, regardless of
when these outcomes occur.
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24 Structure of perinatal
care systems
G. A. Little

Pregnancy outcomes are clearly dependent on the
availability and effective delivery of reproductive care.
Advances in knowledge and technology have resulted
in improvement in national perinatal statistics such as
survival of low-birth-weight infants, but the degree of
improvement is dependent on the care environment.
Structure, the systematic organization of perinatal care,
is a primary determinant of the degree of success in
meeting the needs of a population.

Constant improvement of pregnancy outcomes is a
logical objective. The optimal state of health involves
functioning at full individual potential, without dis-
ease or abnormality. The ultimate positive expression
of reproductive health would be pregnancies without
adverse medical outcomes occurring as intended
events within a healthy emotional and social environ-
ment. A zero adverse outcome rate may not seem
attainable at this time, but there is no reason to believe
that there is an irreducible minimum of poor outcome
that cannot eventually be overcome.

This chapter discusses the organization of perinatal
care in the effort to improve outcomes of pregnancy.
While each geopolitical entity – population, region or
country – must be analyzed and subjected to individ-
ualized planning and intervention, there are common
concepts that apply.

The problem
Throughout the world, disease associated with repro-
duction represents a dominant part of medical need
and is a major contributor to mortality and long-term
morbidity. Even if that part of reproductive system
pathology not necessarily associated with pregnancy,
such as infertility and sexually transmitted diseases, is
removed, the human and economic costs of pregnancy-
related disease remain very high in both developed
and less fortunate countries.

The disparity between developed and developing
regions is especially dramatic in the area of reproduc-
tive health. Thirty-nine of the 50 million yearly deaths
worldwide (approximately four-fifths) occur in the

developing countries, where maternal, perinatal, and
communicable causes are said to be responsible for
40% of deaths as compared to 5% in developed coun-
tries. Pregnancy-related conditions are estimated to be
responsible for 18% of the burden of disease in women
between 15 and 44 years of age, and in children under
5 years of age about 19% of loss of healthy life is said
to be due to perinatal complications.1 Of five essential
groups of clinical interventions for developing countries
identified in a world development report – prenatal and
delivery care, family planning services, management
of the sick child, treatment of tuberculosis, and case
management of sexually transmitted diseases – three
involve perinatal and reproductive health.2,3

Within developed countries there have been remark-
able advances in outcomes in recent decades, but there
are persistent differences between countries. Further-
more, expenditure of greater resources per capita and
availability of proportionately more providers does not
necessarily result in better outcomes. The United States,
despite greater application of resources to neonatal
intensive care, does not appear to have better birth-
weight-specific mortality than some other countries.4

Indicators
Perinatal systems of care have traditionally used vital
statistics indicators to quantify relative magnitude of
outcomes. The following are illustrative of indicators
that are based on events that are relatively easy to
define and record, such as death, birth weight, and
gestational age.

Maternal mortality, usually defined as death of a
woman during or within 42 days of pregnancy of any
cause other than accidental or incidental, remains a
problem in the industrialized world, where deaths
approximate 10–20 per 100,000 live births. This indica-
tor is said to document the widest disparity of human
reproductive outcomes yet reported, with some sections
of the world, notably sub-Saharan Africa and South
Asia, apparently experiencing an incidence as much as
200 times higher than the safest areas.5
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Fetal mortality, neonatal mortality, and infant
mortality serve as valuable indicators by themselves or
when included in various rates and ratios. Perinatal
mortality, including all newborns, live and stillborn, of
1000-g weight and greater and up to 168 h or 7 days
of age (early neonatal), is used frequently. Neonatal
mortality (deaths up to 28 days) is part of infant mor-
tality (deaths in the first year), and the two, independ-
ently or when analyzed together, give valuable insights
into the health of a population and availability of care.
For example, it has become evident that improvement
in infant mortality in some countries such as Egypt has
exceeded the rate of improvement in neonatal mortal-
ity, suggesting that advances in perinatal care of the
fetus and neonate may lag behind advances in care of
conditions of infancy, as programs such as oral rehy-
dration for diarrheal diseases make an impact.6

Low-birth-weight rate and birth-weight-specific
mortality provide information about the general
health of a population and the relative success of
intervention, especially for the population of prema-
turely born babies (< 37 weeks’ gestation). Within the
United States, for example, the low-birth-weight rate
varies by a factor of 3 or 4 for various subpopulations
and has not responded favorably to interventions,
while birth-weight-specific mortality has improved
considerably, probably due to neonatal intensive care
and regional programs. The result is a situation where
individual low-birth-weight babies do relatively well
and birth-weight-specific mortality is perhaps the best
in the world, but the number of low-birth-weight
babies per thousand births remains higher than in
many other countries.

Figure 24.1 serves to illustrate the breadth of possi-
ble perinatal outcome indicators. Identified values
can be used to derive indicators. Traditional outcomes
based on vital statistics address a small portion of the
value and outcome spectrum. The clinical value com-
pass model can be applied to all aspects of a care
delivery process including the parent perspective of
the neonatal intensive care experience.7 Perinatal care
systems in all stages of development will rely on vital
statistics based indicators. Those in complex environ-
ments that are market driven with a strong interest in
consumer- or family-centered care may also employ a
variety of indicators.

Risk assessment, need identification,
and resource allocation
Risk assessment is a key concept in perinatal care sys-
tems. The process of evaluating the possibility that a
patient has or will have a specific problem is an integral
part of all medical practice including perinatal medi-
cine. Needs are identified and quantified for both indi-
vidual patients and populations. Resources can then be
allocated to meet identified or anticipated needs.

Risk assessment has furthered care and improved
outcomes through identification of populations and

individuals at increased risk for specific conditions.
It also can result in false positives and negatives.
Furthermore, there is legitimate concern that the con-
cept of risk has meant to some that pregnancy is never
normal except retrospectively. These shortcomings
must be managed.

A method entitled the risk approach has been devel-
oped to improve availability and use of existing health-
care resources and systems, especially in resource-poor
areas. Health problems, including their associated risk
factors and populations, are identified, the status of
function of the existing health-delivery system is
assessed, interventions to deal with risk and perform-
ance are put in place, and these are followed by moni-
toring and evaluation.8 This process has been applied
to construct programmatic approaches to population-
based maternal and child health care. Shortcomings
have been discussed, including the inability in some
situations to recognize or evaluate all forms of risk,
inadequate preparation or training of personnel, lack of
complete understanding of the determinants of risk
including cultural factors, and inability to achieve a
balance between preventive and curative services.9,10

Patient care and the need for structure
The individual perinatal patient has benefited greatly
from advances in care. For example, if access to pre-
ventive and acute care is available and timely, all of the
five main causes of maternal mortality – hemorrhage,
unsafe abortions, hypertensive disorders, sepsis, and
obstructed labor – can be managed successfully. Most
of the common causes of fetal and neonatal mortality
and morbidity, such as peripartum asphyxia, prematu-
rity, and infections, respond to assessment of fetal
well-being, obstetric intervention, neonatal resuscita-
tion, and intensive care. Although there are many diag-
nostic and therapeutic challenges that remain, such as
prevention of permaturity, the simple fact is that most
of the world’s perinatal pathology can be detected and
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Figure 24.1 The clinical value compass model has been used
to derive the four parental neonatal intensive care outcome
groupings. A wide range of outcome indicators can be
developed for each of these groupings. Derived from Conner
and Nelson7.
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treated successfully with available knowledge and
structured care.

Because it is not possible to meet all needs in all
places, a structured system that allows for efficient
use of resources and maximizes outcomes is a logical
objective.

The health-care pyramid
The World Health Organization (WHO) has presented
an ideal health-care pyramid with three levels: family/
community, health center, and district hospital.3 With
slight modification (see Figure 24.2), this model can
serve as a conceptual framework for the structure of
perinatal health care in countries and societies at all
stages of development. The basic importance of the
family/community sector is emphasized; it is here that
the need for clinical intervention arises and moves to
health center and hospital when necessary (see refer-
ral arrow, Figure 24.2). The arrow on the right pointing
down suggests a family/community objective for
supervision in the WHO model; the guidance and
management terms were added to this illustration to
suggest proactive clinical and educational interven-
tions that originate in health-care institutions.

A problem associated with improving pregnancy
outcomes is the need for both comprehensive preven-
tive and acute care for an entire population. One with-
out the other will not be successful. As the health-care
pyramid suggests, an effective and efficient framework
or structure of component activities is necessary.

Perinatal systems
Systems consist of components functioning together
for common goals and objectives. Understanding of

the complexity and breadth of activities associated
with perinatal care is essential if systems are to be
effective.

Perinatal system activities
Table 24.1 provides an overview of the basic activities
associated with systematic efforts to improve pregnancy
outcomes of a population. Patient care is essential and
must be facilitated by administration and management.
If standards of care and outcomes are to be maintained
and improved, ongoing data collection, evaluation, and
research must take place to provide the substrate for
quality improvement. Training and education of per-
sonnel must be available either from within the system
itself or from a cooperating resource.

System development
Much of the effort of system development in technically-
advanced nations has focused on hospital inpatient
services. The hospital is usually the community insti-
tution where knowledge and technology are concen-
trated, with individual members of the community
coming to that location. In developing and less fortu-
nate environments, a single regional institution such as
a district hospital receives designated governmental
support, while in more affluent areas there may be mul-
tiple hospital alternatives that, in fact, may compete.

Perinatal systems and their patients originate from
communities and families. The focus on hospitals as
an identified community resource and site of many if
not most births leads to a challenge for systems to
adaquately address needs in the ambulatory and edu-
cation sectors. Preconception and prenatal care tends
to be less well addressed in many systems as inpatient
services.
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Figure 24.2 The World Health Organization health-care pyramid. Modified from World Health Organization3.
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In an ideal situation, need assessment followed by
resource allocation to guide initial development of a
basic perinatal system for a defined population is a
relatively uncomplicated exercise. As previously dis-
cussed, vital statistics and perinatal indicators can
help to quantify the magnitude of the need and sup-
port solutions that direct resources toward systems
and comprehensive program activities. The reality of
perinatal systems development is complex, with each
situation involving different medical, economic,
social, and political determinants.

Perinatal regionalization in the
United States: evolution of a systems approach
During the 1960s and early 1970s, significant advances
in perinatal care, especially in hospital-based services,
were occurring in the United States, Canada, and many
countries in Europe and elsewhere. Neonatal inten-
sive care in particular was emerging, as was the concept
of interhospital transfer, including care instituted prior
to and during movement to established centers. Peri-
natal providers and their organizations, including the
American Academy of Pediatrics (AAP) and the
American College of Obstetricians and Gynecologists

(ACOG), became convinced that a systems or program-
matic approach to perinatal care could improve out-
comes. With the assistance of a private foundation, The
National Foundation – March of Dimes, the AAP, and
the ACOG, joined by the American Medical Association
and the American Academy of Family Physicians,
formed an ad hoc Committee on Perinatal Health.

Toward Improving the Outcome of Pregnancy:
Recommendations for the Regional Development of
Maternal and Perinatal Health Services was formally
released in 1976.11 The first sentence states that to
make optimal care available for each person, ‘a systems
approach is essential’.

The publication, now known as TIOP I, while
directed broadly at maternal and perinatal services,
focused heavily on the third trimester and neonatal
period and on the hospital or inpatient sectors prima-
rily. Central to the recommendations and subsequent
influence of TIOP I was a three-level categorization of
perinatal services. The level framework was promoted
to introduce cooperative interaction and organization
into a system having as its only objective the improve-
ment of pregnancy outcome (see Figure 24.3).11,12

By the mid-1980s, perinatal regionalization,
including the level concept of organization, had been
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Table 24.1 Perinatal system activities

Patient care Date acquisition, evaluation, and research Administration Education

Primary (basic) Vital statistics Clinical services Public
Pregnancy planning Pregnancy outcomes System development Patient

and maintenance
Preconception Maternal Institutions Prevention
Prenatal Neonatal/infant Clinics Preparation
Peripartum Technology assessment Hospitals Training
Postpartum Professional/provider Quality assessment Continuing

and improvement
Maternal Medical and social science Fiscal System (outreach)
Infant

Specialty 
(consultative, referral)
Genetics
High-risk obstetrics
(Maternal–fetal)

Neonatal (medical 
and surgical)

Psychological and social
Ancillary services
Radiology/imaging
Anesthesia
Laboratory

Transportation
(Interhospital care)
Maternal–fetal
Neonatal
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implemented throughout the United States, with most
authorities agreeing that it had been responsible for
improvement in outcomes.13 The degree of govern-
mental involvement in the form of leadership and
regulation varied widely across the 50 states. The
three-level categorization was broadly accepted,
although some argued for a four-level system with a
few perinatal centers, usually academic, to provide
the most technologically demanding care as another
level. Others argued for a two-level system involving
primary, routine, or specialty care and a referral level
for subspecialty care. Some felt that the level system
inappropriately centralized care, although the TIOP
documents clearly state that that is not intended.

Recently, the AAP released, after considerable col-
lection of practice data and debate, a new categoriza-
tion of levels of newborn care that maintained a basic
three-level framework with subcategorization based on
functional capabilities.14 The rationale utilized, while
applied to neonatal care, is seemingly also applicable
to obstetric units. As perinatal services in hospitals and
within systems are interrelated, assigning the level of
perinatal service is an important aspect of structure.

By the late 1980s, a great deal of concern was being
expressed by US professionals and health planners
that so-called ‘deregionalization’ was occurring and
that outcomes might be worsening or at best the rate
of improvement was inadequate. Some argued that
the levels categorization had outlived its usefulness.
It is important to place this concern into a context of
a nationwide deliberation about the entire system of
care and health-care reform. A movement to review
and revise TIOP I emerged.

TIOP II, Toward Improving the Outcome of
Pregnancy, The 90s and Beyond was released in 1993

by a reconstituted and expanded Committee on
Perinatal Health.15 In it are included a review of past
development of US prenatal services, consideration of
indicators of outcome, and recommendations for
improvement that are broad and strongly state that
successful interventions such as intensive obstetrical
and neonatal hospital-based interventions must be
maintained, while a newly energized focus on ambu-
latory care, especially in the preconception, prenatal,
and postpartum intervals, should be instituted. The
levels categorization is supported but with a recom-
mendation that review and revision on a local or state
basis should be undertaken as part of an emphasis on
the need for regional systems to be community
focused. Also stressed are health awareness and pro-
motion, universal access to care, and a recognition
that social and fiscal, as well as medical, factors must
be addressed. TIOP II is also not a laissez-faire docu-
ment; it recommends that community resources as
well as professionals should play a role in a system
that includes a forum, usually government led, for
addressing accountability, access, and progress.16

Thus, in the United States, the need for structure in
the delivery of perinatal care, which includes risk iden-
tification, patient referral and possible transport to a
site of available service, and categorization of levels of
care has been debated and largely accepted. Agreement
on the specifics of system implementation and man-
agement is not as universal. In some states, structure
has evolved informally, while in others, considerable
structure has been mandated. The care-related activi-
ties presented in Table 24.1 are largely in place, while
some, such as continuous quality improvement involv-
ing an entire geopolitical unit such as a state, are
not. The current movement toward managed care and
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Figure 24.3 Levels of hospital perinatal services originally recommended in the United States in 1976. Derived from Frigoletto and
Little12.
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competition on the one hand supports the development
of systems of care that are internally structured and
largely self-contained, while on the other hand urging
the freedom to compete and limited external structure
and review. In many areas, there are regionalized peri-
natal networks that function in parallel, with limited
interaction including assessment.

In this millineum the US perinatal system contin-
ues to evolve while there is ongoing questioning of
resource allocation. The dominence of hospital-based
services including obstetric high-risk and neonatal
intensive care is being debated from the perspective of
whether it improves outcomes.17 Availability of neona-
tal intensive care capacity is thought to be responsible
for a significant portion of improvement in outcomes
such as low-birth-weight survival, with obstetric care
contributing a smaller but definite portion.18 There is
research that supports a concern that neonatal inten-
sive care capacity may be excessive and not able to
contribute further to improved pregancy outcomes.19

A cross-national study of reproductive care involv-
ing the United States, Australia, Canada, and the
United Kingdom determined that the United States
has more neonatal intensive care capacity with 6.1
neonatologists per 10,000 live births compared with
3.7, 3.3, and 2.7 for the other countries, respectively.
Neonatal bed capacity was also greater in the United
States. Birth-weight-specific mortality outcomes were
not the best in the United States where proportion-
ately less resources are allocated to such efforts as
preconception, prenatal, and other maternal and child
health services.4 This study questions the effective-
ness of the current distribution of reproductive care
resources, as did TIOP II,15 and should serve as a
resource for other perinatal systems in development
and evolution.

Present and future challenges
Access to clinical care
The implementation and improvement of perinatal
systems remains challenging across the spectrum of
economic development and political structure. In the
less developed situations, certain key system compo-
nents, such as the first referral level for emergency
obstetric care and the ability to perform operative
interventions like cesarean sections, are yet to be
made universally available. In others, access may be
less than optimal due to organizational or economic
factors. System structure may have to be modified or
individualized to meet prioritized acute care needs. In
situations where care is readily available and perhaps
even oversubscribed, such as neonatal care, there are
challenges related to the relative priority of technolo-
gies and services. Dissemination of evidence-based
innovations has been pointed out as a challenge in all
industries including health care.20

Data acquisition and analysis
The ability to use existing computer technology to pro-
vide data about events and outcomes in a practical and
real-time fashion is now available to perinatal system
management. Individual providers, centers or hospitals,
and systems can record data economically, and through
analysis derive information to effect improvement and
change. Efforts such as the Oxford Database for Perinatal
Trials, the emergence of measures of acuity,21,22 and the
growing worldwide presence of collaborative networks,
such as the Vermont–Oxford Neonatal Network23 with
its international cumulative database of 400- to 1500-g-
birth-weight babies from over 400 units, provide oppor-
tunity for evidence-based collaborative research.24

These tools need to be supported, developed further,
and used by perinatal systems.

Quality improvement
The concept of continuous quality improvement
employed with success in business and in health care
is not foreign to perinatal care. In fact, an emphasis
on measurement and improvement of outcomes has
always been a fundamental part of perinatal care, as
evidenced by the Apgar score and neonatal follow-up
efforts. Perinatal systems can benefit from advances
in quality management being championed in other
sectors, including competitive business. Data acquisi-
tion and analysis are essential in this effort and the
productive linkage of data with quality improvement
is a systems function.25

Expectations and accountability
Perinatal systems, their institutions, and their personnel
are formally and informally considered to be account-
able for their actions and outcomes. Accountability is
well defined in some areas such as procedures on
patients in hospitals and less evident in other con-
cerns such as who is responsible for patients who
receive inadaquate prenatal care. Problems such as
maternal mortality in developing countries and infant
mortality in subpopulations of some advanced coun-
tries may become part of a political process that asks
for identification of the responsible party and improve-
ment. In such situations the media may become involved
by publicizing issues and demanding accountability
and change.

Families and communities in this era of patient or
consumer involvement in health care have expecta-
tions. They can profoundly influence care. For exam-
ple, perinatal parents have successfully advocated for
change leading to the presence of fathers at operative
delivery and increased involvement in decision making
in the neonatal intensive care unit.26

A basic principle of public health is to involve the
entire population in analysis and efforts for improve-
ment. Many perinatal systems across the economic and
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political spectrum of countries study parts of the total
population. Accountability or responsibility for less than
the total cohort is inadequate. If more than one perinatal

network, program, or system exists within a population,
then responsibility must rest somewhere, often with the
government, for total cohort accountability.
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25 Perinatal quality indicators
and perinatal audit
G. Lindmark and J. Langhoff-Roos

Health-care services should be evaluated not only in
quantitative terms, which is still often the case, but also
with respect to the quality. The qualitative dimensions
of health care are fundamental for its impact on health.
Clients, not least in maternal health care, increasingly
demand to be considered as individuals and not only
as objectives of the health-care activities. Resources are
restricted even in the most affluent parts of the world
and do not allow unlimited use of health-care inter-
ventions. Critical scrutiny and assessment of the qual-
ity of health care are therefore mandatory.1

In maternal and perinatal health care, the survival of
mother and baby without short- or long-term morbidity
is the first and fundamental need. However, in child-
bearing there are other needs related to social, cultural
and existential dimensions, which also have to be con-
sidered in the care of mothers and infants. One obvious
reason to acknowledge these dimensions is their impor-
tance for acceptance of and compliance with care.

To maintain and improve quality in health care, it
is necessary to clearly define the goals and objectives
related to patient’s needs, and assess the resources
available.2 For such a process to be possible, good
communication and collaboration must be present. It
is also essential that health workers at all levels feel
themselves as subjects and a part of the process and
not as objects of scrutiny or criticism.

To define quality as the extent to which the care is
meeting the expectations and needs of the patient is
attractive, and implies that also other outcomes than the
strict medical ones must be considered. However,
the expectations of health care do not come only from
the patient but also from society and from the agencies
that cover the cost of the care. Therefore, not only indi-
vidual but also public health outcomes must be con-
sidered, and the effective use of available resources
will therefore be a quality aspect of great interest. When
comparisons of the quality of perinatal care are per-
formed, it is common to relate only to indicators of
outcome or process and not mention indicators of
structural input. Also, single-process or -outcome indi-
cators – like rates of cesarean section and perinatal

mortality – have been used to measure quality without
considering the relation with other important aspects
of care.

It will be increasingly important to define quality
also as cost-effectiveness, in any case if the aim is to
offer universal high-quality care to all mothers and
newborns.

Indicators of quality
A weighted sum of all essential indicators, including
fetal and maternal, short-term and long-term outcomes
as well as maternal satisfaction and the impact on future
pregnancies and deliveries, would be the ideal measure
of quality. This will imply that an unrealistically high
amount of resources are spent to collect quantitative as
well as qualitative data – at least in the same population.
The most important source for quality improvement
activities is the routinely collected indicators at the local
and regional levels. However, we still need to supple-
ment this with results from other and larger regions.
Published descriptive–analytical clinical research will
also in the future constitute one of the backbones of
regional quality assessment activities.

Decisions on the best indicators must consider not
only their relevance for assessment of the objectives of
care, but also their feasibility. For an indicator to be
useful it must be constructed from data that are possi-
ble to collect within the available resources, and both
these variables and the indicator itself must be clearly
defined. The usefulness of quality indicators for com-
parisons over time or between regions depends on
agreement on these definitions and continuous data
collection by all the participating health facilities.

Quality assessment of the structure of care includes
organization, resources, qualifications of staff and avail-
ability of structured and adequate programs of care. The
process or utilization of resources in the provision of
health care can be assessed so that each activity for
screening, prevention, diagnosis or therapy is cor-
rectly applied and used for the intended or appropriate
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purpose. Assessment of process quality should ascertain
that the care is carried out according to evidence-based
guidelines or recommendations.

In perinatal care the result of the health-care process
in terms of mortality and morbidity traditionally has
been discussed most often. Nowadays, patient satis-
faction and provision of relevant and reliable informa-
tion are products of care generally appreciated as
important not just in cases with perinatal complica-
tions but also in the majority of cases in which every-
thing is normal from a strictly medical perspective.

These quality indicators are useful for constructive
discussions about the content and quality of perinatal
health care. The variations in outcome are not related
to physical resources in a simplified way, but must be
discussed in the wider context of attitudes, practices
and training of health staff at all levels. Assessment of
results of care should not be limited to intermediate
variables such as the results of tests or examinations,
but should focus on essential patient-related indica-
tors. In perinatal care, it is common that a screening
procedure or an intervention during pregnancy is vali-
dated by parameters that are indirectly related to the
actual health outcome of mother or infant or even to the
result of another test or examination. Variables that are
indirectly related to health outcome, such as low birth
weight and preterm birth and to some extent low Apgar
score, may be useful, however, if there is a direct rela-
tionship with short- and long-term morbidity.

Data collection
Since quality assessment includes both the general
level of care in all cases as well as serious adverse
events, variables and indicators must include both
information about all mothers and newborns and spe-
cial information in selected cases of special interest.
The data collection system must therefore include
both routine registration of basic information and
more detailed information on complicated events –
usually to be retrieved from the medical record.

Existing routinely collected data, for example, from
medical birth registers, should be used whenever pos-
sible, in order to limit the resources needed.3 Studies
show that the quality of routine data in maternity
services can be adequate for quality control.4

In some countries, routine data may be retrieved
from clinical information systems in hospitals or pri-
mary care, or civil registers of births and deaths. In the
Scandinavian countries, national medical birth regis-
ters provide important information. In some coun-
tries, routine surveys of reproductive health outcomes
are performed at regular intervals and data from rou-
tine child health care may be used for quality assess-
ment purposes. However, register data and standard
data collected without a specific purpose or unrelated
to specific quality improvement activities may be of
questionable validity. Registers may also be unreliable

regarding causes of death, diagnoses of complications
or autopsy data. Terms such as hypoxia, placental
dysfunction or pre-eclampsia are frequently used
without clear and uniform definitions of the variables.

For comparisons – not only of trends over time in
one specific region, but also between regions or using
the data compiled for international comparisons – it is
essential that all variables are defined according to
international standards.

Definitions of basic concepts such as perinatal mor-
tality, gestational age and diagnoses describing maternal
and infant condition must be uniform. It is particularly
important that all extremely preterm deliveries and
infants with the lowest birth weight are included,
because of their high risk of mortality and morbidity.

The patient record is an important quality instru-
ment if it is standardized and contains specified and
well-defined data. It is nowadays often in a computer
format and can be used directly to produce data for
special purposes. However, there must be specified
definitions for registration to make a variable useful
for quality assessment. All data that are the result of a
subjective interpretation are also less reliable than
absolute values of test results.

Specific surveys and interviews, as well as obser-
vations of the process of care, are valuable instru-
ments for assessment of quality, but cannot usually
be routinely used since they are more resource
demanding and also require training and skills of the
data collectors. Thus, these methods will be limited to
specific, short-period projects.

Validity of data
The most common problem in the initial discussions
about choice of indicators is that people underestimate
the difficulties of performing continuous data collec-
tion in routine care over long periods of time. The
validity of the data registration must therefore be given
attention before the data registration begins, as well as
regularly over time. Also it is important that definitions
and indications are not changed too often. A change
should not be considered unless a significant improve-
ment is foreseen to follow, considering both the initial
rather poor validity of data during the first phase and
the loss of longitudinal aspects of data collection.

In order to secure valid registration of indicators it
is important that health personnel are provided with
regular and immediate feedback based on registered
data and that regular proper validation based on inter-
nal registry analyses and external studies based on
case notes are performed.

Validation of reported indicators depends on
whether the data are aggregated, anonymous case
based or case based linked to a personal ID. At an
aggregated level, validation may be achieved by logic
checks for outliers, at a case-based anonymous level
by logic checks for relations between indicators (such
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as compatibility – cesarean section vs. sphincter
rupture), whereas at a case-based level where case
notes are traceable a proper external validation may
be carried out.

Sets of indicators for quality
assessment
Many quality assurance projects have used process
indicators in health care, often recorded as propor-
tions of cases subject to various interventions. Several
national and international agencies and scientific
societies have developed lists of essential quality
indicators for maternal and perinatal care.5 An exam-
ple of a set of clinical quality indicators for monitor-
ing results is the one developed by the American
College of Obstetrics and Gynecology (Table 25.1).2

Other sets reflect a more public-health-oriented per-
spective. Usually, they are a mix of imput from clini-
cians (obstetricians or midwives) and public health
professionals. Clinicians usually focus more on indi-
cators of specific areas to be improved by clinical
interventions (process–outcome indicators), indica-
tors such as cesarean section, sphincter rupture and
asphyxia at delivery. Public health professionals

focus more on areas that are public health issues
(structure–outcome indicators), such as maternal age,
marital status, congenital malformations, length of
hospital stay for childbirth, etc.

By comparison these sets of indicators are quite het-
erogenous and show a considerable amount of diversity,
reflecting differences in interest, but also characterized
by a number of common indicators that were found to be
essential, such as maternal, perinatal and infant death.

A recent European collaborative effort, PERISTAT –
a part of the European Commission’s Health Moni-
toring Programme – has developed indicators of peri-
natal health for health professionals, policy makers,
researchers and health service users who wish to
monitor and evaluate perinatal health. The aim of this
project, which included 13 countries, was to facilitate
monitoring and comparison by harmonizing indicator
definitions and encouraging the collection of compa-
rable data based on the following priorities:

• Assess maternal and infant mortality and morbid-
ity associated with events in the perinatal period.

• Describe the evolution of risk factors for perinatal
health outcomes in the population of childbearing
women, including demographic, socioeconomic
and behavioral characteristics.
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Table 25.1 Obstetric clinical indicators developed by the American College of Obstetricians and Gynecologists

Maternal indicators
Maternal mortality
Unplanned readmission within 14 days
Cardiopulmonary arrest
In-hospital initiation of antibiotics 24 h or more after term vaginal delivery
Unplanned removal, injury or repair of organ during operative procedure
In-hospital maternal red blood cell transfusion or hematocrit < 22 vol% or hemoglobin of < 7.0 g or decrease in hematocrit of

11 vol% or hemoglobin of 3.5 g or more
Maternal length-of-stay more than 5 days after vaginal delivery or more than 7 days after cesarean delivery
Eclampsia
Delivery unattended by the ‘responsible’ physician*
Postpartum return to delivery room or operating room for management
Induction of labor for an indication other than diabetes, premature rupture of membranes, pregnancy-induced hypertension,

postterm gestation, IUGR, cardiac disease, isoimmunization, fetal demise or chorioamnionitis
Cesarean delivery required

Primary cesarean delivery for fetal distress.
Primary cesarean delivery for failure to progress
Delivery of an infant with a birth weight < 2500 g or respiratory distress syndrome following induction of labor

Neonatal indicators
Perinatal mortality of a fetus or infant surviving less than 28 days and weighing 500 g or more at delivery
Intrapartum death, in hospital, of a fetus or infant weighing 500 g or more
Neonatal mortality of an inborn infant with a birth weight of 750–999 g in an institution with a neonatal intensive care unit**
Delivery of an infant weighing < 1800 g in an institution without a neonatal intensive care unit**
Transfer of a neonate to a neonatal intensive care unit in another institution
Term infant admitted to a neonatal intensive care unit
Apgar score of 4 or less at 5 min
Birth trauma (#767 in ICD-9 directory), such as shoulder dystocia, cephalohematoma, Erb palsy and clavicular fracture

but not caput
Diagnosis of fetal ‘massive aspiration syndrome’ (#770.1 in ICD-9-CM)
Inborn term infant with clinically apparent seizures recorded before discharge

*To be defined by each institution; **an inborn infant is one born in this hospital rather than transferred from another institution
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• Monitor the use and consequences of medical tech-
nology in the care of women and infants during
pregnancy, delivery and the postpartum period.

In 2003 a list of recommended indicators (Table 25.2)
was published on the Internet together with the figures
for the year 2000 from most of the participating
countries.6

Analysis of indicators
Differences in quality indicators are usually inter-
preted as mainly related to the care itself, but it is
important to consider also differences in the popula-
tion. Even when comparing area-based populations,
differences in maternal characteristics such as parity,
multiple pregnancy, preterm birth rate, etc. influence
the rates of interventions and outcome. Differences in
social and economic conditions may be important for
outcomes, but are difficult to assess in a reliable way.

Analyses also depend on the level at which data are
reported. Aggregated data merely provide a basis for
frequencies and predefined tables, whereas case-
based data allow ad hoc analyses involving all the
variables or indicators recorded. When cases have an
ID-number with a link to the newborn’s personal ID,
longitudinal follow-up of maternal and infant mor-
bidity and mortality and even intergenerational stud-
ies are possible.

When data are reported at a case-based level,
regional differences may be adjusted by multivariate
analyses. This is often used in epidemiological analy-
ses for a scientific purpose. Multivariate analyses have
the advantage that adjustment may be made in a model
that considers several variables/risk factors and ends
up in a single odds ratio with confidence intervals. The
disadvantages are that the analysis considers only very
simple mathematical relations, that the procedure is
not easy to explain and that the analysis often is per-
ceived as something happening in a black box.

Standard populations or risk
stratification
Another way to adjust for differences in maternal
characteristics is to apply ‘standard populations’. One
of the first standard populations used in perinatal
quality assessment is the ‘standard primipara’.7 The
standard primipara is a 20- to 35-year-old parturient
without pregnancy complications, admitted in spon-
taneous labor at term with vertex presentation. This
standard primipara is only one of several possible
standard populations that adjust for clinically rele-
vant preconditions, and – not least – reflect a risk of
interventions and complications that occur in a spe-
cific group of mothers. Thus, the results from these
analyses are relevant for that specific group of women
when informed to choose mode of delivery.

Standard populations or risk stratification 267

Table 25.2 PERISTAT6 working list of indicators

Category Core Recommended Future development

Neonatal health Fetal mortality rate Prevalence of Causes of perinatal death
Neonatal mortality rate congenital anomalies Prevalence of cerebral palsy
Infant mortality rate Distribution of Apgar Prevalence of hypoxic-ischemic 
Distribution of birth weight score at 5 min encephalopathy
Distribution of gestational age

Maternal health Maternal mortality ratio Maternal mortality by Prevalence of fecal incontinence
cause of death 
Severe maternal morbidity
Prevalence of trauma to 
the perineum

Population Multiple birth rate by Percentage of women who Distribution of mother’s
characteristics or number of fetuses smoke during pregnancy country of origin
risk factors Distribution of maternal age Distribution of mothers’ education

Distribution of parity

Heath-care services Distribution of births by Percentage of all pregnancies Indicator of support to women
mode of delivery following fertility treatment Indicator of maternal satisfaction

Distribution of timing
of the first prenatal visit
Distribution of births by
mode of onset of labor
Distribution of place of birth
Percentage of infants
breast-feeding at birth
Percentage of very preterm births
delivered in units without a
neonatal intensive care unit
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It is possible to construct a structure of mutually
exclusive standard populations that constitute the
whole population.8 In this way the variables primi/
multiparity, preterm/term, vertex/breech–transverse,
singleton/multiple pregnancy and elective delivery
(induction of labor/cesarean section) have been used
to define standard populations.

National birth statistics stratified by place of birth and
standard population may be useful for clients choosing
place of birth and midwives and obstetricians as a basis
for discussions on quality improvement issues.9

To compare regional differences in cesarean section
rates in a population with an average rate of 23%, a
specific low-risk standard population was defined and
used.10 The low-risk standard population, which con-
stituted 49% of the population, consisted of women of
all parities without previous cesarean section, sponta-
neous labor at term, vertex presentation and without
specific pregnancy complications or fetal malforma-
tions. The average rate in this standard population was
5.8%. Places of birth were categorized by a higher,
lower or average rate of cesarean section in the low-
risk group. With this method it could be demonstrated
that neonatal morbidity was increased in centers
where the cesarean section rates were either higher or
lower than average.

Audit of perinatal deaths
Perinatal audit can be performed at different levels:
local, regional and national. The levels are of impor-
tance when discussing the methodology and outcome
of an audit.

Audit at the local level is often performed on mate-
rials that cannot be compared in a quantitative way
because of the small sample sizes. However, it is very
useful for improvement in structure and process.
Depending on whether the audit is performed by a
selected group (leaders) or by all involved in the care
(all midwives, all obstetricians, a keen pathologist, all
neonatologists), the audit process will be perceived as
a superior control or as constructive discussion on how
to improve within the team. It is very important that
audit meetings of the latter type are supervised in a per-
missive way to underline the fact that by discussing
our mishaps openly we share with each other experi-
ence that probably will reduce the risk of repetition.
This can also reduce the guilt that many carry subse-
quent to a more or less preventable adverse outcome.

For practical reasons audit at a regional level will
not take place very close to the obstetrical or neonatal
department where the event took place. Regional
audits, however, can work as a forum for discussion
of guidelines and attitudes. Also, since the distance
between the auditors and the local department where
implementation should take place is not very far, often
at least one participant in the activity will represent the
local department or hospital. Quantitative analyses of

common events will sometimes be possible at a
regional level, and comparisons between regions are
often valuable for initiating quality improvement activ-
ities. The results of qualitative activities, such as audit-
ing in different regions, however, may be difficult to
compare unless audit procedures are identical and the
auditors are well matched. In addition, historical com-
parisons in the same region imply that criteria are
explicit and identical and that auditors do not change
their sense of judgment over time.

At the national level epidemiological analyses of
clinical indicators and well-defined categories can be
used for surveillance and provision of subgroups for
audit, in order to identify health-care structures or
processes that should be changed to improve perina-
tal health care on a national level.

The premise for a valuable international audit is that
indicators and categories are similarly defined. The
major advantage of the higher level is the larger sample
sizes, which in many cases reach a magnitude suitable
for statistical analyses with confidence intervals that
allow differences to be detected and addressed.

Classification of perinatal deaths
One of the main objects of perinatal care is to avoid
serious adverse outcomes. Most perinatal audit activ-
ities have focused on perinatal deaths, which is the
most important fetal adverse outcome to be avoided.
However, perinatal deaths are heterogenous, and chains
of events and causes of death differ widely. Clearly,
some deaths are potentially more avoidable than
others. A perinatal death classification, which strati-
fies the perinatal deaths in appropriate groups aiming
for quality improvement, including qualitative analy-
ses by audit, and comparison between regions may be
helpful as a basic tool. It should rely on simple, rou-
tinely recorded variables for allocation into mutually
exclusive groups, which should be associated with
specific areas for health-care interventions.

In an investigation that analyzed the differences
in perinatal mortality rate between Denmark and
Sweden, a new perinatal death classification was pro-
posed in order to categorize the perinatal deaths in
relevant groups for further qualitative audit. This clas-
sification was discussed and evaluated at a Nordic
Baltic collaborative workshop with obstetricians,
pediatricians and perinatal epidemiologists. The final
classification system was named the Nordic–Baltic
Perinatal Death Classification11 (Table 25.3). Perinatal
deaths with fetal malformations were placed in a
separate category, and subsequently the rest were
categorized by time of death (before, during or after
delivery), gestational age, Apgar score, plurality and
birth weight [considering intrauterine growth retarda-
tion (IUGR)] into mutually exclusive groups.

This classification can be applied both to medical
records data and, because of the simple structure, to
register data.

268 Perinatal quality indicators and perinatal audit
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Qualitative audit
It is possible to continue the analysis of cases in sub-
groups in a qualitative way. Applying the Nordic–Baltic
perinatal death classification, a panel from Denmark and
Sweden found that there were significantly more intra-
partum deaths of non-malformed infants in Denmark
than in Sweden. By subsequent qualitative audit on
case notes blinded by nationality, a panel of Nordic
obstetricians concluded that there was more insufficient
care and a higher rate of potentially avoidable deaths
among the Danish cases. It was proposed that a cardio-
tocographic recording should be done on admission,
and that swifter intervention during delivery should be
implemented in Denmark.12

Register-based subanalysis
When comparing Lithuania with the Nordic coun-
tries, the higher perinatal mortality in Lithuania was
mainly explained by a doubled rate of malformed
infants, a three-fold increase in intrapartum and two-
to five-fold increase in neonatal deaths of non-
malformed infants.13 Since qualitative audit by case
notes was not feasible, a register-based subanalysis of
the type of malformation was performed. The higher
rate of malformed perinatal deaths was explained by
a four times higher mortality from neural tube defects.

Perinatal deaths in Europe
In the Euronatal Study, a research project contracted
by the European Union for the period 1996–2000, fac-
tors related to differences in populations and health
care were studied to explain the differences in peri-
natal death rates. To determine whether suboptimal
factors were present in the cases of perinatal deaths,
a regional case-based audit was performed in 10
European regions.14 Using the Nordic–Baltic perinatal
death classification, the groups in which care and
treatment were most likely to have a significant
impact on the outcome were audited: singleton fetal
deaths and intrapartum deaths of 28 weeks of gesta-
tion or more, and neonatal deaths in children born
after 34 weeks of gestation or more.

Suboptimal factors were mostly identified in the
antenatal care period, often related to professional
care delivery, with failure to detect severe IUGR as
the most prominent factor. Maternal smoking was also
a significant suboptimal factor among potentially
avoidable deaths.

Perinatal quality assessment and
audit in low-income countries
In low-income countries, regions are not always clearly
defined and referral systems are often not working even
if there is a structure proposed. The most common situ-
ation is that the regional center with its better resources
is overloaded with fairly normal deliveries whereas the
complicated cases may not even reach the first level of
care. The denominator for any area-based assessment
of outcome is therefore very uncertain and also the
process-related indicators will reflect only what hap-
pens to a minor part of the obstetric population. Still,
there is an agreement that especially in settings with
limited resources and large health problems, quality
assessment of care is even more important than in afflu-
ent regions. It is essential that quality assessment activ-
ities in low-income countries are focused and their
results implemented to improve quality of care.

The baseline registration of data in low-income
countries is usually limited to a delivery book in which
all mothers who are coming for delivery are noted. This
registration is done on admission, and the information
about complications and interventions that occur later
is usually not complete. Usually, the outcome of the
baby is not registered beyond a notation of stillbirth. In
uncomplicated cases the neonatal observation time is
very short and can be a few hours. If the newborn baby
needs special care, it is separated from the mother and
the information is not available in her file.

Therefore, routine registration needs to be improved
at several levels before it is valid for regional quality
assessment activities. Until then local and focused
quality improvement activities are needed to motivate
staff for relevant routine registrations.

Table 25.3 The Nordic–Baltic Perinatal Death
Classification11

I Fetal malformation

II Antenatal death. Single growth-restricted fetus
≥28 weeks of gestation

III Antenatal death. Single fetus
≥28 weeks of gestation

IV Antenatal death.
Before 28 weeks of gestation

V Antenatal death.
Multiple pregnancy

VI Intrapartum death. After admission.
≥28 weeks of gestation

VII Intrapartum death. After admission.
Before 28 weeks of gestation

VIII Neonatal death. 28–33 weeks of gestation.
Apgar score > 6 after 5 min

IX Neonatal death. 28–33 weeks of gestation.
Apgar score < 7 after 5 min

X Neonatal death. > 33 weeks of gestation.
Apgar score > 6 after 5 min

XI Neonatal death. >33 weeks of gestation.
Apgar score < 7 after 5 min

XII Neonatal death.
Before 28 weeks of gestation

XIII Unclassified

Thirteen mutually exclusive groups
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Perinatal audit is such an activity, which is suitable
for all levels irrespective of the standard of care and
has been found to increase motivation in staff and

quality of care. This process, however, needs good
leadership and careful introduction to overcome ini-
tial suspicion and cultural barriers.

270 Perinatal quality indicators and perinatal audit
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26 Audit in perinatal medicine
J. M. Thomas and S. Paranjothy

Definition
Research is concerned with discovering the right
thing to do, audit is concerned with ensuring that the
right thing is done.1 Clinical audit aims to improve
patient care and outcome by reviewing the care pro-
vided to patients against explicit quality criteria and
implementing change to improve the quality of care
as a result. The structure, processes and outcomes of
care can be selected and systematically evaluated
against explicit criteria. Where indicated, changes are
implemented at an individual, team or service level
and further monitoring is used to confirm improve-
ment in health-care delivery.2

Is audit effective at improving the
quality of care?
A review of the evidence by the National Institute for
Clinical Excellence (NICE) concluded that audit is an
effective method for improving the quality of care.
The same review also described the audit methods
associated with successful audit projects.2 These find-
ings are drawn upon in this document to give practi-
cal advice for undertaking audit.

What can be audited?
Audit may evaluate the structure (organization or pro-
vision) of services, the process of care or the outcome
of care against an agreed standard.

Measure of structure or service provision
Audit can provide an overview of service provision. For
example, research evidence shows that the outcome for
patients with ovarian cancer is better if they are oper-
ated on by an appropriately trained gynecologist and
managed within the framework of a multidisciplinary
team.3–9 An audit of the referral and management of
patients with ovarian cancer can provide an overview
of service provision in this area. Good-quality health-
care services need to be patient centered and acceptable

to those who use them. Measuring the views of those
who use services enables health care providers to assess
the service delivered from the patient’s perspective.

Process measure
Process measures are clinical practices that have been
evaluated in research and shown to have an influence
on outcome. For example, research evidence shows
that the use of antenatal steroids has improved peri-
natal outcome. Evaluation of this process of care
would entail measuring the proportion of appropriate
women who received antenatal steroids. Process
measures may be used to assess the quality of care and
have some advantages over outcome measures:

• They provide a more direct measure of the quality
of care provided.

• They occur more frequently, so smaller samples
are needed.

• The findings are easier to interpret.
• As smaller audits are needed, they cost less to

achieve.

Outcome measure
Outcome measure is the physical or behavioral
response to an intervention, for example, the health
status (dead or alive), cure following surgery for stress
incontinence, level of knowledge or satisfaction (e.g.
users’ views on the care they have received). Outcomes
can be desirable, for example, improvement in the
patient’s condition or quality of life, or undesirable,
e.g. adverse effects of a treatment. The assessment of
outcomes such as cancer survival rates is fundamental
to measuring quality of care but the use of outcomes
alone in assessing quality of care has the following
limitations. Outcomes are not a direct measure of
the care provided; ascribing causal factors to variation
in care may be problematic, e.g. social and health
inequalities may contribute to variation in mortality
rates. Not all patients who experience substandard
care will have a poor outcome. Many factors con-
tribute to the eventual outcome (e.g. disease severity,
health status and social and health inequalities);
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therefore, mechanisms to account for these differ-
ences are required (e.g. case-mix adjustment for
comorbidity). Outcomes may be delayed. Research
evidence about the impact of some care processes on
outcome is limited. Adverse outcomes occur less fre-
quently, so larger samples will be needed.

Despite all the difficulties associated with the
interpretation of outcome measures, mortality and
morbidity measures are important and this is a major
justification for regular monitoring. ‘Critical incident’
or ‘adverse event’ reporting involves the identifica-
tion of patients where an adverse event has occurred,
such as the Confidential Enquiries into Maternal
Deaths (CEMD), the Confidential Enquiry into Still-
births and Deaths in Infancy (CESDI) and the National
Confidential Enquiry into Perioperative Deaths (NCE-
POD). These are examples6 of outcome reporting. How-
ever, only adverse events are reported and usually
only adverse events are considered.

The audit cycle
Audit can be considered to have five principal steps,
commonly referred to as the audit cycle (Figure 26.1):

1. selection of a topic
2. identification of an appropriate standard
3. data collection to assess performance against the

prespecified standard
4. implementation of changes to improve care if

necessary
5. data collection for a second, or subsequent, time

to determine whether care has improved.

Audit projects require a multidisciplinary approach
with the involvement of stakeholders (including con-
sumers or users of the service provided) and the local
audit department at the planning stage. Good plan-
ning and resources are also necessary to ensure their
success.

Selecting a topic for audit
It is essential to establish clear aims and objectives at
this stage so that the audit is focused and addresses
specific issues within the selected topic. A key con-
sideration is how will the results of this audit be used
to change or improve practice.

In selecting a topic for audit, priority should be
given to common health concerns, areas associated
with high rates of mortality, morbidity or disability
and those where good research evidence is available to
inform practice or aspects of care that use considerable
resources. If successful change is to occur it is impor-
tant to involve those who will be implementing change
at this stage of the audit process.

Identifiying an appropriate audit standard

Review criteria
These are defined as ‘systematically developed state-
ments that can be used to assess specific health-care
decisions, services and outcomes’. In audit, review
criteria are generally used for assessing care; this
approach is sometimes referred to as criterion-based
audit (Table 26.1). The criterion is the reference
point against which current practice is measured.
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Figure 26.1 The clinical audit cycle.
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High-quality evidence-based guidelines can be used
as the starting point for developing criteria. Where
this is not possible, criteria should be agreed by a
multidisciplinary group including those involved in
providing care and those who use the service. Where
criteria are based on the views of professionals or
other groups, formal consensus methods are prefer-
able. Review criteria should be explicit rather than
implicit and need to2

• lead to valid judgments about the quality of care,
and therefore should be based on research evidence
about the importance of those aspects of care;

• relate to aspects of care that are important either to
patients or in terms of clinical outcome and

• be measurable.

Standard and target level of performance
This is defined as ‘the percentage of events that
should comply with the criterion’ (e.g. the proportion
of women undergoing induced abortion who were
screened for lower genital tract organisms, the pro-
portion of women delivered by cesarean section
who received thromboprophylaxis, the proportion of
women with dysfunctional uterine bleeding who were
offered transcervical resection of the endometrium or
endometrial ablation). Information about the levels of
performance that can be achieved may be helpful
when making plans for improvement. Target levels of
performance should be examined periodically. The
most common approach for setting target levels of per-
formance is informal agreement among the group
leading the audit or among health professionals. In
some settings, external standards can be useful.
However, in many audits no explicit targets are set
and the aim is to improve upon current performance.

Target levels of performance have been used most
in screening programs. For example, in screening for

cervical cancer there are quality criteria to be met,
such as the proportion of cervical smears that have
endocervical cells.

The term ‘standard’ has been used to refer to dif-
ferent concepts, sometimes as an alternative word for
‘clinical guidelines’ and ‘review criteria’, either with
or without a stated target level of performance and,
somewhat confusingly, also to refer to the observed
or desired level of performance. However, it has been
defined as ‘the percentage of events that should comply
with the criterion’ in the interests of clarity.

Benchmarking
This is the ‘process of defining a level of care set as a
goal to be attained’. There is insufficient evidence to
determine whether it is necessary to set target levels of
performance in audit. However, in some audits, bench-
marking techniques could help participants in audit to
avoid setting unnecessarily low or unrealistically high
target levels of performance. Reference to the levels
achieved in audits undertaken by other professionals
is useful. National audits may provide data for bench-
marking. For example, the National Sentinel Caesarean
Section Audit Report7 gives regional and national data
for comparison on topics such as the use of regional
anesthesia in women having cesarean section.

Data collection to assess performance
against the prespecified standard
Data collection in criterion-based audit is generally
undertaken to determine the proportion of cases where
care is in accordance with the criteria. In practice, the
following points need to be considered.

What data items to collect
Consideration needs to be given to which data items
are needed in order to answer the audit question.
For example, if undertaking an audit on cesarean
section rates, collecting information on the number of
cesarean sections alone will not give sufficient infor-
mation to measure the cesarean section rate. Data on
the number of other births that took place are also
required. In general, for audit projects with clear aims,
objectives and well-defined review criteria, it is easier
to identify those data items that require collection.
Definitions need to be clear so that there is no confu-
sion about what is being collected. The definitions will
depend on the review criterion that is being assessed.
For example, if collecting data on rupture of mem-
branes, it may need to be specified whether this is
spontaneous or artificial. Data collectors should
always be aware of their legal responsibilities regarding
confidentiality and having electronic patient data such
as those under the Data Protection Act in the UK and
the Caldicott Principles.8 Under the Data Protection
Act 1998, it is an offence to collect personal details of
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Table 26.1 Examples of audit and review criteria

Audit topic Review criteria

Induced abortion Screening for lower genital 
tract organisms and treatment 
of positive cases among women 
undergoing induced abortion 
should be carried out to
reduce postabortion
infective morbidity

Cesarean section A thromboprophylaxis 
strategy should be part
of the management
of women delivered by
cesarean section

Hysterectomy Transcervical resection of the
endometrium or endometrial
ablation should be available and
offered to women with
dysfunctional uterine bleeding
as an alternative to hysterectomy
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patients such as name, address or other items that are
potentially identifiable for the individual without
consent. It is rarely necessary or acceptable to use
patient identifiers, such as names and addresses, but
some form of pseudoanonymized identifiers may be
used. Clinical audit may be considered part of direct
patient care and therefore consent to the use of data
for audit can be implied through consent to treatment,
provided that information is given to patients that
their data may be used in this way. Audit project pro-
tocols should be submitted to the local research and
development committee and ethics committees to seek
approval if necessary. Guidance on how to do this can
be obtained from the respective bodies.

Data collection
Sources of data include:

• Routinely collected data if available (e.g. birth
registers); this enables repeated data collections
with a minimum of extra effort.

• Clinical records.
• Data collection through direct observation or from

questionnaire surveys of staff or patients.

Routinely collected data can be used if all the data
items required are available. It will be necessary to
check the definitions for data items that are used
within the routine database to ensure their usefulness
for the aims of the audit. Also, the completeness and
coverage of the routine source needs to be known.

Where the data source is clinical records, training
of data abstractors and use of a standard pro forma
can improve the accuracy and reliability of data col-
lection. The use of multiple sources of data may also
be helpful. However, this can be problematic, as it
will require linking of data from different sources
with common unique identifiers.

Questionnaire surveys of staff or patients are often
used for data collection. There are several validated
questionnaires on a wide range of topics that may be
adapted to a specific audit project. There is also liter-
ature on developing these (see Appendix).

Developing a questionnaire
There is a large amount of literature on how to develop
questionnaires.10,11 Some of the general principles
involved are presented here. Questionnaires are often
used as a tool for data collection. Questions may be
open or closed. Generally, questionnaire design using
open questions, e.g. ‘What was the indication for
cesarean section?’, followed by space for free-text
response, is easier. However, analysis of these data is
difficult, as there will be a range of responses and inter-
pretation can be problematic. Open questions may be
more difficult and time-consuming to answer and can
lead to non-response, which results in loss of data.

Questionnaires can be composed entirely of closed
questions (i.e. with all possible answers predeter-
mined). More time is needed to develop this type of
questionnaire but the analysis is generally easier. An
example of this type of questionnaire is given below:

Which of the following statements most accurately
describes the urgency of this cesarean section?

A. Immediate threat to the life of the fetus and the
mother.

B. Maternal or fetal compromise that is not immedi-
ately life threatening.

C. No maternal or fetal compromise but needs early
delivery.

D. Delivery timed to suit the woman and staff.

Closed questions assume that all possible answers
to the question are known but not the distribution of
responses. Time and consideration needs to be given
to the options available for response as, if a desired
response is not available, the question may just be
missed out and it may put people off completing the
rest of the questionnaire. For some questions, the
‘other’ category can be used with the option ‘please
specify’, which gives an opportunity for the respon-
dent to write in a response. However, if this is used,
thought must be given a priori as to how these free-
text responses will be coded and analyzed. In some
situations, not having a category of ‘other’ may lead to
the question not being answered at all, which means
that data will be lost.

If questionnaires are developed for a specific proj-
ect, they need to be piloted and refined to ensure their
validity and reliability before use as a tool for data
collection. While those who developed the question-
naire understand the questions being asked, the aim
of piloting is to check that those who have to fill in the
questionnaire are able to understand and respond
with ease. Questionnaires that are not user friendly
are associated with lower response rates, the quality
of data collected will be poor and hence results will
be of little value.

Data management
Thought needs to be given to who will collect the
data, as well as the time and resources that will be
involved. In small audit projects it may be feasible for
the principal investigators to go through clinical notes
for data abstraction. However, for larger projects, e.g.
a prospective audit on induction of labor practices
within a maternity unit, it may be more appropriate
for those involved in the care of the woman giving
birth (e.g. midwives or obstetricians) to fill in stan-
dard data collection sheets. Where available, audit
support staff should be involved.

Data that are collected on paper forms are usually
entered onto electronic databases or spreadsheets
such as Microsoft Access®, Epi Info® or Microsoft
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Excel® for cleaning and analysis. Data entry may be
done by optical character recognition (OCR) software,
optical mark readers (OMR) or manually. OCR is the
most accurate for questionnaire data using tick boxes
but less accurate for free-text responses. The method
of data entry needs to be taken into account when
designing the questionnaire or data collection sheet.
For manual data entry, accuracy is improved if double
data entry is used. However, this can be a time-
consuming exercise. If the facilities and resources
are available, electronic collection of data can be
considered. In this case, data are entered immediately,
at source, into a computer. While this is quick and
requires minimal storage space, it can be difficult to
handle unexpected responses and as information is
entered directly into a computer it cannot be verified
or double entered.9 

Consideration also needs to be given to the coding
of responses on the database. For ease of analysis of
closed questions it is generally better to have numeric
codes for responses. For example, yes/no responses
can be coded to take the value 0 for no and 1 for yes.
Missing data will also need to be coded, for example,
with the number 9. Missing data should be distin-
guished from those where the response is ‘not known’
(if this was an option on the questionnaire).

It is advisable to incorporate consistency checks as
data are being entered, in order to minimize errors.
For example, if there are two questions:

(1) How many previous pregnancies of at least
24 weeks of gestation has this woman had?

(2) How many previous cesarean sections has she had?

A consistency check will highlight entries with
responses other than 0 to question (2) if the response
to question (1) is 0.

Data analysis
Simple statistics are often all that is required. Statisti-
cal methods are used to summarize data for presenta-
tion in the form of summary statistics (means, medians
or percentages) and graphs.12

Statistical tests are used to find out the likelihood
that the data obtained have arisen by chance and how
likely it is that a real difference exists between two
groups. Before data collection has started it is essen-
tial to know what data items will be collected,
whether comparisons will be made and the statistical
methods that will be used to make these comparisons.

Data items that have categorical responses (e.g.
yes/no or A/B/C/D) can be expressed as percentages.
Some data items are collected as continuous vari-
ables, for example, the mother’s age, height and
weight. These can either be categorized into relevant
categories and then expressed as percentages or, if
they are normally distributed, the mean and standard
deviations can be reported. These summary statistics

(percentages and means) are useful for describing
the process, outcome or service provision that was
measured.

Comparisons of percentages between different
groups can be made using a chi-square test; t tests
can be used to compare means between two groups,
assuming that these are normally distributed. Non-
parametric statistical methods can be used for data
that are not normally distributed. These comparisons
are useful in order to determine whether there are any
real differences in the observed findings, for example,
when comparing audit results obtained at different
time points or in different settings. In some situations
a sample-size calculation may be necessary to ensure
that the audit is large enough to detect a clinically sig-
nificant difference between groups, if one exists. In
this situation, it is important to consult a statistician
during the planning stages of the audit project.

These simple statistics can be easily done using
Microsoft Excel spreadsheets and Microsoft Access
databases. Other useful statistical software packages
include Epi Info, SAS, SPSS, STATA and Minitab.

Implementation of changes to
improve care if necessary
Data analysis and interpretation will lead to the iden-
tification of clinical areas that should be addressed.
There are many methods by which this can be done.
The feedback of audit findings is most commonly
used; for example, presentation at regular audit meet-
ings will stimulate discussions and solutions may be
agreed. The NICE review2 identified several audits in
which change in care had occurred. Simple methods
were occasionally effective, for example:

• feedback of data collected
• provision of clear data, perhaps using modern

information systems, supported by active teamwork
• support from the organization for teamwork
• use of several methods together within the context

of an implementation plan.

Change does not always occur in audit and considera-
tion of the reasons for failure may take place after the
second data collection. Resistance to change among
local professionals or in the organizational environ-
ment or team should be considered. Patients them-
selves may have preferences for care that make change
difficult.

The significance of teamwork, culture and resist-
ance to change has led several authors to propose
frameworks for planning implementation. These
usually include analysis of the barriers to change and
use of theories of individual, team or organizational
behavior to select strategies to address the barriers.
For some topics, such as adverse incidents, systems
for continuous data collection may be justified.
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Organization of audit
The NICE review2 found that some methods of organ-
izing audit programs were better than others. The fol-
lowing features are associated with successful audit:

• structured programs with realistic aims and
objectives

• leadership and attitude of senior management
• a non-directive, hands-on approach
• support of staff, strategy groups and regular

discussions
• emphasis on teamwork and support
• an environment conducive to conducting audit.

Common reasons why audits fail
• Failure to participate and attitudes to audit:

Involving all stakeholders (including service users)
in the project can encourage participation. It is
important to recognize the attitudes of those
whose behavior is being audited, and to modify
the audit process to accommodate these views.

• Failure to continue and complete the audit cycle:
This makes it impossible to determine whether the
audit has led to any improvements in care.

• Failure to provide a supportive environment for
audit: Perceived lack of support at all stages,
together with a range of structural and organiza-
tional problems, is associated with poor progress in
conducting audit. Research has pointed to a theory–
practice gap for clinicians carrying out audit, one
solution being to change the organizational culture
to one in which clinical audit is supported and
actively encouraged.

• Lack of resources, especially time: This includes
lack of protected time to investigate the audit
topic, collect and analyze data, and the time to
complete an audit cycle. It follows that audit
should be recognized as an important part of clin-
ical practice and those directly involved in audit
need to be allocated protected time.

• Lack of training in audit methodology and evidence-
based skills: Health professionals and audit support
staff require adequate knowledge and skills for
undertaking audit, and they should be keen to learn.
Barriers identified in the literature include a lack of
training in evidence-based audit skills and the failure
to apply what has already been established.

• Cost: It must be recognized that audit requires
appropriate funding and that improvements in care
resulting from clinical audit can increase costs.
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27 Systematic reviews
in perinatal medicine
Z. Alfirevic

The principles of evidence-based medicine are not
disputed. What constitutes the evidence, however, is
hotly debated. Traditionally, medical textbooks and
review articles written by experts and opinion leaders
have been the main sources of evidence. Recommen-
dation on diagnostic and therapeutic interventions in
such material was predominantly based on personal
clinical experience and easily accessible literature.
Although there has always been some concern about the
possible biases inherent in this traditional approach
to teaching and information sharing, a more formal
criticism gathered momentum in the early 1990s. For
example, Antman et al. published in JAMA a compar-
ison between treatment recommendations for myocar-
dial infarction extracted from review articles and
textbook chapters on the one hand and randomized
clinical trials on the other.1 The evidence that throm-
bolytic therapy saves lives had been available in the
early 1970s, when a combined reduction in deaths
from 10 clinical trails with around 2500 enrolled
patients reached statistical significance. Unfortunately,
there were no attempts to analyze the results from the
different studies together and further clinical trials
continued well into the 1990s with tens of thousands
of patients exposed unnecessarily to placebo and
many given no treatment at all. Even more worryingly,
it took more than 15 years for this evidence to start
appearing in medical textbooks and authoritative
review articles. In perinatal medicine, the evidence
that antenatal corticosteroids can reduce not only
neonatal respiratory distress syndrome, but also the
risk of neonatal intracranial hemorrhage and perinatal
death was available from the early 1970s. Even if early
studies could have been seen as hypothesis generat-
ing, the reluctance to consider the totality of evidence
on this topic in the late 1980s was inexcusable.

Systematic reviews have emerged as one of the
most effective ways of bridging the gap between
already available evidence and clinical recommenda-
tions. The main differences between traditional and
systematic reviews are summarized in Table 27.1. The
numbers of published systematic reviews have risen

quite considerably in the last decade (Figure 27.1) and
such reviews are now considered not only an integral
part of clinical guidelines, but also a prerequisite for
any planned research on diagnostic and therapeutic
interventions. The term meta-analysis is often used as
a synonym for a systematic review in this context
because of the misconception that systematic review
must always include a quantitative synthesis of the
data to yield a summary statistics (meta-analysis).
This is clearly not the case, as systematic reviews may
fail to identify studies suitable for statistical pooling.

Cochrane Reviews
Major advances in the scientific rigor and availability
of systematic reviews in perinatal medicine have come
from the Cochrane Collaboration – an international,
not-for-profit organization established in 1993.2 The
aim of the Cochrane Collaboration is to facilitate the
preparation, maintenance and dissemination of up-to-
date systematic reviews of the effects of health-care
interventions. The Cochrane Collaboration Pregnancy
and Childbirth Group (CCPC) was the first registered
review group within the Cochrane Collaboration and
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Table 27.1 The main differences between traditional
and systematic reviews

Narrative Systematic 
reviews reviews

Defined clinical questions Rarely Common
Reproducible, clearly No Mandatory

defined literature search
Defined exclusion criteria Rarely Common

for potentially eligible studies
Prespecified comparisons No Common

and outcomes of interest
Statistical pooling of the No Common

results (meta-analysis)
Peer review before publication Rarely Common
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was subsequently joined by around 50 other topic-based
groups, each of them working under the guidance of
an international editorial team. The CCPC remains the
largest and most productive Cochrane review group with
more than 400 registered reviewers from 27 countries.

The distinguishing features of the Cochrane Reviews
published quarterly in the electronic publication The
Cochrane Library are transparent peer-reviewed proto-
cols published in anticipation of each new review, sig-
nificant input from consumers and consumer advocates
throughout the reviewing process3 and a commitment to
keep Cochrane Reviews regularly updated. The main
criticism of Cochrane Reviews is a limitation of any
evidence based solely on randomized trials.

The criticism that systematic reviews of random-
ized trials ignore the wealth of knowledge generated
by observational studies and basic science is valid.
However, the restriction of Cochrane Reviews to ran-
domized trials is primarily pragmatic. The methodol-
ogy for systematic searches of observational studies is
nowhere near as sophisticated as searches restricted
to randomized trials. The current register of random-
ized trials compiled by the Cochrane Pregnancy and
Childbirth Group contains more than 10,000 trial
reports the majority of which are yet to be included in
the Cochrane Reviews. It is anticipated that any simi-
lar register of all literature relevant to the evaluation
of health interventions related to pregnancy could
contain more than a million records.

Other types of systematic reviews
Two other types of systematic reviews have gathered
momentum recently as a welcome addition to the
already established analyses of aggregate data from ran-
domized trials – systematic reviews of diagnostic and
screening tests and individual patient data analysis. 

Systematic reviews of diagnostic tests differ from
standard reviews in the assessment of study quality
and the statistical methods used to combine results
(pooled sensitivities, specificities, likelihood ratios
and summary receiver operating curves).4 Most pub-
lished systematic reviews of diagnostic tests are hin-
dered by the poor quality of the included studies. It is
also important to note that the evaluation of diagnos-
tic accuracy of a test is only one aspect of clinical use-
fulness; the most accurate test can still be clinically
useless or, even worse, harmful.

Methods of undertaking a meta-analysis of several
studies may involve collecting either aggregate data or
data on each patient individually. The advantages of the
latter approach, described as the ‘yardstick’,5 include a
more complete analysis of ‘time of event’ outcomes and
a more powerful analysis of whether treatment is more
or less effective in particular subgroups. The drawbacks
can include the increased use of time, staff and financial
resources and the lack of availability of the original data
for some trials.

Summary
Systematic reviews have made an important contribu-
tion to perinatal medicine by reinforcing the evidence
on effective therapies like antenatal corticosteroids in
threatened preterm labor and highlighting ineffective
interventions like thyreotropin-releasing hormone in
the same clinical scenario. Equally important has been
the role of systematic reviews in identifying gaps in our
knowledge. The challenge for the future is to provide
regularly updated unbiased summaries of observa-
tional, randomized and qualitative data in a format that
is understandable to both patients and health profes-
sionals. We have nothing to fear. The time currently
spent on information gathering and the haphazard crit-
ical appraisal of incomplete evidence will be much bet-
ter spent communicating with our patients and helping
them to achieve perinatal care and outcomes that truly
suit their needs.
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Figure 27.1 Progressive increase in the number of randomized
trials and meta-analyses related to pregnancy included in the
PubMed (number of hits for three separate 12-month periods
using keywords: pregnan* or labor or labour).
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28 Cost benefit in perinatal
medicine
Z. Stembera

Greatly increased advances in medicine lead on the
one hand to a high quality of care expected and
demanded by both health-care professionals and
patients, but on the other hand the resources available
for responding to the expectations and demands are
becoming increasingly stretched. Even in high-income
countries, the available resources are scarce in relation
to these demands.

Because of this, more and more studies have been
reported in the expert medical literature of these
countries in the last two decades trying to solve the
disproportion between the increasing investments in
health care and the principal factors that have led to
basic improvements in health by means of methods of
economic evaluation.

The key question on how best to choose between the
different and competing ways of using the resources
that are available has considerable importance in peri-
natal medicine, whose share in the costs of health care
is quite high. There are three reasons for this. First, the
number of users – pregnant and childbearing women
and their infants – is quite high. Second, the number
of preventive screening examinations and preventive
hospitalizations during the course of pregnancy has
increased. Third, the number of special, sometimes
very expensive, examinations using technological
advances in medicine has increased.

The approach to preparation of these studies and
to their exploitation shows considerable variations. It
is different in the professionals within the perinatal
field, who wish to make optimal use of the budgets
and resources that are available to them, than in the
planners, who must decide on the appropriate level of
funding for maternity care. There are also differences
between the views of the patient, of the hospital, as
well as of the government or the community at large.

Methods of economic evaluation
When discussing the already classical studies of
Drummond et al.1 and Mugford and Drummond,2 it is

necessary first to state some basic considerations related
to the role of economics in the evaluation of care:

(1) The first consideration must be that the care for
which the resources are used is likely to do more
good than harm. Only afterward comes the con-
sideration of both the most cost-effective or effi-
cient use of the resources available for perinatal
care and the extent to which society’s resources
should be allocated to perinatal care.

(2) Economic evaluation requires a contrast between
alternative courses of action, in term of both costs
and consequences.

(3) There are three main stages of economic evalua-
tion. First, the likely costs and benefits must be
enumerated; second, they must be measured;
third, they must be expressed in comparable units.

(4) Among the most important methods of economic
evaluation of perinatal care programs are cost-
minimization, marginal, cost-effectiveness, cost–
utility and cost–benefit analyses.

The nature and scale of any economic evaluation will
vary according to the question that is being asked.
While all approaches involve to some extent deriving
a balance sheet of the costs and benefits of the differ-
ent strategies compared, some approaches are more
complex than others.

Cost-minimization analysis
This, probably the simplest, analysis comes from the
presumption that benefits of treatments that are com-
pared are equal, which makes it possible to compare
the resource costs without any need to measure bene-
fits. A different length of hospitalization of a woman
subsequent to a spontaneous delivery and physiologi-
cal pregnancy, who delivered a healthy, term newborn,
whose adaptation to extrauterine life was normal in
the first hours of life, could serve as an example. This
is the problem that is being solved at present in the
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Czech Republic. Before the transformation of health
care to the conditions of market mechanism, that is,
before 1990, hospitalization after delivery in the given
case lasted for 5–6 days, whereas in the majority of
high-income countries with advanced perinatal care,
such hospitalization lasts for half that time on average
without adversely affecting the health condition of
the woman or her child.

From the given example concerning the calculation
of decreased costs with the same benefit, it explicitly
emerges that it is possible to save the costs of hospi-
talization for 2–3 days. On the other hand, however,
new costs arise for the home visits for the mother and
infant when women are discharged earlier from hospi-
tal after delivery. This has to last at least until the time
of separation of the umbilical stump in the child, and
healing of the perineal wound in the woman. Even if,
in comparison with the more expensive hospital care,
the cheaper home care clearly decreases the costs of
postnatal care, this change opens new concerns:

(1) A decrease in satisfaction of Czech women (pre-
dominantly primiparae) in consequence of the
shorter spell of rest after delivery and the early
care of the newborn at home.3

(2) A choice of the optimal method for cord care
associated with a reduction of the number of
home visits by midwives.4 However, these types
of studies fall within other methods of economic
evaluation.

Marginal analysis
This analysis would be particularly useful in the case
of routine and repeated testing, which is so common in
the care of women during pregnancy and childbirth.
But the key question is: How many of them should we
use? There may be a general agreement that certain
screening tests should be applied to high-risk preg-
nancies. But should they be applied routinely to all
pregnant women and possibly also repeatedly? When
analyzing the majority of screening tests performed in
the course of pregnancy, it should be first taken into
account that there exist complex factors affecting the
mother’s health. It is consequently extremely difficult
to evaluate the effectiveness of the analyzed test,
because many other variables that influence maternal
and fetal health are interacting at the same time and
confound the findings. These variables are consider-
ably different in developing and industrial countries,
where the most important ones influencing the out-
come of pregnancy include socioeconomic factors,
level of education, desire for pregnancy and maternal
age. Taking into account the above background infor-
mation and limitations, we shall try to ascertain the
effectiveness of these screening tests and subsequent
measures from the following two aspects:

(1) Biological: Each intervention is considered in
terms of what it intended to achieve.

(2) Programmatic: Do the maternal health programs
successfully deliver the biologically effective
intervention to the intended target population?

The widely used practice of ultrasound imaging of the
fetus during pregnancy can be employed as a typical
example. From the biological point of view this
method is routinely performed up to the 20th week of
pregnancy since it

(1) defines more precisely the expected date of con-
finement, hence reducing the induction rate in
pregnancies mistakenly diagnosed as post-term;

(2) allows an earlier diagnosis of twin pregnancies,
leading to reduced premature labor connected
with an increased mortality and morbidity of
these newborns and

(3) improves the detection of malformed fetuses,
which is followed by termination of pregnancy if
the pregnant woman agrees, thereby reducing the
number of impaired babies.

Repeated routine ultrasound examinations at the begin-
ning of the third trimester improve a timely diagnosis
of fetal growth retardation and placenta previa, leading
to reduced mortality and morbidity in newborns.

In a series of studies, the routine and repeated per-
formance of ultrasound examinations during the course
of pregnancy was compared with only selective exam-
inations for predicting the expected date of delivery
and for assessing subsequent measures upon the occur-
rence of adverse outcomes. From the programmatic
point of view, the health resource implications of such
screening programs between the two strategies of care
can be considered on the basis of costs, which include
equipment, trained staff and clinic accommodation.
These then vary with the number of cases treated and
differ between the two types of care offered. Of the
studies mentioned concerning the effectivness of ultra-
sound screening programs, only a few refer explicitly to
health resource implications.5 However, since several
of the above-mentioned pregnancy complications are
studied at the same time in the course of one ultra-
sound examination, it is very difficult, if not impossi-
ble, to earmark out of the total cost of this examination,
the partial cost of diagnosing only one of these condi-
tions. For instance, in the Czech Republic, it was pos-
sible to successively eliminate anencephaly out of
the population of newborns by means of routine ultra-
sound screening, which is performed in 94% of all
pregnant women before the 20th week of pregnancy.6

In an effort to limit some relatively expensive and, in
the majority of cases, invasive tests connected with a
certain, albeit very small, physical risk, while enabling
a reliable and timely diagnosis of a serious pathologi-
cal condition, the procedure was divided from the pro-
grammatic point of view into two levels. The timely
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diagnosis of some chromosomal or genetic disorders
in the fetus can be taken as an example. By means of
a routine screening program using relatively cheap
and non-invasive tests, a high-risk group is selected
from the total population of women on the first level.
Only in the small group of women selected in this
way are reliable diagnostic methods allowing a timely
identification of the disease used, for example, chori-
onic villus sampling or examination of fetal cells after
obtaining a sample of amniotic fluid by amniocentesis.
Over the past few years in the Czech Republic, such a
programmed procedure has decreased the incidence of
neural tube defects and Down’s syndrome by 50%, as
in the majority of high-income countries.7

Cost-effectiveness analysis
Cost-effectiveness analysis of any intervention requires
calculation of the change in costs divided by the
change in outcome of the intervention; the outcomes
are measured in units of health (for example, survival
rates, or life-years saved).

Change in cost
The best economic analysis will consider all costs,
regardless of who has to pay: the health insurance com-
pany, the hospital, the patient, the family or the com-
munity at large. A distinction has to be made between
charges and costs. Only in some cases will the charge
for a service equal the cost, and only under such circum-
stances can charge be substituted for costs.

Change in survival rates
A differentiated approach to the change in survival
rate can be demonstrated with the example of care for
newborns of very low birth weight. When evaluating
the effectivness of the care for these newborns in the
sense of their survival, the following considerations
are taken into account:

(1) Birth weight of the newborn: The lower the birth
weight, the longer the period of hospitalization
in the neonatal intensive care unit (NICU) and
the higher the costs of the treatment, because the
two factors are combined.

(2) Whether the evaluation concerns a country-wide
or regional program, all live births or only neona-
tal intensive care in the hospital.

(3) Whether the newborn was delivered in a perina-
tologic center where there is an NICU, or whether
the newborn was transported to the NICU only
after delivery, because out-born newborns have a
different prognosis.

(4) Whether all liveborns are evaluated, or whether
certain newborns are excluded, for example,
those with lethal malformations, whose death is
not influenced by the quality of intensive peri-
natal care.

The results of this deliberation determine which
newborns must be accounted for in the denominator
of any calculation of survival rate.

An internationally recommended objective criterion
for the intensive care of newborns of a very low birth
weight differentiated in this way is the birth-weight-
specific neonatal death rate (potentially after exclu-
sion of lethal malformations), which can be further
differentiated into death during the first 7 days after
delivery (early neonatal death) or during the subse-
quent 3 weeks (late neonatal death).8,9

Cost–utility analysis
In cost–utility analysis, the social value of the out-
come is determined. The analysis requires calculation
of the change of costs, which is the same as for cost-
effectiveness analysis, divided by the change in out-
come adjusted for the quality-adjusted life saved, or
quality-adjusted life-years saved. From the point of
view of utility, the outcome is also the satisfaction
gained from consumption of a service.

Change in quality-adjusted life-years or survival rate
The major difficulty is the inability to define what
constitutes a normal quality of life, and what is the
possibility of measuring the health status and health-
related quality of life. The broad definition of health
as formulated by the World Health Organization
(WHO) is ‘a state of complete physical, mental and
social well-being and not merely the absence of dis-
ease or infirmity’. WHO has also developed a classifi-
cation of impairment, disability and handicap.10

Conventionally, an outcome with normal health and
quality of life is allotted a utility of 1, and death is
allotted a utility of 0.11 Any outcome of less than
normal health or quality of life has a value of less
than 1. But many handicapped children lead produc-
tive lives, and their health-related quality of life might
be fairly good. In this respect, measurement of health-
related quality of life adds a different, additional and
important dimension to the standard description of
cognitive and motor functioning in outcome studies.
It is therefore clear that the available adult measures
cannot be applied directly to children, whose life
experiences and daily activities differ substantially
from those of adults. Therefore, the six-component
multi-attributable system known as the Health Utili-
ties Index was worked out to describe the quality of
life of children, and this includes sensory and com-
munication ability, happiness, self-ability, freedom
from moderate to severe pain, learning and school dif-
ficulty and physical ability.12 In spite of this, there
still remain a series of factors that may influence the
measurement of the health-related quality of life of
these children, for example:
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(1) Children of different ages have varying capabilities,
and with increasing age they develop new and
more advanced skills and challenges. Therefore,
the dimensions of any measure of health-related
quality of life have to take these changes into
consideration.13

(2) Health status measured by health professionals,
self-assessment and parental score might not be
consistent.14

(3) Children with the same disability might view
their quality of life very differently.

A particular problem represents the justification of
estimating the health status at the time of a striking
decline in neonatal monitoring of very immature new-
borns, although improvements in morbidity of these
children have not been significant. Offering intensive
care to all newborns of borderline viability without
having the possibility of predicting reliably the qual-
ity of life gained in every individual case is being
questioned by both parents and health-care providers.
It is well recognized that parents, health professionals
and members of society may have different views on
both the dimensions of importance and the values
placed on different health states.15 The fundamental
question, however, is whose values are important for
consideration of allocation of health-care resources
and for decision making.

Another criterion for analogous decision making,
for example, between neonatal intensive care and
other programs, is the probability of the length of life
gained by means of intensive care. Most surviving
adults admitted to intensive care will be dead within
a shorter time than the neonates admitted to the
NICU, of whom the surviving ones may well live for
70 years or more.

However, cost–utility is also used from the point
of view of utility to women. For example, pregnant
women may be anxious about their genetic history, or
because of their age that they may be carrying a fetus
with one or more abnormalities. It is precisely the
above-mentioned two-level screening performed in
these women that will affect an unnecessary prolon-
gation of their anxiety up to the time of assessment of
the correct diagnosis on the second level, since there
exists a certain percentage of false-positive results on
the first level. The anxiety of the women will be also
prolonged if the correct final diagnosis is made by
amniocentesis, which can only be performed in the
second trimester. On the other hand, the examination
by means of chorionic villus sampling can be per-
formed earlier, in the first trimester.

However, routine ultrasound screening also has a
psychosocial benefit in some cases. A mother’s atti-
tude to her pregnancy can be positively affected by
the observation of the first fetal movements on the
screen of the ultrasound apparatus, even more than by
their perception.16 It is, in this way, possible to create
a relationship with the child before it is born.

Another example of utility to women represents
the lower satisfaction of women in connection with
the shortened time of hospitalization after delivery
that is mentioned in the section Cost-Minimization
Analysis.

Cost–benefit analysis
This method of economic analysis in perinatal care, the
last one to be mentioned, similarly allows the outcome
to be converted into monetary terms. The cost–benefit
analysis of perinatal intensive care requires the subtrac-
tion of additional costs per live birth from additional
earnings per live birth; the results can be expressed in
units of currency and would be termed the net economic
benefit, or net economic loss if negative.

The data used for the change in cost are the same
ones as mentioned in the section Cost-Effectiveness
Analysis. The major difficulty is to estimate the life-
time earnings of a survivor, when such imponderables
as life expectancy, career choice (including the possi-
bility of unemployment) and inflation have to be pre-
dicted so far into the future. Affected children may
have different skills and capacities than unaffected
children, different health care, education and other
needs throughout their lives.

Another important point of view when taking into
account the timing of costs and benefits is a genera-
tional view, when, for example, the favorable result of
treatment of a pregnant woman 40 years ago may have
an adverse effect on the fertility of her offspring, as
happened in the case of diethylstilbestrol.17

The already classical randomized trial of
MacDonald et al.18 concerning the economic evalua-
tion of electronic fetal heart monitoring vs. intermit-
tent auscultation achieved the same outcome of care.
Since, however, the whole course of labor in every
individual woman was always followed by one mid-
wife, and if, rather than her salary bill, the time
necessary for such a follow-up should be measured,
we would find that hardly any workplace would have
a sufficient number of staff for such a procedure.

Costs and benefits arise from changes in the uses
not only of a community’s, but also of a family’s,
resources. Returning back to the example of early
postnatal discharge from hospital, it is likely that
more family resources will be needed for informal
home care and support for a mother who comes back
home very soon after delivery.

International comparative studies
The cost-effective analysis for better health outcome
is also solved in the form of international comparative
studies. In some of the above-mentioned problems, for
example, because the costs have to be standardized if
different areas are compared, further sources of con-
fusion arise when comparing different countries due
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to the fluctuations in the respective currency rates
over time.

Of these studies, the World Bank data19 on infant
mortality and life expectancy in 21 high-income and
27 low-income countries are meaningful. For each
country, the differences between actual and predicted
values were calculated for health expenditure per
capita on the basis of per capita gross national prod-
uct and health. From the results of this comparison, it
emerged that for high-income countries, the marginal
return of health expenditure per capita as measured
by mortality is negligible. This means that improve-
ment in health and reduction in mortality can be
expected to arise not from further increases in costs,
but from greater efficiency in the use of resources,
more reliance on preventive measures, advances in
lifestyle, behavior and medical technology.20

It was the preventive measures to which a compar-
ative epidemiological study was devoted, concerning
the effect of bed rest during pregnancy upon two
internationally accepted indicators of maternal mor-
bidity: rate of eclampsia and neonatal rate of low birth
weight.21 The incidence of these indicators in the
Czech Republic was compared with the incidence in
Hessen (one of the federal states of the Federal

Republic of Germany), where there is a lower rate of
prenatal hospital admissions, while the system of
perinatal care and the perinatal mortality rate are sim-
ilar. From the economic point of view, it was calcu-
lated under the conditions of the Czech Republic that:

(1) The increase of expenses for hospitalization of
women is higher by 7% in the Czech Republic
(predominantly because of hospitalization for
different lengths of time for preventive reasons)
(Table 28.1).

(2) There is a decrease of expenses for specialized
care in the NICU due to a 0.5% lower incidence
of low-birth-weight infants in the population
(further differentiated into four groups according
to birth weight) (Table 28.2).

The two-fold lower sum spared from the NICU costs
against the sum paid for the higher percentage of
preventively hospitalized women does not include
the benefit attained in the second analyzed indicator,
that is, the decreased incidence of eclampsia (one case
per 2556 deliveries per year in the Czech Republic
compared with a greater than two-fold incidence in
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Table 28.1 Increase of costs for hospitalization of pregnant women. The data are based on a comparison of two
groups of pregnant women: Czech Republic (n ==106,680) and Hessen (58,430) in 1994. The costs are calculated
in accordance with the rate table of the Czech Health Insurance Company in Czech crowns

Hospitalization of  
pregnant women 

Length of hospitalization (days) in population (%) Cost increase, difference (%) (Czech crowns, millions)

Czech Republic Hessen

1–7 10.9 10.1 0.7 0.8
8–21 9.8 7.6 2.2 10.4
> 21 6.6 3.1 3.5 47.8
Total 27.3 20.8 6.4 59.0

Table 28.2 Decrease of costs for the care of low-birth-weight newborns in consequence of their decreased
incidence in the population. The data are based on a comparison of two groups of newborns: Czech Republic
(n ==107,721) and Hessen (n ==59,198) in 1994. The costs are calculated in accordance with the rate table of the
Czech Health Insurance Company in Czech crowns

Incidence of low-birth-weight 
Birth weight (g) newborns in population (%) Cost decrease, difference (%) (Czech crowns, millions)

Czech Republic Hessen

<1000 0.30 0.37 0.07 69.9
1000–1499 0.55 0.62 0.07 34.1
1500–1999 1.07 1.23 0.16 18.6
2000–2499 3.55 3.82 0.27 7.3

Total 5.47 6.04 0.57 129.9
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Hessen, that is, one case per 1328 deliveries per year).
However, it is not possible to express this benefit in
monetary terms.

Conclusions
In the economy at large, the costs and benefits of activ-
ities are made visible through the market system.
However, the market mechanism in general either does
not apply, or works imperfectly in the health-care
field. This is also true of the use of the terms ‘cost’ and
‘benefit’ during economic evaluation of perinatal care.
Economists thus have to use other approaches in esti-
mating the benefits of health-care programs. The most
promising approach appears to be the evaluation of

health improvements not in monetary terms. Also, the
monetary cost is often an inadequate measure of the
true economic cost. From this point of view, the main
methods that economists consider in the evaluation
of health-care alternatives and in the comparison of
health-care programs were described. These methods
of economic evaluation should also ensure wise
spending during allocation of resources.

The application of the methods of economic evalu-
ation in perinatal care cannot overcome the moral
dilemmas that arise in the choice of different screen-
ing or therapeutic methods or allocation of resources.
It does, however, provide a framework within which
such factors become less easily avoided and more
readily discussed from the point of view of both the
care givers and the care receivers.
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Introduction
Following the USA Food and Drug Administration
(FDA) approval of 3D in November 1997, interest in
the technique has soared to the extent that reports on
3D in obstetrics and gynecology are now in the thou-
sands. Moreover, any international or national ultra-
sound congress or meeting of our specialty has main
lectures, courses or workshops dedicated to this issue.

Today, 3D is an integrated part of ultrasound (US),
not only in obstetrics and gynecology but also in other
medical streams.

Most important, the FDA with its strict guidelines
has highlighted the importance of this technology for
the future of medicine.

Because of the most recent advances in informatics,
several important innovations have appeared recently.

The first 3D instruments that appeared in 1991 took
25 s to store an image and minutes to hours to recon-
struct the 3D rendering. Then, the defocused instru-
ments1,2 formed 3D images in real-time. Current
software has improved to the extent that images are
stored in tenths of a second, and spatial images can be
reconstructed immediately, in 1 s. In this way, images
are obtained in quasi-real-time showing embryonic or
fetal movements, the so-called 4D.

The newest instruments limit the field of vision
(a disadvantage similar to 2D) and eliminate distorted
echoes. They also store transparency systems allow-
ing immediate visualization and avoiding loss of time.
The smaller and easier-to-handle transducers and the
better proportionate image quality are also definitive
improvements.

But not only has 3D changed and improved in only
2 years, in our opinion two amazing improvements
have been introduced:

• The combination in quasi-real-time at the same
time and in the same frame of the 2D and 3D

images. This advantage allows a rapid and better
orientation and, for those with scarce experience,
easier identification of structures and planes.

• The integration of successive images in only 1 s,
allowing the visualization of embryonic or fetal
movements.

But these are not the final effects of the new computer
technology. Recently, we used new Japanese proto-
types of 3D machines, which were able to produce six
images per second, with a store capacity of minutes
(the existing machines store only 10 s) and an incred-
ible image quality.

Today, more than 11 commercial establishments
make use of 3D, but not all are good. Many use ill-
equipped ‘work stations’ that necessitate spending
time (and money) after the exam. These are not real
3D machines, and one should not forget that what the
patient, and the sonographer, wants is to visualize the
baby in the frame.

In our opinion, and until very recently, none of
the workstations are good enough. Recently, a new
one with important advantages has been approved
by the FDA (although it is not yet approved in the
European Community):

• The software program is cheap (¤15,000).
• Adaptable to all US machines (also the small ones)

and transducer images.
• Excellent image quality.
• Immediate free-hand 3D rendering image of excel-

lent quality.
• No limitation of storing space, as with all existing

3D transducers.
• Very rapid 3D rendering, allowing the study of the

heart motion.
• Adaptable to old stored clinical cases, and not

only in US machines but in videos, PCs, DVDs, etc.

29 3D–4D ultrasound
evaluation of the embryo
and the early fetus
F. Bonilla-Musoles, L. E. Machado, F. Raga, F. Bonilla Jr and F. Machado
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Some problems remain to be solved:

• There is a shortage of learning centers where inter-
ested professionals can learn about new tech-
niques, learn how to use the new instruments and
become acquainted with the variety of equipment
that is constantly appearing on the market.

• Health-care professionals must not only be aware
that all commercial instruments have the latest
technological advantages, they must also know
that every month new machines are being offered
with new and better technology.

• The three first and most important statistics on
fetal malformations (reported by Merz, Pretorius,
and Bonilla-Musoles) need to be reproduced by
other investigators. All the articles that have
recently appeared show isolated cases, superficial
malformations, or use with few cases.

In summary, we would recommend starting to work
with 3D, it is the future.

History of 3D
3D reports started 10 years ago. The first descriptions
were devoted to emphasis on the diagnostic possibil-
ities in obstetrics or gynecology.2–67

Sporadic reports of normal2,4–8,10,11,13,15,16,26,68–84 and
malformed fetuses2,18–20,38,49,54,70–72,80–82,85–110 followed.

Soon after, descriptive images of specific organs
and areas were available:

• craneum and fontanelles111,112

• central nervous system113–118

• head21,119,120

• face12,22,39,91,105,119,121–124

• lips108,125

• forehead126

• eyes127

• thorax and vertebral column14,27,34,37,111,122,128–132

• heart60,110,126,133–143

• fingers28,75,80,131,144–147

• genitalia, normal or ambiguous.148–153

Comparative 2D/3D biometric studies of fetal
weight154–162 and organ volumes12,156,157,163–165 showed
that 3D provides more accurate results.

Specific organ studies allowed for nomograms
regarding:

• anatomic structures (e.g. long bones) 
• volumetry of organs (e.g. the gestational sac and

lung)83,156,157,166–169

• functions (e.g. the heart)60,86,126,133–138,170

• vascularization160,171–179

• estimation of the fetal weight or fat content through
calculation of the muscle circumference.180

Extensive casuistics have shown that 3D improves
the diagnostic accuracy of 2D in more than 70% of
malformations.18–20,70,71,73,96–105,181,182Also, the more
recent specific reports on selected malformations,
such as facial,91,55 lips,125 head, neck and spine,70,111

abdominal wall59,183 and limbs90,147 have confirmed
these findings.

With regard to the first-trimester fetus, many
abdominal or transvaginal (TV) descriptions have
been published.6,7,10,52,69–73,107,112,184–200 The most out-
standing are those related to studies of the cerebral
cavities.5,8,69–73,115,116,118,184,185,201–203 Also, uterine-
introduced 10-MHz transducers have been used191

without success.
Gestational sac and secundines have been volumet-

rically studied.32,35,204,205

A new field of publications concerning the early
diagnosis of malformations has appeared. These pub-
lications show the ability to study important markers
of chromosomal anomalies, such as the nucal translu-
cency,70,73,195 ectopia cordis,196 trisomy 18-affected
fetuses199 or conjoined twins.71,88,186,197

Outside the prenatal diagnosis some important
articles have been published related to assisted
reproduction,56,199,206–215 the cervix in pregnancy,216

urogynecology,138,217,218 gynecological and breast
cancer.120,219–225

This chapter deals with the appearance chronology
of embryonic and fetal structures up to week 16 based
on our own previous published investigations.5–8,69–73,185

Abdominal US
As when using 2D, the TV approach is superior to the
transabdominal for 3D in the first trimester. Abdominal
3D should not be recommended.

Nevertheless, in this chapter we show the 3D
schedule images of the abdominal US, because all
machines are equipped with abdominal transducers,
but not all make use of TV transducers, which are
optional additions.

In our book Atlas de ecografia obstetrica of 1988,
the schedule of appearance of embryonic and fetal
structures according to the gestational week was
established.

This embryologic–echographic schedule is still
completely adaptable today to the first-trimester
abdominal 3D (Graphics 29.1 and 29.2).

Because of the lack of interest and the difficulty in
obtaining good 3D first-trimester abdominal images,
there is a scarcity of publications. However, with care,
3D images of exceptional quality can be obtained.

Fifth week
The gestational sac can be observed with the following
characteristics:
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• oval or round with limpid boundaries
• homogenous trophoblastic rim greater than 5 mm
• no internal contour irregularities
• progressive growth (1 mm/day)

Viewing the abdominal 3D gestational sac at this age
is not easy, and there is no improvement when com-
pared with 2D. At present, only the TV route is useful.

The sac’s shape is round between the fifth and sixth
weeks and becomes oval later on. Irregular forms,
such as enlarged, comma shaped, should not be
considered abnormal if not accompanied by other
anomaly/ies, such as:

• irregular growth: no growth, too slow, too rapid
• decidual refringency changes
• contour irregularities
• embryo not visible (vanishing), etc.

Abnormal sac forms in normal evolution pregnancies
are common in cases of myomas, ovarian cysts, dis-
tended bladder or sigmoid, etc.

The gestational sac wall thickness decreases as the
gestation progresses due to the progressive atrophy of
the deciduas capsularis and parietalis.

Following the visualization of the embryo, the
crown–rump length should be measured. This meas-
urement should be made from the cephalic pole to the
rump taking care to measure the embryonic curvature.
The crown–rump length should be measured across
the dorsal curvature. 

Sixth week
The most important finding is the embryonic visuali-
zation. It appears as an echorefringent round structure
located in the inferior pole because of its specific
gravity, which is greater than that of the amniotic
fluid. Its length is of approximately 10 mm.

The gestational sac grows approximately 1.15 mm/
day, so that at the end of the sixth week it measures
20 mm, up from 10 mm at the beginning of this week.

The embryonic growth is 1 mm/day, reaching
15–17 mm at the end of the sixth week.

Abdominal US 289

Graphic 29.1

Graphic 29.2 
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Seventh week
Along with the increasing size of the embryo and sac,
the most important feature is the visualization of the
cardiac activity. The embryo remains round.

Eighth week
The limb buds appear in an embryo, which is still
round. So-called jerky embryonic movements are
detectable. We say ‘so-called’ because the embryo in
fact moves up and down repeatedly within the sac.

The yolk sac can be observed in a location near the
gestational sac.

Ninth week
For the first time, the embryo appears elongated with
definite cranial and caudal poles. The limbs are fully
developed, although the fingers are not yet visible.
The yolk sac is in a more peripheral location.

From this week on, 3D visualization is superior to
2D due to the amount of amniotic fluid (Figure 29.1).

Tenth week
So-called slow and lazy movements appear. They
are characterized by fetal rotations around its lon-
gitudinal axis, balancing and movement of the
extremities.

The fetus occupies more than a third of the space in
the gestational sac; it can be viewed well with 3D
along with the yolk sac (Figures 29.2–29.4).

Eleventh week
There is fusion of the parietal and capsular decidual
layers, eliminating in this way what is considered a
gestational sac.

The fetus now occupies one-half of the amniotic
cavity. Structures in the head, abdomen and limbs are
clearly visible.

Twelfth to sixteenth week
In week 12, the skull is fully formed (Figures 29.5
and 29.6). Facial and abdominal structures can be
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Figure 29.2 Abdominal 3D US first trimester, 10 +1 weeks.
The fetal head, abdomen and extremities are clearly defined.
The ossification nuclei of the jaw and the face profile along with
the four limbs are visible. The physiological herniation is
depicted in the two lower pictures.

Figure 29.3 3D abdominal US. 10 +3 weeks. Frontal view of
the fetus showing semiextended legs. The fetus is resting on the
placenta (left upper and lower pictures), seen in a frontal view
where the face can be observed (bottom right) and the feet
already formed (bottom pictures).

Figure 29.1 Abdominal 3D US in 9 +6 weeks. Observe the
profile of the embryo lying over the placenta, showing well-
defined cranial and caudal poles. The yolk sac can be seen in
the upper pictures (arrow). The remaining pictures show the
lower limbs.
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observed. Hands and feet are fully developed. Fingers
and toes are identified.

From week 13 on the normal fetal development can
be followed (Figures 29.7–29.12).

Twin pregnancy
Twin pregnancy can be diagnosed after week 6, when
two gestational sacs are clearly visible, each with its
own embryo.

It is not acceptable to miss a diagnosis of twins by
transabdominal US examination after the eighth week
of pregnancy (Figure 29.11).

Abdominal US 291

Figure 29.4 Abdominal 3D US. 10 +4
weeks. The extremities are complete. The
fetus lies over the placenta. Fully developed
fetus with well-formed arms and legs lying
over the placenta.

Figure 29.6 Thirteen weeks days. This image shows hands and
feet with fingers and toes.

Figure 29.7 Top: Fourteen weeks and 1 day of gestation.
Observe the frontal view of the fetus with uplifted arms, the
superciliary arches, the nose, ears and hands. Bottom: Fourteen
weeks and 4 days of gestation. Fetal profile, superfiliary arches,
eyes, sutures and fontanelles.

Figure 29.5 Abdominal 3D US in first trimester. 13 weeks. In
this fully developed fetus the physiological herniation has
disappeared. The orbits, nose, mouth and limbs with hands and
feet can be seen.
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Transvaginal 3D US
Fourth week (from 4 ++0 to 4 ++6 days)
The first structures observed with 3D as with TV 2D
are obtainable between weeks 4 and 5.

The first image that indicates the possibility of
pregnancy is the persistence proximal to the men-
strual days of a decidual transformed endometrium
accompanied by a vascular active corpus luteum
(Figure 29.13).

What is first observed is the gestational sac (day
31 ±1), and the visualization threshold is now estab-
lished when the β-human chorionic gonadotropin
(β-hCG) values have surpassed 1000 mUI.

Being able to observe in the three orthogonal planes
and with 3D rendering allows observation of the exact
site of implantation in the endometrium (Figures
29.14–29.21).

The gestational sac appears round or oval, perfectly
delimited by an echogenic zone greater than 3 mm:
the trophoblastis rim. At this time, the size of the
gestational sac is 2–3 mm (Graphic 29.3).

One day later, the yolk sac appears. It is round, cen-
tral, well delimited and measures 3–4 mm in diameter
(day 32 ±1 day). It is linked through the omphalome-
senteric duct to the embryo.

On day 33 (±1 day) the embryo can be seen lami-
nar, small, wide, refringent and 2 mm in length. The
yolk sac is always visible facing the ventral surface of
the embryo.

In cases of multiple pregnancies, monochorial or
bichorial, sacs and embryos can be observed (Figures
29.22–29.26): two sacs and two embryos in bichori-
onic or two embryos in one sac in cases of monoam-
nionic twin gestation.

Fifth week
By the end of week 5, all these structures are evident,
the embryo enlarges and is connected to the yolk sac
by a long and slender duct (Figures 29.27–29.29).

From the fifth week on, different organs and struc-
tures appear and will be visible according to the
schedule showed in Graphics 29.4 and 29.5.
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Figure 29.10 Gestations of 14 weeks plus four and five days.
Left: The fetus shows open eyes. Right: The eyes are closed.

Figure 29.8 Fourteen weeks and 5 days of pregnancy. This lying fetus reveals arms and hands with clearly defined fingers. The
mouth can be seen on the profile view of the face (left).

Figure 29.9 Fifteen weeks plus 1 day of pregnancy. Frontal view of a fetus. Skull bones along with sutures, fontanelles, orbital
sockets, mouth and lower limb bones. The right figure shows the profile, forehead, eyes, nose and mouth.
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Figure 29.11 Monochorionic twin gestation
at 13 weeks and 3 days. Discordant fetuses
are already evident. The fetus on the left is
already evident. The fetus on the left is
already smaller.

Figure 29.12 Dichorionic diamnionic twin
pregnancy at 14 weeks and 5 days. Both
fetuses are aligned longitudinally, one in
cephalic and the other in breech position.
The face, sutures and fontanelles of one of
them can be observed.

Figure 29.13 Left: 2D and 3D images of the decidua. Right:
The corpus luteum with its vascularization. The gestation is not
yet defined.

Graphic 29.3
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Figure 29.14 Beginning of pregnancy. Weeks 4–5. Round or oval implanted gestational sac and its vascularization.

Figure 29.15 Four weeks and 3 days of pregnancy. The
decidua and the gestational sac are showed. Observe the rim.

Figure 29.16 3D normal gestational sacs. The trophoblastic rim is clearly depicted and can be measured. Its thickness has to be
bigger than 5 mm.
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Sixth week
In only 1 week, the embryo enlarges, allowing the
observation of two well-differentiated poles: the cra-
nial and the caudal. Also, the limb buds can be visu-
alized, especially the superior, which appear earlier.
This finding occurs earlier than what we have seen in
TV 2D US.

Another interesting finding is that at this age, in the
distal portion of the caudal pole the cauda is visible. This
structure is not observable with other US techniques.

In this week, it is especially remarkable to study
the secundines.

The amnios appears as a very thin membrane on
the surface of the dorsum of the embryo, just on the
opposite side from where the yolk sac is visible. The
amnion will soon surround the entire embryo, leaving
out the extraembryonic mesenchyme and the yolk sac
(Figures 29.30–29.33).

The yolk sac remains visible until weeks 13 to 14. It
is always round and grows very slowly, 1 mm a week.

Figure 29.20 Day 33 the embryo is visible measuring 2–3 mm.
The yolk sac faces the abdominal embryonic wall. The embryo’s
growth is very rapid, and only days after it is bigger than the
yolk sac.

Figure 29.19 4D pictures of normal yolk sacs, gestational sacs trophoblast and vascularization.

Figure 29.18 Day 32. The yolk sac
appears. A small segment of the
omphalomesenteric duct can be
observed in the left image.

Figure 29.17 4D color Doppler of a
normal gestational sac vascularization.
Observe the trophoblastic rim.
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As the cord forms, its anchoring site narrows and
thins out.

Seventh week
The embryo clearly shows the limb buds. This detail
is used to establish the gestational age (Figures 29.34
and 29.35).

The cephalic pole is flexed. It is very interesting
that in the back of the embryo two parallel layers are
observable, which represent the first vision of what
will be the fetal spine. This finding is only visible
with 2D TV US in the eighth week.

Eighth week
The configuration of the embryo is completed. The
cranial pole is large and voluminous. The profile,
face, orbits, mouth, jaw and maxilla can be identified.

Figure 29.25 Orthogonal planes and 3D rendering of a 12th-
week twin pregnancy.

Figure 29.24 Comparison between bichorial biamniotic with
lambda sign twin (left) with a monochorial monoamniotic one
(right).

296 3D-4D ultrasound evaluation of the embryo and the early fetus

Figure 29.21 Visualization of the embryo. Days 33–35. The embryo takes a laminar form. Two poles are depicted.

Figure 29.23 Eight-week monochorionic twin.

Figure 29.22 Seventh week monochorionic monoamniotic
twin pregnancy.
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The caudal pole shows large limb buds with stubby
ends that resemble hands and feet. Joints and articu-
lations are visible.

The spine is completely formed, and appears as a
white line in the dorsum. The superior portion (axis
and atlas) still remains separate.

Figure 29.26 Different cases of triplets. Top: Week 10. Bottom:
Weeks 6 (left) and 13 (right).

Figure 29.27 Five weeks’ pregnancy. Elongated embryo with
two poles. The yolk sac is visible on the left of the right image.

Figure 29.28 Five weeks’ pregnancy. These four images show
the embryo, still smaller and elongated, and the yolk sac round
and facing the embryo.

Figure 29.29 The same case as Figure 29.10. Five weeks’
pregnancy showing the embryo with a thin omphalomesenteric
duct linking the yolk sac.

Graphic 29.4
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Figure 29.30 Beginning of week 6. The embryo is much bigger
than in week 5, shows clearly two poles, the craneal and the
caudal, and the upper and lower buds of the extremities are
depicted. The cauda appears between the lower buds of the
extremities.

Figure 29.31 End of week 6. The embryo shows a bigger size, the cephalic pole is slightly angulated and the extremities buds
are longer.

Figure 29.32 These two figures show the 3D image of the whole omphalomesenteric duct and the yolk sac in week 6.

Graphic 29.5

Kurjak-29 (Final).qxd  5/10/2006  3:48 PM  Page 298



Transvaginal 3D US 299

It is important to note that during this week the
physiologic herniation can be seen. It is a round and
well-defined structure, refringent and linked to the
abdominal wall at the site of the umbilical cord
insertion (Graphic 29.6).

Its refringency is that of the abdominal wall, its size
is small, less than 7 mm, and it always disappears
between the 11th and the 12th weeks.

Although at this week the profile, forehead, nose
and mouth are visible, they will be clearly defined by
the 10th week (Figures 29.36–29.39).

Ninth week
During this week the head appears always flexed ante-
riorly and the finger and toe buds appear (Figures
29.40–29.42).

Figure 29.33 End of week 6. The embryo shows in detail
the curved cephalic pole and an elongated, sometimes thick,
sometimes thin but very long omphalomensenteric duct.

Figure 29.34 Seventh week of pregnancy. Observe the
cephalic pole, the extremity buds and a long coiled umbilical
cord. The yolk sac lies away from the embryo.

Figure 29.35 Seventh week of pregancy, fetuses showing the
cauda, the buds and a very long omphalomesenteric duct.

Graphic 29.6
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Figure 29.36 Eight weeks’ pregnancy.
The embryo shows full extremities. The
profile can be identified. The umbilical
cord is fully formed.

Figure 29.37 Frontal and sagittal 4D view of an eighth week
embryo.

Figure 29.38 This picture shows the ossification nuclei of jaw
and maxilla. The mouth is visible as well as the complete
extremities.
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Figure 29.42 Ninth week pregnancy. The fetus
shows the yolk sac near the occipital bone. The
profile, eyes, abdominal wall with the physiolo-
gic herniation, extremities and umbilical cord
are clearly depicted.

Figure 29.39 Eighth week twin
pregnancy showing in both fetuses
the hands and the feet.

Figure 29.40 Ninth week preg-
nancy showing the back with the
medullary canal (center), a coiled
(left) and an uncoiled (right) cord
and the physiological herniation
(right).

Figure 29.41 These pictures showed different varieties of
normal physiological herniations. Also, the fetal profile is clearly
depicted, showing the mouth, Jaw and maxilla. See the feet.
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Figure 29.43 Ten-week fetuses showing a long umbilical cord with physiologic herniation. Hands and feet are visible.

Figure 29.44 Ten weeks. Frontal and sagittal view showing the
mouth, nose, supercilliary arch, hands and feet. The umbilical
cord is very long and coiled.

Figure 29.46 Top: Shoulder of a 10-week fetus looking at the
sky. Observe the ears and the claviculae. Bottom: Ten-week
normal fetus surrounded by the amnion (arrows).

Figure 29.45 Ten weeks. The hands show the finger bones.
Eyes are also visible.

Figure 29.47 Ten weeks’ pregnancy. The fetus shows the profile
and the eyes and it is surrounded by the amnion (arrows).
Extremities, hands and feet are clearly depicted.

Kurjak-29 (Final).qxd  5/10/2006  3:49 PM  Page 302



Other organs and structures 303

Tenth week
The fetus is completely formed. Generally, the head
is flexed over the thorax, but even so, we are able to
see the face with big orbits, lips, mouth, etc. We can
visualize prominent fontanelles and sutures on the
forehead.

On the remainder of the fetal body the arms are
well developed with elbow and knee flexions as well
as hands and feet visible (Figures 29.43–29.46).

The umbilical cord is very long and thick, propor-
tionally larger and thicker than at the end of the preg-
nancy. By using the transparency system, we can
observe for the first time, and identify, the femur, tibia,
fibula, humors, radius and ulna. At the beginning of
the 11th week the superciliar arch, the orbits, eyes,
forehead, nose, ears and jaw can be observed (Figures
29.44, 29.45 and 29.47).

Other organs and structures
The fingers and toes are clearly observed in the 11th
and 12th weeks, and are better defined than what is
seen with 2D TV US (Figures 29.48 and 29.49).

It is of interest to note how these structures move
independently. It is possible to notice that the thumb

Figure 29.48 Eleventh-week fetuses. The herniation is getting
smaller.

Figure 29.49 Twelve weeks. Visualization of the whole fetus,
umbilical cord and placenta.

Figure 29.50 Visualization of fetuses of 13 weeks, showing
intense arm and leg movements.

Figure 29.51 Frontal view of 13th-week fetuses showing the
development of the face. Special details can be observed from
the development of the nose, eyes and mouth.
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apposes the other fingers. The phalanges can be
observed in the fingers and toes (Figure 29.54).

Although we have observed movement since the
seventh week, by the eighth week we can observe the
fetus flexing its arms and legs across the abdomen.

These movements, as well as others like opening and
closing the mouth, etc., are better observed by using
the 4D system available today (Figure 29.50).

We consider the use of the transparency and x-ray
systems essential for the study of the spine and pelvic
bones after week 12. In this way, the medullary canal,
the vertebrae and the ossification nuclei in the ribs
can be visualized. It is important to remember that the
high portion of the spine is not completely closed
until the end of week 12 (axis and atlas). This is of
great importance for cases of hygroma colli (see the
corresponding chapter), and we think that this will
also serve in the future for early diagnosis of neural
tube defects (Figure 29.56).

At the same time, the ribs can be seen, the princi-
pal pelvic bones (ischium and ilium) and their ossifi-
cation. All of this will be useful to measure the
intervertebral spaces.

Normally, fetuses are flexed, and cover their faces
with their hands. But after the 10th week, they can
deflex, showing in this manner their faces. The orbits
and eyes are more visible and the lids are evident
(Figures 29.51–29.58).

Figure 29.52 4D 13th-week fetus showing completely developed
arms and legs.

Figure 29.53 3D and 4D visua-
lization of 13th-week fetuses. The
herniation has disappeared. The
femur, tibia and ulna are visible.

Figure 29.54 Fourteenth-week fetuses showing the face, the
fingers and the palm, as well as the arm bones.
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The nose is more protuberant and is completely
formed between weeks 10 and 13. The mouth, lips
and jaw are perfectly defined. The sutures and
fontanelles will approximate progressively (Figures
29.51, 29.53 and 29.57).

Finally, in some cases we have observed the fetal
sex clearly as early as the 13th week only in male
fetuses. The labia of female fetuses can occasionally
be distinguished clearly during the 16th week.

Figure 29.55 Fourteenth-week fetuses showing the whole
face.

Figure 29.56 Either the use of the transparence system or
introducing the ROI into the thorax allows study of the thoracic
cage, ribs, vertebrae and medullary channel.

Figure 29.57 Frontal and sagittal view of fetuses between
weeks 14 and 16 showing the development of the whole skull.
See the clear view of all bones and sutures.

Figure 29.58 Eighteen weeks’ pregnancy. The upper images
show a fetus with the mouth open. The bottom images show the
skull bones, fontanelles and sutures.
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30 Malformations of the
gastrointestinal system
V. D’Addario and L. Di Cagno

A correct ultrasonic examination of the fetal gastro-
intestinal tract includes the visualization of the fol-
lowing structures:

• the stomach (Figure 30.1)
• the small and large bowels (Figure 30.2)
• the liver with its main vessels and the gallbladder

(Figure 30.1)
• the abdominal wall and the insertion of the umbil-

ical cord (Figure 30.3)
• the diaphragm (Figure 30.4).

The systematic evaluation of the above-mentioned
structures allows the recognition of several congenital
anomalies of the gastrointestinal system. The reported
sensitivity of ultrasound in diagnosing gastrointesti-
nal malformations varies from 24% to 86%, according
to different authors’ results. This wide variation is
due to the different study designs (mainly the number
of scans performed during pregnancy), inclusion cri-
teria and levels of examination. Since many gastro-
intestinal malformations appear late in pregnancy, the
best results are obtained when the screening design
includes a scan also in the third trimester.

The malformations of gastrointestinal tract and
abdominal wall can be divided into four groups:

(1) anterior abdominal wall defects
(2) diaphragmatic defects
(3) bowel disorders
(4) non-bowel cystic masses.

Anterior abdominal wall defects
The congenital abdominal wall defects include gas-
troschisis, omphalocele and body stalk anomaly.1 The
ultrasonic prenatal diagnosis of these defects is rela-
tively simple and possible in the first half of preg-
nancy. However, it must be remembered that there is
a physiological herniation of the small intestine out-
side the abdominal cavity between the 5th and the
11th weeks of gestation (Figure 30.5) and therefore a
prenatal diagnosis of abdominal wall defect cannot be
made in the earliest stage of pregnancy.2

Gastroschisis
This malformation consists of a paraumbilical full-
thickness defect of the anterior abdominal wall,
which is usually located to the right side of the umbil-
ical cord insertion, associated with evisceration of
abdominal organs.

The incidence ranges from 1:10,000 to 1:15,000 live
births.

Gastroschisis is considered a sporadic event with a
multifactorial etiology, but cases of familial occur-
rence have been reported. Young maternal age, mater-
nal cigarette use and vasoactive drugs consumption
during the first trimester are considered as possible
etiological factors.

The malformation results from vascular compromise
of either the umbilical vein or the omphalomesenteric
artery. The abdominal wall defect is generally small
but the amount of bowel protruding from the defect
and floating freely in the amniotic fluid may be dis-
proportionately large. The herniated organs include
mainly bowel loops that are not protected by a mem-
brane but are usually covered by an inflammatory
exudate, possibly resulting from chemical irritation
by exposure to amniotic fluid.

The ultrasonographic diagnosis of gastroschisis
is suggested by the finding of a partly solid, partly
cystic mass adjacent to the anterior abdominal wall
and freely mobile in the amniotic fluid (Figure 30.6),
which has a cauliflower-like appearance. The differ-
ential diagnosis from omphalocele is based on the
presence of a normal insertion of the umbilical cord,
the lateral location of the mass and the absence of a
membrane covering the herniated mass.

In contrast to omphalocele, gastroschisis is rarely
associated with other malformations and chromosomal
anomalies, but additional gastrointestinal abnormali-
ties (malrotation, atresia, volvulus and infarction)
may occur in 20–40% of the cases.3,4 A high percent-
age of fetuses with gastroschisis (77%) present
intrauterine growth retardation and preterm labor
occurs in one-third of cases. The extent of bowel
damage is variable and strictly affects the prognosis.
Most of the bowel damage is caused by constriction at
the site of the abdominal wall defect: the sonographic
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evidence of small bowel dilatation and mural thick-
ening correlates with severe intestinal damage and
poor clinical outcome.

The mode of delivery of fetuses affected by gas-
troschisis is still controversial although there is no
striking evidence for cesarean section over vaginal
delivery. Maternal transfer before delivery to a tertiary
care center is recommended. The mortality rate ranges
from about 8 to 28%.

Omphalocele
Omphalocele is a ventral wall defect characterized by
an incomplete development of abdominal muscles, fas-
cia and skin and the herniation of intra-abdominal
organs (bowel loops, stomach and liver) into the base of
the umbilical cord, with a covering by amnioperitoneal

membrane. The defect is thought to be caused by an
abnormality in the process of body infolding. The clas-
sic omphalocele is a midabdominal defect, although
there is also a high or epigastric omphalocele (typical of
the pentalogy of Cantrell) and a low or hypogastric
omphalocele (as seen in bladder or cloacal extrophy),
due to cephalic and caudal folding defects, respec-
tively. The incidence of omphalocele ranges from
1:4000 to 1:7000 live births. It is more frequent in older
women; most cases are sporadic, although a familial
occurrence with a sex-linked or autosomal pattern of
inheritance has been reported.

The ultrasonographic appearance of omphalocele
varies according to the type of defect, the presence of
ascites and the organs herniated. The principal diag-
nostic features are the umbilical cord insertion into
the membrane covering the abdominal wall defect,

Figure 30.4 Longitudinal scan of the fetal chest and abdomen
showing the diaphragm between the lung and the liver.

Figure 30.1 Transverse scan of the fetal abdomen showing the
stomach, the liver, the intraepatic tract of the umbilical vein and
the gallbladder.

Figure 30.2 The echogenic bowel is seen below the liver.

Figure 30.3 Insertion of the umbilical cord into the abdominal
wall.
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the presence of the intrahepatic portion of the umbil-
ical vein coursing through the central portion of the
defect and the presence of a limiting membrane that
can occasionally rupture (Figure 30.7).

There are different syndromes that include ompha-
locele, such as pentalogy of Cantrell (midline supraum-
bilical abdominal defect, lower sternum defect,
deficiency of diaphragmatic pericardium, anterior dia-
phragm defect and cardiac abnormality) and Beckwith–
Wiedemann syndrome (macroglossia, visceromegaly
and omphalocele). Although most cases of omphalo-
cele are sporadic, a familial occurrence of this anomaly
with a sex-linked or autosomal pattern of inheritance
has been reported.

The most important prognostic variable is the pres-
ence of associated malformations (50–70% of cases)
or chromosomal abnormalities (30% of cases).5 Some
authors have demonstrated that small defects involv-
ing only the bowel are associated with an increased
risk of chromosomal abnormalities, as opposed to

large defects that have an exposed liver. The main
associated malformations are cardiac anomalies (up to
47% of cases), genitourinary abnormalities (40% of
cases) and neural tube defects (39% of cases). Fetal
mortality is highly dependent on associated malforma-
tions but respiratory complications also account for a
significant percentage of morbidity and mortality.

The mode of delivery of fetuses with omphalocele
has been debated in the literature. The goal of man-
agement is to deliver the fetus as close to term as pos-
sible in tertiary care centers. Cesarean section may be
necessary to avoid dystocia or sac rupture in large
omphaloceles. In the case of small defects vaginal
delivery is recommended.

Body stalk anomaly
The body stalk anomaly is a severe abdominal wall
defect caused by the failure of formation of the body
stalk; it is characterized by the absence of umbilical
cord and umbilicus and the fusion of the placenta to
the herniated viscera. The incidence is 1:14,000 births.
This malformation is caused by a developmental fail-
ure of the cephalic, caudal and lateral embryonic folds.

The ultrasonographic diagnosis is suggested by the
finding of a large anterior wall defect attaching the
fetus to the placenta or uterine wall, the absence of
umbilical cord and the visualization of abdominal
organs in a sac outside the abdominal cavity (Figure
30.8).6,7 The position of the fetus may lead to scoliosis
and kyphosis. Multiple malformations such as neural
tube defects, and gastrointestinal and genitourinary
anomalies may be associated. The body stalk anomaly
is a uniformly fatal condition.

Diaphragmatic defects
The classification of these malformations is based on
the location of the diaphragmatic defect:

Figure 30.5 Physiological herniation of the midgut at 10 weeks
of gestation.

Figure 30.6 Gastroschisis: a cauliflower-like mass protrudes
from the abdominal cavity into the amniotic fluid.

Figure 30.7 Omphalocele: a round solid mass, covered by a
thin membrane, protrudes from the anterior abdominal wall.
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(1) diaphragmatic hernia (Bochdaleck and Morgagni
types)

(2) septum transversum defects (defect of the central
tendon)

(3) hiatal hernia (congenital large esophageal orifice)
(4) eventration of the diaphragm
(5) agenesis of the diaphragm.

A diaphragmatic hernia is a defect in the diaphragm,
due to failure of the pleuroperitoneal canal to close
between 9 and 10 weeks of gestation, thus determin-
ing the protrusion of the abdominal organs into the
thoracic cavity.

The incidence of congenital diaphragmatic hernia is
1:3000–1:5000 live births. This entity can be either spo-
radic or a familiar disorder but its etiology is quite
unknown. The most common type of diaphragmatic
hernia is the Bochdalek type, which is a posterolateral
defect mostly located on the left side (80% of cases),
less frequently on the right side (15%) or bilateral (5%).
Stomach, spleen and colon are the most frequently her-
niated organs. When the hernia is on the right side, the
main organs involved are the liver and the gallbladder.

The Morgagni type is usually a very small hernia
that occurs in 1–2% of cases. It is a parasternal defect
located in the anterior portion of the diaphragm; it
involves the liver, which may limit the degree of her-
niation. In the case of eventration of the diaphragm,
this structure appears to be weak so that the abdomi-
nal contents are displaced in the thoracic cavity.

Eventration of the diaphragm consists of an
upward displacement of abdominal organs into the
thoracic cavity secondary to a congenitally weak
diaphragm, which has the aspect of an aponeurotic
sheet. It occurs in 5% of diaphragmatic defects and is
more common on the right side.

Diaphragmatic hernia can be either a sporadic or a
familiar disorder and although the etiology is unknown,
this abnormality has been described in association
with maternal ingestion of drugs such as thalidomide,
quinine and anticonvulsants. There are two hypotheses
to explain the mechanism responsible for the origin
of a diaphragmatic defect: (1) delayed fusion of the
diaphragm and (2) a primary diaphragmatic defect. In
addition to this classification, another one has been
proposed concerning a late onset of this anomaly:

(1) Herniation occurring early during bronchial
branching causing a severe bilateral pulmonary
hypoplasia and lately death.

(2) Herniation at the stage of distal bronchial branch-
ing leading to unilateral hypoplasia, with survival
depending on the balance between pulmonary
vascular and ductal resistances.

(3) Late herniation in pregnancy, which causes a
compression of otherwise normal lung and a
good prognosis.

(4) Postnatal herniation without pulmonary pathol-
ogy and with good chances of viability.

The prenatal sonographic diagnosis of diaphragmatic
hernia is mainly based on the visualization of abdom-
inal organs at the same level of the four-chamber view
of the heart in the transverse section of the fetal chest.
The heart is usually shifted on the right side of the
chest (Figure 30.9).

The visualization of the fluid-filled bowel or the
stomach bubble in the thoracic cavity is highly diag-
nostic. The presence of peristalsis of bowel loops may
help make the differential diagnosis with other condi-
tions such as cystic adenomatoid malformation of
the lung, bronchogenic cysts and mediastinal cysts.
Polyhydramnios is common and is secondary to the
bowel obstruction.

The rate of associated anomalies is 25–75%, increas-
ing to 95% in stillborns. Such anomalies include central
nervous system, cardiac and chromosomal abnormal-
ities, omphalocele and oral cleft.

The prognosis for this malformation is still very
poor and becomes poorer if other malformations are
associated. The poor prognosis mainly depends on the
severity of pulmonary hypoplasia induced by the
prolonged compression of the lungs by the herniated
viscera. For this reason experimental prenatal surgery
has been suggested to prevent the lung damage. The
different outcome is related to variation in the timing
of entry of abdominal organs into the chest (the earlier
is the entrance, the worse is the prognosis). Due to the
complexity of this malformation and the different
diagnosis and treatment, the ultrasound examination
is very essential. Management relies on protecting the
controlateral lung hoping that it is normally formed,
which depends on the gestational age at diagnosis. If
the fetus is less than 24 weeks’ gestation, parents may
choose to terminate the pregnancy, to continue the
pregnancy with postnatal care or even to consider
repair of the defect in utero. Between 24 and 32 weeks,
parents may choose between conventional postnatal
therapy and fetal surgery. Anytime a diaphragmatic
defect is diagnosed, prenatal karyotyping and detailed
ultrasound examination to detect associated anomalies

Figure 30.8 Body stalk anomaly: a large anterior abdominal
wall defect attaches the fetus directly to the placenta.
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are recommended. There are no indications for
preterm delivery or for cesarean section. The delivery
should be planned in a tertiary care center.

Bowel disorders
Prenatal ultrasound examination allows the detection of
the majority of gastrointestinal malformations because
they are often associated with a dilated bowel, cystic
masses or intra-abdominal calcifications, although the
prenatal diagnosis generally does not influence the
mode or the timing of delivery (except in the cases with
polyhydramnios, which can cause premature labor or
delivery). Moreover, it allows maternal referral to a
center with appropriate perinatal, neonatal and surgical
expertise, which, in some cases, may improve the
outcome.

Esophageal atresia
This anomaly consists of the absence of a segment of
the esophagus and is often associated with a tracheo-
esophageal fistula (86–90% of cases). Five types of
esophageal atresia may be distinguished:

(1) Isolated (type I)
(2) Associated with a fistula connecting only the

proximal part of the esophagus and the trachea
(type II)

(3) Associated with a fistula connecting the lower
part of the esophagus and the trachea (type III)

(4) Associated with proximal and distal fistulas
(type IV)

(5) Tracheo-esophageal fistula without esophageal
atresia (type V).

Among different types the most common is the
esophageal atresia associated with a fistula connecting
the proximal part of the esophagus and the trachea
(80% of the cases). The incidence varies between 1:800
and 1:5000 live births and the etiology is unknown.

The prenatal diagnosis is possible in only 10% of
the cases and should be suspected in the presence of
polyhydramnios with absent stomach bubble in several
and repeated ultrasound examinations or visualizing
a dilated proximal tract of the esophagus with absent
stomach (Figure 30.10); however, this malformation
can occur even in the presence of a normal or small
stomach, due to the frequently associated tracheo-
esophageal fistula.8

Associated anomalies are present in 50–70% of the
cases, including cardiac, genitourinary, chromosomal
(trisomy 21), additional gastrointestinal and muscu-
loskeletal anomalies. A characteristic association is the
‘VACTERL’ (Vertebral, Anorectal anomalies, Cardiac
anomalies, Tracheo-esophageal fistula, Esophageal
atresia, Renal anomalies and Limb anomalies). Fetal
karyotyping is suggested. The prognosis depends on
the associated malformations and on the severity of
polyhydramnios, which can facilitate preterm delivery.

Duodenal atresia or stenosis
The incidence of this malformation is 1:10,000 live
births and its genesis goes back to the 11th week of ges-
tation due to the failure of canalization of the primitive
bowel. In most cases the etiology is unknown. Atresia
is more common than stenosis (70% of cases) and
could be associated with chromosomal abnormalities
(trisomy 21), skeletal defects and other anomalies.9

The most typical sonographic finding is the char-
acteristic ‘double bubble’ sign caused by the simulta-
neous dilatation of the stomach and the proximal
duodenum (Figure 30.11). The diagnosis is usually
made in the late second trimester.10 Up to half the
duodenal atresia cases are complicated by polyhy-
dramnios and this can contribute to preterm labor,
but the main cause of death are the associated anom-
alies. This malformation can present late complications
(motility disorders, megaduodenum, gastro-esophageal
and duodenal-gastric reflux, gastritis and blind loop
syndrome) and late death even months or years after
management.

Bowel obstruction
The incidence of bowel stenosis and atresia is
2–3:10,000 births and the most common locations are
distal ileum (36%) and proximal jejunum (31%).
There are four types of intestinal atresias:

(1) Type I: presence of a transverse diaphragm of
mucosa or submucosa (20%).

(2) Type II: presence of blind ends of bowel loops
connected by a fibrous band (32%).

Figure 30.9 Transverse section of the fetal chest in a case of
diaphragmatic hernia: the heart is displaced to the right side by
the presence of the stomach and bowel loops in the thoracic
cavity.
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(3) Type III: complete separation of blind ends with
a corresponding mesenteric defect (48%).

(4) Type IV: absence of a large tract of small bowel
with the typical ‘apple peel’ deformity, resulting
from loss of the superior mesenteric artery.

These defects are usually sporadic, although familial
cases have been described.

According to the site of the obstruction the defects
are divided into (1) jejuno-ileal atresia and stenosis,
(2) colonic atresia and (3) imperforate anus.

The sonographic prenatal appearance varies
according to the level of the defect. In the case of
jejuno-ileal atresia multiple dilated bowel loops in the
fetal abdomen may be seen in association with poly-
hydramnios (Figure 30.12).11,12 In colon atresia (which
usually occurs proximal to the splenic flexure with a
significant segment of absent colon with distal micro-
colon) the sonographic finding is similar to distal ileal
occlusion and the differential diagnosis may not be
possible. In the imperforate anus dilated intestinal
loops with increased peristalsis may be seen as well
as intraluminal hyperechogenic small areas referring
to meconium (Figure 30.13).13

The diagnosis of bowel obstruction is usually made
in the third trimester: the lower the obstruction the
later is the appearance of the sonographic signs.

The prognosis of these malformations mainly
depends on the level of obstruction (the lower the
obstruction, the better the outcome), the length of
remaining intestine and birth weight. Other important
prognostic factors are the presence of associated
malformations (especially gastrointestinal anomalies
including bowel malrotation, esophageal atresia,
microcolon and intestinal duplication), meconium
peronitis and intrauterine growth restriction.

Meconium peritonitis
This condition is the consequence of in utero perfora-
tion of the bowel with spread of meconium into the
peritoneal cavity leading to a local sterile chemical peri-
tonitis. The peritonitis may be localized, with the devel-
opment of a dense calcified mass or fibrous tissue, or
diffuse, with a fibrous reaction leading to bowel adhe-
sions and pseudocyst formation. Inflammatory reaction
leads to an exudative process and ascites. Its incidence
is 1:35,000 live births. Bowel perforation involves
the proximal tract, with some form of obstruction such
as intestinal atresia (65% of cases), meconium ileus,
volvulus, gastroschisis or Meckel’s diverticulum.

The prenatal sonographic appearance of meconium
peritonitis varies according to the underlying anatom-
ical finding: the main signs are intrabdominal calcifi-
cations (85% of cases), polyhydramnios, fetal ascites
caused by exudate and bowel dilatation.

Postnatal management depends on the etiology of
meconium peritonitis; up to one-third of all cases
have cystic fibrosis.

Echogenic bowel
Sonographically, ‘echogenic bowel’ is defined as
echogenicity of the bowel loops equal to or greater
than the density of the iliac wing (Figure 30.14). A
total of 1:200 midtrimester fetuses present this feature,
which might depend on a slow or delayed transit of
the meconium along the bowel. This finding has been
considered as a ‘soft marker’ of chromosomal abnor-
malities but actually the increased risk of chromoso-
mopathy in the presence of such an isolated marker is
extremely low.14 The risk increases when further sono-
graphic markers are present. The echogenic bowel
may also be the first sign of cystic fibrosis or can be

Figure 30.10 Esophageal atresia: the diagnosis is suspected by
the association of absent stomach and dilatation of the proximal
tract of the esophagus.

Figure 30.11 Duodenal atresia: the dilated stomach and
proximal duodenum are clearly recognized.
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seen in cases of intraamniotic bleeding.15 However, it
is important to stress that the recognition of hyper-
echogenic meconium does not always represent a
pathological condition but might be a normal variant
and an isolated finding.16

Non-bowel cystic masses
Choledocal cysts
Choledocal cyst is a rare congenital cystic dilatation of
the common bile duct. The incidence is about 1:2000.
The cysts can be single or, in rare cases, multiple
involving the intrahepatic or extrahepatic portion of
the biliary tree. Choledocal cysts are classified into four
types: (1) fusiform dilatation of the common bile duct,

(2) diverticular dilatation of the common bile duct,
(3) intramural dilatation of the common bile duct and
(4) intrahepatic biliary duct dilatation. Its sonographic
appearance is that of a cystic structure located in the
upper right abdomen with dilated proximal ducts.
Differential diagnosis includes duodenal atresia,
hepatic cyst, dilated gallbladder, ovarian cyst and bil-
iary atresia. The cystic size and the association with
biliary obstruction affect the prognosis.17

Mesenteric and omental cyst
This benign malformation consists of cystic structures
located in the small or large bowel mesentery or in
the omentum filled with serous or chilous fluid.
Its sonographic appearance is that of a thin-walled,
unilocular or multilocular cystic mass. It is difficult to

Figure 30.12 Jejunal atresia: multiple dilated bowel loops are
present in the fetal abdomen.

Figure 30.13 Imperforate anus in a third-trimester fetus: a
dilated distal colon is seen containing multiple small echogenic
foci due to meconium.

Figure 30.14 Echogenic bowel.

Figure 30.15 Hepatic hamartoma appearing as an isolated
intraepathic area.
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make a differential diagnosis with other intraabdominal
cystic conditions such as choledocal, ovarian and
hepatic cysts.

Hepatic masses
Hepatic masses might originate from an obstruction of
the hepatic biliary system or might have a tumoral ori-
gin (hemangioma, hamartoma, etc.).

Their sonographic appearance changes depending
on the origin: mesenchymal hamartomas usually

appear as irregular hyperechoic areas (Figure 30.15),
while hemangioma appears hypoechoic, hyperechoic
or mixed depending on the degree of fibrosis and the
stage of involution.18 Hepatoblastomas and adenomas
have a solid appearance. Polyhydramnios may be
associated; many cases of reduction in volume or
even disappearance in utero have been described.

The management is expectant in terms of monitor-
ing the size and evolution of the tumor; for large
tumors cesarean section is indicated.19

REFERENCES

1. Martin RW. Screening for fetal abdominal wall defects. Obstet
Gynecol Clin North Am 1998;25(3):517–26.

2. Kurkchubasche AG. The fetus with an abdominal wall defect.
Med Health R I 2001;84(5):159–61.

3. Oguniemy D. Gastroschisis complicated by midgut atresia,
absorption of bowel, and closure of the abdominal wall defect.
Fetal Diagn Ther 2001;16(4):227–30.

4. Morris-Stiff G, al-Wafi A, Lari J. Gastroschisis and total intestinal
atresia. Eur J Pediatr Surg 1998;8(2):105–6.

5. Boyd PA, Bhattacharjee A, Gould S, Manning N, Chamberlain P.
Outcome of prenatally diagnosed anterior abdominal wall
defects. Arch Dis Child Fetal Neonatal Ed 1998;78(3).

6. Cadkin A, Strom C. Prenatal diagnosis of body stalk anomaly in
the first trimester of pregnancy. Ultrasound Obstet Gynecol
1997;10(6):419–21.

7. Takeuchi K, Fujita I, Nakajima K, Kitagaki S, Koketsu I. Body
stalk anomaly: Prenatal diagnosis. Int J Gynaecol Obstet 1995;
51(1):49–52.

8. Shulman A, Mazkereth R, Zalel Y, Kuint J, Lipitz S, Avigad I,
Achiron R. Prenatal identification of esophageal atresia: The role
of ultrasonography for evaluation of functional anatomy. Prenat
Diagn 2002;22(8):669–74.

9. Sugimoto T, Yamagiwa I, Obata K, et al. Choledochal cyst and
duodenal atresia: A rare combination. Pediatr Surg Int 2002;
18(4):281–3.

10. Lawrence MJ, Ford WD, Furness ME, Hayward T, Wilson T.
Congenital duodenal obstruction: Early antenatal ultrasound
diagnosis. Pediatr Surg Int 2000;16(5–6):342–45.

11. Uerpairojkit B, Charoenvidhya D, Tanawattanacharoen S,
Manotaya S, Wacharaprechanont T, Tannirandorn Y. Fetal intes-
tinal volvulus: A clinico-sonographic finding. Ultrasound Obstet
Gynecol 2001;18(2):186–7.

12. Ogunyemi D. Prenatal ultrasonographic diagnosis of ileal atresia
and volvulus in a twin pregnancy. J Ultrasound Med 2000;
19(10):723–6.

13. Has R, Gunay S. “Whirlpool” sign in the prenatal diagnosis
of intestinal volvulus. Ultrasound Obstet Gynecol 2002;20(3):
307–8.

14. Al-Kouatly HB, Chasen ST, Streltzoff J, Chervenak FA. The clini-
cal significance of fetal echogenic bowel. Am J Obstet Gynecol
2001;185(5):1035–8.

15. Berlin BM, Norton ME, Sugarman EA, Tsipis JE, Allitto BA. Cystic
fibrosis and chromosome abnormalities associated with
echogenic fetal bowel. Obstet Gynecol 1999;94(1):135–8.

16. Slotnik RN, Abuhamad AZ. Study of fetal echogenic bowel (FEB)
and its implications. J Ultrasound Med 1999;18(1):88.

17. Chen CP, Cheng SJ, Chang TY. Prenatal diagnosis of choledochal
cyst using ultrasound and magnetic resonance imaging Ultra-
sound Obstet Gynecol 2004;23(1):93–4.

18. Macken MB, Wright JR Jr, Lau H, et al. Prenatal sonographic detec-
tion of congenital hepatic cyst in third trimester after normal
second-trimester sonographic examination. J Clin Ultrasound
2000;28(6):307–10.

19. Tsao K, Hirose S, Sydorak R, et al. Fetal therapy for giant hepatic
cysts. J Pediatr Surg 2002;37(10).

Kurjak-30.qxd  5/9/2006  12:02 PM  Page 319



320

31 Ultrasound diagnosis
of urinary tract anomalies
P. Prats, N. Maiz, A. Rodriguez, C. Pedrero, M. Torrents,

F. Astudillo and J. M. Carrera

Embryology and anatomy of the
nephrourologic system
The nephrourologic system has the functions of
production and conduction of the urine toward the
exterior by means of two independent nephrouro-
logic tracts, but with the same functions that converge
toward a reservoir that is the bladder, where the urine
produced by the kidneys is stored, and it is excreted
to the exterior through the urethra.

Embryology
The nephrourologic system has its embryonic origin
in the intermediate mesoderm, located on both sides
of the dorsal wall of the body. As the embryonic
development advances it suffers transformations and
specifications that will be translated into different
anatomical parts of the urinary tract.

It would be possible to say that the embryonic
development of the nephrourologic system occurs in
two areas but in a synchronous way.

The superior nephrourologic system consists of
kidneys (nephrons), collecting tubules, papillary ducts,
calyces, renal pelvis and ureters.

Toward the fifth week of gestation, the paraspinal
mesoderm differentiates into pronephros and meso-
nephros, which present some structural changes to
become the metanephric blastema (that would be
undifferentiated mesenchyma from the nephrogenic
crest, which will give place to the future kidneys).

At the sacral level, there are also some paraspinal
structures of mesodermic origin named ureteral gem-
mae from where some canals arise in caudocephalad
direction address denominated mesonephric ducts or
wolffia ducts that in their ascent penetrate inside the
metanephric blastemas and ramify in their interior
until a total of 15 generations.

In the seventh week of gestation, the functional
units of the kidney, the nephrones, begin to differ due
to the inductive influence of the ureteral gemma.

In the 20th week of gestation, the collecting system
has already been formed: collecting tubules, papillary
ducts, calyces, renal pelvis and ureters and 30% of
the total population of nephrones.

Starting from this week and until the 36th week
of gestation, an exponential increment in the total
number of nephrones will take place.

The lower nephrourologic system consists of blad-
der and urethra. Both structures are unique and they
take charge of transporting the urine produced in the
superior nephrourologic system toward the exterior.

They arise from the mesoderm and the para-
mesonephric ducts (that also participate in the forma-
tion of the genital system) that will give place at the
pelvic level to an embryonic structure called cloaca.

The cloaca, among the fourth and sixth weeks of ges-
tation, presents a tabication by means of the urorectal
septum that divides the cloaca into two parts: a poste-
rior one that will be the rectum and another anterior
one that will be the primitive urogenital sinus whose
superior portion together with the allantois will give
place to the bladder that will receive posterolaterally
the ureters from the ureteral gemmae.

The inferior portion of the primitive urogenital
sinus will give place to the membranous urethra and
vaginal introitus in females and to the membranous
and prostatic urethra in males.

Normal anatomy and variants
With the transvaginal ultrasonography, the kidneys
and the bladder can be detected in the fetus from the
ninth week of gestation. From the 12th week, the kid-
neys look like bilateral echogenic structures in the
paraspinal region (Figure 31.1). The renal pelvis can
be identified central to the medial hipoecogénicas.
The bladder is in the pelvis and looks like a round
anechoic structure that is well defined. Its position
can be confirmed with the Doppler technique to iden-
tify the two umbilical arteries that surround it.

From 18–20 weeks of gestation, the kidneys can be
defined clearly as oval masses lateral to the psoas
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muscles and below the suprarenal glands using coro-
nal or sagittal sections. These look like hypoechoic
triangular that delimit the superior pole of the kid-
neys. In the traverse plane, the kidneys look like
round paravertebral structures and the renal pelvis
looks like anechoic areas medial to the kidneys
(Figures 31.2 and 31.3). The renal pelvis is measured
better in the anteroposterior projection, whether the
fetus’ column is up or down. The normal limit is
4 mm until 33 weeks of gestation and 7 mm from
this date until the term. The normal values of the
renal dimensions have been published, including
the renal longitude, the anteroposterior diameter and
the renal circumference.

With high-resolution devices, the renal pyramids
can be seen as hypoechoic areas in the renal cortex,
which should not be confused with renal cysts.

The ureters are not usually seen, and if they are
identified they are suspected for a renal obstruction or
vesicoureteral reflux.

In the first trimester, the bladder looks like a round
anechoic structure with the rectum behind. It is often
possible to differentiate it from the intestine that sur-
rounds it. However, it is better to measure the wall
thickness at the umbilical artery level when this sur-
rounds the bladder. The normal limit for the bladder
wall thickness is 2 mm.

Ultrasonographic study
The ultrasonographic study of the fetal urinary system
involves the evaluation of the kidneys, the bladder
and the volume of amniotic fluid. It is also necessary
to eliminate the associated anomalies.

Fetal kidneys
First, it is imperative to confirm if two kidneys are
present. If a kidney is not present, it is necessary to
look for it in ectopic positions like the pelvis. If it is
not found, it is necessary to consider the possibility of
unilateral renal agenesis. The bilateral renal agenesis
usually associates to a severe oligoamnios, mainly
starting from 17 weeks of gestation. When a renal
anomaly is detected, it is fundamental to explore the
contralateral kidney to confirm or to exclude a bilat-
eral renal illness.

The size and echogenicity of both the kidneys
should be valued. The hyperechoic kidneys can be
normal, but it is also necessary to think about the pos-
sibility of a cystic renal disease, particularly when
they are big.

The presence of macroscopic cysts usually indi-
cates a multicystic kidney, but it is necessary to make
sure that the cysts do not spread, because there are
cases of multicystic kidneys with a great central cyst
and smaller outlying cysts that can be mistaken for

Figure 31.1 Kidneys at 10 weeks of gestation. Bilateral
echogenic structures in the paraspinal region.

Figure 31.2 Sagittal scan of the kidney.

Figure 31.3 Coronal scan of the kidney.
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Figure 31.4 Bilateral renal agenesis. Absence of the renal
arteries. Figure 31.5 Bilateral renal agenesis. Note the enlarged adrenal

gland.

hydronephrosis. If there is only one cyst, it can be
considered a simple cyst.

The collector system of both kidneys should be
evaluated not only with respect to the size but also the
number. If two collector systems are seen it is neces-
sary to discard a double kidney and to explore the
bladder to rule out an ureterocele.

The dilatation of the collector system forces us to
consider the possibility of a renal obstruction. The
grade of dilatation of renal pelvis, ureter and bladder
usually suggests the level of obstruction. When there
is a dilatation of the collector system it is necessary to
value the renal cortex echogenicity and the presence
or absence of renal cysts to rule out secondary renal
dysplasia.

Bladder
Bladder exploration includes size evaluation and –
when it is large – the visualization of the posterior ure-
thra, because if this is dilated it is necessary to think of
an obstruction of the vesical exit. The thickness of the
vesical wall can be measured at the level of the umbil-
ical artery. It is necessary to rule out the existence of the
ureterocele, particularly when there is a renal duplic-
ity. In a period of 30–40 min, it is usually possible to
demonstrate vesical filling and drainage.

Volume of amniotic fluid
This volume can be evaluated in different ways. Most
echographers carry out a subjective evaluation first and
then they adopt more objective approaches if they find
that there is too much or too little. It seems that the best
technique is the calculation of the index of amniotic
fluid from the measures in the four uterine quadrants
and its half-value. Severe oligoamnios of the second
trimester usually has a bad prognosis and if it excludes
premature rupture of membranes and a severe intra-
uterine growth restriction (IUGR), it usually indicates
the presence of a severe bilateral renal illness.

Urinary tract malformations
Renal agenesis
Renal agenesis is the absence of one or two of the
kidneys. The incidence of unilateral renal agenesis is
1 per 1000 births, and bilateral is 1 per 4000 births.5

The etiology is ignored. Some cases of unilateral
agenesis could be secondary to an intrauterine regres-
sion of a dysplastic multicystic kidney.6 The embry-
ological origin of the renal agenesis is the lack of
union or penetration of the ureteral sprouting in the
metanephric blastema, so that the primitive collecting
tubules do not induce nephrone formation starting
from metanephric mesoderm.7

Diagnosis
Bilateral agenesis: Echographic diagnosis is carried
out for:

• The absence of kidneys in renal fossae that is dif-
ficult to evaluate because of the oligohydramnios
in many cases

• Severe oligoamnios
• No bladder visualization8

• The absence of renal arteries by means of the color
Doppler study9,10 (Figure 31.4)

• The ‘lying down adrenal sign’ where the renal fos-
sae is not occupied by the suprarenal glands11

(Figure 31.5)
• Fetuses in podalic presentation where transvagi-

nal ultrasound will help to improve the image12,13

• The infusion of intraamniotic and intraperitoneal
physiologic salt solution to improve the image
quality14,15

Unilateral agenesis: For diagnosis a meticulous evalu-
ation of both renal fossae must be carried out. Ultra-
sound findings will be:
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• Absence of kidney in the renal fossa
• Absence of ipsilateral renal artery by means of

color Doppler (Figure 31.6)
• Absence of pelvic kidney or renal ectopy, for this

the renal pelvis and contralateral kidney needs to
be evaluated.

The contralateral kidney can be increased in size
because of compensatory hypertrophy16 (Figure 31.7).

Differential diagnosis
Differential diagnosis will be mainly carried out for
other causes of severe oligoamnios:

• Renal pathology
• Bilateral multicystic kidneys. The kidneys are

usually evident for their cysts
• Infantile polycystic kidney disease. The kidneys

are usually big and echogenic
• Uretral obstruction. The bladder is usually much

evident
• IUGR. The kidneys and the bladder are present.

It is usually accompanied by an alteration in the
flow wave speed (FWS) of the umbilical artery

• Premature rupture of membranes (PRM). It usually
has an antecedent of loss of vaginal liquid. The
kidneys and the bladder are present.

Associated anomalies
Bilateral agenesis

• The Potter sequence (wide and plane nose, ears of
low implantation, hypertelorism, receding chin,
deformities of extremities) appears as a conse-
quence of the severe oligoamnios

• Fifty percent present other associated anomalies

• Cardiovascular
• VATER (vertebral defects, anal atresia, tracheo-

esophageal, radial and renal anomalies)
• Gastrointestinal (anal and duodenal atresia,

omphalocele)

• Phrenic hernia
• Musculoskeletal: sirenomelus, digital anomalies
• Central nervous system (CNS): neural tube

defects

• Associated syndromes

• Fraser syndrome
• Brain-occulo-facial skeletal syndrome
• Acrorenal–mandibular syndrome
• Branchiootorenal syndrome.

Unilateral agenesis

• Anomalies of the contralateral kidney in 48% of
the cases

• Vesicoureteral reflux
• Obstruction of vesicoureteral junction
• Obstruction of pelviureteral junction.

Prognosis

• Bilateral agenesis: The prognosis is very poor. All
newborns die in the first few hours or days similar
to the consequence of lung hypoplasia

• Unilateral agenesis: In general, the prognosis of
these newborns is very good, although it will
much depend on any anomalies associated with
the contralateral kidney.

Management
• Bilateral agenesis: A pregnancy interruption may

be offered due to the lethal prognosis. If the
mother decides to continue with the pregnancy it
will be opted by a conservative behavior, a vaginal
delivery will always be attempted, and reanima-
tion maneuvers will not be made in the neonate

• Unilateral agenesis: During the pregnancy normal
controls are followed. As much as during the preg-
nancy as in the newborn the appearance of anom-
alies will be watched over in the contralateral
kidney.

Figure 31.6 Unilateral renal agenesis. Renal artery in Doppler
color. Notice the absence of the renal artery.

Figure 31.7 Unilateral renal agenesis. Note the large kidney.
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The recurrence risk of the bilateral renal agenesis is
approximately 4%.17 About 9% of first grade relatives
of the fetuses or newborns with renal impotence will
have asymptomatic renal malformations. If the renal
agenesis is part of a syndrome, the recurrence risk
will depend on the inheritance type.

Renal ectopy
Ectopic kidney is that which is located outside the
renal fossa. The most frequent locations are the pelvis
(pelvic kidney) and the crusader of the other side
(ectopia renal crusade); other less frequent ones are
lumbar or thoracic. The incidence is approximately
1/1200 and 1/1900, respectively.18,19

Pelvic kidney
The lack of ascent of the kidneys originates the pelvic
kidneys and other ectopic forms.

Diagnosis The echographic signs that will be found
are:

• Absence of the kidney in the renal fossa. In these
cases it is very important to make an exploration
of the fetal pelvis and the contralateral side in
search of a possible ectopic kidney

• Localization of the kidney adjacent to the bladder
or the wing of the ileum.18 In some cases, it may be
difficult for its echogenicity to be similar to the
adjacent intestine (Figures 31.8 and 31.9).

Differential diagnosis
• Unilateral renal agenesis.

Associated anomalies. Other anomalies have been
described as:

• Gynecological anomalies
• Gastrointestinal, cardiovascular anomalies and

skeletal defects 18

• Unique umbilical artery
• Contralateral kidney anomalies, as vesicoureteral

reflux.

Prognosis The prognosis is very good, although it
will depend on the associated anomalies of the
contralateral kidney.

Crossed ectopic kidney
During the renal ascent, a kidney crosses to the other
side, resulting in crossed renal ectopy.

Diagnosis
• Absence of kidney in the renal fossa
• Big contralateral kidney and bilobate.20

Differential diagnosis
• Unilateral renal agenesis with compensatory hyper-

trophy. In these cases, the kidney is not bilobed and
it does not present a second collector system

• Renal tumor. The contraleteral kidney is present.
A collector system is not identified in the tumor.

Associated anomalies
• Vertebral anomalies (myelomeningocele, sacral

agenesis)
• Anal atresia
• Urinary anomalies like ureterovesical reflux, hydro-

nephrosis, urinary infections etc.

Prognosis If it is presented in an isolated way the
prognosis is good.

Horseshoe kidney
Horseshoe kidney is the union of the lower, or occa-
sionally, the upper extremities of the two kidneys by a
band of tissue extending across the vertebral column.
The incidence is 1 per 400–600 births.21,22 Because of
their proximity, the kidneys fuse before completing
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Figure 31.8 Ectopic pelvic kidney. Between iliac arteries.

Figure 31.9 Ectopic pelvic kidney. Between iliac arteries.
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their ascent, so that the root of the inferior mesenteric
artery will avoid completing their ascent.

Diagnosis
Because of subtle findings, it is underdiagnosed. The
echographic diagnosis is based on the demonstration
of the presence of a renal tissue bridge that connects
both the kidneys. Generally, in the inferior poles, it
can be identified both in the transverse and coronal
sections.

Associated anomalies
• Urogenital anomalies: Hydronephrosis, vesi-

coureteral reflux, hypospadias, and cryptorchidism
• Extraurological anomalies: Anomalies of CNS

(neural tube defects23), cardiovascular, gastroin-
testinal anomalies, and musculoskeletal defects24

• Chromosomal anomalies: Turner’s syndrome,25

Trisomy 1826,27

• Renal tumors. In children it has been associated to
the Wilms’ tumor,28 and in adults it has been asso-
ciated to a higher incidence of adenocarcinoma29

and transitional cells tumor.30

Prognosis
The prognosis is excellent.  A higher incidence of
vesicoureteral reflux, renal stone, infection and
hydronephrosis must be kept in mind.

Obstructive uropathies
The fetal kidney responds in different ways to an
obstruction depending on the gestational age in which
it occurs. Very precocious obstructions, in the first
trimester or beginning of the second, will give place to
polycystic dysplastic kidneys. Later obstructions
(after the 22nd week) can produce hydronephrosis.

A particular difficulty in the diagnosis of renal
obstruction is the high proportion of false-positive
estimates in 36–81%. This is due to the mild hydro-
nephrosis that is solved at the end of the pregnancy
or in the neonatal stage. In order to avoid these false
positives, limiting values of the anteroposterior diam-
eter of the renal pelvis have been defined, for which
the obstruction should be suspected. Unfortunately,
these cut-off points vary: from 4 to 10 mm in the
second trimester and from 7 to 10 mm in the third
trimester.

For some authors, the best echographic approach to
predict postnatal uropathies is an anteroposterior
diameter of the renal pelvis greater than or equal to
7 mm in the third trimester with a 69% positive pre-
dictive value.31,32 Other authors have calculated echo-
graphic false negatives below 10%33 and negative
predictive values of 98%.34

Diameters of the renal pelvis above 15 mm have a
high predictive value of renal pathology that needs
postnatal surgery.35

The group that has more problems is those that have
pelvic diameters from 4 to 10 mm from the 20th week

because 10–30% of children will present a vesicoureteral
reflux that could damage the renal function without
follow-up.31

These cases should be re-evaluated toward the 28th
week of gestation and in the neonatal period to rule
out a possible progression of the pyelectasis.

A sign of serious concern of the hydronephrosis is
the presence of caliectasis, because it bends the neces-
sity of surgery with regard to when the hydronephrosis
is only present.36

Another aspect is the association between the
dilatation of the urinary tract and chromosomal
anomalies. In most of the cases, they are part of a
multisystemic alteration secondary to a genetic alter-
ation.37 In the case of isolated mild hydronephrosis,
the association with chromosomopathies is less clear;
according to Nicolaides it would be a 3% in isolated
hydronephrosis.38

Obstruction at the pyeloureteral junction level
Obstruction at the pyeloureteral junction level is the
most common cause of obstruction at renal level, with
an unknown real incidence; some authors have calcu-
lated it in 1/2000 born alive.39 It is more common in
males, and in 30% it is bilateral; when it is unilateral
it is more frequently on the left side.

It is produced by a stenosis at the pyeloutereral
junction level.

The obstruction is in most of the cases functional,
so it would result in a urine propulsion failure.

Histologically, the ureter frequently shows signs of
chronic inflammation with disruption and disorgani-
zation of the collagen and muscular fibers in its wall.
In 69% of the cases a muscular anomaly exists so that
there is an absence of the longitudinal fibers.40

With less frequency there are anatomical causes of
obstruction like fibrous adhesions, bands, anomalous
ureteral insertion and obstruction for double kidneys.

Diagnosis In the sonographic scan a dilated renal
pelvis will be seen with or without dilation of the
renal calyces and without ureteral or vesical dilation
(Figures 31.10–31.13).

In cases of severe obstructions dilation of the
renal chalices takes place with weight loss of the renal
cortex (Figure 31.14). In rare cases, an abdominal cyst
will be present or it will rupture with consequent
perirenal urinoma (Figure 31.15).

The volume of the amniotic fluid is usually normal;
however, it can cause polyhydramnios for increase of
urine production. The appearance of oligoamnios is
not normal.

Differential diagnosis It is necessary to consider other
causes of lower renal obstruction where the ureters
appear usually dilated like those of the vesicoureteral
junction, vesical exit and the bilateral vesicoureteral
reflux. It will also be necessary to consider polycystic
kidneys, simple renal cysts or urinomas.
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Associated anomalies In the cases of pyeloureteral
obstruction we should study both kidneys in detail in
search of possible associated anomalies (25–27%) as
agenesis, multicystic dysplasia, vesicoureteral reflux,
as well as possible extrarenal anomalies (12–19%) like
cardiovascular anomalies, neural tube or digestive
anomalies and chromosomal anomalies.41

Prognosis The postnatal prognosis is usually good
and the hydronephrosis grade is usually correlated
with the renal function.35

Prenatal management is usually conservative with
the echographic follow-up in the third trimester. In
the newborn, antibiotic profilaxis is prescribed and a
complete evaluation is carried out with echography,
isotopic renogram and cystourethrography. The exam-
inations are delayed for about 10 days except in the
cases that present severe bilateral affectation.42

In most cases postnatal management is conserva-
tive except when an increment of the hydronephrosis

or decrease of the differential renal function exists,
where pyeloplasty is the surgery of choice.43

Though most of the cases are sporadic family forms
of dominant inheritance have been described.44

Obstruction of the ureterovesical junction
This is the second cause of hydronephrosis, affecting
1/6500 newborns.39 It is more common in males (ratio
2:1). It can be bilateral in 25% of the cases.

The obstruction is generally due to a regional mal-
function or an estenosis at the ureteral end, without
evidence of vesicoureteral reflux or obstruction of the
vesical exit. This is also called primary megaureter or
megaureter without reflux.

Diagnosis The affected kidney is shown with pyele-
ctasis and a tortuous ureteral course (Figures 31.16
and 31.17).

The intravesical urine volume and amniotic fluid
volume are usually normal, although they can be dimin-
ished in some cases of severe bilateral obstructions.

Differential diagnosis The dilated ureter can be easily
differentiated from intestine because the urine is
anechoic while the intestinal content transmits low
echogenicity.

A differential diagnosis with the vesicouereteral
reflux should be carried out, which can have the same
prenatal echographic appearance and not to be able to
exclude until the realization of a cystouretography in
the neonatal period. It will also be necessary to carry
out the differential diagnosis with strange cases of
obstructions in the exit of the bladder that produce
a massive uretral reflux and in the cases of double
kidneys where the ureteral dilatation is produced by
an ureterocele, in this situation it is usual that the
superior pole is hydronephrotic and that the uretero-
cele is visualized inside the bladder.

Associated anomalies The contralateral kidney will
present anomalies in 16% of the cases, includingFigure 31.10 Mild dilatation of the renal pelvis.

Figure 31.11 Mild dilatation of the renal pelvis.
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Figure 31.14 Hydronephrosis. Severe dilatation of the renal
pelvis and calyces. Enlarged kidney.

Figure 31.15 Urinoma. Note the thinning of the cortex.Figure 31.12 Moderate dilatation of the collecting system and
the renal pelvis.

Figure 31.13 Moderate dilatation of the collecting system and
the renal pelvis.

Figure 31.16 Dilatation of the ureters.

Figure 31.17 Dilatation of the ureters.
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pyeloureteral obstruction, multicystic renal dysplasia,
pelvic kidney, renal agenesis and vesicoureteral
reflux.45

Prognosis It is generally good so that up to 40%
resolves postnatally in a spontaneous way. Ureters
with diameters of less than 6 mm are associated
with low surgery incidence, while those that have
a diameter above 10 mm have a higher incidence of
surgical corrections.46,47

A neonatal follow-up should be carried out with
cystourethrography and a renogram to evaluate the
renal function. Those that present a poor renal func-
tion will be candidates for surgery with ureteral
reimplantation.

It is sporadic with a low recurrence risk.

Secondary obstruction to ureterocele and ectopic ureter
The ureterocele is a cystic dilation of the distal ureter
in its intravesical portion.

An ectopic ureter is that which is not inserted near
the posterolateral angle of the trigone.

An ectopic ureter can end in the urethra, in the
neck of the urinary bladder or in the trigone, in an
inferomedial localization regarding the normality. In
girls, it can also be inserted in the vestibule of the
vagina, vagina or uterus and in males in the seminal
vesicle, ductus deferens or ejaculatory ducts.

The incidence is difficult to determine. There are
studies that estimate it in 1/9000 newborns.39

The ureteroceles frequently associates in girls (up
to 80%) with double renal systems being located in
these cases the ureterocele in the superior system.48

However, in 40% of children the ureteroceles drain
to a unique collector system. The ureteroceles and the
ectopic ureteres are bilateral in 10–15% of the cases.

The double systems occur for the development of
two ureteral gemmae starting from the mesonephric
duct. In the double systems, the place where it drains
is reversed, so the ureter of the superior pole drains
into a more inferior and more medial place and the

inferior pole drains into a superior and lateral place.
The presence of ureterocele will produce hydronephro-
sis in the superior pole, which can produce dysplasia
and deterioration of the renal function. In the inferior
pole, it can also have hydronephrosis but it is usually
due to vesicoureteral reflux.

Diagnosis In the absence of hydronephrosis, it may
be difficult to diagnose prenatally a double system.
In these cases, a meticulous echographic study would
demonstrate a kidney of increased size with two
collector systems. The prenatal diagnosis of the double
system is usually carried out during the second half of
the pregnancy with the presence of two or more of the
following signs: limited hydronephrosis to a kidney
pole, double renal pelvis not communicated, ipsilateral
megaureter and ureterocele49 (Figures 31.18 and 31.19).

When hydronephrosis exists, the superior pole is
usually affected and the ureterocele can be demon-
strated if the bladder is full. The ureterocele cannot be
seen for different reasons: dysplasia of the superior pole
that makes little urine excretion, empty bladder, large
ureterocele that confuses with the own bladder. An
ectopic ureter will be suspected when hydronephrosis
exists in the superior system of a double system, and
this dilated ureter seems to end below the base of the
bladder without ureterocele. The utility of the magnetic
resonance has been described in doubtful cases50

(Figures 31.20 and 31.21).
The ureteroceles can be large enough to produce

obstruction of the exit of the urine from the bladder.
They can be bilateral in 15% of the cases51 (Figures
31.22–31.24).

The amniotic fluid is usually normal in unilateral
cases.

Differential diagnosis With the reflux and the vesi-
coureteral obstruction. Also with posterior urethral

Figure 31.18 Duplex kidney. A sagittal scan through a duplex
kidney shows two collecting systems.

Figure 31.19 Duplex kidney. A sagittal scan through a duplex
kidney shows two collecting systems.
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valves in cases of ureteroceles that occlude the
urethra, the posterior urethral valves occur only in
males.

Associated anomalies The vesicoureteral reflux is
presented in the inferior pole in 50% of the fetuses with
ureterocele in the superior pole.52 Higher association
with other anomalies does not exist.

Prognosis It is better when a prenatal diagnosis is
carried out. The necessity to carry out second surgery
is reduced when it has been diagnosed prenatally.53

The renal function will depend on the grade of
dysplasia of the superior pole that is usually higher in
ectopic ureters than in ureteroceles. In cases of severe
reflux in the inferior pole, dysplasia and worsening of
the renal function can also exist.

Figure 31.20 Duplex kidney. A sagittal scan through a duplex
kidney shows two collecting systems.

Figure 31.21 Duplex kidney. A sagittal scan through a duplex
kidney shows two collecting systems.

Figure 31.22 Ectopic ureterocele in the bladder.

Figure 31.23 Ectopic ureterocele in the bladder.

Figure 31.24 Ectopic ureterocele in the bladder.
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Prenatal follow-up ultrasound will be carried out to
evaluate the progression of the hydronephrosis.

In the postnatal period, it will be re-evaluated with
echography, renogram and cystourethrography. In
cases with good renal function the ureterocele can be
punctured through the urethra by cystoscopy, which
although has a risk of increasing the reflux in 30%
does not seem to increase the necessity of second
surgeries.54 The non-functional superior poles are
usually resected.55–57

It is sporadic with a low risk of recurrence.

Posterior urethral valves
This is the most frequent cause of severe obstructive
uropathy in children, constituting 9% of the cases of
fetal urinary obstruction.55 The approximate incidence
is 1 in each 5000–8000 children. It only affects males.

It is produced by folds of membranous tissue with a
fibrous estruma that go from the prostatic urethra to the
external urinary sphincter producing a more or less
severe difficulty of the urine exit from the bladder.59

The etiology is unknown; one of the theories is an
anomalous insert of the mesonephric conduit into the
cloaca.60

Diagnosis It is usually diagnosed in the second and
third trimester. The characteristic echographic findings
will be bladder dilatation with wall thickening (due to
a detrusor thickening) and dilatation of the posterior
urethra. It can exist in renal dysplasia recognized
echographically for echogenic kidneys whether or not
accompanied by cortical cysts61 (Figure 31.25).

It is usually associated with a variable grade of
bilateral ureterohydronephrosis60 (Figure 31.26). The
vesical distension can give place to its rupture caus-
ing urinary ascites, this ascites is considered a sign of
good prognosis, since it liberates the kidneys of the

pressure due to obstruction and therefore diminishes
the risk of dysplasia.55–62,63

They can also break the renal chalices giving place
to perirenal urinomas, which is a sign of bad progno-
sis since it is associated with renal dysplasia.64

It can exist as an asymmetric hydronephrosis by a
massive reflux to a kidney that is practically destroyed;
this can be a protection mechanism for the contralat-
eral kidney.65

The amniotic fluid can be diminished, which is a
sign of poor prognosis.

Differential diagnosis It is mainly with severe bilateral
vesicoureteral reflux. Sometimes diagnosis is not
easy. It may be useful to observe that in the reflux the
bladder wall is usually thin, the dilatation of the
posterior urethra also will not be seen.

We will also carry out the differential diagnosis
with the ureteral atresia in which a marked vesical
distension usually exists, of precocious detection in
the first trimester or second initial trimester usually
accompanied by oligoamnios.

We will also consider other rare causes of obstruc-
tion of the exit of the bladder like the congenital mega-
lourethra, where a distal obstruction in the penile
urethra exists and cystic images among the fetal legs
can be observed in the ultrasound,66 the cloacal per-
sistence and hydrometrocolpos associated with a uro-
genital sinus that only takes place in girls,67 and the
microcolon-megalocysts syndrome where bilateral
hydronephrosis and vesical dilatation can exist but
it can be polyhydramnios and stomach distention. It
affects the females more  and it is of recessive auto-
somal inheritance.68,69

Associated anomalies They will be associated with a
sequence of anomalies in variable grade secondary to
the obstruction: megalocysts, megaloureter, hydro-
nephrosis, paraurethral diverticula and dilatation of the
proximal urethra. Other associated urinary anomalies
are: megalourethra,70 cryptorchidism, hypospadias and
urethral duplications. Anomalies in other organs are
also very frequently found (up to 43% of the fetuses)71

like: tracheal hypoplasia, persistent ductus arteriosus,
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Figure 31.26 Kidney showing moderate dilatation.

Figure 31.25 Dilated bladder and a ‘keyhole’ deformity of the
posterior urethra.
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skeletal anomalies, imperforate anus, VACTERL
syndrome72 and frequent association of chromosomal
anomalies.

When a precocious oligoamnios exists, lung hypo-
plasia will occur and the typical findings of the Potter’s
syndrome (low ear implantation, micrognathia, hyper-
telorism, limbs contracture) will be observed.

It can be the cause of the prune belly syndrome
(thickening of the abdominal wall muscles, urinary tract
alterations and undescended testes) due to the abdomi-
nal distension secondary to the vesical distension.

Prognosis The prognosis is variable depending on
the graveness of the obstruction that in turn will be
translated in the ultrasound findings, so that the most
serious cases, diagnosed before the 24th week, will
have a perinatal mortality or chronicle renal failure
in 53%, while those diagnosed later will have a bad
evolution risk of 7%.

The precocious oligoamnios, signs of renal dysplasia
as the echogenic kidneys, cortical cysts, the perirenal
urinoma and the association with other anomalies are
the signs of a poor prognosis.

A determination of urine electrolytes is used to
evaluate the renal function, with serial determina-
tions to avoid the stagnated urine (Table 31.1).
According to the result it will also be able to classify
as good or bad prognosis.

It will also be convenient to carry out a fetal
karyotype.

In the fetuses diagnosed before 32 weeks without
signs of renal dysplasia but with oligoamnios the
decompression of the urinary tract should be evalu-
ated by means of the realization of a vesico-amniotic
bypass.74 After the 32nd week, it will be necessary to
evaluate the finalization of the gestation for the
decompression of the urinary tract in the proximate
neonatal period. Nowadays, an option of intrauterine
fetal therapy exists, which can be carried out by
means of valvular resection with endoscopy. The cri-
teria for this intrauterine surgery will be the absence
of echographic dysplasia findings, normal karyotype
and some appropriate values of electrolytes in the
vesicocentesis.75,76

It is sporadic with a low recurrence risk.

Atresia urethral
The real incidence is ignored. It affects males more.

Etiology is ignored. It is characterized by the com-
plete obstruction from the urethra secondary to the
obliteration of the membranous urethra.

Diagnosis It can be seen as a very dilated bladder
with oligoamnios in the ecograph. Detection can be
carried out very early, on occasion starting from the
10th week. Frequently, an anhydramnios exists with
such a loosened bladder that it is difficult to explore
the fetal anatomy (Figures 31.27–31.29). 

In some occasions, a vesicocutaneous fistula is devel-
oped being able to be the amniotic liquid normal.77

Differential diagnosis With other causes of vesical exit
obstruction: posterior urethral valves, megalourethra,
megacystis-microcolon syndrome, persistent cloaca
and severe vesicoureteral reflux.

Associated anomalies They are very frequent (more
than 50%) but difficult to diagnose because of the
oligoamnios. Among them are: heart anomalies,
diaphragmatic hernia, polydactily, VACTERL syndrome
and chromosomal anomalies.
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Table 31.1 Poor prognostic values in fetal urine

Sodium 100 mEq/l
Chlorine 90 mEq/l
Osmolarity 280 mOsm/l
Calcium 2 mmol/l
Phosphate 2 mmol/l
B2 microglobulin 2 mmol/l

Figure 31.27 Axial plane through the fetal abdomen demon-
strating fetal megacystis.

Figure 31.28 Axial plane through the fetal abdomen demon-
strating fetal megacystis.
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It is one of the causes of the prune belly syndrome.79

Prognosis It is always poor and almost always lethal.
Due to the oligoamnios or anhydramnios they develop
a lung hypoplasia. The development of a vesico-
cutaneous fistula can improve the neonatal survival;
however, they usually develop a renal failure that
makes them need a renal transplantation with a bigger
surgical reconstruction or hemodialysis.77

Due to the possibility of an early diagnosis an appro-
priate option is the interruption of the pregnancy. If the
gestation is continued the possibility of the realization
of a vesicoamniotic shunt will be evaluated.80

It is sporadic with a low recurrence risk.

Vesicoureteral reflux
This is the backward flow of urine from bladder into
ureter and the pyeloureteral system.

This reflux occurs in around 1% of all the children.
Fetal vesicoureteral reflux presents a masculine preva-
lence, of up to 80% and a high frequency (20%) of high
grade reflux (III–IV).81,82 Around 60% is bilateral. It
represents 11% of the prenatal hydronephrosis cases.83

The etiology seems to be multifactorial. The neona-
tal reflux seems to have its origin in a distortion of the
vesicoureteral junction in utero, secondary to the high
casting pressures that some fetuses present.81

Pathology

• Urinary tract infection, which is more frequent in
this group, is typically associated to parenchyma-
tous affectation

• Up to 50% of the infants with sterile vesicoureteral
reflux can present parenchymatous renal anomalies,
which suggests a congenital etiopathology of renal
lesion independent of the urinary infection.84,85

Diagnosis

• Hydronephrosis. It is the main echographic finding.
It can be unilateral or bilateral (Figures 31.30
and 31.31)

• Hydroureter and a dilated bladder with a thinner
wall. These are findings that we could find in the
most severe cases. It may be confused with some
posterior ureteral valves

• The amniotic fluid volume is normal
• The moderate pyelectasis (4–10 mm) can also be

associated to vesicoureteral reflux.

Differential diagnosis
Other hydronephrosis causes should be considered

• Unilateral: obstruction of pyeloureteral or vesi-
coureteral junction

• Bilateral: posterior urethral valves. 

Associated anomalies
These are mainly anomalies of the contralateral kidney 

• Obstruction of the pyeloureteral junction
• Multicystic kidney

332 Ultrasound diagnosis of urinary tract anomalies

Figure 31.29 Kidney showing moderate dilatation.

Figure 31.30 Moderate pyelectasis with vesicoureteral reflux.

Figure 31.31 Moderate pyelectasis with vesicoureteral reflux.
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• Renal agenesis 
• Renal or ureteral duplicity.

Prognosis

• Many resolve completely spontaneously. A total
of 60% grade III, 50% grade IV and 28% grade V
were resolved in 14 months83

• 30% of these fetuses present renal scars, and two-
thirds of them present widespread renal lesions

• The reflux is the cause of 25% of the renal failure
in children and 15% in adults.

Management

• If there is a hydronephrosis: 

• Prenatal control: In utero, we must make an
echographic follow-up of the hydronephrosis
and of the volume of amniotic fluid. 

• Postnatal control: 

• Echography starting from 48 h of life 
• Antibiotic prophylaxis
• Serial cystourethrography

• If there is a moderate pyelectasis 

• Postnatal echography 
• Echography up to 3 months
• Urologic follow-up.

Treatment will be surgical in those cases that present
new renal scars, a high reflux grade, a progressive
reflux, or persistent urinary infections. 

The recurrence risk in brothers of the affected cases
is 34%86 and in children of the affected cases is 66%.87

Renal cystic diseases
Renal cystic disease compromises a mixed group of
heritable, developmental and acquired disorders.
Because of their diverse etiology, histology and clini-
cal presentation, no single scheme of classification
has gained acceptance.88

The Potter classification (Potter 1972),89 does
cover the most important conditions seen prenatally
(Table 31.2).

Many of the terms used to describe kidney malfor-
mations, such as the Potter classification, are con-
fusing since they are based on histology and do not
take account of recent advances in molecular biology
and genetics. A more straightforward approach is to
divide the abnormalities into groups based on the
underlying cell biology, such as aberrant early devel-
opment or defects in ‘terminal’ maturation.90

The aberrant early development group includes
dysplastic kidney90:

1. Large multicystic dysplastic (Potter type IIa).
2. Small organs with a combination of hypoplasia/

dysplasia (Potter type IIb).
3. Severely obstructed kidneys (Potter type IV).

Kidney malformations associated with syndromes are
also included within this category.90

Defects in terminal maturation are observed in
polycystic kidney disease (PKD). Initial nephron and
collecting duct formation is unremarkable in these
kidneys, but there is a later cystic dilatation of these
structures causing secondary loss of adjacent normal
structures. The most common types are autosomal
dominant and autosomal recessive PKD. Both may
present prenatally.90

Polycystic kidney diseases
Two forms of PKD will be discussed in this chapter:

1. Autosomal recessive polycystic kidney disease
(infantile) (ARPKD).

2. Autosomal dominant polycystic kidney disease
(adult) (ADPKD).

Both diseases may present prenatally or during infancy. 
Cysts only arise from collecting ducts in ARPKD,

whereas they arise from all areas of the nephron or
collecting duct in ADPKD. In addition, there are usu-
ally numerous small cysts in ARPKD whereas there are
fewer, larger cysts in the dominant disease. Associated
abnormalities in other organ systems are quite different
in both conditions.90

Autosomal recessive polycystic kidney disease (Potter I)
This condition is characterized by symmetric enlarge-
ment of both kidneys secondary to renal collecting tube
dilatation. This is associated with varying degrees of
hepatic fibrosis and biliary ectasia.91

It is an autosomal recessive condition with an inci-
dence of 1/40,000–50,000 live births.92

There is likely to be a defect in the collecting ducts
resulting in the formation of cystic dilatations of the
collecting tubules.93 The hepatic fibrosis could be due
to overgrowth of the biliary epithelium. The gene for
ARPKD is located on chromosome 6p.103

Pathology The kidneys are symmetrically enlarged,
and this is produced by cystic dilatations of the col-
lecting tubules, which are arranged radially through-
out the renal parenchyma.93 The earlier-forming distal
collecting tubules are more severely affected than the
proximal collecting tubules. There is no proliferation
of the connective tissue. 
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Table 31.2 Potter classification of cystic renal
disease

Type I Autosomal recessive (infantile)
polycystic renal disease

Type II Multicystic renal dysplasia
Type III Autosomal dominant (adult)

polycystic renal disease
Type IV Obstructive cystic dysplasia

Kurjak-31.qxd  5/9/2006  12:01 PM  Page 333



Clinically the disease has been classified into four
subtypes94 (Table 31.3).

Diagnosis The typical appearance is of enlarged
kidneys showing increased echogenicity associated
with small or absent bladder and oligohydramnios95,96

(Figure 31.32).
These sonographic features may not be present

until the third trimester, however, and it is well docu-
mented that fetuses with their condition may look
absolutely normal at the 20-week scan. Thus, this
condition cannot be excluded until well into the third
trimester.97–99

A few cases diagnosed by transvaginal scanning at
12–14 weeks’ gestation have been reported.100

Careful measurements of both kidneys are impor-
tant to the diagnosis because affected kidneys have a
faster growth profile than normal kidneys.101

Molecular genetics studies provide a useful adjunct
to ultrasound for diagnosing ARPKD and these should
be discussed with high-risk families. It is possible to
make a prenatal diagnosis at 11–12 weeks gestation
from chorionic villus sampling.

Magnetic resonance imaging (MRI) has also been
used to diagnose ARPKD in utero, but this technique
is not in regular use in most centers.102

Associated anomalies The main association is hepatic
fibrosis.

Differential diagnosis The differential diagnosis for
ARPKD is quite large. However, one important con-
sideration is autosomal dominant polycystic kidney
disease (adult), which can look identical except that
liquor volume is usually normal. The other main diag-
noses are outlined in Table 31.4.

Prognosis The outcome is predicted from the sever-
ity of the renal disease, with the poorest outlook for
the perinatal type. Infants usually die from respiratory
failure rather than renal problems, although aggres-
sive ventilatory support and emergency nephrectomy
may improve the outcome.

The outcome is progressively better with later pres-
entation and decreasing severity of renal involvement.

Long-term complications include severe systemic
hypertension, urinary tract infection and hepatic

fibrosis with portal hypertension leading to hyper-
splenism and gastroesophageal varices.104

Management When scanning demonstrates bilater-
ally enlarged echogenic kidneys with oligohydram-
nios and there is family history of autosomal recessive
polycystic renal disease, the outlook is likely to be
very poor. In such a setting a termination of the preg-
nancy could be offered to the mother before viability.

When there is no family history and the amniotic
fluid is normal, other conditions that have better prog-
nosis should be considered. In such cases, conserva-
tive management is more appropriate.

The presence of associated abnormalities recom-
mends karyotype. Follow-up scans are of value to
assess liquor volume in pregnancy. 

There is a 25% risk of recurrence.

Autosomal dominant polycystic renal disease (Potter III)
This condition is much more common than ARPKD.
However, it is much less common or ADPKD to
present prenatally or in early childhood. The ADPKD
classically of both kidneys present cystic dilatation of
the nephrons. It is the most common of the hereditary
renal cystic disease, with an incidence of 1/1000 live
births.105

The condition is caused by a mutation near the
telomere of chromosome 16 in 90% cases.106 Five per-
cent of cases are caused by abnormality of chromo-
some 4.107 Ninety percent of cases are linked to the
PKD1 gene on the short arm of chromosome 16106 and
5% are linked to the PKD2 gene on chromosome 4.107

Prenatal diagnosis is possible by gene probes from
chorion sampling.104

Pathology It is a systemic disorder characterized by
cysts formation in ductal organs, particularly the

334 Ultrasound diagnosis of urinary tract anomalies

Table 31.3 Manifesations of ARPKD according to the
subclassification of Blyth and Ockenden

Proportion of  
dilated renal Extent of portal

Type tubules (%) fibrosis Lifespan

Perinatal 90 Minimal Hours
Neonatal 60 Mild Months
Infantile 20 Moderate 10 years
Juvenile <10 Gross 50 years

Figure 31.32 Autosomal recessive polycystic kidney disease.
The images show enlarged kidneys with echogenic parenchyma
and oligohydramnios. The bladder is not visible.
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kidneys and liver. Cysts may also be present within
the pancreas, spleen and CNS.88 In the kidneys only 5%
of nephrons are cystic in the early part of the disease. 

Diagnosis In adults, almost all patients present one
cyst, at least, at age of 30 years.108,109 The sonographic
appearance is well known: enlarged hyperechogenic
kidneys, with a mixture of small and large cysts110

(Figure 31.33).
Some cases diagnosed prenatally have been reported.

The most common sonographic finding is large kid-
neys.111–113 The sonographic appearance is similar to the
ARPKD: symmetrically enlarged and hyperechogenic
kidneys. The bladder is generally present and the amni-
otic fluid is normal. The corticomedullary junction may
appear accentuated or may be indistinct.114 Some
reports have described the presence of macroscopic
cysts within the echogenic kidneys.90

Brun et al.27 determined a new specific echographic
pattern: moderately enlarged kidneys (1–2 SD > mean)
with, in the majority of cases, a hyperechogenic cortex
and relatively hypoechogenic medulla that occurs in
the third trimester. This hyperechogenic cortex is prob-
ably related to the presence of multiple microcysts
within renal cortex.

Sonographic diagnosis is usually made in the third
trimester with a mean of 28 weeks.114 Some cases of
earlier sonographic diagnosis have been reported but
mostly in cases with known family history.115,116

Follow-up scans are essential because in the
second trimester the kidneys can look normal.

Very rarely, the condition can be unilateral.117,118

Differential diagnosis Several conditions may exhibit
enlarged hyperechogenic kidneys. This echographic
feature may correspond to different renal diseases with
different outlooks and perinatal outcomes: obstructive
dysplasia, multicystic renal dysplasia, autosomal reces-
sive polycystic renal disease, genetical syndromes
(Perlman sd., Beckwith–Wiedemann sd., Bardet–Biedl
sd., Meckel sd.), nefroblastomatosi, renal vein throm-
bosis, toxic injured, infections (cytomegalovirus),
isquemia, aneuploydy, and sometimes, normality.

In autosomal dominant polycystic kidney disease
few cases are diagnosed prenatally. The diagnosis is
based on family history, amniotic fluid, associated
abnormalities and genetic analysis.

Associated anomalies The most important associated
anomalies are cysts in the liver, spleen and pancreas.
Noncystic anomalies include cardiac disease, skele-
tal anomalies, pyloric stenosis and intracranial
aneurysms.88 Tract urinary malformations associated
with this condition have also been described.114

Prognosis The condition is often asymptomatic and
usually presents in the fifth decade with hypertension
and end-stage renal failure.105

The outlook for those cases diagnosed in utero is
difficult to determine because to date only 83 cases of
adult-type polycystic renal disease presenting prena-
tally or in the first few months of life have been
reported. MacDermott et al.104 reported that in prena-
tal cases, 43% of babies die within the first year of life
and 67% of survivors develop hypertension. The best
indicators for outcome are the presence of oligohy-
dramnios and the perinatal outcome from a previ-
ously affected sibling.

Management Management of the pregnancy depends
in large part on the parents´ knowledge of the condition.

The diagnosis of this condition requires very care-
ful counseling with regards to both the short-term and
long-term outlooks. 

Follow-up scans in the third trimester are of value
to assess liquor volume.

There is a 50% risk of recurrence.

Dysplastic kidneys — multicystic renal
dysplasia (Potter II)
The diagnosis is inferred from the ‘bright’ echogenic
appearance caused by the lack of normal renal
parenchyma and structurally abnormal kidneys. 

Dysplastic kidneys can be of any size, ranging from
massive distended with multiple large cysts up to 9
cm in diameter, which are commonly termed ‘multi-
cystic dysplastic kidneys’ (MCDK), to normal or small
kidneys, with or without cysts. Dysplasia can be uni-
lateral or bilateral. MCKD is one of the most common
causes of abdominal masses in the newborn.90

It is the most common form of renal cystic disease
in childhood. It has an incidence of 1/3000 live births
and is more common in boys.119,120 The majority is
unilateral, but it can be bilateral up to 23% of cases.119

MCDK are attached to atresia of the ureter and renal
pelvis. This may be related to incomplete but severe
obstruction to the kidney early in nephrogenesis.121

Figure 31.33 Adult polycystic kidney disease. Brightly echo-
genic kidneys with accentuation of the cortico-medullary
junction and a small bladder with decreased fluid.
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Pathology The kidney is replaced by multiple smooth-
walled cysts of varying size.88 Between the cysts is a
dense stroma but usually no normal renal tissue.122,123

Typically, the renal artery is either absent or very small.

Diagnosis The prenatal diagnosis for the unilateral
condition is variable and depends on its severity. It is
usually straightforward in the mid-trimester scan.

The classical presentation of MCDK is a multilocu-
lated abdominal mass consisting of multiple thin-
walled cysts, which do not appear to be connected. The
kidneys are usually enlarged with an irregular outline
and no renal pelvis can be demonstrated (Figures 31.34
and 31.35). Circumferential cysts may occasionally be
detected in kidneys of more normal size, particularly in
association with lower tract obstruction. Parenchymal
tissue between the cysts is often hyperechogenic90

(Figures 31.36 and 31.37). Bladder and amniotic fluid
are usually normal in the unilateral condition.120,121

The bilateral form is usually diagnosed earlier
because oligohydramnios is present and bladder is not
seen. MCDK usually affects the whole kidney; how-
ever, occasionally, only part of the kidney is involved,
usually the upper pole of a duplex kidney.124

Careful attention should be paid to assessment of
the contralateral kidney because the incidence of con-
tralateral renal anomalies is high (39%). A search
should be made for nonrenal anomalies.110

There is a high association between dysplasia
and obstruction: dysplastic kidneys are classically
attached to atresic ureter; renal dysplasia is associated
with lower urinary tract malformations.90

Color Doppler assessment may be useful in deter-
mining the diagnosis since the renal artery is always
small or absent in MCKD and the Doppler waveform,

when present, is markedly abnormal with reduced
systolic peak and absent diastolic flow (Figure 31.38).

Differential diagnosis includes upper urinary tract
dilatations and other cystic abdominal masses.

Associated anomalies Associated anomalies are seen
in the contralateral kidney in 30–50% of cases:
vesicoureteric reflux is the most common, followed
by renal agenesis, renal hypoplasia and pelviureteric
junction obstruction.125,126

Detection of dysplastic kidneys should stimulate a
detailed examination of the fetus for other structural
abnormalities, including heart, spine, gastrointestinal,
CNS, cleft palate, limb anomalies and umbilical cord

Figure 31.34 Multicystic dysplastic kidney disease. The kidney
appears enlarged with multiple cysts. The contralateral kidney is
normal.

Figure 31.35 Multicystic dysplastic kidney disease. The kidney
appears enlarged with multiple cysts. The contralateral kidney is
normal.
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Figure 31.36 Multicystic dysplastic kidney disease. Paren-
chymal tissue between the cysts is often hyperechogenic.
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as up to 35% may have extra-renal anomalies. These
are more likely to occur in fetuses with bilateral than
unilateral MCDKD.127 Chromosome analysis should
also be discussed with the parents, particularly when
structural abnormalities are detected or dysplasia is
bilateral. Risks of chromosomal defects are low if
there is isolated renal dysplasia.

Kazebnik et al.127 reported 102 prenatally detected
cases. In their experience the condition is unilateral
in 76% of cases, 10% have normal karyotype, but in
all cases they found associated nonrenal anomalies.

Prognosis Unilateral multicystic dysplastic kidney
has a good outcome provided the contralateral kidney
is normal. If an associated renal anomaly is present, the
prognosis depends on the severity of the associated
abnormality. The presence of multiple anomalies
confers a poorer prognosis. 

Bilateral multicystic kidneys have a very poor pro-
gnosis, and all babies succumb, in the early neonatal
period, to pulmonary hypoplasia.

Management Unilateral multicystic kidney can be
managed conservatively with follow-up scans in the
third trimester to assess both the multicystic and
contralateral kidney.

Bilateral multicystic kidney has a very poor prog-
nosis, and a termination of pregnancy is an appropri-
ate management strategy. 

The risk of recurrence is small, about 2–3%, but it
can be higher if it is associated with a genetic syndrome.

Obstructive cystic dysplasia (Potter IV)
It occurs secondary to obstruction in the first or early
second trimester of pregnancy.128

The incidence of this condition is difficult to deter-
mine because only a small proportion of obstructed
kidneys progress to renal dysplasia. There is an
approximate incidence of 1 in 8000 live births, with
40% being bilateral dysplasia.92,129

This condition is caused by early renal obstruction. 
Unilateral disease can be caused by a pelviureteral

or vesicoureteric junction obstruction.
Bilateral obstructive dysplasia is caused by severe

bladder outlet obstruction (urethral atresia or pos-
terior urethral valves).

Pathology The kidney is usually small with dis-
organized epithelial structures surrounded by fibrous
tissue. Cortical cysts are often present.129

Diagnosis The sonographic appearance is small echo-
genic kidneys with peripheral cysts. In the bilateral
condition, bilateral hydronephrosis may be present,
bladder with thick walls and usually collapsed and
severe oligohydramnios may be seen.

The renal cortex assessment is very important.
The presence of cortical cysts and hydronephrosis
is suggestive of dysplasia.129 Although increased
echogenicity is a good sign of renal dysplasia, normal
renal echogenicity does not exclude this condition128

(Figures 31.39 and 31.40).
Occasionally, the obstructive dysplasia can affect

part of a kidney.130

Differential diagnosis The differential diagnosis is
established between multiple conditions, as shown in
Tables 31.4 and 31.5.

Associated anomalies The main anomalies seen are
cardiac and the VACTERL association (vertebral
anomalies, anorectal atresia, cardiac anomalies,
tracheo-esophageal fistula, renal anomalies and limb
abnormalities). Other less common associations are
hydrocephalus, cloacal malformation, malrotation
and ambiguous genitalia.131

Prognosis The prognosis depends on whether the
condition is bilateral or unilateral. Bilateral disease

Figure 31.38 Multicystic dysplastic kidney disease. Color
Doppler shows that the renal artery is always small or absent.Figure 31.37 Multicystic dysplastic kidney disease. Paren-

chymal tissue between the cysts is often hyperechogenic.
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has a poor prognosis, and most of newborn succumb in
neonatal period to pulmonary hypoplasia. In unilateral
disease, the outcome depends on the presence of renal
anomalies affecting the contralateral kidney and the
presence or absence of associated abnormalities.

Management. Due to the very poor outcome of the
bilateral condition, interruption of pregnancy can be
offered to the parents.

Unilateral condition can be managed conserva-
tively in the absence of contralateral kidney disease
and associated abnormalities.

The condition is sporadic.

Echogenic large kidneys or ‘bright’ kidneys
Large ‘bright’, or hyperechogenic kidneys are occa-
sionally seen at the time of a routine ultrasound scan
or indeed later in pregnancy when a woman is
scanned for another clinical indication.132

They represent a difficult diagnostic dilemma, par-
ticularly in the presence of a normal liquor volume,
since their underlying etiologies are relatively diverse.
A list of the more common underlying pathologies is
shown in Table 31.6.90 Only a few of these conditions
can be identified prenatally, usually on the basis of
associated abnormalities, liquor volume and targeted
invasive test. In many instances, however, definitive
diagnosis is dependent upon postnatal investigations.

Sonographic detection of large, ‘bright’ kidneys
should stimulate a detailed examination of the rest of
the fetus paying particular attention to the rest of the
renal tract and other measurements. If the bladder is
enlarged, with or without dilated ureters, then the find-
ings reflect an obstructive uropathy. If the kidneys
and all measurements lie above the 95th percentile,
then an overgrowth syndrome (Beckwith–Wiedemann,
Perlman, Simpson–Golabi–Behmel syndrome, etc.)
could be considered (Figures 31.41 and 31.42).

Karyotyping should be discussed, particularly when
other malformations are detected.

If the fetus has isolated hyperechogenic kidneys
and a normal karyotype with no evidence of renal
tract obstruction, then the etiology lies between renal
dysplasia, autosomal recessive polycystic kidney dys-
plasia, autosomal recessive polycystic dysplasia,
nephrocalcinosis or a variant of normal. 

Accurate prediction of the prognosis can be diffi-
cult, although liquor volume is a key indicator since
reduced volume or its absence indicates that the
outcome is likely to be poor and the pregnancy will
frequently end in a neonatal death subsequent to pul-
monary hypoplasia, as well as renal failure. In these
circumstances, termination of pregnancy is a reason-
able option.

In the presence of normal amniotic fluid, serial
scanning should be undertaken to monitor the size of
the kidneys and renal function as indicated by liquor
volume.

Simple renal cysts
The incidence of simple renal cysts varies with gesta-
tional age. Scanning at 14–16 weeks’ gestation is
1/1100132 and at 20 weeks is 1/2400.133

The etiology is unclear, but there are two main
theories134:

(1) They are retention cysts resulting from the
obstruction of renal tubules secondary to local
vascular damage or inflammation.

(2) The second to fourth generations of uriniferous
tubules fail to degenerate or unite with later gen-
erations of collecting tubules, persisting as cystic
collections.

The cysts are usually solitary and unilocular with no
communication with the renal pelvis. The rest of the
kidney is normal.133

Figure 31.39 Obstructive cystic dysplasia. Peripheral cortical
cysts and echogenic parenchyma.

Figure 31.40 Obstructive cystic dysplasia. Peripheral cortical
cysts and echogenic parenchyma.
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Diagnosis The cysts appear as a unilocular round or
oval anechoic structure with well-defined borders,
usually near the periphery of the kidney. Cysts vary in
size (2–4 mm).133

The differential diagnosis is established between: 

(1) Hydronephrosis of the upper pole moiety of a
duplex kidney.

(2) Perinephric urinoma.
(3) Cysts arising from structures close to the kidneys

(duplication or mesenteric cysts).

Associated anomalies Most simple cysts are asympto-
matic and rarely associated with structural or
other abnormalities. Occasionally they are associated
with133,136,137:

(1) Pelviureteric junction obstruction
(2) Posterior uretharl valves
(3) Turner syndrome

(4) Trisomy 13
(5) Trisomy 18
(6) Trisomy 21(5% are associated with simple renal

cysts)

Prognosis The outcome is good for fetuses with
simple cysts.133

When cysts do become symptomatic, simple aspi-
ration under ultrasound control is the treatment of
choice.138

Management Simple cysts seen in the first half of
pregnancy can be followed up with scans during the
third trimester. The majority resolve and those that
persist do not need any postnatal investigations.

Renal tumors
Congenital renal tumors are rare. The incidence is
1 per 125,000 newborns.139 The most frequent tumor
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Table 31.6 Conditions associated with large, ‘bright’ kidneys

Renal Alternative 
Renal pelvis Other Heart prenatal 

AF cysts dilatation Macrosomy abnormalities abnormalities Inheritance diagnosis

Dysplasia N/Oligo +/ − +/ − − +/ − − 10%(AD) −
Obstruction N/Oligo +/ − + − +/ − − Sporadic
ARPKD N/Oligo − − − − − AR DNA
ADPKD N/Oligo + − − − − AD DNA
Beckwith–Wiedemann N/Poly − +/ − + + − AD or Disomy Cyto/DNA
Perlman N/Oligo − +/ − + + − AR −
Simpson–Golabi–Behmel ? ? ? + + +/ − X-linked DNA
Trisomy 13 Oligo − +/ − − + +/ − Sporadic Cyto
Meckel Gruber Oligo − − − + +/ − AR DNA
Nephrocalcinosis N − − − − − Sporadic −

Table 31.5 Syndromes associated with renal cystic disease

Syndrome Clinical features

Meckel Gruber Large echogenic kidneys, polydactyly, encephalocele
Patau Hyperechogenic large kidneys, polydactyly, holoprosencephaly, facial clefting
Jeune Echogenic kidneys, dwarfism, small thorax
Beckwith–Wiedemann Large echogenic kidneys, macrosomia,

hepatosplenomegaly, macroglossia, omphalocele
Short rib polydactyly (Majewski type) Large echogenic kidneys, dwarfism,

polydactyly, small thorax
Laurence–Moon (Bardet–Biedl) Renal cysts, retinal dystrophy, polydactyly,

mental deficiency, hypogonadism
Zellweger Cystic kidneys, hypotonicity, limb contractures, congenital cataracts,

hypoplastic corpus callosum, heterotopia
Perlman Macrosomia, hepatosplenomegaly, ascitis,

micrognathia, depressed nasal bridge
Tuberosa esclerosis Epilepsy, mental retardation, cutaneous lesions,

cardiac rhabdomyomas (in utero)

Kurjak-31.qxd  5/9/2006  12:01 PM  Page 340



is the mesoblastic nephroma. It is a benign tumor that
presents continuity with the normal nephrons. Wilms’
tumor is rare in the fetus.

The etiology is unknown. 

Diagnosis
The diagnosis will generally be made before the pres-
ence of a polyhydramnios and an abdominal mass at
level of renal fossa in third trimester140 (Figures 31.43
and 31.44).

• The mesoblastic nephroma is unilateral and on
ultrasonography appears as a solid mass. Occasion-
ally, cysts can be identified, many of them are
located near the renal hilus, and almost all affect
the renal parenchyma. On occasions, the tumor can
be adjacent to the kidney and compress it. The
mesoblastic nephromas is usually well defined

• It can have polyhydramnios in 70% of the cases,
resulting from the polyuria secondary to the
hypercalcemia141

• The hydrops is uncommon, and it has a poor
prognosis142

• Wilms’ tumor presents very similar echographic
characteristics and an anatomopathological study
should be carried out for its diagnosis.143

Differential diagnosis

• Neuroblastoma. It usually displaces inferior to the
kidney 

• Suprarenal hemorrhage 
• Retroperitoneal teratoma 
• Extralobar subphrenic sequestrum.

Associated anomalies

• The mesoblastic nephroma unusually associates to
anomalies

• Wilms’ tumor associates to anomalies in 15% of
the cases: aniridia, genitourinary abnomalies and
hemihypertrophy.144

Urinary tract malformations 341

Figure 31.44 Neuroblastoma. Solid tumor and heterogenous.
Color Doppler shows artery blood flow.

Figure 31.43 Neuroblastoma. Solid tumor and heterogenous.

Figure 31.42 Large and bright kidneys with oligohydramnios.

Figure 31.41 Meckel–Gruber syndrome. Distended abdomen
due to the cystic renal dysplasia.
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Genetic markers
The genes WT1 and WT2 located in chromosome 11
have been implicated in the development of the Wilms’
tumor, as well as the gene WT3 of chromosome 16
in Beckwith–Wiedemann syndrome and Denys–Drash
syndrome.144

Prognosis
Treatment is surgical and it is usually curative. The
presence of hydrops involves a very bad prognosis.142

Management

• During the pregnancy it is necessary to control
the polyhydramnios to avoid premature childbirth
and the premature rupture of membranes (PROM)

• Childbirth should take place in a tertiary level hos-
pital, where there are neonatology unit, pediatric
surgery and pediatric oncology.

This tumor appears sporadically.

342 Ultrasound diagnosis of urinary tract anomalies
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32 Fetal echocardiography
C. Mortera and J. M. Carrera

Introduction
Prenatal diagnosis of fetal cardiovascular malformations
is generally based on the use of ultrasound and echo-
cardiography techniques during pregnancy.1,2

Anatomical cardiac anomalies3,4 are identifiable
throughout the use of two-dimensional (2D) echocar-
diography, providing fetal anatomical cardiac struc-
tures.2,4 Current use of 3D echocardiography provides
images that may improve the anatomical structural
relationship.5,6 However, Doppler echocardiography
studies allow for additional dynamic information to
the cardiologist7 and interested obstetrician8,9 in pre-
natal diagnosis. Consequently, the application of such
methods in normal and abnormal fetal cardiac struc-
tures and function leads to an accurate congenital
heart disease diagnosis inside the uterus.10,11

In order to successfully diagnose cardiac malfor-
mations throughout the use of fetal echocardiography,
a number of integrated conceptual areas need to be
thoroughly understood to achieve a complete cardio-
vascular diagnosis. First, a profound knowledge of
cardiovascular fetal physiology12 and anatomy as well
as fetal cardiovascular pathology and cardiac rhythm
disturbances is required. Second, it is required to
understand the causes and concepts of heart failure to
identify the signs and causes of fetal heart failure.13

However, the goal of prenatal echocardiography is
to make a prediction of the pregnancy outcome, offer-
ing medical14 and surgical cardiac prognosis about the
short- and long-term surgical management.15

Fetal cardiovascular anatomy
The fetal cardiovascular system is developed during
the first 9 weeks of gestation. Interestingly, the heart
is the only organ in the fetus capable of functioning
while it is being developed. The ‘foramen ovale’ and
‘ductus arteriosus’ are the only features that are differ-
ent in a developed fetal heart16 when compared to an
adult heart. The right atrium is presented as a slightly
larger cavity than the left atrium. The superior and infe-
rior vena cava are identifiable as they meet with the
right atrium. Pulmonary veins tend to be smaller in size

due to the reduced pulmonary blood flow; however,
they become apparent in mature fetuses.

The tricuspid and mitral valves present similar fea-
tures under echocardiographic analysis (Figure 32.1).
Two papillary muscles constitute the subvalvular
apparatus of the mitral valve, while only one is
observed in the tricuspid valve. The tricuspid septal
leaflet is distinctly apparent because it attaches to the
septum at a closer location than the mitral valve from
the apex of the heart. This separation in valve posi-
tioning allows for effective visual recognition if the
ventricles are pathologically inverted.

To ensure normal ventriculoarterial connec-
tions,8,17 a ‘crossing’ by the pulmonary and aortic out-
flow tracts and arteries must be identified when
examined with echo (Figure 32.2). A parallel position
of both great vessels at their origin from the heart
would mean a ‘transposition of the great arteries’.8

In order to differentiate the aortic arch from the
ductal arch (Figure 32.3), three supra-aortic vessels
must be attached to the curve of the aortic arch before
it extends into the descending aorta. The position
beneath the ductal arch is recognizable by its conti-
nuity from the pulmonary artery into the ductus arte-
riosus and the descending thoracic aorta.

Fetal cardiovascular physiology
The normal fetal heart structure and blood circulation
differ physiologically12 from those of the adult. The
placenta and the feto-placenta circulation become the
major source of oxygen in the uterus during fetal life
as opposed to the adult lung autonomous respiratory
system.

Two major fetal intracardiac shunts appear, one at
the foramen ovale level and the other at the ductus
arteriosus. These allow for a right to left direction of
the almost total fetal cardiac output. Approximately
half of this circulatory blood volume will be sent to
the placenta to be oxygenated, returning subsequently
to the fetus, resulting in two major circulations: the
fetal circulation and the feto-placental circulation.16

Feto-placenta venous circulation is characterized
by the entry of the umbilical vein through the fetal
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liver. Oxygenated blood travels from the placenta
entering the fetus through the ‘ductus venosus’,
which is an extension of intrahepatic umbilical vein.
It has been found that the flow dynamics of the circu-
latory system in this specific area are crucial for the
fetal oxygenation process. The diameter of the ductus
venosus is reduced as it meets the inferior vena cava.
This reduction in diameter accelerates the oxygenated
blood, creating a directional jet toward the foramen
ovale and left atrium. The entry of this oxygenated
bloodstream is cyclically regulated by the fetal heart
rate. The change in volume in the right atrial cavity

imposes the cardiac filling pattern. This allows the
oxygenated blood to be propelled through the left
atrium and left ventricle toward the coronary arteries
and fetal brain. Less oxygenated blood returning from
the peripheral fetal body, coming from the superior
vena cava and inferior vena cava, enters the right
atrium, right ventricle and the pulmonary artery. At
this last point most of the blood is diverted through
the ductus arteriosus toward the descending aorta,
leaving the pulmonary circulation at minimum flow.

The lower part of the fetal body has low oxygen
requirements. This area is supplied by a part of the

346 Fetal echocardiography

Figure 32.1 Normal four-chamber view. Systolic and diastolic color flow Doppler phases at the A–V valves. Anatomic correlation
with the heart specimen.

Figure 32.2 Normal longitudinal color flow Doppler cut at lateral dorsum. Crossing of the outflow tracts and arteries and anatomic
correlation. 
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less oxygenated blood coming from the descending
aorta. The rest of the blood at this level is directed
toward the placenta through the umbilical arteries
and umbilical cord. The blood oxygenation process
takes place at the placenta, which is then returned to
the fetus, closing the feto-placenta circulation.

Thus, two main circulatory systems are developed
during the fetal life: fetal and feto-placenta circulation.
Both the circulatory systems are maintained by the
fetal heart. Consequently, high fetal cardiac output is
required to keep both the circulations functioning. This
translates into elevated heart rates (130–160 beats per
minute, (bpm)), which are also partially imposed by
the limited ventricular compliance of the fetal heart.

Another representative feature only present in the
fetal circulatory system is the similar systolic pressure
levels between the right ventricle/pulmonary artery
and the left ventricle/aorta at a systemic level. There-
fore, right to left intracardiac shunts are dependable
on systemic vascular resistance as well as changes in
cardiac and vascular blood volume adjustment.

Assessing the fetal heart
Instrumentation and technique
The study of the fetal heart requires the combination
of several dynamic ultrasound techniques and
sequential cardiac analysis.18

The intracardiac fetal echocardiographic studies
require a range-gated 2D and pulsed Doppler to perform
selective interrogation of blood flow across the A–V

valves, ventricles and great arteries, ductus arteriosus,
descending aorta as well as the aortic arch. The scanning
should also include the hepatic duct and veins, the
inferior vena cava, atrial flows, foramen ovale and when
possible the pulmonary veins. The equipment should
also include CW Doppler for sampling high-velocity jets.

Color flow mapping increases the diagnostic accu-
racy and understanding of fetal cardiovascular circula-
tion.8,9 Color flow display must be performed with the
instrumentation settings at a high pulse repetition fre-
quency in order to avoid aliasing. Intracardiac blood
velocities are higher than in the periphery, therefore
color Doppler settings must be set up at high frame
rates, reduced angle and high filter to obtain good color
resolution. However, diagnostic misinterpretation of
color intracardiac Doppler may occur in complex con-
genital heart disease if previous analysis of 2D cardiac
malformed anatomy has not been properly done.

(1) 2D echocardiography identifies anatomical struc-
tures, spatial relationship, position of the heart,
myocardial thickness and myocardial function.
The superimposition of color Doppler technique
allows performing of selective cardiovascular
flow dynamics in each heart structure.

(2) ‘Pulsed Doppler’ is used for selective flow stud-
ies in each cavity or vessel and the instrument
setting has to be adjusted according to the sam-
pling site. ‘Continuous Doppler’ is necessary to
identify high-velocity blood signals as well as to
quantify intracardiac and intravascular pressure
gradients. ‘Color Doppler’ opacification of the
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Figure 32.3 Normal aortic arch at posterior/anterior dorsum. Normal ductus arteriosus arch at posterior dorsum.
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blood flow in cardiac cavities and vessels allows
detection of abnormal turbulent accelerated
flows produced by valve regurgitation and stenosis
or other cardiac defects.

(3) ‘M-mode color Doppler flow’ is used to measure
accurately the cavity size and vessels as well
as to evaluate cardiac rhythm disturbances and
cardiac function.

(4) Fetal position within the uterus must be under-
stood to evaluate the spatial orientation of the
different heart structures in order to trace the
best Doppler signal and map the color flow
Doppler displayed in anatomical position.

‘Anterior dorsum’ and ‘posterior dorsum’ are usually
the best fetal positions to study the color flow dis-
played in the aortic arch and the aorta as well as the
ductus arteriosus arch.

‘Posterior dorsum’ is the most favorable position to
obtain the four-chamber view to evaluate the ventric-
ular filling pattern across the A–V valves, obtaining
information about atrial and ventricular size and
anatomy, integrity of the atrioventricular septum and
inlet septum, the A–V valves and atrioventricular
connections.

‘Lateral dorsum’ identifies best the opacification of
the right and left outflow tracts and outlet septum, as
well as ventriculoarterial connections.

Transabdominal cardiac Doppler studies can be
performed with adequate level of cardiac definition
from 17 weeks of gestation onward, using a 3.5-MHz
transducer. Cardiac scanning should include at least
three anatomical and functional cuts to demonstrate
structural and functional normal assessment.

Normal anatomic and functional
fetal echocardiographic features
A number of normal features should be identified in
the echocardiographic evaluation of the fetus:

(1) The normal position of the heart within the
thorax is of levocardia (the heart is usually to
the left, opposite to the liver and superior to the
stomach). In the four-chamber view, the thoracic
aorta should be in the left, in close proximity
with the left atrium. The fetal heart lies in a more
horizontal position due to the large liver.

(2) Septal integrity should be present, although weak-
ening of the inlet/outlet septum may give the
impression of a ventricular septal defect (VSD) in
the early stages of pregnancy; no posterior confir-
mation has been possible, probably due to a tran-
sitional echo view, which cuts part of the left
outflow tract and the interventricular septum.

(3) The patent foramen ovale should be a visible
atrial communication of approximately the same
size as the ascending aorta but no larger than 6 mm
along pregnancy and with a detectable moving
membrane.

(4) Normal separation between the septal leaflet
implantation of the mitral and tricuspid valves
should identify the right and left A–V valves
(Figure 32.4).

(5) Myocardial contractility presents an out of sys-
tolic phase, paradoxical septal movement; how-
ever, movement of the anterior and posterior
heart walls should be identified for evaluating
ventricular myocardial movement and function.

(6) A pericardial space translucency may be visual-
ized in the absence of a pericardial effusion.

(7) The heart rate should be between 120 and
180 bpm.

(8) Normal ventriculoarterial connections should
be established when normal crossing of both
ventricular outflow tracts and arteries is seen
(Figure 32.2).8

(9) Normal vessel relationship is seen by the trans-
verse three-vessel view from left to right – the
pulmonary artery, the Ao and the SCV are seen
in the same transverse plane.19

(10) The aortic arch should give rise to the three
supra-aortic arteries.

(11) The ductus arteriosus arch should be identified
as a vascular structure in continuity with the
descending aorta, in a right-angle curvature
when it meets the aorta.

(12) The superior vena cava and inferior vena cava
should be visualized in continuity entering the
right atrium.

(13) The pulmonary veins should be seen entering
the left atrium.

Normal Doppler fetal hemodynamics
Peripheral venous return of the 
umbilical vein and ductus venosus
Doppler sample at the umbilical vein level shows that
a low-velocity non-pulsatile wave form is slightly
influenced by diaphragmatic respiratory movements.
The intrahepatic umbilical vein continues with the
ductus venosus as it meets the inferior vena cava. The
diameter of the ductus venosus is reduced as it meets
the inferior vena cava. This reduction in diameter
accelerates the blood flow converting the non-
pulsatile Doppler venous wave of the umbilical vein
into a high-velocity triphasic wave form directly
influenced by the cycling cardiac filling pattern. The
first peak (S) represents the systolic cardiac phase; the
second peak (D) represents the diastolic phase, which
is followed by the atrial contraction inflection (A).

Right/left atrium and foramen ovale
Doppler interrogation of the foramen ovale demon-
strates a right–left shunting. Premature closure of the
foramen ovale has been described.20 Doppler tracing
in the pulmonary veins is also triphasic as in the
systemic veins; the lowest-velocity deflection occurs
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during atrial contraction. Timing of the phases in the
venous flow of the pulmonary veins may be useful in
diagnosing premature atrial contractions.

Increase in right atrial or ventricular filling pres-
sure may lead to right heart failure. This increase in
resistance to umbilical venous flow accentuates the
atrial contraction and the corresponding Doppler
inflection wave at the ‘ductus venosus’, creating a
negative deflection wave that may exceed the zero
line at the venous return; this Doppler form should be
recognized as a sign of heart failure.

The less oxygenated blood returning from the
peripheral fetal body, coming from the superior vena
cava and inferior vena cava as the blood enters the
right atrium, presents a Doppler venous flow with the
triphasic waveform related to the same cardiac filling
cycle; this waveform exhibits more pronounced atrial
inflection but less flow velocity than the waves obtained
in ductus venosus.

Inflow heart and atrioventricular valves
Doppler interrogation of the inlet heart examines the
diastolic filling function. Doppler waveforms through
the tricuspid and mitral valves are similar, represent-
ing the ventricular filling pattern: the first peak E is
followed by the A wave. Due to atrial contraction an
increase in A occurs in the early phases of pregnancy
and may represent a transient restricted compliance
of the ventricles; normal velocity across the A–V valves
increases along pregnancy. High heart rate may pro-
duce single wave changes in morphology. A–V valve
stenosis or volume overload alters the morphology
and increases velocity across the valves.

Regurgitation of an A–V valve is detected within the
atrial cavity. Although quantification of a regurgitant
flow by Doppler is difficult, detection of a significant
regurgitant jet in fetal life represents a considerable
hemodynamic dysfunction.13

The integrity of the atrioventricular septum in con-
tinuity with the inlet septum should be seen as color
Doppler fills the ventricles. Weakening of the inlet
septum may give the impression of a VSD in the early
stages of pregnancy; but no posterior confirmation has
been possible, probably due to a transitional echo cut;
however, an A–V septal defect has to be excluded
(Figure 32.4).

Outflow heart, semilunar valves and arteries
Color Doppler has become an extremely effective tool
in identifying crossing flow patterns vs. parallel flows
at the arterial level. The different color opacification
of each artery indicates opposing flow directions that
represent normal crossing of the pulmonary and the
aortic outflow tracts and arteries8 and normal ven-
triculoarterial connection (Figure 32.2). A single color
representation in both arteries identifies the parallel
relationship of the great arteries, being the most fre-
quent anatomical arterial relationship seen in trans-
position of the great arteries (Figure 32.5). However,
careful attention should be paid to fetal spatial orien-
tation in the uterus in lateral dorsum to evaluate arte-
rial crossing relationship by color Doppler.21

Color Doppler also gives information about the
integrity of the outlet septum when both the outflow
tracts are identified. Subarterial and infundibular
VSD will be seen during this examination.

Normal Doppler fetal hemodynamics 349

Figure 32.4 Inflow of the heart with two normal A–V valves. Color Doppler also identifies the PFO. Inflow of a heart specimen
with one common A–V valve in atrioventricular septal defect. Echo/anatomy correlation.
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Semilunar valve systolic flow examination by
Doppler not only allows measuring of time intervals to
assess systolic function, but may also give information
about the presence of valve stenosis or regurgitation.
Blood velocity across a semilunar valve should not
exceed 130 cm/s; an increase above this velocity could
be due to valvular stenosis or increased blood volume.
A turbulent high Doppler flow is usually produced by
valve stenosis; the degree of obstruction is the key for
measuring the severity of this lesion. In fetal life, each
semilunar valve allows the passage of approximately
half of the blood volume that will transverse the valve
after birth; this reduced blood volume will cause an
underestimation of the obstruction and of the valve
pressure gradient, making the fetal assessment diffi-
cult. Valvular regurgitation produces a backward flow
into the left or right ventricular outflow tract, which in
the fetus with normal heart rate (>130 bpm) represents
structural valvular dysfunction.

Ductus arteriosus and
the descending aorta
The pulmonary artery receives approximately half of
the total blood flow ejected by the right fetal heart. At
this point most of the blood is diverted through the
‘ductus arteriosus’ toward the descending aorta, leav-
ing the pulmonary circulation at minimum flow. The
ductus arteriosus is a vascular structure in continuity
with the descending aorta, forming almost a right-
angle curvature when it meets the aorta; the ductus at
this level may impose a degree of flow restriction;
however; this is compensated by the active systolic

contraction of the right ventricle. Doppler waveform
shows a slight increase in systolic velocity as the
ductus meets the aorta. However, an abnormal increase
in systolic and diastolic velocity above 130 cm/seg. is
produced during ductal constriction with marked
elevation of systolic and diastolic velocity. Patients
under indometacin treatment should be Doppler
controlled to detect signs of ductal constriction
(Figure 32.6) and medication should be stopped. A
sudden increase in ductal constriction leads to
increase in afterload with tricuspid regurgitation.22,23

Systolic arterial Doppler wave in the abdominal
aorta is followed by continuous diastolic flow as
blood entering the intra-abdominal umbilical arteries
goes into the umbilical cord toward the placenta.

Abnormal anatomical and functional
echocardiographic fetal features
Abnormal features of echocardiography include the
following:

(1) Malposition of the heart is established when
atrial and visceral organs (liver/stomach) are seen
in the wrong position: the usual place for these
structures is termed as ‘situs solitus’. ‘Situs
inversus’ involves reversal of the normal atrial
and ventricular positions. ‘Situs ambiguous’
describes an undefined medial visceral position.
Dextrocardia, mesocardia, levocardia are terms
that define the location of the cardiac apex.

(2) Comparative disproportion between atrial and
ventricular cavities, as well as arterial size, may
lead to demonstration of pathological dilatation
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Figure 32.5 (a) Normal outflow right and left ventricular tracts and arteries. The opposite code opacification shows the normal
crossing relationship. (b) Heart specimen from a transposition of the great arteries. Color flow Doppler shows parallel opacification
of both arteries.
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or reduced diameter of these heart structures
(Figures 32.7 and 32.8).

(3) A single ventricular cavity.
(4) A single atrium.
(5) A single atrioventricular valve (Figure 32.4).
(6) Specific valvular anomalies. Ebstein’s anomaly.
(7) Parallel ventricular outflow tracts and arteries

(Figure 32.5).
(8) A single arterial trunk (truncus).
(9) A septal defect.

(10) Ventricular inversion.
(11) Regurgitant valvular jets (by Doppler).
(12) Cardiomegaly.
(13) Signs of heart failure: pericardial effusion, asci-

tis and hydrops.

(14) Arteriovenous fistula.
(15) Arrhythmias; taquyarrhythmia, bradycardia.

Fetal cardiovascular pathology.
Identification by 2D
echocardiography and
color Doppler
Congenital heart disease appears as a result of ‘struc-
tural malformations’ developed during the early phases
of fetal life.2,3 The severity of each malformation
marks the future prognosis of the newborn, with peri-
natal death as high as 50%,4 when congenital heart

Fetal cardiovascular pathology. Identification by 2D echocardiography and color Doppler 351

Figure 32.6 (a) Ductus arteriosus constriction under indometacin therapy. Color flow Doppler shows a turbulent ductal flow.
(b) Normal aortic arch. (c) Coarctation of the Ao. Color flow detects a turbulent flow at the descending aorta.

Figure 32.7 Four-chamber cut in left heart asymmetry due to hypoplastic left heart.
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disease has been diagnosed in fetal life.24 Chromo-
somal abnormalities may be found in as high as 42%
of the fetal cases referred because of congenital heart
disease.25 However, ‘functional cardiac anomalies’
may occur as a transitory disturbance during fetal
intrauterine growth and usually present a good prog-
nostic outlook at term.

In an attempt to simplify congenital heart disease
complexity, cardiac malformations may occur at two
basic levels following a segmental approach:7

(1) The inflow level, including malformations at
systemic and pulmonary veins, atriums, atrial
septum, inlet valves, inlet/trabecular septum and
ventricular cavities.

(2) The outflow level, which includes ventricles,
outlet septum, outflow tracts, semilunar valves
and arteries.

Inflow level
The veins are identified by using the four-chamber view
as they meet the right and left atriums. Anomalous con-
nections of the systemic veins as well as pulmonary
veins may be visually identified.26 The relative sizes
of the right and left atriums should be compared.
Usually, the right atrium is larger than the left atrium.
Early closure or reduction of the foramen ovale20 (atrial
septal aneurysm) may be identified as well as a dis-
tended foramen. The ventricles should be of similar
size although right ventricular dominance may be
normally present.

Congenital cardiac malformations and conditions
at inflow level include:

(1) Anomalous venous connections of the systemic
venous return or the pulmonary veins.

(2) Atrial septal defects: ostium primun, ostium
secundum and sinus venosus defects and patent
foramen ovale with septal aneurismatic membra-
nous septum.

(3) Atrioventricular valve anomalies: mitral/tricuspide
atresia, mitral/tricuspid stenosis/hypoplasia

(Figures 32.8 and 32.9). Atrioventricular valve
regurgitation. Single common valve, Ebstein’s
anomaly.

(4) Ventricular development: hypoplastic left heart,
hypoplastic right heart, single ventricle (univen-
tricular heart), single inlet, double inlet, atri-
oventricular canal complete and partial, and
ventricular inversion (atrioventricular discor-
dance) corrected transposition.

(5) Ventricular septal defect: inlet portion (perimem-
branous), trabecular (muscular) and apical.

(6) Pericardium (effusion).
(7) Myocardium: ventricular anatomy (right ventri-

cle heavily trabeculated containing the tricuspid
valve with a confluent papillary muscle/left ven-
tricle smooth endocardial walls with the mitral
valve and two well-defined papillary muscles.
Left ventricular myocardial contractility, func-
tion and hypertrophy.

(8) Cardiomyopathies: hypertrophic (diabetes, etc.),
dilated (endocardial fibroelastosis, etc.).

(9) Cardiac tumors.

Outflow level
Color Doppler has become an extremely effective tool in
identifying ‘crossing flow patterns’ vs. ‘parallel flows’.8

The different color code opacification of each artery
indicates opposing blood flow directions that represent
normal ventriculoarterial connections (Figure 32.5).4

The key to the diagnosis is to demonstrate the origin of
the pulmonary artery arising from the left ventricle
and the aorta arising from the right ventricle.

Single color code opacification in both arteries iden-
tifies parallel arterial relationship, which represents a
discordant ventricular–arterial connection, so-called
transposition of the great arteries (Figure 32.5). Single
opacification of one single arterial trunk, truncus.

Congenital cardiac malformation and conditions at
the outflow level include:

(1) Aortic valve/pulmonary valve: atresia, stenosis
and regurgitation.

(2) Hypoplastic aortic arch/pulmonary trunk.

352 Fetal echocardiography

Figure 32.8 Tricuspid atresia and hypoplastic right heart. The Color Doppler helps to identify a small right ventricular cavity.
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(3) Coarctation of the aorta (Figure 32.6)/aortic arch
interruption.

(4) Coronary artery anomalies.
(5) Absent pulmonary valve syndrome.
(6) Single arterial trunk (truncus arteriosus).
(7) Tetralogy of Fallot (Figure 32.10)/pulmonary

atresia +VSD.
(8) Double-outlet right ventricle (Figure 32.11).
(9) Double-outlet right ventricle and transposition

of the great arteries (Figure 32.11).
(10) Ventricular septal defect: infundibular, peri-

membranous, subarterial and trabecular.
(11) Aorto/pulmonary window.
(12) Anomalies of the aortic arch.
(13) Hypoplastic aortic arch and coarctation of the

aorta (Figure 32.6) vs. interrupted aortic arch.

The diagnosis of structural and functional heart dis-
ease is possible during fetal life, although, not always
with the amount of precision required. There are a
number of congenital heart malformations that are
extremely difficult to establish before birth as the fetal
heart is not yet fully adapted to the future adult
circulation that will take place after birth.

In the newborn with congenital heart disease, as the
pulmonary circulation and lung oxygenation process
begin, cardiac malformations will develop further. The
intracardiac fetal shunts will close down as pulmonary
artery pressure is reduced to one-quarter of the systemic
pressure.

During pregnancy some fetal heart defects such as
ostium secundum atrial defect, anomalous pulmonary

venous return and some small ventricular septal
defects will be impossible to evaluate. Also, in some
cases of Fallot’s tetralogy in which fetal pulmonary
blood obstruction is not yet well established during
the prenatal period, it may be difficult to identify the
obstruction as the main functional/anatomical feature
of this malformation. During fetal life, malformations
and vascular anomalies such as persistent ductus
arteriosus, aortopulmonary window, coarctation of the
aorta and interruption of the aortic arch are extremely
difficult to diagnose because no dysfunctional changes
take place before birth, although indirect cardiac signs
such as enlargement of the right heart cavities have
been described.

Coronary artery anomalies are also difficult to sus-
pect. The diagnosis of atrioventricular or semilunar
valve stenosis is similarly difficult; the degree of
obstruction to blood flow is the key to measuring
severity in these lesions. In fetal life, each cardiac
valve allows the passage of only half of the blood
volume that will transverse the valve after birth
because of the fetal intracardiac circulation pattern;
this reduced blood volume will cause an underesti-
mate of the obstruction and valve pressure gradient
making the diagnosis by Doppler difficult.

Diagnosis and prognosis
of fetal heart failure
The echocardiographic examination of the cardiovas-
cular system provides much information about the
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Figure 32.9 Hypoplastic left heart syndrome with mitral atresia and aortic atresia. (a) Single ventricular cavity corresponding to the
right ventricle. Tricuspid regurgitation is seen. (b) Echocardiograph/angiogram to show the retrograde aortic arch opacification as no
blood is ejected through the aortic valve.
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Figure 32.10 Tetralogy of Fallot. The heart specimen shows reduced pulmonary artery compared to the ascending aorta. A double
aortic arch was present as well. Aortic–septal overriding can be seen by echocardiography, demonstrating the subarterial VSD.

Figure 32.11 Double-outlet right ventricle. (a) Two parallel outflow tracts and arteries are seen coming from the right ventricle with
subpulmonary VSD in double-outlet right ventricle with TGA. (b) Double-outlet right ventricle with normally related arteries with
subaortic VSD.
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well-being of the fetus. Heart failure is established
when low cardiac output produces inadequate tissue
perfusion. This results in a series of complex hormonal
reflexes and vascular adaptations to improve direct
flow to the vital organs. Peripheral vasoconstriction
increases the fetal systemic resistances in response to
cardiovascular stress with excess production of cate-
cholamines and naturetic factor together with other
complex humeral agents to maintain arterial redistribu-
tion of fetal cardiac output for the survival of the fetus.

The diagnosis of fetal heart failure is established
through the analysis of a number of cardiovascular
features:

(1) The cardio-thoracic size. Cardiomegaly is the
universal sign of heart failure. This is measured
using the CT cardiac/chest circumference ratio.
Normal, < 0.5.

(2) Myocardial function. Assessment of cardiac func-
tion by global myocardium fiber shortening frac-
tion is calculated by using the difference between
the diastolic and systolic dimensions divided by
the diastolic diameter. Normal, > 0.30.

(3) Increased atrial reversal contraction at the
venous Doppler triphasic pattern in the hepatic
duct and inferior vena cava. This may be a sign
of increased end diastolic ventricular pressure.
Increased A:S ratio peak atrial reversal divided
by peak ventricular systole (Figure 32.12).
Normal values should be less than 7%. In the
fetus with congenital heart disease the venous
filling patterns should be normal with the excep-
tion of tricuspid/pulmonary atresia with intact
septum of restrictive filling compliance lesions.

(4) Analysis of Doppler detection of valve leak at the
heart.

Fetal cardiac arrhythmias
Fetal cardiac disrrythmias27,28 are rhythm disturbances
caused by irregular cardiac beats, ‘extrasystoles’, or by
regular accelerated tachycardias produced by ectopic
heartbeats greater than 180 bpm. On the contrary, brady-
cardia are slow regular heart rhythms, below 80 bpm.

Cardiac disrrythmias account for 1–2% of rhythm
alterations during pregnancy. Fetal arrythmias are
also associated with a higher incidence of congenital
heart disease. However, irregular cardiac rhythms
caused by extrasystoles account for 80–85% of benign
rhythm disturbances in normal fetus with no need for
specific treatment. Management of these disrrythmias
during pregnancy only requires maternal rest and
withdrawal of stimulants.

Taquy-bradycardias29 are frequently a cause of heart
failure and hydrops. They usually require in utero
treatment via maternal administration of antiarrhyth-
mic agents, premature delivery and cardiac pacing of
the newborn as in the case of congenital heart block.

Classification of cardiac arrhythmias
Irregular heartbeats (Figure 32.13)

Extrasystoles
Extrasystoles constitute the most frequent arrhythmia
in the fetus and in the newborn; no treatment is
required, only observation.

They have been associated with high fetal cate-
cholamines, maternal hyperthyroidism and stimulants.

Sinus arrhythmia
In this disorder, there is variability between the sinus
atrial contractions. It is recognized by the variable
space between Doppler pulsed waves.

Premature atrial contraction
Premature atrial contraction is the most frequent
ectopic arrhythmia often causing extrasystoles. It may
be the origin of supraventricular tachycardia.

Premature ventricular contraction
Premature ventricular contractions are ventricular
ectopic beats; they are rare in the fetus.

Regular fast heart rate

Sinus tachycardia
This is a persistent cardiac rhythm above 160 bpm but
below 200 bpm, that may be related to the fetal
response to catecholamines, anemia, etc.

Pathological tachycardias
They are regular fast heart rhythms above 200 bpm,
divided into two main groups: supraventricular and
ventricular tachycardia.

(1) Supraventricular tachycardia (Figure 32.14)
includes:

• Atrial tachycardia, produced by an ectopic
atrial beat.

• Atrial flutter, a rapid atrial contraction of
300–400 bpm. The atrial activity is blocked at
the atrioventricular (A–V) node with ventric-
ular response of 220 bpm. The p wave can be
identified at the movement of the atrial wall
by m-mode echo.

• Intranodal tachycardia, the most common
fetal and newborn tachycardia, it presents
with a ventricular response between 220 and
280 bpm and a 2/1 atrioventricular block.

• Atrioventricular tachycardia with accessory
pathway, with conduction via the Kent or
Mahian intranodal and extranodal pathway
conduction. In the Wolf–Parkinson–White
syndrome, tachycardias are produced by a

Classification of cardiac arrhythmias 355
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Figure 32.12 A number of Doppler signs can predict fetal heart failure: increased ‘a’ in A–V flow; deep diastolic phase at ductus
venosus flow; prominent and negative ‘a’ wave at the inferior vena cava; small pericardial effusion; pulsatile deflection at the
umbilical flow.

Figure 32.13 Supraventricular ectopic beats seen at ductus venosus flow and inferior vena cava (negative deflections) and run of
supraventricular tachycardia.
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circular re-entry mechanism; atrial activity is
not visualized by echo; therefore, no specific
diagnosis of this syndrome can be reliably
made in utero.

(2) Ventricular tachycardia are rare in the fetus and
newborn and are usually associated with myocar-
dial dysfunction or intramyocardial tumor. The
ventricular heart rate is not as fast as in the supra-
ventricular tachycardia and is in the range of
180 bpm. This disrrhythmia may present runs of
tachycardia with irregular heartbeats and no rela-
tionship can be established between atrial and
ventricular contractions.

Regular slow heart rate

Bradycardias
Bradycardia is a slow cardiac rhythm with heart rates
below 80 bpm. The bradycardia includes the following:

(1) Transient sinus bradycardia can occur during
ultrasound examination. In this situation vagal
stimulation over the head of the fetus may produce
transient bradycardia with spontaneous recovery.
Persistent bradycardia may be the consequence of
fetal hypoxia or congenital heart block with or
without structural congenital heart disease.

(2) Congenital heart block is the result of a delay or
a block in the transmission of atrial electrical

impulse along the atrioventricular conduction
system. Three degrees may be present.

• ‘First-degree block’ is produced by a delay in
the A–V conduction system; it is not recog-
nized by echo.

• ‘Second-degree heart block’ occurs when an
incomplete A–V conduction delay results in
an isolated atrial impulse, which is not con-
ducted through the A–V node, resulting in a
missed ventricular contraction.

• ‘Third-degree heart block’ produces an atri-
oventricular dissociation. The atrial contraction
is independent of the ventricles; it follows the
sinus beats at atrial rate of 150 bpm. Atrio-
ventricular conduction is blocked and ventricu-
lar contraction is established at an autonomous
ventricular rate of 50–60 bpm (Figure 32.14).
Atrioventricular dissociation is the usual pres-
entation of congenital heart block.

Congenital heart block and persistent fetal bradycardia
are associated either with congenital heart disease or
with a structurally normal heart. However, a normal
fetal heart and congenital heart block can be related to
autoimmune maternal disease as lupus erythemato-
sus,30 Sjogren’s syndrome and rheumatoid arthritis,
not always diagnosed before pregnancy. Anti-Ro and
anti-LA antibodies are most likely to be detectable in
maternal blood.31
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Figure 32.14 (a) Supraventricular tachycardia using M-mode echocardiography to establish a 2/1 atrioventricular rate comparing
the atrial wall movements and the aortic valve opening. (b) Ventricular bradycardia in a congenital complete A–V block.
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Congenital heart block with heart rates above
60 bpm seems to have a reasonable outcome. A pace-
maker should be implanted in the newborn when
ventricular heart rate is below 70 bpm. Fetal hydrops
and heart failure are related to slow ventricular

heart rate below 50 bpm. Fetal management should
include maternal administration of terbutaline
or sympathomimetics agents, as well as premature
delivery and pacemaker implantation in the
newborn.32

358 Fetal echocardiography
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33 Three-dimensional ultrasound
in prenatal medicine
E. Merz

Introduction
During the past two decades three-dimensional (3D)
ultrasound has evolved from a relatively tedious
laboratory technique to a highly sophisticated tech-
nique for daily routine examinations, particularly in
prenatal diagnosis.

In 1989 the first commercially available ultra-
sound scanner (Combison 330) with special 3D
probes for transabdominal and transrectal scanning
was launched by Kretztechnik AG, Austria.1 This
system allowed fully automated volume acquisition
and multiplanar reconstruction of the 3D data set
in three orthogonal planes. Due to rapid develop-
ments in computer and transducer technology, image
quality and processing speed improved tremendously
in the following years. With the latest 4D technology
of Voluson® 730 Expert (GE Medical Systems Kretz
Ultrasound), volume acquisition and volume display
can be accelerated in such a way that the fetus can
be visualized three-dimensionally in real-time. This
gives the examiner a direct impression of the fetal
surface and movements.

Additional 3D/4D techniques have been developed
within the past 2–3 years: glass body rendering, volume
contrast imaging in the A and C planes (VCI-A and
VCI-C, respectively) and spatio-temporal image corre-
lation (STIC).

Technical aspects
All 3D/4D ultrasound examinations consist of four
main steps:2,3 (1) data acquisition, (2) 3D/4D visu-
alization, (3) volume analysis/image processing and
(4) storage of volumes, rendered images or image
sequences (cine clips) (Table 33.1).

3D data acquisition
For volume acquisition, the ultrasound beam has to
be moved over the object of interest. This procedure can

be performed manually with external acquisition sys-
tems or automatically with internal acquisition systems.

External acquisition systems
These freehand systems do not require a specially
designed transducer. The scans are performed using
a freehand technique with a conventional 2D probe,
whose position and movement in space are tracked by
an add-on system.4–6 However, the freehand systems
are not able to achieve 4D ultrasound.3

Internal acquisition systems
These systems use specific probes with a fully auto-
mated scanning technique.1,3,7 The automated scan-
ning movement can be achieved by using mechanical
gears and/or electronic scanning techniques such as
steered phased arrays and/or curved/linear arrays in
which different groups of elements are excited.1 These
probes can be used for 3D and 4D ultrasound as well.

359

Table 33.1 Steps required in transvaginal and
transabdominal 3D ultrasound (after Merz3)

Data acquisition
• Orientation in the 2D image
• Definition of the region of interest (ROI)
• Volume acquisition

3D visualization
• Multiplanar display
• Surface-rendered image (surface mode, light mode)
• Transparent image (maximum mode, x-ray mode)
• Vascular image (combination of surface or transparent

rendering and color Doppler)
• Animated image (rendering of image sequences)

Volume/image processing
• Electronic scalpel
• Filtering
• Contrast and brightness control
• Color image

Storage of volumes, rendered images and image sequences
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3D display
In contrast to conventional 2D ultrasound, which pro-
vides only one gray scale imaging mode to demonstrate
the fetus, present 3D technology offers the ability to
review the fetus in several different display modes:

Triplanar (== multiplanar) mode
The triplanar mode allows reslicing of acquired vol-
umes in any direction.3,8,9 Thus, any arbitrary plane can

be shown, even image planes that are not accessible
with conventional 2D ultrasound. The simultaneous
display of all three perpendicular sectional planes pro-
vides an ideal basis for a detailed tomographic survey
of the fetus and allows the demonstration of a specific
plane to be precisely controlled (Figures 33.1 and 33.2).

Surface mode
The surface mode can provide 3D images of the outer
and inner fetal surfaces (Figures 33.3–33.5, 33.15).2,3,10,11

360 Three-dimensional ultrasound in prenatal medicine

Figure 33.1 Fetus with physiologic umbilical hernia (←) (9 weeks) in the multiplanar display. Upper left, midsagittal scan; upper
right, transverse scan; lower left, coronal scan.

Figure 33.2 Multiplanar display of a fetus at 13 weeks of
gestation. Upper left, coronal scan; upper right, midsagittal scan;
lower left, transverse scan of the head.

Figure 33.3 Surface view of a fetus at 12 weeks of gestation.
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For this purpose the region of interest has to be framed
with a volume box. For many years this volume box
was only variable in size but nowadays it is variable in
size and shape. Various rendering algorithms (surface
mode, soft surface mode, light mode and soft light
mode) can be used in surface rendering, either indi-
vidually or in different combinations.3

A basic requirement for all 3D surface rendering is
the presence of an adequate fluid pocket in front of the
structure being imaged. Overlying or adjacent struc-
tures such as the placenta, fetal limbs and loops of the
umbilical cord tend to obscure the structure of interest
and must be removed with the electronic scalpel.12

Transparent mode
The transparent mode provides a complete survey of the
fetal skeleton (Figure 33.6).13,14 Two different rendering

algorithms (maximum mode and x-ray mode) can be
used, either individually or in combination with the
smooth surface mode or the gradient light mode.

Glass body rendering
The combination of 3D color Doppler or power Doppler
and gray-scale 3D images enables the physician to ana-
lyze the fetal vascular system (Figure 33.7).

3D cine mode
In order to obtain an overall 3D impression of the
object of interest, a certain number of rendered views
are displayed in a fast sequence. In this way the
observer can see the object of interest rotating on
the screen. The 3D cine mode can be used with the
surface mode, the transparent mode and the glass
body rendering.

3D display 361

Figure 33.4 Surface view of a fetal face at 32 weeks of gestation.

Figure 33.5 Surface view of a fetal ear at 38 weeks of gestation.

Figure 33.6 Transparent view (maximum mode) of a normal
fetal skeleton at 20 weeks of gestation.

Figure 33.7 Glass body rendering: the combination of
transparent mode and power Doppler displays the vascular
system of the fetus. Left, circle of Willis (35 weeks); right, fetal
heart and aorta (30 weeks).
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4D display
4D ultrasound
With the acquisition of up to 35 volumes/s, both the
surface and the movements of the fetus can be
demonstrated on the screen. This enables the parents
to observe the movements of the fetus and allows the
examiner to study the behavior of the fetus. The 4D
cine loop allows the examiner to scroll back through
volumes to achieve the best surface demonstration
of the region of interest (Figure 33.8). For 4D volume
rendering, two rendering modes are always applied
simultaneously.

4D cine sequence
A 4D image cine sequence can be created with a
Voluson® 730 series machine in the real-time 4D mode.
After storage as an AVI file, such a sequence can be
shown with a movie program in any personal computer.

DiagnoSTICTM

STIC is a new technique for assessment of the fetal
heart, based on the automatic acquisition technology.
It allows off-line multiplanar analysis of the fetal
heart. For DiagnoSTICTM, a slow-motion (7.5, 10 or
12.5 s) volume scan of the fetal heart is performed. The
data are then rearranged and stuck together by correla-
tion of its temporal and spatial domains. An EGC
trigger is not necessary. The result is a 4D real-time data
set presenting one heart cycle in motion. This data set
can also be rotated and analyzed in the triplanar view
while the heart is beating at any stage of the cycle.

STIC-color (spatio-temporal image
correlation with color Doppler)
In this technique the STIC technique is combined
with color Doppler information. This facilitates the
recognition and confirmation or exclusion of congen-
ital heart defects (septal defects, transposition of the
great vessels, etc.) (Figure 33.9).3,15–18

Volume contrast imaging
In VCI the probe is applied in the same way as in con-
ventional 2D ultrasound and so is an easy approach to
4D, even for the novice. This volume rendering
process is based on thick slice tissue data3 and it is
possible to select a slice thickness between 3 and
20 mm. Displayed as a thick slice, the VCI technique
allows a 4D volumetric data acquisition.

The development of this tool has facilitated a marked
improvement in tissue contrast resolution in real-time
and therefore enables inhomogeneous areas or subtle
lesions to be detected. It provides additional informa-
tion simultaneously with conventional 2D imaging,
without the processing time of off-line 3D reconstruc-
tion. In VCI technology a mixture of surface mode and
transparent maximum mode rendering is employed.

Volume contrast imaging in the A plane
VCI-A provides the examiner with an easy 4D
approach. It reveals the same anatomical region as in
the 2D ultrasound image, but the tissue contrast is
better with VCI-A (Figure 33.10).

Volume contrast imaging in the C plane
VCI-C allows an easy 4D real-time approach in the
coronal plane of the region of interest (Figure 33.11).
VCI-C offers great potential in prenatal diagnosis
because it scans planes that are not accessible with con-
ventional B-mode scanning. This is particularly impor-
tant when the fetus is in an unfavorable position.

362 Three-dimensional ultrasound in prenatal medicine

Figure 33.8 Surface-rendered view of fetal yawning at 32
weeks. The 4D cine loop allows scrolling back to the most
interesting movement.

Figure 33.9 Fetal heart at 36 weeks. The STIC technique
combined with color Doppler displays blood flow in all three
orthogonal planes at the same time.
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Volume/image processing
In many cases the acquired data sets require post-
processing. In order to obtain a high-quality surface
image, adjacent or overlapping structures that are
obscuring the fetus have to be removed with an elec-
tronic scalpel. Low-level echoes in the amniotic fluid
may be filtered out by increasing the threshold value.
In color Doppler the angio threshold removes small
motion artifacts and color noise.

Image brightness and contrast can be set to any
desired value in all 3D/4D display modes just as in 2D
ultrasound. In glass body rendering, the color and
gray-scale areas can be adjusted independently of one
another. All changes are immediately visible on the
monitor. These interactive control features make it
easy to display any object with optimal brightness and
contrast.3,19

Storage of volumes, rendered
images and image sequences
Long-term storage
3D/4D ultrasound gives us the capability to store vol-
umes, rendered images, 3D and 4D cine sequences
digitally. Today, various media are available for the
long-term storage of these volumes, such as removable
hard disks, magneto-optical disks and DVD.

When findings of interest are stored digitally on
non-degrading media, the examiner can retrieve the
volumes at any time and navigate through them in the
absence of the patient.7 This is of particular value in
the diagnosis of fetal anomalies, as it enables the
examiner to take the time to fully scrutinize equivocal
findings without upsetting the patient by lingering at

a particular site with the probe, which is often a problem
in conventional 2D examinations.3

Clinical applications
For the examination in the first trimester the trans-
vaginal 3D/4D probe is usually applied, and for the
second and third trimester examinations, the abdomi-
nal 3D/4D probe is used. If the fetus is in a cephalic
presentation the transvaginal 3D/4D probe can also be
used in the second or third trimester to assess the fetal
brain in a higher resolution.9,20

The advantage of all the different 3D/4D rendering
modes is that it is possible to visualize the normal
embryonic and fetal development at all stages.21–23

The first view of the fetal face has an important psy-
chological effect on the parents to whom the detailed
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Figure 33.10 VCI-A of the fetal heart (29 weeks). This
technique shows the same anatomical region as in the
2D ultrasound (upper left), but the contrast is better in VCI-A
(lower right).

Figure 33.11 VCI-C. This simple technique yields detailed
morphologic information of the plane perpendicular to the
marked green line in the conventional 2D plane. Here: 3D
information of the fetal chest in the tangenti view (20 weeks).

Figure 33.12 Multiplanar demonstration of a fetus with
increased nuchal translucency thickness of 6.2 mm (→) (11 + 4
weeks). Karyotype: trisomy 18. Upper left, precise midsagittal
scan; upper right, transverse scan at neck level; lower left,
coronal scan; lower right: surface view.
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images are much better recognizable than the 2D
pictures. With the use of glass body rendering (3D
and power Doppler) even the vascular system can be
observed by the parents.

For the sonographer, however, the detection of a
fetal malformation is of more importance.24–33 Despite
the fact that with conventional 2D ultrasound exami-
nations most of the fetal abnormalities can be detected
by the experienced examiner, 3D/4D ultrasound pro-
vides additional information, particularly for the
experienced examiner.7 3D ultrasonography can
depict many image planes that are inaccessible with

conventional 2D ultrasound. In the first trimester the
triplanar demonstration is particularly helpful in the
verification of a true midsagittal section, which is nec-
essary for an exact nuchal translucency (NT) meas-
urement (Figure 33.12).34–36 In NT demonstration and
measurement, the examination time can be dramati-
cally reduced, especially in case of an unfavorable
fetal position, and the quality of the requested image
can be improved.36

In the second and third trimesters the photo-realistic
surface view of the fetus offers interesting opportunities
for the detection of abnormalities, especially in subtle
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Figure 33.15 Surface-rendered view of a fetus with left-sided
hydrothorax at 30 weeks of gestation. The fetal chest has been
partly ‘removed’ with the electronic scalpel, displaying the
surface of the small left lung.

Figure 33.16 Glass body rendering (surface-rendered image)
of an AV canal (23 weeks). The combination of transparent mode
and power Doppler displays the defect in the valvular plane.

Figure 33.13 Surface-rendered view of a small cleft lip at the
right side (38 weeks).

Figure 33.14 Surface-rendered view of the left hand with
postaxial hexadactyly (←) (31 weeks).
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defects (Figures 33.13 and 33.14).24–33 In some cases it
is also possible to find defects that were not revealed
with conventional 2D ultrasound.7 In other cases the
surface mode can also provide impressive 3D images of
the inner fetal surfaces (Figure 33.15).

4D ultrasound provides an excellent real-time 3D
view of the fetus. With the STIC technique, even 4D
fetal echocardiography has become a reality. The
triplanar demonstration of the beating heart enables a
comprehensive assessment of the fetal heart morphol-
ogy including the great vessels. Due to the fact that the
volume can be rotated and resliced in all dimensions
even complex anomalies of the fetal heart can be

demonstrated precisely. The combination of STIC and
color Doppler allows an exact control of the cardiac
blood flow while the heart is in motion (Figure 33.16).

The interactive display in 3D/4D ultrasound is
particularly useful for the detection of specific abnor-
malities, making it possible to identify fetal surface
abnormalities and define the extent of a defect in all
dimensions. The same applies to the targeted exclu-
sion of fetal anomalies. Particularly in cases with an
increased recurrence risk, the various display options
of 3D/4D ultrasound provide a selective exclusion of
a fetal defect and parents can see for themselves that
the 3D surface image demonstrates a normal fetus.
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34 Ultrasound-guided fetal
invasive procedures:
current status
J. M. Troyano, M. Alvarez de la Rosa and I. Martinez-Wallin

Since the early 1980s various forms of fetal puncture
(fine needle aspiration) have been used for diagnostic
purposes.1–5 In the beginning, the only possible way
of entering the fetal environment was with the help
of a fetoscope, but the spectacular development of
ultrasonography has permitted the invasion of the
intrauterine environment using tools that are increas-
ingly safe, especially in the tighter sections. Needles
with improved characteristics have been developed
that are now being used in new biopsy techniques.3,6,7

Fetal puncture for diagnosis is technically possible,
provided it is done by adequately trained hands, but
the essential problem lies in establishing the correct
procedure, which is not quite defined yet.8

Technique generalization
Whatever the location of the fetal puncture, a certain
number of requirements are imperative.

(1) The operator must have sufficient working expe-
rience in invasive echography.

(2) The room should be fit to be used for surgery: it is
necessary to have an aseptic room for echographic
intervention. A sterile wrap is recommended for
the ultrasound probe. We use a surgical glove for
an airtight seal.

(3) The characteristics of the surgical equipment
used for obtaining samples are described in the
following.

As the tendency is to obtain samples with maxi-
mum diagnostic utility and minimal risk to the
integrity of the pregnancy, it is of utmost impor-
tance, with few exceptions, to use needles no
smaller than 18 g.

It is clear that the tools used will not always be
harmless. A simple example is the device still

used for skin biopsies for diagnosing some types
of genodermatosis, which consists of a pair of
clipper forceps measuring 2.5 mm in size.

These methods often require the use of an
anesthetic, and in some cases general anesthesia,
before incision of the maternal abdomen using a
scalpel and introduction of a guiding trocar
sheath of the thickness of a Verre’s needle.

The complications arising from the use of
2.5-mm-thick needles and the transabdomen for-
ceps method are similar to those of the fetoscope.
Further, the method itself is highly variable: a
great variety of needles of relatively small size
(18-g standard) are available, giving very good
biopsies, including samples of skin and samples
of visceral solid areas (Figure 34.1).2,7

Among the organs that are intrauterinally
reachable, the most difficult to sample, after the
skin, is the kidney, essentially due to the histo-
logical constitution of the parenchymal stratum.9

Only those samples that include the corti-
comedular stratum are considered satisfactory.
Getting such samples is affected by the fetal avail-
ability in respect of its intrauterine position, the dis-
tance and the interposed tissue to the kidney (skin,
muscle) and perirenal fat and the very capsule.

The use of a 14–16-g catheter with isometric
aspiration techniques with constant vacuum in
these cases allows us to obtain acceptable sam-
ples in 69–80% of all instances, while the use of
a 18–20-g catheter gives acceptable specimens
only in 25–30% of cases. This means that iso-
metric (fine needle) puncture–aspiration tech-
niques do not always offer the results hoped for
with solid organs, mainly the kidney; wider
catheters need to be used, which is far from the
‘harmless philosophy’ that should prevail in
these processes.
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For these cases and others that could occur,
depending on the tissue characteristics, the use
of equipment such as an aspiration biopsy set
yields cylindrical specimens of a maximum
length of 2–5mm. The set includes an 18-g
bisided trocar syringe in all its circumference,
acting as a circular blade, and a conical sheath
with vacuum suction embolous contriving
through its interior. It allows optimal safety con-
ditions and histological quality comparable with
those of the Tru-Cut method.

Of all the viscous solid organs within reach,
the one that offers the least problems is the liver.
Its spongy tissue constitution and its great size
and volume in the fetal abdomen allows optimal
accessibility and consequently offers samples in
practically 100% of cases, using a conventional
fine needle of 18–20 g.

The obtaining of muscle tissue samples pres-
ents one of the greatest difficulties due to the
topographic and anatomical characteristics of the
skeleton and the important motor innervation.
For this reason it is necessary to correctly select
the spot and the muscular area least susceptible
to the formation of indelible functional lesions.

The most accessible topographic areas are
the external faces of the thighs, but the vastus
externus muscle is technically more accessible
(Figure 34.2); it is a zone covered by the sub-
trochanteric fascia-lata descending in an oblique
direction toward the fetal femur, The use of
the sure cut system’s 18-g needle with vacuum
aspiration allows a success rate of over 75%.
Conventional spinal needles with complemen-
tary aspiration with a 50-cc syringe vacuum allow
us to obtain samples only with great difficulties.

When the puncture area has liquid characteris-
tics, the echographic view is wide ranged, allow-
ing a large field of action.

(4) In general, technically it is preferable to choose
the most direct route, avoiding any obstacles,
avoiding the placenta entirely if possible.

(5) Once the crucial point to puncture has been
determined, the needle should be introduced
within the field of view of the probe, frame by
frame, until the fetus is reached.

(6) It is recommended to locate the puncture point
approximately without making direct contact
with it in the first instance, and to determine the
angle of the needle at the chosen spot. It is of the
greatest importance to enter with a single sudden
jab to avoid sudden fetal jolts or movements.

(7) It is advisable in all free-hand fetal punctures for
the operator to take into account the dynamic
variations of the fetal position.

(8) For better manipulation, an assistant should be in
charge of carrying out the isometric aspiration
process at a prudent distance, approximately 1 m
away from the surgical table, placing a serum of the
same length between the needle and the syringe.

(9) Except in circumstances such as pericardic and
pleural overflow that need an operating time of
about 15–30 min, the procedure should be car-
ried out without any anesthesia.

Aspiration in cystic disorders will fundamentally ori-
entate the diagnosis. Aspiration on ovarian cysts is
only indicated in cases that are complex due to the
dynamic volume or due to rare structural types, with
the aim of therapy rather than diagnosis.

We take suspicious chylous collections only where
the presence of high lymphocyte concentrations gives

Figure 34.1 Different types of needles and system for fetal biopsy.
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a practically certain diagnosis and a genetic study is
possible in very few days, justifying this type of pro-
cedure (Figure 34.3).

Puncturing pericardic discharges has diagnostic as
well as therapeutic aims.

Among brain punctures, the most representative,
ventriculocentesis, allows us to carry out serological
marker studies in RCL, independent of any derived
therapeutic attitude, although the efficiency of the
derivative procedures in hydrocefalia is uncertain
(Figure 34.4).

Of all the structurally cystic processes, the obtain-
ing of fetal urine in dilated urological pathology has
the greatest diagnostic value. The biochemical analy-
sis of fetal urine allows us to distinguish irreversible
tubular lesions and normal renal function.

There is no doubt that the incorporation of biologi-
cal molecular techniques and DNA studies allows us

to establish in many of cases, alterations of any deter-
mined genetic locus10–13.

Occasionally, we may find that we do not have
enough material to base a prenatal diagnosis upon due
to a lack of family records of deceased relations. In
such cases the absence of this information constitutes
a serious obstacle to the diagnosis, as it must then be
based on only on a small corionic-villi, funicular or
amniotic sample.11,14

In such a situation sampling directly from the fetal
tissue is of special relevance for the diagnosis or for
ruling out any suspicion of family inheritance.

The taking of fetal samples by biopsy techniques is
justified only in cases when the prenatal diagnosis
of any specific pathological illness is not possible,
or is frankly difficult, using any of the existing con-
ventional techniques.

Liver biopsy
Technique
Fetal transabdominal aspiration-puncture using 18-g
needles with a conic catheter or spinal needles of the
same thickness with isometric vacuum aspiration
using a 50-cc syringe and serum system. Once intro-
duced into the fetal kidney, soft, brief inward–
outward movements should be made in the same
direction as the puncture.

The aspiration system should be extracted first and
the needle last to avoid contaminating any other
tissue. The spot to be punctured should be situated
between the belly button and the edge of the ribcage.
This fate is helped by the physiological hepatomegaly,
introducing the needle approximately 1 cm under
strict echographic monitoring. Preferably the external
third of the right lobe should be chosen as it offers
a minor principal vascularization; if not, the supra-
hepatic vessels should be avoided (Figure 34.5).

Figure 34.2 Subtrochanteric muscle biopsy: echographic
monitoring. The arrow indicates the puncture position oblique
to the fetal femur.

Figure 34.3 Cystic lynphangioma: percutaneous puncture
determines qualitative and genetic characteristics (lymphocytes).

Figure 34.4 Ventriculocentesis: obtaining cephaloraquideus
liquid determines the presence of viral bodies through
polymerase chain reaction.
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If the diagnosis being sought is histological, the
sample should be preserved in formaldehyde; if it is
enzymatic, the sample should then be sealed airtight
in carbonic snow.

The gestational age recommended is around
20 weeks, provided that the hepatic metabolism and
main enzymatic processes are well or are practically
established.

Indications
The indications are prenatal diagnosis, mainly of
enzymatic alterations and of lethal metabolic character-
istics.15,16

Deficiencies of ornitil transcarbamylase (OTC): This
mitochondrial enzyme of the urea cycle is synthesized
in the liver or the intestines. Sex-linked disorders tied
to the sex are revealed in the screening data of mothers
who have urine excretion of orotic acid.

Primary hyperoxaluria (PH): This is severe, charted
renal insuffiency of rapid evolution that is character-
ized by the presence of calcic oxalate deposits in the
renal tubule, microlithiasis and interstitial fibrosis.
The hepatic level is accompanied by a total absence
of alanine and inactivity of the catalytic gliosilate
aminotransferase and immunoreactive proteins. This
leads to death.

For diagnosis it is very important to have the pre-
vious family clinical history.

Carbamoyl phosphate synthetase deficiency: This
is an enzymatic defect of the urea cycle with recessive
autosomic inheritance.

Other autosomic recessive disorders may be
detected by means of hepatic biopsy, including the
following:

(1) Non-ketotic hyperglycinemia
(2) Prenatal diagnosis of infantile neuronal ceroid-
(3) lipofuscinosis

(4) Biliary atresia (type I cysts)
(5) Long-chain 3-hydroxyacyl-CoA dehydrogenase.17–20

Complications
Prenatal liver biopsy has a few risks at the tissue level,
due to its visceral characteristics. These risks are
derived from major vascular tears, which involve
great bleeding, resulting in fetal death. In our experi-
ence (seven prenatal punctures), we have observed no
complications (Table 34.1).

Fetal puncture in the evaluation
of renal status
The correction of a theoretic renal obstruction problem
is possible, in spite of the difficulties and risks that it
holds, even if in the majority of cases it is not neces-
sary. We should start by stating that an ultrasound

Figure 34.5 Liver biopsy: echographic monitoring and histological samples of fetal liver (19 weeks). Extramedullar hematopoietic
foci can be detected.

Table 34.1 Experience with seven prenatal punctures
for liver biopsy

Number of cases

Reasons for biopsy
OTC diseases in the same family 4
Previously affected brother 1
Mitochondrial respiratory deficit 1
Non-ketotic hyperglycinemia 1

Results
Prenatally confirmed diagnosis 2
of OTC deficiency
Prenatally non-confirmed diagnosis 1
with neonatal exitus by 
hyperammonemia
Prenatally confirmed as non-affected fetuses 4
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echography diagnosis of the obstructed renal pathology
does not necessarily imply an irreversible function alter-
ation. In this sense the amniotic volume can be used as
an indirect marker of the actual renal function, but this
does have the inconvenience that it includes the possi-
ble measuring of the intrinsic clearance function.

When taking into account the possibility of practicing
an intrauterine derived therapy, it must be noted that
this can only be justified in a fetus in whose kidneys
there has been no irreversible damage. However, this
makes it essential to establish a precise evaluation of
the renal function in order to adequately select those
fetuses that will benefit from prenatal therapy.

The most conflictive situation is renal dysplasia.
Fibrosis, dysplasia and cartilaginosis are found simul-
taneously in this condition, frequently associated
with corticomedular cysts, although not always so
(Figure 34.6).

Approximately 90% of all kidney dysplasias are
associated with dilated or obstructive disorders. It can
be remarked that in these cases any derived therapeu-
tic action is unnecessary.

High-resolution echography has become the lead-
ing kidney evaluation process; however, it does have
a few diagnostic limitations (Table 34.2).

In our experience the obstruction of a kidney with-
out visible cysts or hyperechos does not, however,
exclude dysplasia. This quite alarming fact occurs
approximately in 25–30% of all cases.8–21

From this we can deduce that echography on its
own cannot be used to diagnose all renal dysplasias,
and for this reason fetuses with pelvic dilation are
subsidiary of derived drainage.

A biochemical study of fetal urine is important data
for management of these fetuses. The composition of
the fetal urine stays constant, practically throughout
the pregnancy and with hypotonic characteristics.
This fact automatically demonstrates an optimal and
reliable renal function and in contrast iso- or hyper-
tonic urine indicates a deficiency in renal function
with an infastous prediction.

The biochemical markers that are closely related to
the renal function are defined by Na+, Cl– and osmotic
urine.

Another determining factor in the normal renal
clearance function derived from the near high reab-
sorbing tubular activity is establishing specific proxi-
mal tubular lesion selective markers.

These markers correspond to lysosomal proteins
exclusive of the proximate tubular structure and become
expressed by N-acetyl-D-glucosaminidase (NAG). Low
molecular weight proteins filtered by the glomerular
system and reabsorbed practically in their totality by
the proximal tube, if present in fetal urine and in the
amniotic fluid in large quantities (higher than 8 U/l), are
indicative of  tubular tissue destruction.

The detection of β-2 microglobuline would be inter-
preted in the same manner (Figures 34.7 and 34.8).

We found that the levels of biochemical markers are
significantly low in physiological urine in compari-
son with cases affected with irreversible renal disor-
der. The same outcome is found with the tissue
markers NAG and β-2 microglobuline (Table 34.3).

When we compare the relationship between the
ionic concentrations and the osmolarity (Na+ and Cl–)
of the fetal urine and those of the amniotic liquid, we
do not find significant differences between fetuses
with conserving and fetuses with pathological func-
tionalities. But comparing the levels of NAG and β-2
microglobuline, a significantly greater concentration
of the two markers has been observed in the amniotic
liquid of the affected fetuses (Tables 34.4 and 34.5).

The increase in concentration of NAG and β-2
microglobuline is possibly due to the cumulative
effect of the amniotic clearance mechanism.

Figure 34.6 Fibrocortical dysplasia associated with corticomedullar cyst and renomegaly.

Table 34.2 Fetal nephrouropathy. Echographic
prediction

Tissue marker Sensibility (%) Specificity (%)

Corticomedular cysts 70 100
Hyperecongenity 60 90
Hydronephrosis 75 70
Hydronephrosis +cysts 90 100
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Figure 34.7 Biochemical markers that have a close relation with a renal function are defined by the NA+, Cl– and osmotic urine
derived from the near high reabsorbing tubular activity. Fetal urine characteristics remain constant, practically throughout the
pregnancy, with hypotonic features.

Figure 34.8 A determining factor of a normal renal clearance function corresponds to lysosomal proteins exclusive of the proximate
tubular structure (NAG); if it is present in fetal urine and in the amniotic fluid in large quantities, it is indicative of tubular tissue
destruction. β-2 Microglobuline would be viewed similarly.
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This opens the field of study of nephrouropathies
through the determination of these and other parameters
in the amniotic liquid, without the need for an invasive
study of the fetal urine.21

The K+ and creatinine concentrations are different
in their predictive evaluation as there is a large clear-
ance effect in the placenta and great variability in its
ionic charge, which makes the potassium filtration
very dispersed; on the other hand, 90% of the K+ con-
centration is intracellular.8,21

In summary, we can venture in Table 34.6 a predic-
tion of renal viability in relation to the parameters
described, taking into account the fact that these
values are applicable to any gestational age.

Intrauterine determination of the characteristics of
fetal urine offers the possibility of absolute diagnosis
of normal renal clearance function.

Table 34.4 Physiological values: urine vs. amniotic liquid

Urine/amniotic liquid 18–20 weeks 20–30 weeks > 32 weeks

Na+ (mEq/ml) 42/137 42/140 47/140
Cl− (mEq/ml) 23/109 47/109 41/108
OsM (mOsm) 98/267 102/273 102/271
NAG (U/l) 2.0/3.6 2.7/3.62 2.0/4.69
β-2 Microglobuline (ml/l) 4.7/4.5 5.1/5.0 5.3/5.8
K+ (mEq/ml) 41/140
Creatinine (ml/l) 1.9/.6

Table 34.5 Pathological values: urine vs. amniotic liquid

Urine/amniotic liquid 18–20 weeks 20–30 weeks > 32 weeks

Na+ (mEq/ml) 120/132 126.4/140 139.6/140
Cl− (mEq/ml) 119/107 132.5/149 141/158
OsM (mOsm) 240/267 261.5/273 281/296
NAG (U/l) 18/16.9 25.83/20.34 25.73/20.8
β-2 Microglobuline (ml/l) 26/22.3 38.9/28.74 38.72/30.0
K+ (mEq/ml) 3.1/138 3.4/140.6 3.9/148
Creatinine (ml/l) 1.2/0.7 2.54/0.82 3.7/0.9

Table 34.6 Fetal urine: biochemical markers
applicable to any gestational age, echographic image
indications and amniotic liquid volume to determine
the renal function status

Prediction Bad Good

Echographic Hyperecongenity + Normal 
image cyst echography
Amniotic liquid Oligoamnios Normal
Fetal urine
Na+ > 100 mEq/ml < 100 mEq/ml
Cl− > 90 mEq/ml < 90 mEq/ml
Osmolarity > 210 < 210
NAG > 8 U/l < 8 U/l
β-2 Microglobuline > 4 mg/l < 4 mg/l
K+ Indifferent Indifferent

Table 34.3 Fetal urinary aspiration: pathological biochemical markers and their values

18–20 weeks 20–30 weeks > 32 weeks

Na+ (mEq/ml) 120.0 126.44 ±11.50 139.60
Cl− (mEq/ml) 119.0 132.50 ±7.18 141.00
OsM (mOsm) 240 261.50 ±24.20 281.00
NAG (U/l) 18.0 25.83 ±0.85 25.73
β–2 Microglobuline (ml/l) 26.0 38.97 ±1.30 38.72
K+ (mEq/ml) 3.1 3.41 ±0.66 3.90
Creatinine (ml/l) 1.2 2.54 ±0.83 3.70
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Urine aspiration puncture for diagnosis is techni-
cally feasible, using conventional 18-g spinal needles
having an aspiration system connected to a 20-cc
syringe. The way to approach this depends on the
fetal position available.

With the posterior back position we will not find
any great inconvenience in puncturing the bladder,
whilst for a lateral or anterior back position a nephro-
stomic aspiration is chosen (Figure 34.9).

In neither are there any noticeable complications,
at least in our experience.8,21

Nephrostomic aspiration allows us firstly to reevalu-
ate the echostructural characteristics of the expanded
kidney parenchyma and, secondly, as long as we
use the 16-g sure cut aspiration system, to carry out at
the same time a renal biopsy without any technical
difficulties.

For this, once the nephrostomic urine aspiration
has been carried out, without taking the needle out
move it toward the renal parenchyma and carry out
the aspiration with a swinging movement over the
corticomedular area.

Obtaining samples of 2-mm length is enough for
detection of the histological characteristics that define
a kidney dysplasia.8,9,21–23

However, once the technical problems involving
tissues have been solved, the use of 16-g catheters
from the aspiration biopsy set (Figure 34.3) allows
us to obtain samples in 65% of cases. If conventional
18-g catheters are used, samples are obtained in only
30% of the cases though they are safe (J. Troyano and
I. Donald, unpublished observations).

Skin biopsy
As already stated in the general section about fetal
biopsies, skin biopsy entails the most serious diffi-
culties in obtaining adequate or sufficient samples
that will allow correct histopathological diagnosis or
prediction.

The most important aspect is the obtaining of valid
samples; for this we need at least 1-mm strips of skin
and no smaller in surface area and that also include a
layer of the epithelial stratum, comprising conjunc-
tive areas and basal membrane. Only in this way can
an acceptable reading be obtained.24

The second aspect to be taken into account is the
surgical biopsy material. We have already indicated
previously that the use of 2.5-mm clipping tongs (for-
ceps/clippers), introduced into the amniotic environ-
ment using a trocar, will allow the obtaining of skin
samples in 100% of all cases, and it is true that the
residual skin lesions, and any pregnancy complica-
tions there may be, will not provide any noticeable
benefits in relation to the diagnostic data.

The use of conventional needles and isometric
aspiration, using the slice technique, which consists
in inserting the needle sideways over the skin and
making scratching or scraping movements, this will
allow us to obtain skin strips of optimum quality with
minimum damage to the integrity of the pregnancy
(Figure 34.10).25–28

The third aspect to consider is the place selected
for taking the sample, as depending on the disorder
that we aim to diagnose prenatally, the biopsy area

Figure 34.9 Aspirative nephrostomy: echographic monitoring.
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will be different. The same area of fetal skin wrap will
not always be valid or suit the purpose of the biopsy.

Technique
Skin samples should, if possible, be taken from differ-
ent areas of the fetus.

The pregnancy stage recommended for this is
around 20 weeks, as after this time, the pilose follicles
begin to develop and keratinization mechanisms set
it. A study of the elements involved in the keratiniza-
tion (keratohyalin and tonofibers), gives preliminary
indications of the disorder.

On the other hand, at this stage in the pregnancy
the dermoepidermal junction has definitively been
established, and the gradual rise of intercellular
desmosomes is a great help for the diagnosis of differ-
ent forms of epidermolysis.

The sequence should follow the following steps:

• Echographic monitoring
• If possible, the placenta must be avoided
• Take into consideration the fetal position as on

some occasions it will be necessary  to obtain sam-
ples from different skin areas

• Rigorous sterilization
• Optional local anesthesia, depending on the surgi-

cal timing
• Oblique needle incidence in the thickness and sur-

face of the skin, making a scraping or scratching
movement without pulling back

• Try to obtain at least 1-mm strips. The use of
vacuum needles allows the collection of various
fragments from the interior without the need for
withdrawing the needle

• Immediately, proceed to wash the samples in saline
serum for the histological staining and fixing
process or for electron microscopy analysis.

Indications
Indications are most frequently based on diagnosis of
some type of genodermatosis or congenital dermoepi-
dermic disorders, of dominant autosomic transmission

and recessive types, the majority being lethal in the
short or medium term.

These disorders can be classified as follows:

• Bullous epidermolysis: Fetuses with large blistered
areas that, once the blisters break, set off intensive
erosive zones with a fast loss of electrolytes are
affected6,10,29,30

• Anhidrotic ectodermic dysplasias: Recessive disor-
der linked to the sex. The fetuses are born without
pilose follicles, without any hair or sudoriparous
glands. They develop hyperthermic through disreg-
ulation and general dryness syndromes31

• Keratinization disorders: Also called collodion
baby syndrome, characterized by the appearance
of reptilian skin due to epidermic membranes that
are shed quickly. Severe and lethal dehydrating
disorders32,33

• Pigmentary atopies: Ocular syndromes with severe
intolerance to light and early or premature devel-
opment of skin cancers.31,34,35

The diagnostic problems faced with these dermatoses
are due to the development of a lesion which has dif-
ferent topographic origins, and so the need to select

Figure 34.11 Keratinization disorder.

Figure 34.10 Left: Skin biopsy in fetal abdomen, scratched sideways. Right: Mature histological cutaneous samples in which
keratohyalin and hemidesmosomes are detected.
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the puncture spot has to be in accordance with the
illness that one is trying to detect.

The diagnostic possibilities of skin biopsies are
summarized in Table 34.7.

It is essential to have an objective family history in
order to determine the biopsy spot.34,36,37

Table 34.7 Diagnoses possible from fetal skin biopsies

Keratinization disorders: The puncture spot is in the trunk and buttocks (Figure 34.11)
Harlequin fetus
Collodion baby
Sjögren–Larsson syndrome
Congenital icthyosis

Ampollous diseases: The puncture spot is in the waist, skin folds, abdomen and buttocks (Figure 34.12)
Herlitz ampollous junctional disease
Hallopeau–Siemens ampollous dermolytic disease
Inverse dystrophic ampollous disease
Cockayne–Touraine dystrophic ampollous disease

Pigmentary disorders: The puncture spot in the skin of the head (scalp) (Figure 34.13)
Negative tirosinase oculocutaneous albinism
Chediak-Higashi disease
Anhidrotic ectodermic disease

Figure 34.12 Ampollous disease.

Figure 34.14 Residual cutaneous lesion after biopsy with
clipper system.

Figure 34.13 Pigmentary disorder (scalp lesions).
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Complementary requirements
The study of the samples will be based on the ultra-
structural features stated previously. A great deal of
experience in fetal dermatology using electron
microscopy is required to make the diagnosis.

It is essential to have an objective family history
knowledge in order to determine the prenatal dermoepi-
dermic structural markers.

It is recommended that previous samples be main-
tained for use as a study bank.

Complications
Presently the tendency is to propose minimally inva-
sive techniques using conventional needles 7 (38).

The use of conventional needles does not pose
more risks than amniocentesis. On the other hand,
trocar techniques and 2.5-mm biopsy provoke around
5% of miscarriages due to iatrogenic amniorexis,
although some indelible fetal skin lesions have been
described similarly (Figure 34.14). This does not
occur in cases where the scalp technique is carried
out with the use of conventional needles.

Muscle biopsy
This is carried out preferably for prenatal diagnosis of
Duchenne’s muscular dystrophy (DMD), although it is
also possible to detect other hereditary myopathies as
long as there is some clinical family history of these
disorders.11,38,39

For the diagnosis of DMD, it is usual for DNA
analysis to be used. When the recombinations within
the DMD gene or the DNA analysis are not sufficiently
informative or if it is not clear from the family history
if there are possible carriers, direct examination of the
muscle and its analysis is the only way to give an
objective prenatal diagnosis.

The marker used is dystrophine; its determination
by means of immunofluorescence allows us to differ-
entiate the features of affected muscles from those of
the healthy ones. The absence of this protein from the

skeletal muscles is practically pathognomonic of
DMD11,14,39,40 (Figure 34.15).

At other times prenatal diagnosis of DMD may
be impossible when there is only one previously
affected male in the family, and there is no identifi-
able deletion.

The absence of dystrophine in a skeleton muscle, is
in itself sufficient for determination of screening of
the DMD. Nevertheless this diagnosis can be rein-
forced by detecting a rise in phosphocreatinkinase of
more than 10 times its normal value in fetal blood.

Among the possibilities that can reinforce a prena-
tal DMD diagnosis or prediction we have:

• Sex linked
• High values of phosphocreatinkinase
• Absence of dystrophine
• Degenerated muscle
• Fat infiltration
• Connective infiltration
• Nuclear and cellular morphological alterations

(Figure 34.16).

Figure 34.15 Subtrochanteric muscle biopsy: detection of dystrophine by immunofluorescence indicates healthy muscle.

Figure 34.16 DMD with degenerated muscle as an associated
sign: fat and connective infiltration, morphological cellular
alterations and leucocyte infiltration.
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Technique
Any skeletal muscle is suitable, preferably the external
face of one of the thighs or knuckles, avoiding topo-
graphic places with innervation or vital vasculariza-
tion; indelible functional lesions will thus be avoided.
The use of conventional 18-g needles or, even better,
the sure cut method that has been described previously
is preferred8,38,41–43 (Figure 34.2).

Subtrochanteric punctures are carried out in a
descending manner, as oblique as possible, orientated
toward the fetal femur (Figure 34.2).

The puncture success rate is 75%.
It is essential to determine muscle dystrophy by

immunoflourescence, being advisable but not deter-
mining the detection of phosphocreatinkinase and the
study of the muscular structure at a morphological
muscular level, fat and connective infiltration.

No complications are described.
The fetus may be studied using invasive tech-

niques. These techniques are only justified when
there are serious situations such as the possibility of
an inherited illness or there is any other disorder
detected during pregnancy; the need for diagnosis
through biopsy is particularly important in the latter.
Thoracocentesis, pericardiocentesis and other thora-
coabdominal punctures are primarily carried out for

therapy, and extracted material is studied for its
components.

Other punctures on fetal tumor formations (sacro-
coccygeal teratomas, solid cervical teratomas, etc.) or
liquid collections, such as pericariocentesis, do not
have an acceptable justification from a therapeutic or
diagnostic point of view, as echographic evaluation and
currently used biophysical methods (color Doppler
among these) give an acceptable identification of their
vascularization and origin, including suspicious neo-
plasms44,45 (A. Kurjak, unpublished data).

In agreement with our philosophy, we would like
to express this thought:

The fetus has been endowed by nature to con-
front several inconveniences provided by its
40 weeks of development. It is a real ‘Titan’ that
can face any adversity, and its adaptability is
exceptional.

Let us not disturb it!
Let us not invade its privacy aggressively!
Let us observe it minutely. When it needs us,
which generally happens in few occasions, it
will advise us; then let us help it.

J. M. Troyano-Luque (1993)
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35 The role of ultrasound
examination of the cervix
in pregnancy
P. Rozenberg and Y. Ville

Introduction
Preterm delivery is the main cause of perinatal mortal-
ity and morbidity.1 Its prevalence has been stable for
the last 20 years accounting for 5.9% and 11% of all
deliveries in France and in the USA, respectively.2–4

This is mainly due to poor therapeutic results and the
inadequacy of the diagnostic criteria for preterm labor.
Risk scoring for preterm birth has both low sensitivity
and positive predictive value.5–8 Only 15% of women
with a previous history of preterm delivery will do so
in a subsequent pregnancy.8 Routine digital cervical
examinations during pregnancy increase the risk for
admission in hospital without decreasing the inci-
dence of prematurity.9 In threatened preterm labor as
defined by painful contractions, cervical changes on
digital examination and frequency of contractions
both remain poor predictors of preterm delivery.10–13

Different strategies have been developed to refine
the risk of preterm delivery, including the use of
transvaginal sonography (TVS) to measure and exam-
ine the length and shape of the cervix. TVS has been
studied in three different populations: (1) sympto-
matic women with threatened preterm labor, i.e. regu-
lar and painful contractions together with changes on
digital examination of the cervix; (2) asymptomatic
women at high risk of delivering prematurely, as
defined by a history of preterm delivery, late miscar-
riage, conization, maternal exposure to diethylstilbe-
strol (DES) during fetal life, uterine malformation or a
current multiple pregnancy; and (3) asymptomatic
women without any relevant history.

Threatened preterm labor
The risk of preterm delivery is significantly associated
with two ultrasound features: shortening of the cervical
length and cervical wedging
Cervical length (CL) measured by TVS, < 20, < 25, or
< 30 mm, on admission had positive and negative

predictive values (PPV and NPV, respectively) of
100% and 72%, 70% and 82%, and 65% and 100%,
on preterm delivery, respectively. These patients
delivered preterm despite tocolytic therapy during
hospitalization.14 Thus, the risk of preterm delivery
is especially high in women whose CL on admission
is < 20 mm, whereas a CL ≥30 mm is reassuring.
Preterm delivery is also significantly associated with
the presence of cervical wedging together with a
short CL. This led to sensitivity, specificity, PPV,
and NPV of 100%, 74.5%, 59.4%, and 100%,
respectively.15

Ultrasound examination is more accurate than digital
examination of the cervix in preterm labor
In preterm labor with intact membranes, Gomez et
al.10 showed that despite cervical dilatation of < 3 cm,
CL and cervical wedging (P < 0.005) were highly pre-
dictive of preterm delivery, but digital examination of
the cervix (dilatation and effacement) failed to do so.
Survival analysis demonstrated a shorter admission-
to-delivery interval for patients with an abnormal CL
(P < 0.005). In preterm labor following completion
of a course of IV tocolysis, cervical sonography per-
formed better than digital examination to predict
delivery before 36 and even 34 weeks, with a best cut-
off of 30 mm on receiver operating characteristic
(ROC) curve analyses.11,16 The PPV and NPV were of
15% and 36%, and 97% and 100% in singleton and
twin pregnancies, respectively, when assessed at
between 23 and 33 weeks. When analyzed for deliv-
ery before 37 weeks, this held true for singletons but
not for twins.

The comparison of cervical fetal fibronectin (fFN) assay
and TVS of the cervix to predict preterm delivery
remains a controversial issue
We found that prediction performances of vaginal fFN
assay ≥50 ng/ml and of a CL of ≤26 mm in threatened
preterm labor at between 24 and 34 weeks were similar
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with a high NPV of 86.6% and 89.1%, respectively.17

The combination of both tests performed better with
an NPV of 94.4% but the positive predictive value
remained at around 50% although the odds ratio (OR)
for delivering before 34 weeks was high (13.9; 95% CI,
3.7–52.2).

Rizzo et al.18 reported that cervical fFN ≥60 ng/ml
performed better than the association of CL and the
presence of funneling on ultrasound. Furthermore, in
patients with cervical fFN ≥60 ng/ml a shorter admis-
sion-to-delivery interval was found in the presence of
an abnormal cervical index.

More recently, multiple logistic regression analysis
found that only positive fFN testing (OR 11.25, P =
0.005) and functional CL ≤20 mm (OR 8.18, P =0.027)
were independently associated with preterm deliv-
ery.19 In the group with CL of 20–31 mm positive fetal
fFN was found in 71.4% of patients delivered within
28 days and in 7.4% delivered after 28 days
(P =0.001). fFN testing could therefore be performed
only in patients with a short cervix to discriminate
further those at true high risk of prematurity, with
sensitivity, specificity, PPV, and NPV of 86%, 90%,
63%, and 97%, respectively, in predicting delivery
within 28 days.

Asymptomatic women at
high risk of preterm delivery
There are four types of clinical studies addressing
this issue: (1) observational studies examining the
natural course, (2) observational studies examining the
course of those treated with cervical cerclage, (3) non-
randomized interventional studies, and (4) randomized
interventional trials.

Observational studies of ultrasound features suggestive
of cervical incompetence
Three ultrasound features are suggestive of cervical
incompetence.

Dilatation of the internal os (IO) (Figure 35.1) was
the first ultrasound feature suggesting cervical incom-
petence and thus increased risk of preterm delivery.
Dilatation of the IO > 5 mm before 30 weeks’ gestation
is associated with preterm delivery in 33.3% vs. 3.5%
when the IO remained closed (P < 0.01). Digital cervi-
cal examination noted dilatation of the IO in only 10
of the 26 (38.5%) patients in whom ultrasound
showed cervical dilatation.20

Sacculation or prolapse of the membranes into a
shortening cervix (Figure 35.2), either spontaneous or
induced by transfundal pressure, can be seen even
when digital cervical examination shows a long and
closed cervix.21

Another study, in which ultrasound examinations
were performed at between 15 and 24 weeks, com-
pared three methods to detect cervical incompetence:
transfundal pressure, coughing, and standing.22 The
transfundal pressure was the most predictive (sensi-
tivity, specificity, PPV, and NPV of 83.3%; 97.2%;
88.2%; and 95.8%, respectively).

Shortening of the cervix in the absence of uterine
contractions is also suggestive of cervical incom-
petence. A CL < 10th percentile (22 mm) and funnel-
ing at the IO (Figure 35.3) at between 16 and 30 weeks
were associated with delivery within 2–4 weeks and
before 35 weeks [33% vs. 0 (P =0.01); 67% vs. 0%,
(P < 0.001); and 100% vs. 19%, P < 0.001, respec-
tively].23 Within this high-risk group, women with
medical or obstetrical complications (including mul-
tiple gestation and ruptured membranes), symptoms
of preterm labor, and history of incompetent cervix
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Figure 35.1 Dilatation of the IO. Figure 35.2 Sacculation of the membranes into the cervix.
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that required cerclage were excluded. A short cervix
or funneling beyond 20 weeks of gestation was also
associated with an increased risk of preterm delivery
before 35 weeks but not with an increased risk of
delivering within 2–4 weeks following TVS.

Prospective longitudinal evaluation of a large
cohort of 469 high-risk pregnancies by TVS and trans-
fundal pressure on 1265 occasions at between 15 and
24 weeks24 compared various sonographic cervical
parameters to predict spontaneous preterm birth. ROC
curve analysis showed that CL ≤25 mm alone performed
as well as a combination of risk factors, CL, funneling,
and transfundal pressure. The sensitivity for delivery at
< 28, < 30, < 32, and < 34 weeks’ gestation was 94%,
91%, 83%, and 76%, respectively, while the NPV was
99%, 99%, 98%, and 96%, respectively. Shortening of
CL at weekly assessment helps in differentiating cervi-
cal competence from cervical incompetence in high-risk
women (−0.3 vs. −4.1 mm/week; P< 0.001).25 Ultra-
sound diagnosis of cervical incompetence was defined
as progressive shortening of the endocervical canal to
20 mm or less before 24 weeks’ gestation.

In this high-risk group, CL < 25 mm by TVS of the
cervix performs better than CL <16 mm by digital cervi-
cal examination in assessing the risk of delivery before
35 weeks with relative risks of 4.8 and 2.0, respectively.26

In multiple pregnancies at between 24 and
28 weeks, a CL ≤25 mm by TVS was the best predic-
tor of preterm delivery before 32 weeks, before
35 weeks, and before 37 weeks.27 There is a continu-
ous increase of 5–17% and 80% for this risk with CL
shortening down to 40 and 20, and 8 mm, respec-
tively.28 CL of ≤20 mm seems to perform as well as
any combination of clinical and ultrasound features at
predicting preterm birth,29 whereas CL > 35 mm
before 26 weeks seems to accurately identify a sub-
group of twin pregnancies at low risk for premature
delivery (3–4%).30,31

Although series are smaller, the predictive value of
TVS of the cervix seems to hold true in triplets.32,33 CL
of ≤25 mm between 21 and 24 weeks’ gestation was
the best cutoff for the prediction of spontaneous
preterm birth < 28 weeks’ gestation (86%, 79%, 40%,
and 97% for sensitivity, specificity, PPV, and NPV,
respectively).34

Follow-up studies in cervical incompetence diagnosed
by TVS and treated by cerclage
It has been established that cervical cerclage is
followed by a measurable increase in CL (Figure 35.4).
This applies to both rescue cerclage35,36 and elective
procedures.35,37,38 However, the relation of this
increase with outcome is controversial and the longer
the precerclage CL the more likely a delivery near
term.39 The value of CL shortening following cerclage
is also controversial. A decrease of at least 10 mm is
significant to predict delivery before 36 weeks.36,37,40

However, this may not be significant when 34 weeks
is considered as a cutoff.38

The value of non-randomized interventional studies
based on ultrasound diagnosis of cervical incompetence
is controversial
TVS together with transfundal pressure can be used
in high-risk women to define cervical incompetence
at between 16 and 24 weeks whenever this causes
dilatation of the IO or protrusion of the membranes.41

Serial TVS suggests that evidence for cervical
incompetence can be established by 24 weeks.42 In
a retrospective analysis, Kurup and Goldkrand43

compared the outcome in three categories of cerclage:
elective cerclage indicated by the patient’s history,
ultrasound-indicated cerclage performed in asympto-
matic patients with cervical changes by ultrasound,
and rescue procedure performed in symptomatic

Asymptomatic women at high risk of preterm delivery 381

Figure 35.3 Funneling with shortening of the functional
cervical length.

Figure 35.4 Increase in cervicle length after cerclage is often
a temporary result.
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patients. This shows that the performance of ultrasound-
indicated cerclage in terms of preterm delivery rate
and gestational age at delivery was better than emer-
gency procedures. The benefit of cerclage in this
group is, however, uncertain when compared to elec-
tive cerclage on the basis of a relevant history.44,45

This, therefore, suggests that a new indication for
cerclage can be defined as cervical changes on serial
TVS in a high-risk group.

Randomized trials assessing ultrasound-based
indications for cerclage in high-risk women
There are two such randomized trials published and
their results are apparently contradictory. Althuisius
et al. studied patients with a history of delivery before
34 weeks with suspected cervical incompetence or
preterm rupture of membranes at < 32 weeks without
preceding contractions.46 In subsequent singleton preg-
nancies, they were randomized into two groups, with
a 1/2 ratio, for either prophylactic cerclage (n =23) or
a follow-up cervical TVS (n =44). In the follow-up
group, a CL < 25 mm before 27 weeks led to a second
randomization for either therapeutic cerclage or
expectant management. The obstetrical characteristics
of the prophylactic cerclage and observational groups
were similar. There was no significant difference in
the rate of delivery before 34 weeks (13.0% vs. 13.6%)
in these two groups. A CL < 25 mm before 27 weeks
was found in 18 (41%) patients in the observational
group with a mean CL of 18.2 ±5.9 mm at a mean ges-
tation of 19.1 ±2.9 weeks. The incidence of deliveries
< 34 weeks was significantly lower in the therapeutic
cerclage group when compared (1/10 vs. 5/8) with the
bed rest group (P =0.04).

There might therefore be a double benefit in per-
forming cerclage for ultrasound indication only among
asymptomatic patients at high risk:

• First, this would allow a significant reduction in
the amount of prophylactic cerclage. Indeed, in this
study, cerclage was performed in only 40% of the
cases.

• Second, therapeutic cerclage before 27 weeks may
reduce the incidence of premature delivery before
34 weeks among patients with a CL < 25 mm.

More recently, Althuisius et al.47 published the final
results of their trial on 35 women with definite risk
factors of cervical incompetence and shortening of
the cervix down to < 25 mm at before 27 weeks;
19 were allocated randomly to the cerclage group and
16 to the bed rest group. Both groups were compara-
ble for mean CL and mean gestational age at the time
of randomization. Preterm delivery before 34 weeks
was significantly more frequent in the bed rest group
than in the cerclage group (7 of 16 vs. none, respec-
tively; P =0.002). The compound neonatal morbidity,
defined as admission to the neonatal intensive care
unit or neonatal death, was significantly higher in the

bed rest group than in the cerclage group (8 of 16 vs.
1 of 19, respectively; P =0.005).

The other randomized trial by Rust et al.48 led to dif-
ferent conclusions but addressed a different popula-
tion. Screening in the general population and detecting
25% cervical funneling or CL < 25 mm at between 16
and 24 weeks were randomized into cerclage group or
expectant management by Rust et al. Except for the
cerclage, all patients were treated identically before
and after randomization. Cerclage did not affect the
perinatal outcome in any of the two trials.

Several differences between these studies47,48 may
explain these contradictory results. Low-risk patients
were screened for a short CL to be included in the
Rust trial. In Althuisius’, all but one patient had risk
factors for cervical incompetence.

The main difference is therefore the initial selection
of potential candidates. In the Rust trial, measurement
of the CL was performed in patients who had risk
factors for preterm birth. In Althuisius’ trial, it was
performed in patients who had risk factors for cervical
incompetence.

All three trials included patients with short CL,
which implies a high risk of preterm delivery but not
necessarily a high risk of cervical incompetence. Rust
et al. hypothesized that these ultrasonographic find-
ings of the cervix during the second trimester demon-
strate a potential final common pathway of multiple
pathophysiological processes, such as infection,
immunologically mediated inflammatory stimuli, and
subclinical abruptio placentae. This hypothesis is sup-
ported by a 14.8% incidence of abruptio placentae in
their study. Abruptio placentae were not found in any
of the women in Althuisius’ study. This difference in
the prevalence of abruptio placentae confirms that the
study populations in both trials are basically different.

TVS of the cervix in clinical trials in the general
population
There is a relation between the risk of preterm
delivery and the functional length of the cervix in the
general population. In a prospective multicenter obser-
vational study, Iams et al.49 performed TVS of the cervix
in women with a singleton pregnancy at 24 weeks
(n=2915) and 28 weeks (n=2531) of gestation. Delivery
before 35 weeks occurred in 126 (4.3%) of the 2915
patients examined at 24 weeks. CL was normally dis-
tributed at 24 weeks (35.2 ±8.3 mm) and at 28 weeks
(33.7 ±8.5 mm). The risk of preterm delivery was
inversely correlated with the length of the cervix.

Heath et al.50 measured CL by TVS at 23 weeks
in 2567 singleton pregnancies in women attending
routine antenatal care. The risk for delivery at
32 weeks decreased from 78% at a CL of 5 mm to
4% at 15 mm and 0.5% at 50 mm.

To et al.51 measured the CL in 6819 singleton pregnan-
cies at 22–24 weeks and looked for the presence of
funneling to evaluate possible additional risk. Funneling
of the IO was present in about 4% of pregnancies and
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the prevalence decreased from 98% when the CL was
15 mm to less than 1% at lengths > 30 mm. The rate of
preterm delivery was 6.9% in those with funneling
compared to 0.7% in those without funneling
(P < 0.0001). However, logistic regression analysis
demonstrated that funneling did not provide a signifi-
cant additional contribution to CL in the prediction of
spontaneous delivery before 33 weeks.

Taipale et al. and Hassan et al.52,53 confirmed the rela-
tion between the risk of preterm delivery and the func-
tional length of the cervix but showed the limitations of
this screening method in the general population. Indeed
routine TVS of the cervix performed between 18 and 22
weeks helped to identify patients at risk of preterm
delivery; nonetheless, the low prevalence of preterm
births in these populations (2–3%) at low obstetrical
risk is a limitation to the development of such a method
of screening, which would bring either a high false-pos-
itive rate if the cutoff is 29 mm (3.6%) or a low sensitiv-
ity if the cutoff is 15 mm (8.2%).52,53

Non-randomized interventional studies among
patients in whom ultrasound images are suggestive of
a shortened cervix reported encouraging results.54 CL
was ≤15 mm in 1.6% of the cases at 23 weeks in an
unselected population of singleton pregnancies.54 The
attending physician decided upon performing a cer-
clage or expectant management. The two groups did
not differ in ethnic or obstetrical characteristics. The
median CL was 10 mm in both groups. In the cerclage
group, the prevalence of preterm delivery before 32
weeks was 5%, whereas it was 52% in the expectant
management group.

There is one randomized trial among patients with
ultrasound images suggestive of cervical incompetence
that was initiated following the results of Heath’s study.
To et al.50 chose a cutoff CL of < 15 mm at 23 weeks in
the general population, with an overall low incidence of
preterm deliveries. In their study, CL was the measured
indicator. Randomization into cerclage or expectant
management did not lead to any difference in the mean
maternal age or in neonatal morbidity.

Conclusion
TVS of the cervix is an objective evaluation of cer-
vical biometry as well as an anatomical survey look-
ing for funneling and protrusion of the membranes

through the cervix. Dynamic functional examination
of the cervix evaluates the changes in the IO in
response to uterine contractions or transfundal pres-
sure. It has the advantage of screening for dilatation
of the IO even when the external os is unchanged.
Similarly, it enables early detection of shortening of
the supravaginal portion of the cervix, which is not
amenable to clinical examination. We can hope that
this early diagnosis will improve the efficacy of
tocolytics.

TVS is a more discriminant approach than digital
examination of the cervix in terms of both PPV and
NPV. Among high-risk symptomatic patients (threat-
ened preterm delivery), the data in the literature are
sufficient to justify the systematic use of TVS for a
more accurate evaluation of the risk of preterm deliv-
ery before any decision of hospital admission.

Cervical ultrasound may also be useful in selecting
patients with complete or partial cervical incompe-
tence among asymptomatic women at high risk (his-
tory of preterm delivery, late miscarriage, conization,
maternal DES treatment, uterine malformation, or a
current multiple pregnancy). Among asymptomatic
patients at high risk, progressive cervical incom-
petence may be a primary uterine condition that
could trigger premature labor. Looking for funneling
or protrusion of the membranes into the cervix is
therefore extremely useful. In their absence, cervical
incompetence should be sought by transfundal pres-
sure. Compared with a single cervical measurement
at 16–18 weeks and 6 days’ gestation, serial measure-
ments up to 23 weeks 6 days significantly improved
the prediction of spontaneous preterm birth.21,25,66 A
shortened cervix, although non-specific and rarely
observed in the absence of uterine contractions, could
also be the only warning of cervical incompetence. On
the basis of Guzman’s studies, ultrasound surveil-
lance of such patients should begin by the 15th week.

In the general population, TVS of the cervix should
be a useful complement to ultrasound examination
performed at 22–24 weeks of gestation and help
clinicians to better identify patients at low risk of
preterm delivery (NPV =96.7% and PPV =47.6%).53

High-risk patients as defined by short CL or the
presence of cervical funneling could benefit from
weekly cervical ultrasound assessment in order to
define further intervention including cerclage,
tocolytics, and steroids injection for lung maturation.

Conclusion 383
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36 Labor and puerperium
A. Mulic-Lutvica and O. Axelsson

Labor
There is no doubt that labor is a dangerous period of
our life and may result in birth-related disorders.
Preterm and postdate deliveries, multiple gestations,
preterm rupture of the membranes, intrauterine
growth disturbances, breech presentations and intra-
partum bleeding are associated with considerable
perinatal morbidity and mortality. Healthy newborns
with expected good quality of life are the main goal of
modern obstetrics. Numerous different methods have
been developed to achieve this goal. One of the most
widely used is without doubt ultrasound. Although
the value of ultrasound in antenatal care is well estab-
lished, it is surprising that the clinical knowledge of
its advantages during the intrapartum or postpartum
period is sparse. Nowadays, however, it is becoming
increasingly common for obstetricians to use bedside
ultrasound and to have ultrasound equipment per-
manently available in labor and delivery suites. By
means of an ultrasound admission test, a selection of
high-risk patients should be made. The uterus with its
contents, including the fetus, placenta, umbilical cord
and amniotic fluid, as well as the cervix, can be
assessed in detail by ultrasound (Figure 36.1). Even
the maternal pelvis has become the subject of growing
interest among sonographers. Ultrasound can also be
useful during the performance of some obstetrical
procedures including external version of a breech
fetus, intrapartum twin management, or manual or
instrumental placental evacuation as well as for con-
firmation of an empty uterus after the completed pro-
cedure. Intrapartum ultrasound imaging is difficult
due to discomfort in women caused by pain, supine
hypotension and loss of the ‘acoustic window’ after
rupture of the membranes, low station of the present-
ing part and lack of appropriate ultrasound equip-
ment in the labor and delivery suite as well as
inadequately trained examiners.1–3

Ultrasound admission test
Laboring women with inadequate or no prenatal care
should be carefully examined with ultrasound when
arriving at the labor and delivery unit.

Diagnosis of fetal life or death
Ultrasound diagnosis of fetal life or death is simple,
prompt and accurate. The fetal heart should be iden-
tified and the absence of fetal heart motion by real-
time ultrasound and/or color Doppler implies fetal
death. A completely quiescent fetus without body or
breathing movements is an additional sign of fetal
death. If the fetus has been dead for several days, the
ultrasound signs of fetal death are oligohydramnios,
overlapping skull bones, hyperflexion of the spine
and the presence of hydrops.

Fetal number
The presence of two separate heads, two spines
and two heart motions is enough to identify a twin
pregnancy. However, it is rare but not impossible to
miss a multiple gestation even by ultrasound in a
busy labor and delivery room, and especially if one
of the fetuses is dead. Moreover, as the number of
fetuses increases, the accuracy of intrapartum ultra-
sound diagnosis decreases. One of the possible expla-
nations may be crowding and shadowing of one
fetus by another, which creates a very confusing
ultrasound image. Therefore, a thorough systematic
approach should be adopted. All quadrants of the
uterus must be explored in order to avoid missing
a multiple gestation. Furthermore, ultrasound can be
used to estimate the amount of amniotic fluid, and
to give information on fetal presentation, growth dis-
cordance, signs of hydrops and fetal malformations.
A correct intrapartum diagnosis and painstaking
management of delivery with the assistance of ultra-
sound are essential for an optimal outcome in cases
with multiple gestations.

Fetal presentation
The presenting part of the fetus, be it head, breech,
shoulder or compound presentation, can be simply
and accurately diagnosed by ultrasound. It should
always be done before labor induction, cesarean
sections, preterm deliveries, deliveries of multiple
gestations and in cases of planned vaginal deliveries
after previous cesarean sections.
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Placenta location
Intrapartum vaginal bleeding and transverse lie are
diagnoses in which ultrasound can be of assistance to
confirm or rule out placenta previa or low-lying pla-
centa. Prior to cesarean delivery, ultrasound can be an
aid to locate the placenta and help to decide the type
of uterine incision.

Intrapartum assessment of amniotic fluid
Ultrasound has made it possible to assess the amount
of amniotic fluid. Several semiquantitative methods
for evaluation of amniotic fluid volume, such as the
largest vertical pocket and amniotic fluid index (AFI),
have been published. A single largest vertical pocket
of < 2 cm was labeled as oligohydramnios and a
pocket of > 8 cm as hydramnios. Phelan and cowork-
ers4 described a four-quadrant method to measure the
amount of amniotic fluid. A value of AFI < 5 cm was
designated as oligohydramnios and a value of
AFI > 24 cm as polyhydramnios. The umbilical cord
and fetal limbs should be excluded from the meas-
urement.4–6 Since its introduction in clinical praxis,
AFI has been widely accepted as an accurate method
to estimate amniotic fluid volume. In antepartum sur-
veillance, an AFI < 5 cm was considered to be associ-
ated with an increased risk of adverse pregnancy
outcome and cesarean section for fetal distress.7–9

Likewise, an intrapartum AFI < 5 cm was considered
to be associated with neonatal metabolic acidosis.5,10

Premature rupture of membranes, growth deficiency,
postdate pregnancy and fetal renal anomalies are
related to a reduced amount of amniotic fluid. A
marked reduction in amniotic fluid increases the risk
of cord compression and fetal death during labor,
especially in postdate pregnancies.6 Oligohydramnios
in early labor should alert the obstetrician, and it is
recommended that careful intrapartum surveillance
be used. However, in the past several years AFI
has been questioned as the appropriate method of
defining oligohydramnios. Results from randomized
trials showed that the use of AFI compared with the
largest vertical pocket was associated with a signifi-
cantly higher rate of suspected oligohydramnios.11

The use of the test may increase interventions without
improving neonatal outcome.11,12 A meta-analysis of
42 reports found only one study that correlated intra-
partum AFI with the rate of umbilical arterial pH
< 7.00.13

Moreover, Moses14 showed in a randomized study
of 499 pregnancies that neither the AFI nor the single-
pocket technique that was undertaken as a fetal
admission test intrapartum identified a pregnancy
that was at risk of an adverse outcome. As regards
amnioinfusion for umbilical cord compression, in a

Figure 36.1 Potential use of intrapartum ultrasound.
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systematic review of 12 studies it appears to reduce
the occurrence of variable decelerations, lower the
use of cesarean section for suspected fetal distress
and is associated with a reduction in puerperal
infection.15–17 Amnioinfusion can also reduce the
incidence of meconium aspiration.17,18 Hofmeyr18

performed a systematic review of two studies of
285 women related to prophylactic vs. therapeutic
amnioinfusion for oligohydramnios in labor. There is
no advantage of prophylactic amnioinfusion over
therapeutic amnioinfusion carried out only when
fetal heart rate (FHR) decelerations or thick meco-
nium staining of the liquor occurred.18 Likewise, in
one study of 66 women serial amnioinfusion for
preterm rupture of membranes did not detect signifi-
cant differences concerning cesarean section rate, low
Apgar score or neonatal death rate. The author does
not recommend the use of serial amnioinfusion for
preterm rupture of membranes.19 Ultrasound may be
useful to monitor this procedure.

Fetal malformations
Preterm labor, breech presentations and multiple gesta-
tions imply an increased risk of fetal malformations.
Ultrasound can be used to look for fetal malformations
in these clinical situations. The detection of an unsus-
pected fetal malformation may change the obstetrical
management.20 Anencephaly or infantile polycystic
kidneys have a dismal prognosis, and cesarean section
should be avoided on fetal indications. The vaginal
probe and a diagnostic amnioinfusion may permit a
definitive diagnosis of bilateral renal agenesis or Potter
syndrome with severe oligohydramnios. That diagnosis
is not possible with the poorer resolution of the trans-
abdominal (TA) approach.21 In addition, color Doppler
ultrasonography is useful to demonstrate the presence
or absence of renal arteries. Diaphragmatic hernia as
well as some structural or functional abnormalities of
the fetal heart may require prompt surgical or medical
treatment after delivery, so an accurate diagnosis
before delivery is a prerequisite for appropriate neona-
tal management. Conjoined twins or sacrococcygeal
teratoma may cause soft tissue dystocia, and cesarean
section should be advised. In addition, ultrasound
detection of a severe fetal malformation in preterm
labor can exclude the need for tocolytic therapy.

Estimation of fetal weight
Accurate knowledge of fetal weight in early labor is
important. Many clinical situations in an acute care
setting require quick decision making, often based on
estimated birth weight. Intrauterine growth retarda-
tion, preterm labor, post-term gestations, suspicion of
macrosomia and twin and breech presentations are
some of the clinical situations in which prediction of
fetal weight may influence the management decision.
Clinical estimation of fetal weight by abdominal
palpation may be highly inaccurate, especially in the

extremes of fetal size.22,23 Since the introduction of
ultrasound in obstetrics, a variety of equations using
biparietal diameter (BPD), head circumference (HC),
abdominal diameter (AD), abdominal circumference
(AC) and femur length (FL) have been evaluated to
find the most accurate way to predict fetal weight.
It is now generally accepted that ultrasound esti-
mation of fetal weight is more reliable than clinical
estimation. Ultrasound has contributed to an improve-
ment in estimation of birth weight,22–26,29–31 although
a few reports have questioned its accuracy.27,28 The
accuracy of ultrasound estimation of fetal weight
is ±10–15%. To avoid errors caused by a low station of
the fetal head and molding or dolichocephaly in
breech presentations, formulas based on FL and AC or
adjusting BPD using cephalic index or HC should
be used intrapartum.24,25,29–32 In spite of inherent diffi-
culties, the accuracy of intrapartum estimations of
fetal weights performed by the house staff in a busy
labor and delivery unit is comparable to that reported
by more experienced examiners.24,25 Furthermore,
Pattersson24 found that amniotic fluid volume, cervi-
cal dilatation or station of the fetal head did not influ-
ence the accuracy of intrapartum estimation of fetal
weight.

Fetal well-being during labor

The biophysical profile (BPP)
Several methods for assessing the fetal well-being
and identifying a fetus at risk of intrauterine death
or injury have been evaluated. Manning33,34 originally
described the BPP. The ability to see the fetus, its activ-
ities and environment yielded the concept of the ‘fetus
as a patient’. The four components included in the BPP
based on ultrasound parameters are fetal breathing
movements, fetal body movements, fetal tone and AFI.
A reassuring BPP score of > 8 confers a high probabil-
ity of perinatal survival, and it accurately predicts
antepartum umbilical venous pH.34,35 FHR and fetal
body movements are the most sensitive indicators of
impending asphyxia antepartum. Oligohydramnios is
associated with chronic fetal stress, and the absence of
fetal body movements is predictive of impending fetal
demise.34 As labor progresses, a decrease in the fetal
motor activity is a normal finding.36,37 Fetal apnea is
also a normal phenomenon during labor and has no
adverse prognostic significance.37 Sasson et al.38 did
not find a correlation between the intrapartum BPP
and umbilical pH. Chua and coworkers39 tried to
select the best screening test to identify fetal compro-
mise during labor. They concluded that women in
early labor with an equivocal admission test should be
assessed by an additional test like AFI, umbilical
artery Doppler or vibroacustic stimulation, which
might be of some help to detect a fetus with an
increased risk of adverse outcome. Although observa-
tional studies33–35,40 found that BPP score gives the best
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prediction of both acute and chronic fetal compromise,
a systematic review of RCTs (four studies of 2849
patients) do not support the use of the BPP as a test of
fetal well-being in high-risk pregnancies.41 However,
the power of these studies is not strong enough to
prove that the BPP score is without value.42 Kim
et al.40 has recently found that cessation of any ultra-
sound component of BPP intrapartum significantly
increased the risk of cesarean delivery and admission
to the neonatal intensive care unit.

Intrapartum Doppler
Antepartum Doppler studies have shown an associa-
tion between Doppler velocimetry and fetal well-
being,43 and the use of Doppler for antepartum
surveillance in high-risk pregnancies can significantly
reduce perinatal mortality in these cases.43–46 The first
intrapartum Doppler studies were performed with
continuous and pulsed wave Doppler. Later, color
Doppler and the transvaginal (TV) approach came into
use. The most commonly examined vessels are the
umbilical artery, uterine artery, fetal middle cerebral
artery and aorta. There are three semiquantitative
parameters that evaluate velocity waveform: pulsatility
index (PI), resistance index (RI) and systolic/diastolic
ratio (S/D). Uterine contractions, fetal breathing move-
ments and frequent alterations in maternal position
during painful contractions, as well as engagement
of the fetal head in the bony pelvis, may make it diffi-
cult to get intrapartum Doppler signals.47 Fairlie and
colleagues48 have, however, shown that the repro-
ducibility of umbilical artery Doppler recordings during
labor was comparable to the corresponding repro-
ducibility from antepartum recordings. There is no
significant change in the umbilical artery resistance
during normal labor.47–50 Neither amniotomy nor
oxytocin infusion changes the umbilical artery resis-
tence.48 Likewise, epidural block with enough replace-
ment has no negative effect on the S/D ratio.51

Although Feinkind and coworkers52 found that intra-
partum screening with Doppler was sensitive enough
to identify the fetus at risk of poor perinatal outcome,
its use as a labor admission test is uncertain. At least
two studies observed that intrapartum umbilical artery
Doppler velocimetry is not a good predictor of fetal
distress among unselected patients.53,54

Only in a high-risk population has a correlation
been observed between the umbilical S/D ratio and
umbilical cord pH.48,52 The intrapartum umbilical
artery S/D ratio might be of help in differentiating
between variable decelerations caused by hypoxia
or by mechanical occlusion.55 It can also distin-
guish between true- and false-positive intrapartum
late decelerations.56 In the uterine arteries and their
branches, a markedly reduced blood flow during nor-
mal labor has been noticed by several investiga-
tors.47,49,51 Apart from intrauterine growth retardation
and pre-eclampsia, preterm labor is also associated
with a significantly higher uterine artery S/D ratio,

probably due to decidual vascular abnormalities.51

The few studies on fetal aortal blood flow have shown
decreased flow during labor if intrapartum analgesia
with pethidine and with a paracervical block were
used.47,57 In cases with no analgesia or with epidural
blocks, an increased intrapartum fetal aortic blood
flow was noted.57 Doppler studies of fetal cerebral
blood flow in labor may help to explain the patho-
physiology of intrapartum asphyxia. Published data
are, however, considerably controversial.58–62 The
aims of future investigations should be to elucidate
the possible factors influencing the waveform pattern
and the possible reasons for discrepancy in current
reports.

Term and preterm premature rupture of the membranes
(PROM, PPROM)
In cases of PROM, ultrasound assessment may be
of diagnostic help in the labor and delivery unit. The
amniotic fluid volume assessment, BPP and cervix
status are ultrasound parameters of importance for
evaluation of fetal well-being as well as for estimation
of the conditions for induction of labor. To look for
evidence of subclinical infection, a diagnostic amnio-
centesis may be performed. In patients with PROM, it
has been shown that the overall BPP of the healthy
fetus is not altered.63,64 The most important para-
meters to evaluate fetal well-being are the amount of
amniotic fluid and fetal breathing movements. Thus,
PROM with severe oligohydramnios is accompanied
by variable decelerations due to cord compression,
an increased risk of metabolic acidosis, chorioam-
nionitis and a higher rate of cesarean section.9,63–65 It
seems that FHR alone and BPP are poor predictors
of intrauterine infection. In a prospective study of
225 pregnancies complicated by PPROM with deliv-
ery between 24 and 32 weeks’ gestation, AFI < 5 cm
was the only significant risk factor independently
associated with early-onset neonatal sepsis and
chorioamnionitis.66 Nowak also concluded that oligo-
hydramnios might be associated with increased risk
of chorioamnionitis.67 While Vintzileos68 recom-
mended frequent estimation of the BPP as a simple
test to predict the fetus at risk of developing sepsis,
and questioned amniocentesis as a method to detect
the fetus at risk of infection, Yoon69 found amniotic
fluid white blood cell count to be the best predictor
of positive amniotic fluid culture, histological and
clinical chorioamnionitis and neonatal morbidity. In
a review of 12 studies, Hofmeyr found that amnioin-
fusion to prevent infection in women with mem-
branes ruptured for more than 6 h was associated with
a reduction in puerperal infection.19 Amnioinfusion
for umbilical cord compression in labor reduced
FHR decelerations, cesarean section for suspected
fetal distress, neonatal hospital stay > 3 days and
maternal hospital stay > 3 days.15 The assessment
of fetal age, weight and presentation is important
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when determining optimal management. Tsoi et al.70

studied 101 women presented with preterm prelabor
amniorrhexis. He measured cervix length by TV
ultrasound and concluded that prediction of delivery
within 7 days is provided by cervical length, gestation
and presence of contractions at presentations.

Threatened preterm labor
More than 70% of the women presenting with
threatened preterm labor do not progress to active
labor and delivery. When confronted with a potential
of preterm labor, ultrasound evaluation can provide
important information, such as gestational age, fetal
weight, presentation, BPP and the status of the cervix.
Doppler velocimetry can detect cases associated with
uteroplacental impairment. Severe fetal malformations
and placental abruption should be excluded prior to
the institution of tocolytic therapy. Gestational age
and birth weight are the most important predictors of
neonatal survival. None of the various formulas for
estimation of fetal weight seems to have superiority
when applied to preterm labor.71 In very-low-birth
weight fetuses, ultrasound estimation of fetal weight is
very accurate and correlates with neonatal survival.72

Fetal presentation can drastically change the delivery
management. The value of the BPP to predict impend-
ing preterm delivery has been studied.73 The indivi-
dual biophysical parameters, especially fetal tone rather
than the total score, demonstrate a strong relationship
with the time interval to delivery.74 It has been shown
that the presence or absence of fetal breathing move-
ments might be helpful in differentiating between true
and false preterm labor.73 Rising fetal prostaglandin
levels during either term or preterm labor affect the
fetal respiratory center, and provide a possible expla-
nation for the cessation of fetal breathing movements
during labor.75,76 A recently published systematic
review regarding the accuracy of absence of fetal breath-
ing movements in predicting preterm birth confirmed
that the absence of fetal breathing has the potential to
be a useful test in predicting preterm birth both within
7 days and within 48 h of testing.77 Future research is
needed.

Cervical sonography allows determination of
cervical length, funneling, the cervical index (funnel
length +1/endocervical length), originally described
by Andersen and colleagues,78 and dynamic changes
in cervical anatomy.79 With the TV approach, errors
due to a low presenting part, maternal obesity or
an overdistended bladder can be avoided.80 The
transperineal or translabial approach is a good alter-
native for departments where vaginal probes are not
available in the labor and delivery suite. Prolapse of
the amniotic sac through a dilated internal cervical os
can also be observed and has been described as the
‘hourglass membranes’.81

Although ultrasound assessment of the cervix
seemed to be better than digital examination to

predict preterm delivery,78–83 qualitative analysis of
nine studies using a cervical length cutoff of
18–30 mm showed that TV ultrasound assessment
of cervical dilatation or length has poor predictive
value.84 The sensitivity for predicting preterm birth
varied from 68% to 100% and the specificity ranged
from 54% to 90%. In the most recently published stud-
ies of women with threatened preterm labor, cervical
length cutoff of <15 mm seemed to have a higher prob-
ability to predict preterm delivery within 7 days.85,86

Thus, sonographic measurement of cervical length
helps to distinguish between true and false labor and
to avoid overdiagnosis of preterm labor.85,86

Intrapartum vaginal bleeding
Two major clinical causes of vaginal intrapartum bleed-
ing, which may require ultrasound expertise, are pla-
centa previa and placental abruption. The TA approach
may result in high false-positive (2–7%) and false-
negative (2–8%) rates for placenta previa, depending
on the time of scanning.87,88 An overdistended bladder,
maternal obesity, the posterior location of the placenta,
the presence of fresh blood clots and an acoustic
shadowing from the fetal head are the factors that make
the diagnosis of placenta previa difficult. Considerable
improvement has been achieved by TV ultrasound,
where a false-positive rate of 1% and a false-negative
rate of 2% have been observed.87 The focal zone of the
vaginal probe is 2–8 cm, which provides optimal imag-
ing of the internal os. It is enough to insert the probe at
a distance of 2 cm remote from the external os to avoid
severe bleeding.

Tan et al.89 studied the role of TV sonography in the
diagnosis of placenta previa and performed TV sonog-
raphy in 70 women diagnosed to have placenta previa
by TA sonography. The diagnostic accuracy of the TV
approach was 92.8%, compared with 75.7% for the
TA route. They concluded that TV sonographic local-
ization of the placenta is superior to the TA approach
for types 1 and 2 placenta previa, but no better for
types 3 and 4. TV color Doppler seems promising
in the diagnosis of placenta previa accreta.90,91 The
ultrasound appearance of placental abruption can vary.
A high false-negative rate is a problem. The normal
anechoic retroplacental area with signs of venous
flow identified by pulsed Doppler should not be
interpreted as a placental abruption.92 Nyberg et al.93

reported results of 57 cases of placental abruption,
retrospectively reviewed. The location of the hemor-
rhage was subchorionic in 81%, retroplacental in
16% and preplacental in 4% of the cases. The fetal
mortality rate was 20% with a placental abruption
including 20% of the placenta. The ultrasound
findings varied with the size and location of the
hematoma, as well as with the time of the sonogram.
Furthermore, the risk of fetal demise was greater
in retroplacental and preplacental cases than in
cases with subchorionic hematoma. In most of the
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cases with clinically suspected abruption, ultrasound
findings are negative.94 It is likely that the free passage
of blood through the cervical os prevented the forma-
tion of a hematoma large enough to be visualized.95

An acute hemorrhage is usually hyperechoic to iso-
echoic, and then gradually becomes anechoic during
the following 1–2 weeks.95,96 Rivera et al.97 suggest
that the use of ultrasound and non-stress testing in the
expectant management of placental abruption could
result in a decrease in maternal and perinatal mortal-
ity and morbidity. It must, however, be remembered
that a negative ultrasound finding should not post-
pone essential treatment when there is a clinical sus-
picion of placental abruption.

Dystocia in early and late labor
Dystocia – poor progress of labor – is one of the
leading indications for operative delivery, and it
has previously been shown that mechanical problems
in labor are responsible for a great number of all
cesarean sections.98 Cephalopelvic disproportion
should be suspected in cases with an unengaged fetal
head during labor, or in women with previous
cesarean section due to dystocia. Efforts have been
made to establish ultrasound diagnostic criteria to
estimate cephalopelvic disproportion during early
labor, based on results from ultrasound determination
of the true conjugate and the transverse diameter of
the pelvic inlet before labor.99,100 This requires, how-
ever, special equipment and considerable expertise.
Dystocia in late labor can be caused by persistent
occiput position. Clinical evaluation of the position of
the fetal head by digital palpation is sometimes uncer-
tain and inaccurate due to scalp edema, which causes
difficulties in recognition of the sutures and the
fontanelles. Akmal et al.101 studied the accuracy of
intrapartum routine digital examination in defining
the position of the fetal head and found that digital
examination during labor failed to identify the correct
fetal position in the majority of 496 cases. Likewise,
he found among 64 women that digital examination
during instrumental delivery failed to identify the
correct fetal head position in 26.6% of cases.102

Ultrasound diagnosis of persistent occiput posterior
position is simple, by visualization of the facial bones
and orbits anteriorly and the spine posteriorly. In con-
trast, persistent occiput anterior position is confirmed
when the facial bones and orbits are placed posteri-
orly and the spine anteriorly. The risk of cesarean
section can be estimated during the early stage of active
labor by the sonographically determined occiput
position.103 Rayburn et al.104 studied 86 patients with
arrested labor and showed that intrapartum ultra-
sound significantly improved the diagnosis of per-
sistent occiput position, and could be of help in the
management of delivery. Chou105 confirmed this
recently. If midpelvic forceps or vacuum extraction is
to be performed, precise knowledge of the position of

the fetal head is mandatory; a more proper forceps
application and proper axis of traction may then be
applied. Persistent occiput anterior position associ-
ated with labor dystocia is indicative of fetal macro-
somia, and shoulder dystocia can be expected.104

A new method to assess the descent of the fetal head
in labor with transperineal ultrasound has been pre-
sented.106 Head deflection may cause either a brow or
a face presentation and then an abnormally broad
diameter makes the passage through the maternal
pelvis difficult. Such head deflection can be detected
by ultrasound. Clinically, face presentation can be
mistaken for breech presentation, especially if there is
facial edema. Ultrasound examination can accurately
exclude such an unpleasant surprise in the delivery
unit. Knowledge of the position of the mentum ante-
rior and occiput posterior is mandatory for allowing
vaginal delivery in cases with face presentation, and
this can be confirmed by ultrasound. With a brow
presentation, engagement of the fetal head and deliv-
ery usually cannot take place if it persists. The brow
presentation can, however, be converted to either a
vertex or face presentation to allow vaginal deliv-
ery.107 With a transverse lie during early labor, the
position of the head and back as well as the location
of the placenta should be identified before an external
version or a cesarean section is undertaken. When the
back is anterior, the risk of cord prolapse is greater.
Information obtained from ultrasound can facilitate
the performance of the cesarean section.

Breech presentation
A recently published review of RCTs concerning the
preferred method of delivery for breech at term,
showed that cesarean delivery occurred in 550/1227
(45%) of those women allocated to a vaginal delivery
protocol.108 Perinatal mortality and morbidity was
greatly reduced in the planned cesarean section group
(RR �0.31, 95% CI 0.19–0.52). Reviewers concluded
that planned cesarean section for breech at term
should be the preferred method of delivery. Result of
this review has considerably influenced obstetrical
praxis regarding the delivery mode for breech at term.

Nowadays, there is enough evidence that external
cephalic version reduces not only breech presenta-
tion at delivery, but also cesarean section rate.109

Ultrasound may be of help during an external version
of a breech fetus at term. Ferguson et al.110 performed
successful external version in 11 of 15 women at
term who presented in active labor. In contrast, a
review of three RCTs of 889 women shows that exter-
nal cephalic version (ECV) is not useful in preterm
breech presentations.111 However, if ECV fails and
vaginal breech delivery is the patient’s preference or
if a breech presentation is diagnosed during early
labor, a thorough and targeted ultrasound evaluation
should be performed. Valuable information that can
be obtained by ultrasound includes:
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(1) type of breech (frank, complete or footling)
(2) estimated birth weight
(3) amniotic fluid volume assessment
(4) placental location (rule out placenta previa)
(5) rule out malformations (anencephaly, infantile

polycystic kidneys).

Additional information that substantially influences
the decision making can also be obtained by ultra-
sound, i.e.:

(1) fetal head position (hyperextension)
(2) nuchal or extended arm
(3) nuchal cord
(4) cord presentation
(5) cephalopelvic disproportion.

The gold standard for evaluation of the maternal
pelvis has long been x-ray pelvimetry. This technique
can expose both fetus and mother to possible long-
term radiation hazards.107 Rojansky et al.99 proposed
a simple ultrasound method for diagnosis of hyper-
extension of the fetal head by measurement of the
cranio-spinal angle, and a method to measure the
obstetrical conjugate by TA ultrasound. He studied
72 laboring women with breech presentations and
performed both traditional x-ray and ultrasound eval-
uation of the head position, type of breech and pelvic
adequacy. A highly significant correlation between
the two methods was demonstrated. He suggests
that the ultrasound approach is reliable and may
replace the x-ray method in management of breech
presentation in labor. Although similar suggestions
have been proposed previously,100,112,113 sonographic
pelvimetry has not yet become a routine praxis.

Ultrasound indications for cesarean sections,
according to Rojansky, are: a cranio-spinal angle of
150°, an obstetrical conjugate of <10 cm and certain
non-frank breech presentations. Ballas et al.114 suggest
that hyperextension of the fetal head (angle > 90�)
that was present on radiographic assessment should
be a contraindication to labor. Among 20 babies
reported to have an angle > 90°, 8 of 11 delivered vagi-
nally sustained cervical cord lesions. The nine babies
delivered by cesarean section had no cervical damage.
Sherer115 suggests an additional indication for abdom-
inal delivery, namely ‘nuchal arm’ (extension of an
arm behind the fetal head). This condition can be
diagnosed by ultrasound. He pointed out that nuchal
arm is a cause of severe birth trauma, and can result
in persistent Erb’s palsy, torticollis and convulsions.
Ultrasound can identify a nuchal cord with single or
multiple coils, although its clinical value is still con-
troversial.116 Lange et al.117 defined cord presentation
as the finding on ultrasound of loops of the umbilical
cord below the fetal body and occupying the lower
segment. Estimation of birth weight should be
performed in patients with breech presentations, who
prefer vaginal delivery; weights between 2000 and

4000 g are reasonable limits within which a trial of
labor can be permitted.118,119 When fetal weight is
estimated in breech presentations, dolichocephaly
should be identified by the cephalic index, and cor-
rections made for this. For the purpose of avoiding
errors due to dolichocephaly, formulas based on FL,
AD or AC should be used.31,32

Intrapartum management of multiple gestations
Ultrasound is an indispensable diagnostic tool for
intrapartum management of multiple gestations.
Presentations and estimated weights are most impor-
tant when deciding on the mode and route of delivery.
Estimation of fetal weight in twin gestations during
labor seems to be reliable regardless of presenta-
tion, gestational age or the presence of discordant
twins.120,121 The general goal is vaginal delivery unless
the presenting twin is lying non-longitudinally. A
retrospective study comparing neonatal morbidity in
term twins delivered by cesarean section with vaginal
delivery found that neonatal respiratory disorders
were significantly more common in the first group.122

In vertex/vertex twins, vaginal deliveries are most
often planned. It has to be remembered, however,
that in about 20% of the cases, the second twin
will change position once the first is delivered.123

Therefore, ultrasound assessment should always be
performed after delivery of the presenting twin, so
that a transverse lie can be turned into a longitudinal
lie.123–126 Moreover, ultrasound should be used to
assess the FHR of the second twin, and may be of help
if a suddenly compromised second twin needs a swift
delivery by internal version and extraction. The same
maneuver should be done if external version of the
second twin to longitudinal lie fails. If there is a vertex/
non-vertex presentation, the ultrasonic estimated
birth weight will be of vital importance when decid-
ing on the route of delivery. Estimated birth weights
between 2000 and 4000 g can be allowed for breech
deliveries,124 provided there is a pelvic adequacy, no
substantial growth discordance, no cord presenta-
tions, nuchal cord, extended arm or head deflection.
A retrospective study of 408 twin deliveries showed
that external cephalic version of the second twin and
subsequent vaginal delivery in vertex/non-vertex was
successful in 75% of the cases. Internal podalic ver-
sion and assisted breech delivery was performed in
20 cases and the remaining two were delivered by
cesarean section. Apgar scores were not significantly
different among the various groups and no complica-
tions arouse from external cephalic version performed
on the second non-vertex twin.127

Induction of labor
Pre-eclampsia, intrauterine growth retardation, postdate
pregnancies and diabetic pregnancies are common
causes of labor induction. In postdate pregnancies, the
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presence of severe oligohydramnios, fetal macrosomia
and unfavorable cervix can be revealed by ultrasound.
Bishop128 originally described evaluation of the cervix
before induction of labor by digital vaginal examina-
tion. The results of numerous studies concerning the
evaluation of the cervix by ultrasound are contra-
dicting.129–136 An unfavorable cervix results in failed
induction in 3–5% of the cases. A careful evaluation
of the cervix before induction of labor may help to
avoid complications, such as failed inductions, lead-
ing to cesarean section. Since the introduction of TV
ultrasound cervicometry, it has been possible to assess
the cervical status more objectively, and our ability to
predict the course of labor seemed to be improved.129

A sagittal section of the cervix can be seen between the
anterior anechogenic bladder and echogenic rectum.
Although the cervical length and dilatation can be
objectively measured by ultrasound, the consistency
of the cervix can be assessed only by digital vaginal
examination. Therefore, a combination of digital
examination and vaginal ultrasound assessment was
recommended. The Bishop score would seem to be
the best and most cost-effective method to assess the
cervix and predict the likelihood of success of labor
induction and the duration of such an induction.
It seems that TV ultrasound does not predict success-
ful labor induction in post-term pregnancy as well as
digital cervical examination.130 Reis et al.131 obtained
similar results concerning induction at term. They
found ultrasound measurement of the cervix and
fibronectin test failed to predict accurately the out-
come of induced labor. Digital examination and obstet-
ric history were the only variables independently
associated with labor duration and predicted accu-
rately vaginal delivery within 24 h. Roman et al.137

showed that neither the Bishop score nor the cervical
length by ultrasound was a good predictor for the
outcome of labor induction in an unfavorable cervix.
In contrast, recently published studies as regards the
value of ultrasound in the prediction of successful
induction of labor found sonographic parameters
(cervical length, occipital position posterior, cervical
angle) superior to the Bishop score.132,133 The same
authors studied induction of labor for prolonged
pregnancy and found cervical length and parity to be
significant independent prediction of the likelihood of
cesarean section, prediction of induction to delivery
interval and the likelihood of vaginal delivery within
24 h of induction.134,135 In postdate pregnancies or dia-
betic pregnancies, fetal macrosomia should be ruled
out since large-for-date infants have an increased risk
of traumatic birth injury.136–138 Formulas based on FL
and AC has the best correlation with actual birth
weight in macrosomia.139 Great efforts have been made
to diminish the number of cases of shoulder dystocia,
which is a nightmare for the obstetrician.140–143 A cut-
off value of 1.4 cm for the difference between the chest
diameter and BPD143 or 2.6 cm for the difference
between AD and BPD144 can be helpful in estimating

the risk of shoulder dystocia, and can thus be helpful
in deciding the appropriate route of delivery. The fetal
subcutaneous tissue/FL ratio is an additional gesta-
tional age-independent parameter for the intrapartum
identification of a macrosomic fetus.145 Vaginal birth
after cesarean section has been advocated as a safe
method to reduce the increasing cesarean section
rate.146 Prior to a trial of labor, the myometrial thick-
ness in the area of the prior cesarean scar can be exam-
ined by ultrasound. It has been shown that defects in
the lower uterine segment or abnormal uterine thick-
ness can be visualized by ultrasound.148

Third stage of labor
Herman et al.149 investigated the third stage of labor
by dynamic ultrasound. They showed that, immedi-
ately after delivery of the fetus, the placenta-free uter-
ine wall became thick and the uterine wall at the site
of the placenta remained thin. As soon as the contrac-
tion phase began, the wall behind the placenta con-
tracted gradually and only when it attained its final
thickness did the placenta detach. No hematoma was
observed between the placenta and the uterine wall.
Ultrasound during the third stage of labor can help
clarify whether the placenta has already detached or
still is adherent to the uterine wall. Directly after the
delivery of the placenta, the uterine cavity is visual-
ized as a thin bright central line. Krapp et al.91 have
shown that the disappearance of blood flow between
the basal part of the placenta and the myometrium is
the hallmark of normal placental separation: persist-
ent blood flow due to abnormal vascular connections
is suggestive of placenta accreta. Although this
method can be helpful in making an early diagnosis
and thus preventing heavy postpartum hemorrhage by
early manual removal of the placenta, the clinical
application is of limiting value due to the lack of
appropriate ultrasound equipment at delivery suites.

Intrapartum uterine rupture
The actual site of uterine rupture is usually difficult
to visualize by ultrasound.150 Indirect ultrasound
signs of uterine rupture are retroperitoneal hematoma
and free peritoneal blood, most often localized in
the cul-de-sac, the paracolic gutters or the subdia-
phragmatic areas.151,152 Sometimes, an extruded fetus
or placenta can be seen. Although the clinical signs
and symptoms of uterine rupture are most important,
the use of ultrasound may be of additional aid in diag-
nosing this dangerous complication.

Puerperium
Normal ultrasound appearance of the postpartum uterus
The puerperium is defined as the period of 6–8
weeks after birth during which the reproductive
tract anatomically and physiologically returns to the
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non-pregnant state. When faced with puerperal abnor-
malities, it is useful to know the normal ultrasound
appearance, and the dynamic changes of the uterus
during the puerperium, to better distinguish patho-
logical from normal conditions. The involution
changes concerning the size, shape and position of the
uterus, as well as the appearance of the uterine cavity,
can be evaluated by ultrasound.153–160 In the early
puerperium, TA ultrasound examinations are to be
recommended. The woman should have a moderately
filled urinary bladder. Gentle compression with the
probe should be used and measurements should be
made between uterine contractions to avoid uterine
distortion. During the middle or late puerperal period,
the TV approach is preferable. Color Doppler161–163

and TV duplex Doppler164 with high resolution have
made it possible to study the vascular changes of
the uterine involution non-invasively, and these
methods have improved our ability to recognize puer-
peral abnormalities. The puerperal uterus should be
assessed in sagittal, coronal and transverse sections
(Figures 36.2 and 36.3). The coronal section is prefer-
able for investigation of uterine malformations. Some
ultrasound pictures are typical for the puerperium
(Figures 36.4 and 36.6).165 The involution of the
uterus is a dynamic process that has no parallel in
normal adult life. The uterine dimensions and the
uterine cavity diminish progressively and substan-
tially during the puerperium. There are two physio-
logical lifesaving processes occurring soon after
placenta delivery: thrombotamponade (enhanced
blood clotting activity) and myotamponade (compres-
sion of the vessels by myometrial contraction). The
appearance of ultrasound finding during early puer-
perium reflects these physiological changes. The
normal shape of the uterus in the sagittal plane during
the first postpartum days has been described as a
‘hockey stick’,166 or a ‘crescent’156 (Figures 36.4a and
36.6a). This form of the uterus is typical only in the
early puerperium and it is artificial. An extremely
high degree of uterine deformability is caused by a
heavy uterine corpus, a hypotonic lower uterine seg-
ment and supine position of the examined woman. In
the second postpartum week, the shape changes and
becomes more globular. The position of the uterus
also changes. In the early period the uterus arches
over the sacral promontory in a retroverted position.
Wachsberg et al.166 pointed out the importance of this
uterine angulation and its effect on the measurements
of uterine length. The uterus rotates (Figure 36.5)
along its internal cervical os and in the majority of
women it achieves an anteverted position in the
beginning of the second postpartum week. This posi-
tion is then retained. In only a few women does the
uterus return to a retroverted position at the end
of puerperium.165 Concomitantly with the changes
in dimension, shape and position of the uterus,
the uterine cavity goes through a marked process of
involution. During the first three postpartum days,

Figure 36.3 TA ultrasound scans of a normal puerperal uterus
on day 1: a longitudinal scan (a), a coronal scan (b) and a
transverse scan (c).
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Figure 36.2 Three standard sections of the puerperal uterus: a
longitudinal (a), a coronal (b) and a transverse (c).

Kurjak-36.qxd  5/9/2006  11:50 AM  Page 394



lifesaving uterine contraction approaches the anterior
and posterior uterine walls and just virtual cavity
appears. It is empty and decidua appears as a thin
white line from the fundus to the level of the internal
cervical os (Figure 36.6a). Sometimes this line can be
irregular and thicker, which probably depends on
the amount of retained decidua. The separation of
the placenta and membranes generally occurs in the
spongy layer; however, the level varies. Already in
1931, Williams wrote concerning the line of separa-
tion of the placenta and membranes: ‘While separa-
tion generally occurs in the spongy layer, the line is
very irregular so that in places a thick layer of decidua
is retained, in others only a few layers of cells remain,
while in still others the muscularis is practically
bare’.167 The variation in the sonographic appearance
of the cavity could be seen as a demonstration of these
physiological variations in the retained decidua. The
thin white line seen on ultrasound might possibly
represent cases in which only the basal decidual layer
is retained or if the muscularis is practically bare
(Figure 36.6a), whereas the thicker and more irregular
lines might represent cases with retention of the more
spongy decidual layer and perhaps fragments of mem-
branes. It is unusual to find a collection of fluid or any
echogenic masses in the upper part of the cavity at
that time. In the lower uterine segment, however, a
collection of fluid with mixed echo patterns is almost
always present. It comprises blood clots and probably
small fragments of retained membranes.165,166,168,169 This
finding has no clinical significance and the mass is
usually expelled spontaneously. Small echogenic or
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Figure 36.4 The normal ultrasound appearance of the
uterus and uterine cavity during the puerperium. TA approach:
(a) during the first 3 days postpartum, a ‘hockey stick’-shaped
retroverted uterus with an empty cavity in the upper part and
fluid collection with mixed echo pattern in the lower uterine
segment; (b) on days 7–14 postpartum, the uterus is oval-shaped
and anteverted with fluid/mixed echo in the whole uterine
cavity. TV approach: (c) 4 weeks postpartum, the size of the
uterus is considerably diminished; the cavity is empty and is
seen as a thin central line; (d) 8 weeks postpartum, the
involution process is complete and the uterus has achieved non-
pregnant dimensions and appearance.

Figure 36.5 The normal rotation process of the uterus during the puerperium. The uterus usually rotates about 100–180° and
changes its position from retroverted to an anteverted position during the involution period.
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echolucent dots in the cavity are harmless physiolog-
ical findings.168 In contrast, Sokol et al.170 found in
16 of 40 women echogenic material in the uterine
cavity within 48 h after normal vaginal delivery. On
the posterior wall of the uterus, the prominent uterine
vascular channels are regularly seen.160 From days
7–14, endometrial fluid can be seen in the whole cavity,
not only in the lower segment (Figure 36.6b and c).
Moreover, echogenic and non-echogenic areas are
seen in the whole uterine cavity, probably comprising
a mixture of blood, blood clots and offcasts of necrotic
decidua (Figure 36.6c). The diameter of the cavity in
the upper part of the uterus may then be quite wide,
which reflects a normal healing process of the placen-
tal site inside the uterine cavity, necrotic changes of
retained decidua and an abundant shedding of lochia.
In contrast, Edwards et al.171 found an echogenic mass
in a great proportion of normal puerperal women. At
4 weeks postpartum, the uterus is again empty and
the uterine cavity is seen as a thin central line (Figure
36.6d). Sometimes, a small amount of fluid can be

seen. By 8 weeks’ postpartum, the involution process
is complete, and the uterus has non-pregnant dimen-
sions. It lies in an anteverted position in 88% of the
cases.165 In 12% of cases, the uterus has a retroverted
position corresponding well to the normal prevalence
of retroversion of the uterus in the general population.
Decidua and necrotic vessel ends are exfoliated, the
placental site is recovered and a new endometrium is
regenerated from the basal layer of the decidua adja-
cent to the myometrium. In 1953, Sharman performed
endometrium biopsies and identified fully restored
endometrium from the 16th postpartum day.172 Ultra-
sonically, the cavity appears as a thin white line. This
corresponds to an inactive endometrium and reflects
the hypoestrogenic state of the puerperium (the phys-
iologic menopause). It is not common to find fluid or
echogenic masses in the uterine cavity at that time.
There are conflicting data about the presence of gas in
the uterine cavity during the normal puerperium.
Previous studies have suggested a correlation between
gas and endometritis caused by Escherichia coli or
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Figure 36.6 The normal ultrasound appearance of the postpartum uterus, TA approach (a, b, c) and TV approach (d). (a) On the first
postpartum day the uterus has a hockey stick shape, a retroverted position and a thin endometrium. Prominent vascular channels are
seen in the posterior myometrial wall. (b) One week postpartum, pure fluid is seen in the uterine cavity. (c) Two weeks’ postpartum,
the uterus has an oval shape, an anteverted position and a heterogenous pattern is seen in the whole uterine cavity. (d) Four weeks
postpartum, the uterus is considerably diminished in size. It is empty and the uterine cavity is seen as a thin line.
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Clostridium perfringens.159,173 These conditions are,
however, nowadays very rare. Wachsberg and Kurtz174

detected gas in the uterine cavity in 21% of the nor-
mal population, and suggested that gas in the uterine
cavity did not necessarily indicate endometritis, but
could be considered as a normal finding. Other inves-
tigators have not been able to confirm this.165,168,169

Whether or not a small amount of gas is seen in the
uterine cavity has, however, no clinical significance.
Lavery and Shaw160 described the prominent uterine
vascular channels in the normal early postpartum
period. With color Doppler, a venous blood flow
could be demonstrated, which usually disappears
during the second and third postpartum weeks.
Besides conventional ultrasound, Doppler technology
is used to study hemodynamic events occurring
during the puerperium.161–164,175,176 Normal pregnancy
requires the growth of many new vessels. Conse-
quently, during puerperium dramatically regressive
changes occur. The physiological destruction of the
uterus involves not only muscle cells and decidua but
also arteries. Tekay161 and Kirkiinen162 assessed the
peripheral vascular resistance of the uterine arteries
in the postpartum period and found that the PI
value started to increase in the early puerperium,
remained unchanged during the next 6 weeks and
finally increased to reach the non-pregnant values
about 3 months after delivery. The prediastolic notch
is also detected in the early puerperium and these
hemodynamic changes can be partly explained by the
immediate contraction of the uterus.161,162 Fluid col-
lections in the fossa of Douglas are not a common find-
ing during the puerperium.165,169

Retained placental tissue
Retained placental tissue in the uterine cavity post-
partum is associated with a high risk of excessive
bleeding, either immediate or delayed. Immediate
postpartum bleeding requires urgent management;
manual evacuation of the uterine cavity is warranted.
Ultrasound can be a valuable aid to confirm an empty
uterine cavity after the evacuation by demonstrating
the easily visible bright echogenic linear echo in the
middle part of the uterus. Delayed postpartum hem-
orrhage occurs in about 1–2% of cases. It is most often
the result of abnormal involution of the placenta site
in the uterine cavity and endometritis, but it may be
caused by retention of placental tissue. In developed
countries, one-half of the postpartum women who are
admitted to hospital with this condition undergo uter-
ine surgical evacuation. In developing countries, it is
the major contributor to maternal death.177 Two etio-
logical factors were identified as risk factors, namely
primary postpartum hemorrhage and a history of
manual removal of a retained placenta. Uterus curet-
tage was performed in 63% of cases. Histological con-
firmation of the residual placental tissue was obtained
in 37% following ultrasound diagnosis and in 33%

without previous ultrasound examination. The decision
whether to perform uterine evacuation for retained
placental tissue depends on both the clinical finding
and the ability to visualize retained placenta by
ultrasound. Although prompt curettage seems to be
necessary in many cases, it usually does not remove
identifiable placental tissue.178 Moreover, it is more
likely to traumatize the implantation site and induce
more bleeding. Consequently, the rate of complica-
tions is high. Hoveyda et al.179 reported in his review
regarding secondary postpartum hemorrhage that the
frequency of perforation of the uterus was 3% and
hysterectomy about 1%. Alexander et al.177 identified
45 papers on the management of women with
secondary postpartum hemorrhage and they con-
cluded that no information was available from ran-
domized trials to inform the management of women
with this condition. Since curettage in the postpartum
period can be dangerous, it is of great value to have a
tool that can diagnose retained placental tissue. Many
conflicting data exist about the ultrasound appear-
ance of retained placenta tissue. The first studies
were performed with old static ultrasound equip-
ment.154,173,180 They described various ultrasound
images of retained placental tissue, and the rate
of false-positive diagnosis was high. Despite the
markedly improved imaging possibilities in the
1990s, confirmation or exclusion of retained placental
tissue is still difficult.163,164,168,169,173,179,180–182 We can-
not expect the same ultrasound picture during the
early (Figure 36.8a) and late periods (Figure 36.7b)
of the puerperium. The ultrasound appearance of
retained placental tissue may vary depending on the
presence of different kinds of intrauterine contents.
Necrotic decidua, blood, blood clots and inflamma-
tory necrotic changes may essentially influence the
ultrasound image. Nevertheless, the most common
finding associated with retained placental tissue is
an echogenic mass164,168,169,180–181 (Figures 36.7a and
36.8a). In contrast, Edwards et al.171 found in his
study an echogenic mass on day 7 in 51% of normal
cases, in 21% on day 14 and in 6% on day 21. He
questioned the ultrasound finding of an echogenic
mass in the uterine cavity as a sign of retained pla-
cental tissue. The definition of an echogenic mass was
not specified. Even Sokol et al.170 found ‘echogenic
material’ in 40% of cases during 48 h after normal
delivery. However, echogenic material was localized
in the lower uterine segment in 14 of 16 women. On
the other hand, ultrasound appears as a valuable tool
to confirm an empty cavity. Lee and Mandrazzo173

found an empty cavity in 20 of 27 patients with
late puerperal bleeding. In only one case was retained
placental tissue confirmed. The same authors
reported that histological confirmation was obtained
in eight of nine patients with ultrasound-suspected
retained placental tissue. If the ultrasound finding
shows an empty uterus with a thin white decidua/
endometrium, pure endometrial fluid or only small
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echolucent or hyperechogenic dots, a clinically
significant amount of retained placental tissue is
unlikely.164,165,168,169 Patients with persistent dysfunc-
tional postpartum bleeding are highly suspected of
having retained placental tissue, and they often show
a typical ultrasound image with a ‘stippled pattern’ of
scattered hyperechogenic foci168 (Figure 36.7b). Later
on, the retained placental tissue becomes increas-
ingly echogenic and the scattered appearance disap-
pears168 (Figure 36.8c). A heterogenous pattern may
cause confusion since retained placental tissue and
necrotic decidua with organized blood clots can give
similar images during the first or second postpartum
week. Neil et al.182 compared ultrasound with clinical
assessment for the diagnosis of retained placental
tissue related to secondary postpartum hemorrhage.
They concluded that both clinical assessment and
ultrasound scan have limited diagnostic accuracy.
TA two-dimensional imaging alone is not specific
enough. TV ultrasound has been advocated164

with the use of a high-frequency (6.5 MHz) TV probe

to better differentiate between retained placental
tissue and blood clots mixed with necrotic decidua.
TV pulsed and color Doppler are promising non-
invasive methods to improve the diagnostic accu-
racy of ultrasound concerning retained placental
tissue.161–163 Achiron et al.164 looked at the myome-
trial arterial blood flow around intracavitary contents
and found that patients with an RI below 0.35 had
residual tissue (Figure 36.8b). These patients are suit-
able for invasive treatment. An RI above 0.45 should
exclude diagnosis. Values between 0.35 and 0.45 were
designated as a ‘gray zone’. These patients could be
treated conservatively with repeated ultrasound
examinations, and curettage should be performed only
if conservative treatment failed. Alcazar et al.175 found
an RI value < 0.45 to be suggestive of retained pla-
cental tissue. We observed easily detectable flow,
always on the side of the circumscript echogenic
mass, which was histologically proven to be retained
placental tissue (Figures 36.7a and 36.8a). It may be
speculated that this highly vascularized area is
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Figure 36.7 Puerperal abnormalities as seen by the TV (a,b) or TA (c,d) approach. (a) Retained placental tissue is seen as an
echogenic mass surrounded by a distinct halo and easy detectable flow on the side of the mass. (b) Retained placental tissue that has
persisted for a long time postpartum and is seen as ‘a stippled pattern’. (c) After cesarean section, gas is observed in the uterine cavity
with clean and dirty shadowing well visualized. (d) A necrotic myoma that caused dysfunctional puerperal bleeding is seen in the
uterine cavity.
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responsible for the blood supply to retained placental
tissue. Kelly et al.183 described a rare case of severe
secondary postpartum hemorrhage – arteriovenous
malformation of the uterus. By color Doppler ultra-
sound, a localized area of increased vascularity within
the myometrium may be detected. Pulsed Doppler
usually reveals a low-resistance turbulent flow. Thus,
uterine artery embolization may be performed and
unnecessary curettage should be avoided. In contrast,
Van Schobroeck176 found enhanced myometrial vascu-
larity (EMV) to be a common transient ultrasound find-
ing if asymptomatic and it does not require treatment.
On the other side, if in symptomatic patients residual
placental tissue is suspected on ultrasound, EMV is
an additional ultrasonic finding, which can help in
guiding the appropriate management. The accuracy of
TV sonohysterography has recently been evaluated
and compared with TV ultrasound.163,184 This new
method seems to be more effective for evaluation of
residual trophoblastic tissue. Power Doppler and three-
dimensional ultrasound seem to be new unexplored
modalities that could improve our abilities to diagnose

clinically significant retained placental tissue. All of
these new modalities need further evaluation before
their usefulness can be recommended.

Postpartum endometritis
Whenever the obstetrician is faced with postpartum
bleeding accompanied by signs of endometritis, the
most important question is whether there is retained
placental tissue in the cavity or not. Previously, it has
been considered that ultrasound finding of retained
placental tissue and endometritis overlap. Recent
studies have, however, contradicted this view.169 Only
if endometritis is the result of retained placental tis-
sue can a similar ultrasound appearance be observed.
An isolated endometritis without retained placental
tissue has no pathognomonic ultrasound finding.
Confusion can sometimes arise in the presence of
large retained and organized blood clots in the uterine
cavity, which may mimic retained placental tissue.
Clinical improvement following conservative treat-
ment with antibiotics and uterotonic medications
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Figure 36.8 Puerperal abnormalities revealed by ultrasound: (a) retained placental tissue 2 days postpartum; (b) low-resistance
blood flow on the side of the mass; (c) retained placental tissue 6 weeks postpartum; (d) a thin, echogenic endometrium soon after
curettage.
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speaks against the presence of retained placental
tissue. Uterine involution could be delayed in cases
of endometritis, particularly if endomyometritis is
present.185 The detection of gas in the uterine cavity
has been considered as a sign of endometritis.
Madrazo159 found endometrial gas in 15% of the
patients with proven puerperal endometritis.
Wachsberg and Kurtz,166 however, observed gas in
21% of women postpartum; none of these women
developed endometritis. Whenever gas is present in
the uterine cavity a follow-up ultrasound should be
performed to confirm its disappearance. It usually
resolves during the first two postpartum weeks. If
ultrasound is performed after intrauterine manipula-
tions or cesarean sections, it should be kept in mind
that highly echogenic foci caused by air are normal
findings that must not be misinterpreted as retained
placental tissue or endometritis. Kirkiinen found that
blood flow to the infected uterus could be different
from normal.162 Deutchman and Hartman185 have
described an uncommon result of endometritis –
postpartum pyometra. A lucent area within the uterus
with no echogenic components is suggestive of pus.
Ultrasound can assist in the proper diagnosis and be
of help in guiding a drainage procedure.

Septic pelvic thrombophlebitis, well known as an
‘enigmatic puerperal fever’, is another uncommon
complication of the puerperium. It most commonly
presents in the early postpartum period and antibiotic
treatment is usually unsuccessful. Rudoff et al.186

suggest ultrasound examination in case of clinical
suspicion of pelvic thrombophlebitis. Although ultra-
sound diagnosis of ovarian vein thrombophlebitis
is well described,187–189 the diagnosis is still difficult
and ultrasound expertise is needed. Asymmetric
dilatation of the ovarian or other pelvic vein may
sometimes be observed.187 Furthermore, a complex or
hypoechoic mass near the lower pole of the kidney,
particularly in a clinical setting of an enigmatic puer-
peral fever should suggest thrombophlebitis. An
echogenic intracaval mass is considered diagnostic
and anticoagulation treatment should be added.189

Cesarean section
Nowadays, when cesarean section rates are con-
tinuously rising, a higher incidence of all puerperal
complications should be expected. The ultrasound
appearance of the uterus after cesarean section
usually shows three distinctive patterns: (1) gas in
the cavity, (2) a small rounded area at the incision
site that reflects tissue reaction due to localized
edema190–192 and (3) some echogenic dots at the inci-
sion site, which are related to the type of closure and
the suture material used.192 All these characteristics
are normal findings and no correlation with patholog-
ical conditions is found. The ultrasound appearance
of endometrial gas is an intensively hyperechogenic
focus equivalent in echogenic to bowel gas with clean

or dirty shadowing or reverberation artifacts174,193

(Figure 36.7c). Fat and calcium have a similar ultra-
sound appearance. The gas usually disappears during
the first two weeks after surgery. The involution rate
of the uterus following cesarean section is not differ-
ent from the involution rate after vaginal delivery.
Nakai et al.194 studied uterine blood flow resistance
after cesarean section and concluded that the RI for
the uterine artery did not show any change during
the early postpartum period. The significant infec-
tious morbidity is associated with cesarean section.
Ultrasound may be useful in postpartum women with
clinical suspicion of a postoperative complication
like phlegmona,191 abscess, pyometra, hematometra,
wound infection and subfascial hematoma. If surgical
drainage is chosen as therapy, ultrasound guidance
can be helpful. Ultrasound can also confirm the sus-
picion of an intra-abdominal postoperative hemor-
rhage by visualization of free fluid in the abdomen.
Baker et al.190 described bladder flap hematoma after
a low uterine transverse cesarean section. A solid or
complex mass between the posterior bladder wall and
the anterior uterine wall may be observed by ultra-
sound. An abscess appears as a cystic structure with
internal debris surrounded by thicker irregular walls.
An infected hematoma initially has a similar ultra-
sound appearance. During the resolution process, it
may change and appears more solid. However, the
physician must be aware that ultrasound diagnosis is
just a complement and the clinical condition of the
patient should guide the therapeutic approach.

Uterine myoma
Myoma may obstruct the birth canal, and thus be a
cause for cesarean section. Intracavitary myoma may
cause problems, such as placental detachment, with
subsequent postpartum bleeding. Ultrasound is the
best tool to make a correct diagnosis (Figure 36.7d).
A myoma is characterized by hypoechogenicity. Due
to degenerative processes, a myoma may appear as a
bizarre heterogenous pattern of solid and fluid areas,
and thus be misinterpreted as retained placental
tissue. Pinpoint tenderness on palpation may direct
the ultrasound examination and reveal the presence
of a necrotic myoma.

Developmental abnormalities of the uterus
The prevalence of the congenital uterine malformations
in the general population is unknown. Failed fusion of
the two Mullerian ducts to form the genital organs may
cause reproductive, fetal and maternal hazards. In
addition to an increased risk of premature labor and
abnormal fetal presentations, retained placental tissue
with postpartum hemorrhage may be a consequence of
this uterine abnormality. It is well known that uterine
anomalies may remain undiscovered except when they
are associated with reproductive or obstetric problems.
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Already in 1976, Bennett suggested puerperal ultrasonic
hysterography as a screening procedure prior to
radiological examination in women whose reproduc-
tive performance suggests a diagnosis of congenital
malformation of the uterus.195 Since then a few studies
concerning the issue have been published.196,197 Szoke
and Kiss196 examined in 1977 patients in whom
manual examination revealed a uterus differing in
shape from the normal, the patient had a breech pres-
entation in her previous or present pregnancy and the
involution of the uterus was slow. The ultrasound
echo technique was applied and uterine anomalies
were found in five cases postpartum. In 1984, Land
et al.197 performed ultrasonic hysterography in 104
patients between the second and fifth postpartum
days. An unexpectedly high number of women (16%)
showed an abnormal uterine configuration. The coro-
nal section seems to be the most appropriate section
to reveal uterine cavity anatomy. It is difficult to
obtain the coronal section by abdominal examination
in non-pregnant patients. However, the puerperium
when the uterus is extremely large is an exception.
The ultrasound examination should be performed in
the early puerperium because a large uterus lies in
near proximity to the ultrasound probe and the highly
echogenic decidua outlines well the shape of the
cavity. Puerperal ultrasound can detect such an abnor-
mality, providing an explanation for complications in
labor and the puerperium.

Postpartum urinary retention
Postpartum urinary retention is a relatively common
condition and the incidence ranges between 1% and

18%.198 According to the International Continence
Society, 100 ml is considered as the upper limit of
residual urine. Ultrasound is the method of choice
when assessing urinary bladder and residual urine
postpartum. Invasive catheterization with the dis-
comfort and the risk of infection can be avoided.
Conventional bladder scanner is not to be recom-
mended during the puerperium. A large uterus may
contain fluid and thus a misinterpretation may be
done. Many different techniques for bladder volume
measurement are used and the accuracy of the method
varies widely.

We prefer a method where the longest distance of
the maternal bladder (d1) is measured in a longitudi-
nal section, and then two perpendicular diameters
(d2 and d3) are measured in the transverse section
(Figure 36.9). The estimated amount of residual urine
can be calculated using the formula for approximation
of the ellipsoid:

Volume (ml) �(d1×d2×d3)/2 (Figure 36.9).

References 401

Figure 36.9 Residual urine volume measurement.
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37 Safety of diagnostic
ultrasound in obstetrics
B. Breyer, A. Kurjak and K. Maeda

Introduction
Diagnostic ultrasound has become an integral compo-
nent of perinatal care. Even after widespread use for
almost four decades there has not been a single known
instance of identifiable adverse effects caused by the
diagnostic intensity of ultrasound. Nevertheless, the
need for continuing vigilance for biosafety is well rec-
ognized. It has long been recognized that, given certain
circumstances, ultrasound exposure can influence bio-
logical systems. Diagnostic medical insonation, how-
ever, is generally assumed to be safe.

This chapter addresses some complex issues about
safety, and presents a review of available data from
the literature as well as from the personal experience
of the authors.

Physical background
Ultrasound waves
Ultrasound waves convey mechanical energy through
matter by passing energy from particle to particle.
Longitudinal waves induce pressure variations along
their way. In soft tissues, these waves are the most com-
mon type. Other modes, like transverse or shear waves,
can spread an appreciable distance, only in solids.
When transmitted into bodily liquids, such waves are
absorbed within a very small distance. Waves that
spread only very short distances are not really of inter-
est from a diagnostic point of view, but when consider-
ing safety, such absorption within a short distance
is exactly the type of phenomenon that may be of
concern. All waves attenuate very strongly in bone.

Describing ultrasound waves
Ultrasound waves and pulses can be described using
the following parameters:

(1) Propagation speed. The average speed for longi-
tudinal waves in human soft tissue is 1540 m/s.

In calcified bones, the speed is about twice that
in soft tissues. In gases, it is about 330 m/s. Shear
waves travel more slowly.

(2) Wavelength (λ) is inversely proportional to fre-
quency. It greatly influences the resolution of
diagnostic machines. The higher the frequency,
the shorter the wavelength. For example, the
wavelength in the body at 3 MHz is approxi-
mately 0.5 mm.

(3) The pulse length for Doppler measurements is
often longer than for B-mode imaging. These
pulses are transmitted at a repetition frequency
typically of the order of a few kilohertz.

(4) The attenuation of ultrasound is proportional to
frequency. Absorption causes heating of tissues.

(5) Ultrasound pressure amplitude is the maximum
pressure induced by the compressional wave at a
point in the tissue. If we operate with continuous
wave (CW) [as in fetal cardiotocographic (CTG)
monitoring] the wave is continuous. If, however,
we use pulses (such as in imaging), ultrasound is
transmitted in the form of short pulses and the
maximum positive (compressional), maximum
negative (rarefaction) and average pressure during
the pulse or during the total time must be taken
into account.

Energy is measured in watt seconds or joules; power is
measured in watts; intensity is measured in watts per
square meter or centimeter. The attenuation property
is measured in decibels per centimeter per megahertz.

In diagnostic applications, ultrasound waves are
mainly used in the form of beams and are usually
transmitted in the form of pulses. In pulse applica-
tions, the energy flow exists in time only during the
pulse. Considering an example when the pulse dura-
tion is one-thousandth of the repetition period, the
intensity during the pulse is about 1000 times higher
than the overall time average intensity.

Ultrasound beams can be focused in various ways,
but the important feature from the safety standpoint
is that focusing concentrates ultrasound energy and
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thus, potentially, increases the hazard. For safety
consideration, only transmission focusing is relevant.
In scanning applications the beam moves, while in
Doppler spectrometry and M-mode imaging one tends
to keep the beam in one position for a prolonged time.

The ultrasound pulse consists of a few pressure
oscillations around the static atmospheric pressure.
When considering safety, the positive peak pressure pc
and the negative peak pressure pr play a role. At high
intensities, the positive peak pressure may become a
few times higher than the negative peak pressure.
These effects are much more expressed in liquids in
which there is little attenuation compared to human
tissues in which attenuation is much greater.

Acoustic parameters used to describe ultrasound exposure
In order to concisely and exactly describe ultrasound
waves with regard to their potential hazard a multi-
tude of parameters are used. Intensity is the first
such parameter. Later, it was recognized that this was
not enough and therefore additional parameters were
introduced:

(1) Acoustic power output is the total acoustic power
that exits from a transmitting transducer. In com-
mercial B-mode instruments, the power ranges
between 0.3 and 280 mW; in color Doppler map-
ping, between 15 and 400 mW; in pulsed Doppler
spectrometry, between 10 and 450 mW.1–3

(2) Spatial peak temporal average intensity (ISPTA) is
the intensity averaged over time, but measured
in the position of the spatial peak (focus). When
considering the potential hazard of heating, we
take this ISPTA into account. In commercial B-mode
instruments, this ranges between 0.3 and
990 mW/cm2; in color Doppler mapping, between
20 and 2000 mW/cm2; and in pulsed Doppler
spectrometers, between 170 and 9000 mW/cm2.

(3) The intensity at the point of maximum pressure
in a pulse is the pulse peak intensity. This is the
temporal peak intensity.

(4) When considering the potential hazard of cavita-
tion, spatial peak pulse average (ISPPA) is among
the significant parameters. In commercial pulsed
Doppler instruments, this ranges between 1 and
770 W/cm2.

(5) Peak negative pressure is also among the parame-
ters for evaluation of the cavitation probability. It
is easier to measure than the peak positive pres-
sure, which may be greatly distorted in shape.
The peak pressure varies in all types of modern
equipment between 0.4 and 5 MPa.1–3

The above parameters play a role in the body, but are
far easier to measure in water. In addition, it is much
easier to standardize them in water. Two approaches
are used: the measurement of all parameters in water
or the immediate calculation of the in situ values

taking into account conventional standard attenuation
values, e.g. 0.3 dB/cm MHz. Bone is considered to
be very attenuating so that nearly all the energy is
absorbed within a short path. Various organ or situa-
tion models have been conceived to represent specific
situations, e.g. full bladder and uterus with an embryo.

Instrument properties
and acoustic output
In purely practical terms, it is necessary to know what
properties of the scanners are important for their safe
use, both when acquiring a new machine and when
using existing ones. Some properties are inherent to
the instrument while others depend on the applica-
tion and the way in which the instrument is used.

Heating of tissues is proportional to ISPTA in situ. The
general trend is an increase in the output of diagnostic
ultrasound instruments.1 Since the 1980s, there have
been instruments in the market with ISPTA above
1 W/cm2 in pulsed Doppler operation regimens.2

The actual intensity greatly depends on the mode of
operation and settings (ALARA principle4,5 should be
followed). The lowest intensity is used in fetal heart
monitors (CW Doppler systems with the intensity below
100 W/cm2), and then, in order of increasing intensi-
ties: B-mode imaging scanners, two-dimensional (2D)
Doppler machines and pulsed Doppler instruments. In
many instruments, it is possible to operate in various
regimens. High-end scanners normally have the possi-
bility of quasi-parallel operation in various regimens,
e.g. gray scale, 2D flow mapping and Doppler spec-
trometry, at the same time. In fact, the scanner switches
quickly between the various modes.

The actual acoustic power and pressure in the
pulses greatly depend on the mode of operation; depth
and length of examination also influence the expo-
sure. The frequency influences the penetration ability
and thus may influence the acoustic power used. For
example, the use of higher-frequency intracavitary
probes implies two opposite effects; that is, the scan-
ning distance (range) is reduced but the frequency is
increased and, therefore, the attenuation per centime-
ter is reduced. Thus, the acoustic energy traversing
the region of interest is about the same.

In the current commercially available instrumenta-
tion, ISPTA varies with the mode: in B-mode imaging
the median is 35 mW/cm2; in M-mode the median is
about 100 mW/cm2; in 2D velocity mapping (color
Doppler) the median is about 290 mW/cm2 and in
pulsed Doppler the median is 1200 mW/cm2. The factor
of increase of intensity between the various modes is
about three from mode to mode.1–3

Another source of heat may be heating of the trans-
ducer because of internal dissipation. When intracav-
itary probes are used, this may be a factor for serious
consideration. The extent of heating depends on the
probe design and materials used.

Instrument properties and acoustic output 407
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Cavitation is less likely with short pulses. In B-mode
imaging, the pulse length is usually less than 0.5 µs,
but in pulsed Doppler applications it can be up to
20 µs. It is possible to control this length by varying
the ‘sample volume’. Shorter ‘sample volumes’ gener-
ally yield smaller ISPTA.

Ultrasound therapy
In order to have an idea of what these intensities may
mean it is worth mentioning that the ultrasound
machines used in physical therapy operate at intensi-
ties between 0.5 and 3 mW/cm2. Therapy using these
machines is based on tissue heating, particularly heat-
ing of boundaries between soft and connective tissue
and bones. There exists an extensive body of data1–3

on ultrasound machine outputs.
There is the ever-developing ultrasound-treatment

field that includes lithotripsy, physiotherapy and
‘ultrasound knives’ of various types, particularly of
brain and liver surgery. Therefore, it is sensible to
consider how these applications, where the biological
effect is the essence of the application, compare to
diagnostic applications where, in ideal cases, informa-
tion is gathered without causing any biological effect.

Physiotherapy devices use continuous waves
or very long pulses of intensity between 0.5 and
3 W/cm2. The mechanism used is heating. The thera-
pist must continuously move the probe in order not
to overheat some structure in the patient.

Lithotripsy is done with short pulses that ‘bang’ on
the stones. Their average intensity is fairly low com-
pared to the effects on the stones. However, their
acoustic pressures are very high, reaching nearly
10 MPa. The range of pressures overlaps with the
diagnostic equipment.

The important difference between these therapy
applications and the diagnostic applications is the
frequency, normally 10–50 times lower in therapy.

The application of ultrasound for treatment of dis-
ease in the mother may inadvertently lead to damage
to the fetus if serious precautions are not taken.

Safety of diagnostic ultrasound
in obstetrics
Obstetrics is a particularly sensitive field. A general
rule is that fast growing and developing tissues are
more sensitive to outside influences. This applies
to embryonic and fetal tissues in particular. The
potential hazard varies in extent and nature during
the intrauterine development.

Before implantation, physical stress can cause
abortion. After implantation, various tissues and organs
become susceptible to damage at different times.
Between 5 and 10 weeks of gestation, the neural tube
is prone to damage; the forebrain development is

particularly important until the 20th week of gestation.
The development of the right and left side of the brain
is not symmetrical in time, nor is the end result. Thus,
it is important to be aware of possible neurological
effects and that such effects may show as some sort of
sidedness.

Heating and its effects
The human body is a thermodynamic system. Chemical
reactions depend on the temperature. The sensitivity of
the reactions dictates the very narrow temperature span
in which the human body operates well.

A very long temperature increase of 1.5°C above
37°C does not present a health hazard for humans.6–10

It has been shown that exposure of mouse embryos for
5 min to a temperature increase of 4°C is hazardous
for their development. The temperature range
between the two extremes both in temperature and
duration is the present ‘gray zone’ of knowledge. The
consensus is that exposure of adult proliferative tis-
sue to heat at 42°C for up to 2 h11 can cause only
reparable damage. The effects are proportional to ISPTA
and the absorption coefficient. The absorption coeffi-
cient is proportional to frequency. Absorption also
depends on the tissue type. In the case of longitudinal
waves, absorption is at least an order of magnitude
greater in bone than in soft tissues. Bodily fluids
absorb very little so that they are unlikely to heat up
due to the traversing of ultrasound. Tissues with high
connective tissue content absorb more. However, they
allow little attenuated ultrasound to reach structures
positioned beyond them. On the other hand, the
absorption of shear waves is very high in soft tissues
and, thus, if any shear wave is induced in a bone it
will be absorbed within a millimeter in the adjacent
soft tissue. This may then significantly increase the
temperature on such a boundary. Blood vessels and
perfusion in the target area act as a cooling system and
take the heat away. If the perfusion is poor, the heat
may accumulate. Fatty tissue and bones are structures
with relatively poor perfusion and little consequent
cooling. The heating may have multiple maxima, i.e.
near the transducer at the focus and at specific media
interfaces. The main problem may be the heating of
nervous tissue caused by absorption within itself, by
heating at the adjacent bone/soft tissue boundaries
(skull vertebrae). The same applies to bone marrow.12

While it is known that hyperthermia can be terato-
genic in animals, there is no study in large mammals
confirming that diagnostic ultrasound-induced hyper-
thermia causes such effects. It should be borne in
mind that a higher body temperature, e.g. due to fever,
may increase the damaging ultrasound energy.

Non-thermal effects
Effects other than thermal are conceivable. In 1972,
Hill considered the possibility of mechanical effects.13

408 Safety of diagnostic ultrasound in obstetrics
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Either cavitation or other forces induced by altering
compression and rarefaction forces may damage the
molecules of which the body is composed. Transient
cavitation is known to have damaging potential, as
collapsing bubbles generate shock waves that disrupt
nearby structures. The temperature at the point of
implosion is extremely high (a few thousand degrees).
In addition, relatively stable, oscillating bubbles
induce microstreaming of liquids around them, possi-
bly causing changes in metabolism or mechanical
damage to cell membranes. If cavitation is a possible
cause of hazard then the mechanical index (MI)14,15

accepted by the Food and Drug Administration
(FDA)16 might yield some means of comparing various
scanners and modes of operation.

In order to measure the pressure in situ, it is neces-
sary to take into account the attenuation in the inter-
vening tissue. Using this convention, the attenuation
is taken to be 0.3 dB/cm MHz. It is a good idea to have
this index displayed on the screen in order to choose
the operation regimen that yields the required data
while maintaining the MI as low as possible.

Streaming17,18 of absorbing and attenuating liquids
due to ultrasound passage is due to the variation of
energy concentration along the path (actually it is the
change of the impulse). It depends on the attenuation
coefficient of the liquid and its viscosity. Particles in
the liquid can contribute to streaming. A particular
type of streaming is microstreaming around an oscil-
lating gas bubble.

The basic biological effect that would cause con-
cern in the case of collapsing bubbles is the genera-
tion of free radicals. This could lead to alteration of
chromosomes. If the free radicals are formed outside
the membrane, the time needed for transport of such
radicals to the nucleus is longer than their half-life.
However, there is no confirmed evidence of chromo-
somal effects, particularly in living mammals.

Another possible non-thermal mechanism may be
due to direct mechanical vibration of cell membranes.
This might cause changes in ion (calcium in particu-
lar) permeability.4

The soft tissue to gas boundary may present a par-
ticularly favorable situation for mechanical effects
because the gas side presents very low resistance.
Rarefaction pressures may present a potential hazard
when using high-energy Doppler with the beam hit-
ting the lung.19 However, the fetal lung is not at such
risk as it is not filled with air. The reports of change
in neurological development such as speech and
handedness20–22 have not been confirmed by inde-
pendent studies.

Clinical aspects
The whole body of knowledge concerning the biolog-
ical effects of ultrasound is relevant only if it helps in
the estimation of whether diagnostic ultrasound as
used today is hazardous for the patients and, if so, to

what extent. It should be noted that even a significant
change in rare conditions (for example, those that
appear once in 10,000) may not be detectable, because
the statistics require too great a number of controlled
cases. In such investigations, we must concentrate on
the type of damage that is most likely to occur, based
on the understanding of the underlying mechanisms.
Because of the bone/soft tissue interface the central
nervous system is the most likely candidate for ther-
mal damage. Damage of a small area in the brain may
not yield easily detectable consequences unless it
affects a sensory mechanism (vision, hearing, etc.).
Other organs, once they consist of a large number of
cells, can repair partial mechanical damage. If the
damage happens early, destruction of a small number
of cells may have very serious late consequences in
the form of defective development.

While there is no independently confirmed experi-
mental proof of such damage, the indications are that
any effects are obtained only when the temperature
rises by more than 2°C for a few minutes. With scanned
beams and modern equipment, it is very improbable
that such a long time would be spent at one spot.

The application of echo/contrasts ought to be
restricted to adult scanning for the time being,
because the existence of microbubbles may increase
the probability of non-thermal effects.

In vitro experiments yield a variety of demonstrated
effects.13,23,24 Such experiments can help indicate the
direction of investigation in whole organisms, but they
lack the important property of living tissues, namely,
that the individual cells are interconnected in a tissue
unlike cells suspended in a culture. Under such con-
ditions, the probability of non-thermal mechanisms
occurring is much higher than in whole tissues.

All the experimental indications of damage caused
by diagnostic ultrasound, although independently
confirmed, indicate that the probability is low. This
means that in practice caution is advised, but no
absolute recommendation against the use of diagnos-
tic ultrasound measurements is advised.

Standards and labeling recommendations
There are no easy methods for measuring the temper-
ature increase in a patient in vivo. Thus, it is neces-
sary to resort to estimates based on experimental
work. Present solutions to this problem are certainly
approximate and partial, but the pressure of the real-
ity warrants such approaches. The National Council
on Radiation Protection and Measurements (NCRP)
and The American Institute of Ultrasound in Medicine/
National Electrical Manufacturers Association (AIUM/
NEMA)14 have developed models. The latter body has
devised an index for estimating the heating likeli-
hood, which is not expected to exceed under normal
circumstances. This so-called thermal index (TI) may
be displayed on the screen to give the operator real-
time relative guidance on the potential heating of the
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tissues scanned. The value applies to the situation
in situ. There exists no internationally accepted stan-
dard for any of the proposed indicators of thermal
hazard. The AIUM/NEMA TI provides an estimate of
temperature increase. By convention, TI is the ratio of
total acoustic power to the acoustic power required to
raise tissue temperature by 1°C. Although its basis is
an approximate calculation of the actual temperature
increase for a ‘standard’ tissue at a distance, it may
not be interpreted literally. It is a relative indication of
the possible temperature increase. The subvariants of
the TI are meant for specific situations, i.e. TIS for
homogenous soft tissue, TIC for temperature increase
of bone near the surface (e.g. skull) and TIB for tem-
perature increase at the bone boundary in the beam
focus area. Using this labeling standard, if the scanner
is not capable of producing a TI >1, it does not have
to be displayed. Other national and international bod-
ies have conceived other means of estimation. The
capability of an ultrasound system to cause heating
may be described by the ratio of acoustic power to the
maximum temperature rise. The idea is to perform an
actual worst-case calculation and to define the condi-
tions (and instrument settings) that yield the maxi-
mum temperature increase so that all else is less
hazardous. This is still under development, as a con-
sensus about the tissue and beam properties has not
been achieved.11 Various sources give differing
data9,25–28 on ultrasound absorption in tissues and
its action upon them. Nevertheless, the ultimate aim
should be a consensus in recommendations given by
various bodies and organizations. This should be
based on realistic estimates of the possibility of ultra-
sound-induced heating. This is, among other things,
an important guideline for the industry to discon-
tinue the increase in ultrasound energy outputs in
new apparatus models.

This leads to guideline conclusions by expert
groups, e.g. European Federation of Societies of
Ultrasound in Medicine and Biology (EFSUMB)
Watchdogs or the AIUM bioeffects committee, which
came to the consensus that when using the ISPTA of
720 mW/cm2, the maximum temperature rise in situ
would not exceed 2°C, and thus will be safe to use.
The present FDA regulation gives ISPTA values of
720, 430, 94, 17 mW/cm2 for peripheral vessel,
cardiac, fetal and ophthalmic (i.e. eye lens) applica-
tions, respectively. The regulation is not limited to
ISPTA but includes an MI. Measurements in humans
would be difficult or unduly aggressive and thus are
impossible. Experiments on excised tissue or experi-
mental animals cannot be directly extrapolated to
humans but give important guidelines as to where to
look for danger. The time-limited soft tissue experi-
ments with ultrasound pulses equivalent to pulsed
Doppler mode have shown heating below 2.5°C in
various experiments. However, higher temperature
increases have been measured in animals at skull
bone/brain boundaries.11

The safety of Doppler ultrasound
In general, it is emphasized that ultrasonic examina-
tion should be performed only for medical indica-
tions, and diagnostic ultrasound users should
recognize the sensitivity of young biological tissues of
developing embryos and fetuses exposed to intense
ultrasound.10 The users also should know the ultra-
sonic intensity of their devices, the mechanisms of
ultrasound bioeffect, and the prudent use of the
devices, because they are responsible for the ultra-
sound safety. An important ultrasound bioeffect is
thermal effect due to temperature rise induced by
ultrasound absorption, because malformations were
reported in the exposure of animal embryos and
fetuses to high temperature in biological experiments.
No hazardous thermal effect is expected when the
temperature rise of exposed tissue is less than 1.5°C,
and local temperature is lower than 38.5°C.29 Five
minutes’ exposure to 41°C temperature can be haz-
ardous to the tissue. Inertial cavitation and other
mechanical effects are concerned in the non-thermal
bioeffects of ultrasound.

The intensity of Doppler ultrasound
No hazardous thermal effect is expected in common
B-mode imaging device because of minimum heat
production due to low ultrasound intensity, i.e. the
World Federation of Ultrasound in Medicine and
Biology (WFUMB)29 concluded that the use of simple
imaging equipment is not contraindicated on thermal
grounds. The real-time B-mode, simple 3D and 4D
imaging devices, ultrasonic fetal heartbeat detector
and fetal monitor are included in the category.
Diagnostic ultrasound safety was established in Japan,
after the Japanese Industrial Standard regulated the
output power of diagnostic ultrasound devices below
10 mW/cm2 in 1980, which was 1/100 of hazardous
CW ultrasound30–32 intensity at 1 W/cm2. However,
ultrasound safety has been discussed again after the
introduction of Doppler flow velocity measurement,
because pulsed Doppler method required definitely
higher power than B-mode ultrasound.

Maximum intensity of commercial Doppler ultra-
sound is 1–3 W/cm2. It is definitely higher than that
of B-mode imaging, and it is the level of ultrasound
physiotherapy for the tissue heating. Ultrasound
safety is important even in physiotherapy, e.g. the
therapeutic transducer should be always moved on
the bone, so young bone and pregnant women are
contraindicated for physiotherapy. The difference
between therapeutic ultrasound and pulsed Doppler
is exposure duration, i.e. it is short in Doppler
flow measurement and long in therapeutic ultra-
sound. Therefore, thermal effect is a big concern in
Doppler ultrasound bioeffect. Temperature rises not
only at the sample volume, but also in all tissues
passed by the ultrasound beam. The International
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Society of Ultrasound in Obstetrics and Gynecology
(ISUOG) has also discussed the safe use of Doppler
ultrasound.33 Ultrasound intensity is less in color/
power Doppler flow mapping due to the scanning pro-
cedure than in pulsed Doppler because of stable irradi-
ation. Temporal averaging intensity of common color
Doppler ultrasound is also less than 720 mW/cm2, which
is lower than in pulsed Doppler devices, and lower
than the FDA regulation.16 Thermal effect is discussed
in the first place, due to possible teratogenicity of
heating. Exposure duration is important for the safety
of Doppler velocimetry.

The effect of heating on mammal fetuses
A teratogenic effect was reported by the biologists after
the exposure of animal embryos and fetuses to high
temperature, that is, malformations were found in
various species by experimental heating. The temper-
ature was 39–50°C. Teratogenic effect on mammals are
summarized in the report of the National Council for
Radiation Protection and Measurement (NCRP).34 A
discrimination line is found between the hazardous
and non-hazardous areas in the NCRP report. There is
no malformation if the fetus is heated in the area under
the discrimination line, which is determined by con-
necting the points of high temperature/short exposure
and low temperature/long exposure. Non-hazardous
exposure is as short as 1 min in 43°C, and infinite in
physiological body temperature. In case of ultrasound
irradiation, TI indicates the temperature rise, therefore
absolute temperature is obtained by summing 37°C
and the temperature rise derived from TI.

Non-hazardous exposure time of the fetus to the heating
The guideline on the safety of mammals against heat
can be found in the revised safety statement of
AIUM35 published in 1998, which is based on the
NCRP report in 1992, where an inverse relation was
found between hazardous temperature level and
exposure time. AIUM35 stated that the fetus tolerates
50 h at 2°C rise (absolute temperature is 39°C), and

1 min at 6°C rise (43°C). They also showed the
relation of the temperature rise (T) above 37°C and
non-hazardous exposure time (t min) by Eq. (1), and
non-hazardous time (t min) is shown by Eq. (2), which
is revised from Eq. (1):

T (�C) �6–[(log10 t)/0.6] (1)

t �10(3.6 −0.6T) (2)

The relation of non-hazardous exposure time and the
temperature rise as well as absolute temperature is
shown by Eq. (2) (Table 37.1, Figure 37.1). The safety
regarding the thermal effect of ultrasound can be dis-
cussed by the relation of exposure time and tempera-
ture, when the heat production of Doppler ultrasound
is estimated from TI, which indicates the temperature
rise above 37°C in the worst case of temperature rise
in ultrasound exposure to standardized tissue model,
i.e. maximum temperature rise is known by TI.

Maintaining the safety of Doppler sonography

General safety of diagnostic ultrasound device
Electrical and mechanical safety is assured in ultra-
sound devices by the manufacturer under interna-
tional and domestic guidelines. In a Doppler scanner,
TI, MI, transducer temperature and other related
indices are displayed on the monitor screen,36

enabling the users to maintain the safety of ultrasound
diagnosis by themselves. Obstetric setting should be
confirmed before Doppler flow velocity measure-
ments during pregnancy. Ultrasonic examinations
should be done under medical indications. Although
the ISUOG safety statement33 reported that there is
no reason to withhold the use of scanners that have
received current FDA clearance in the absence of
gas bodies, AIUM35 stated that for the current FDA16

regulatory limit of 720 mW/cm2, the best available
estimate of the maximum temperature increase can
exceed 2°C. Pulsed ultrasound intensity threshold to

Table 37.1 Relation of non-hazardous exposure time (t min) to the temperature rise above 37°C and absolute
temperature is calculated by Eq. (2), which is obtained from the results of experimental heating of animal fetuses34

Temperature Absolute Non-hazardous 
rise ( ° C) temperature ( ° C) exposure time; t (min) log t

1 38 1000.0 3.00

2 39 251.8 2.40

3 40 63.10 1.80

4 41 15.85 1.20

5 42 3.98 0.60

6 43 1.0 0
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suppress cultured cell-growth curve was 240 mW/cm2

in our studies.32 The FDA regulation may be still contro-
versial from the opinions and reports.

Thermal effect of Doppler scanner
The TI is a useful index of temperature rise induced
by ultrasound exposure. Standard tissue models are
exposed to ultrasound and TI is determined in the
worst case, i.e. the highest temperature rise is the base
of TI.36 One TI stands for 1°C temperature elevation,
and in the same manner, temperature rises for 3°C
above 37°C, and absolute temperature is 40°C, if TI is
3. Local temperature rise is estimated only by TI at
present, therefore TI is the index to estimate tissue
temperature in ultrasound examination, to study the
ultrasonic thermal effect, and to avoid the possible
thermal hazard of intense ultrasound. TI and temper-
ature rise are low in the soft tissue exposure, and high
in the bone exposure. Soft tissue TI (TIS) is, therefore,
used in the case of embryo that has no bone before 10
weeks of pregnancy, and bone TI (TIB) is applied for
the fetus with bone after 10 weeks. Cranial TI (TIC) is
the index for the intracranial flow examination.

No hazardous thermal effect is expected when the
temperature rise of exposed tissue is less than 1.5°C,
and local temperature is lower than 38.5°C, while a
5-min duration of 41°C can be hazardous to the tissue.
Its temperature rise is 4°C above 37°C, and TI can be
4. Ultrasound examination is totally safe in the expo-
sure with TI <1. In daily practice, therefore, TI should
be <1, particularly in the long fetal examination, the
screening of pregnancy or the research study of no
limit. The output power is reduced if TI > 1 on the
monitor, then TI decreases to the level < 1.36 Clear
flow velocity waveform is recorded and even output
power is reduced to 60% in the experiment on the
small hand artery.

The revised safety statement of AIUM35 stated that
an equal or less than 2°C temperature rise above 37°C
showed no adverse effects with exposure duration up
to 50 h, and that the upper limit of safe exposure dura-
tion was 16 min at 4°C rise and 1 min at 6°C rise above

normal, respectively. The AIUM opinion on the effect
of high temperature is similar to the report of NCRP,34

and the safety statement is acceptable if the tempera-
ture rise is accurately determined by the TI, because
TI indicates the worst tissue temperature elevation
due to ultrasound exposure in clinical study.

Although the revised safety statement is useful in a
retrospective safety confirmation after ultrasound
exposure of known exposure time and TI, fetal expo-
sure to the temperature rise for 4–6°C may be con-
troversial, where absolute temperature is 41–43°C.
Non-hazardous exposure time at temperatures higher
than 40°C is critically short in the NCRP report34 and
AIUM statement,35 where the safety margin remains
very narrow,2 excess heating may not be completely
avoided and it may be imperfect to precisely keep
strict exposure time at the highest temperature. The
aim of this report is, therefore, to propose a practically
applicable safe exposure time in the prospective situ-
ation before a Doppler ultrasound diagnosis.

Two modes in the time of exposure to
diagnostic ultrasound
Two modes can be classified in the use of Doppler
ultrasound. The TI <1 (AIUM) or the temperature rise
below 1.5°C (WFUMB) after temperature equilibrium
can be adopted for the infinite exposure. Therefore,
this mode is suitable for research work, where expo-
sure duration is rarely determined before the study. TI
may also be <1 in the screening of the fetus during
pregnancy and in fetal heart rate monitoring.

A pulsed Doppler study is another situation where
the user requires improved Doppler flow wave by
using TI >1. In some ultrasound lectures, the speakers
stated that in the Doppler studies safety was proved by
shortened exposure when TI >1. The technique is the
same as in the NCRP report,34 which proved non-
hazardous by the short exposure to high temperature.
Therefore, the Doppler examination with TI >1 can be
also non-hazardous by the short exposure.

The relation of non-hazardous exposure to high
temperature, high temperature rise and large TI is

412 Safety of diagnostic ultrasound in obstetrics

Figure 37.1 Relation of non-hazardous exposure time to the temperature rise between 1°C and 6°C above 37°C (38–43°C of
absolute temperature) in experimental heating of animal fetuses34 [graphed by Eq. (2)].
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achieved by using Eq. (2) (Table 37.1 and Figure 37.1).
Exposure time is as long as 250 min, about 4 h, when
TI is 2 and temperature is 39°C, 1 h if TI is 3 and
temperature 40°C, and 15 min even if TI is 4, where
the temperature is 41°C according to the reports of
NCRP34 and AIUM.35 These criteria are extremely
useful in the retrospective confirmation of Doppler
ultrasound safety of past examination. However, the
prospective exposure time setting before examination
should be further discussed.

Prospective exposure time setting before Doppler
examination
Exposure time is preset before the Doppler examina-
tion, where the TI is voluntarily increased to >1 with
the intention of improving Doppler flow. The NCRP
report is the base of decision, where non-hazardous
exposure time is determined by the temperature rise
estimated by TI (Tables 37.1 and 37.2, Figure 37.1).
It is unique in the present proposal that the non-
hazardous exposure time obtained is divided by the
‘safety factor’ of 3–100, and actual exposure time
is obtained. The procedure was the same as the past
regulation of simple ultrasound devices in Japan,
where hazardous threshold intensity of CW ultra-
sound in our experimental study was divided by the
safety factor of 100 and output intensity was regulated
to be lower than 10 mW/cm2. There was no problem
in the safety of dagnostic ultrasound before the intro-
duction of Doppler flow studies. Though the factor
is voluntarily changed by the user, appropriate values
will be discussed in this paper. As ultrasound inten-
sity may increase by about three times in the case
of standing wave, 3 is the lowest safety factor. The
intensity increases due to the distortion of ultra-
sound wave, and the possible estimation error of TI11

or others are further added to the safety factor.

For example, non-hazardous exposure time is 252
min at 39°C (Table 37.1), where the temperature rises
for 2°C and corresponding TI is 2. If the safety factor
is 50, 252 min is divided by 50, and the exposure time
is 5 min. By the same procedure, 1 min of exposure
time is preset when TI is 3 (Table 37.2). The safety
factor of 100 may be too conservative, though the
factor can be selected by the user. Mildly longer expo-
sure than the preset value may be included in the
safety factor in most cases. Possibly 50 is the appro-
priate safety factor in the actual Doppler examination.
The exposure time setting is coincidentally close to
the safety statement of the British Medical Ultrasound
Society (BMUS),37 where the exposure time is 4 min
when TI is 2 and 1 min if TI is 2.5.

The users can voluntarily change the safety factor
and prolong the exposure time, because they are
responsible for the ultrasound safety. However, they
may also be responsible at the same time for the
increased risk factor caused by the reduction of the
safety factor.

Other thermal issues
Ultrasound thermal effect has been discussed mainly
in relation to teratogenicity in the first trimester,
whereas animal fetal skull or the brain surface was
heated and the temperature elevation was more than
4°C by the exposure to intense ultrasound.38 Thermal
damage of the brain cannot be denied in this case.
Therefore, the use of maximum intensity level of
Doppler ultrasound is inadvisable in the flow study
even in late pregnancy.

Caution should be used regarding the temperature
of the tissue exposed to Doppler ultrasound in febrile
patients, where the basic temperature is higher than
37°C. For example, if TI is 2 in a 38°C febrile patient,

Table 37.2 Thermal index (TI), tissue temperature, non-hazardous exposure time in the NCRP report,34 the safety
factors and exposure time to ultrasound are listed. Although the user can voluntarily set the safety factor and
exposure time, we recommend choosing the safety factor at 50 and exposure time at 5 min when TI is 2

Absolute Non-hazardous Exposure time (min) obtained by dividing
temperature exposure time of non-hazardous exposure time of NCRP

TI (°C) NCRP report (min) report by various safety factors

Safety factor

3 10 50 100

6 43 1 0.3 0.1 0.02 0.01 (no use)

4 41 16 5 0.2 0.03 0.02 (no use)

3 40 64 21 6 1 0.6

2 39 256 85 25 5 2.5
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the temperature rise above the physiologic condition
is 3°C, the situation is the same as TI 3 in non-febrile
normal temperature cases, and therefore, 1 min of
exposure time is allowed if the safety factor is 50.

Exposure duration should be recorded by the user
in every study of voluntarily increased exposure time,
while TI which appeared on the monitor screen is
recorded on the photograph or computer memory. The
safety indices including TI and MI are recommended
to be described in the ‘Methods’ section of the reports
of Doppler ultrasound study on human subjects.

Transducer temperature in transvaginal scan
The transvaginal scan user should be careful about the
direct heating of the attached tissue due to high sur-
face temperature of the transducer, which directly
attaches to the vaginal wall, and because the subjects
are closer to the transducer than to the abdominal
ultrasound. The transducer temperature, which is dis-
played on the monitor screen, should be lower than
41°C. Every intracavitary scan user should also be
careful of the transducer temperature.

Mechanical effects of diagnostic ultrasound
MI is used for the estimation of mechanical bioeffect.
It is rarefactional sound pressure expressed in mega-
pascals, divided by the square root of ultrasound fre-
quency (MHz). The MI indicates the non-thermal
bioeffect of ultrasound, particularly in the collapse of
gas bubbles in various liquids. Although gynecologic
examination by contrast medium is still infrequent,
its common use in adult circulation should be care-
fully studied in the mechanical bioeffect. Although
common B-mode imaging devices are low in the ther-
mal effect, its mechanical effect is similar to the
Doppler devices because instantaneous intensity of its
ultrasound pulse is not much different from Doppler
machines, and therefore, even simple imaging devices
should be carefully handled in relation to mechanical
effect. It is rare to use contrast medium in obstetrical
tissue; free radicals formed in the liquid due to iner-
tial cavitation hardly reach the floating cells because
of their short life, and no cavitation may occur within
the cell due to the high viscosity of cell plasma.

However, the biological effects of acoustic streaming,
capillary blood cell stasis by the standing wave, or
direct ultrasonic pressure require further basic stud-
ies. As hemorrhage is found in the lung of neonatal
animals after the exposure to intense ultrasound,
MI <1 is recommended particularly in neonatal lung
examination. The International Electrotechnical
Commission (IEC) is working on the classification of
diagnostic ultrasound devices by the MI.

Conclusion
Diagnostic ultrasound safety has been mainly dis-
cussed on the thermal effect. Simple real-time B-mode,
3D and 4D imaging devices, fetal heart detector and
fetal monitor are not contraindicated due to thermal
effect, because of their very low ultrasound intensity.
Doppler flow machines are mainly discussed with
thermal effect, because of their definitely high ultra-
sound intensity. Safe fetal exposure time to ultrasound
determined by the NCRP criteria on the exposure to
high temperature estimated by TI is useful in the ret-
rospective evaluation of past ultrasound examination.
In prospective estimation of ultrasound safety in daily
practice, the principle of safe diagnostic ultrasound is
the reduction of ultrasonic intensity and exposure
time when displayed TI is >1. The research work and
pregnancy screening follow the principle. Moderately
higher TI is allowed in clinical study when the users
require more improved Doppler flow wave by
increased intensity, where a limited short exposure
time is prescribed and the users adhere to the preset
time by their own responsibility. We recommend using
the non-hazardous exposure time of the NCRP report
after dividing it by the safety factor of 50, where expo-
sure time is 5 min if TI is 2, and 1 min if TI is 3. Higher
TI or longer exposure may be applied by reducing the
safety factor under the users’ responsibility. Attention
should be paid to the decreased safety in the febrile
patient. Transvaginal transducer should be used under
41°C. The mechanical effect may be similar in simple
B-mode Doppler devices. MI is recommended to be <1
in ultrasound examination, particularly in the studies
on air in neonatal lung.

414 Safety of diagnostic ultrasound in obstetrics
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38 Behavioral perinatology
assessed by four-dimensional
sonography
A. Kurjak, J. M. Carrera, W. Andonotopo,

G. Azumendi, M. Medic and A. Salihagic-Kadic

Three-dimensional (3D) ultrasound has been available
for more than 10 years. However, the 3D image freezes
the object and therefore does not provide information
on movements or any information about the dynamic
changes in the object of interest. A technique was
needed that would enable 3D imaging to be performed
in a real-time mode. This technique has been recently
introduced and has been called 4D sonography,
because time becomes a parameter within the 3D
imaging sequence. This new diagnostic tool enables
the continuous monitoring of the fetal face and other
surface features of the fetus such as fetal extremities.
This permits exciting new possibilities for the study of
fetal behavior.

Four-dimensional ultrasound provides a new tool
for observation of the fetal face. Simultaneous imag-
ing of complex facial movements was not possible
using real-time 2D ultrasound. Four-dimensional
ultrasound integrates the advantage of the spatial
imaging of the fetal face with the addition of time.
This new technology therefore allows the appearance
and duration of each facial movement and expression
to be determined and measured.

In a relatively short period of time 4D sonography
has stimulated many multicentric studies on fetal
behavior and even fetal awareness with more con-
vincing imaging and data than those obtained by con-
ventional ultrasonic and non-ultrasonic methods. The
purpose of this article is to review and illustrate pre-
sently available data on 4D ultrasound fetal behavior
imaging in all three trimesters of pregnancy.

Neurophysiology of fetal behavior
For centuries, maternal registration of fetal move-
ments and obstetrician auscultation of fetal heartbeats
were the only methods of follow-up of fetal well-being

in utero. However, during the past few decades, the
development of ultrasonic techniques has enabled
the direct visualization of the fetus in utero, as well
as the real-time assessment of fetal activity. Ultrasonic
studies have revealed the fascinating diversity of
fetal intrauterine activities. It has been shown that
fetal activity occurs as early as the late embryonic
period, which is far earlier than a mother can sense.
Furthermore, qualitative and quantitative aspects of
behavioral patterns expand rapidly as the pregnancy
progresses, and the random movements of the fetal
body, which are the earliest sign of fetal activity,
change into the well-organized behavioral patterns
observed late in gestation. Analysis of the dynamics
of fetal behavior has led to the conclusion that fetal
behavioral patterns directly reflect the developmental
and maturational processes of the fetal central nervous
system (CNS). Nevertheless, the ultrasound findings
and their relevance in the assessment of the develop-
ment of the CNS can be interpreted only in compari-
son with the structural developmental events in the
particular period of gestation. Therefore, understand-
ing the relation between fetal behavior and develop-
mental processes in different periods of gestation may
make possible the distinction between normal and
abnormal brain development, as well as the early diag-
nosis of various structural or functional abnormalities.

Structural development of human CNS
All the neurons and glial cells originate from the
embryonic ectoderm, precisely a structure called the
neural plate. During the fourth postconceptional week,
the neural plate bends into a neural tube, whose fur-
ther growth reshaping and histological characteristics
directly reflect complicated histogenetic processes.
The results of those processes are specific transitional
embryonic zones, which cannot be observed in an
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adult brain. Three embryonic zones, ventricular,
intermediary and marginal (seen from ventricular to
pial surface), are present in all parts of the neural
tube, whereas the telencephalon contains two addi-
tional zones, subventricular and subplate.1

Histogenetic processes are proliferation, migration
and differentiation of neurons and glial cells, as well
as the synaptogenesis and development of chemical
specificity of neurons. The dynamics of the main
hystogenetic processes is shown in Table 38.1.

It is important to point out that proliferation of
neurons and glial cells occurs only in the ventricular
zone and in the subventricular zone of the telen-
cephalon. All the future neurons and glia originate
from these zones, form other transitional zones during
their migration toward the pial surface and finally
reach their permanent position and form the perma-
nent synapses. The early appearance of interneuronal
connections, shown in Table 38.1, implicates a possi-
bility of an early functional development. However,
these first synapses exist only temporarily and dis-
appear due to the normal developmental processes.
That is, simultaneously with these progressive
processes, so-called reorganization processes occur.
Some embryonic zones, types of neurons and glia and
synapses that play a crucial role in certain periods
of fetal brain development eventually disappear, sig-
nificantly changing the structure and function of
the brain. Reorganization processes include apopto-
sis, disappearance of redundant synapses, axonal
retreat and transposition, and transformation of the
neurotransmitters’ phenotype. The temporal overlap-
ping of the major histogenetic processes during the
fetal brain development can be seen only in primates.

Obviously, the development of the human brain
is not completed at the time of delivery. In an infant
born at term, characteristic cellular layers can be
observed in motor, somatosensor, visual and auditory
cortical areas. Although proliferation and migration
are completed in a term infant, synaptogenesis and
neuronal differentiation continue very intensively.2

The brain stem demonstrates a high level of maturity,
whereas all histogenetic processes actively persist in

the cerebellum.3 Therefore, only subcortical forma-
tions and the primary cortical areas are developed
completely in a newborn. Associative cortex, barely
visible in a newborn, is scantily developed in a
6-month-old infant. Postnatal formation of synapses in
associative cortical areas, which intensifies between
the eighth month and the second year of life, precedes
the onset of the first cognitive functions, such as
speech. Following the second year of age, many
redundant synapses are eliminated. The elimination
of synapses begins very rapidly, and continues slowly
until puberty, when the same number of synapses as
seen in adults is reached.3

Functional development of the fetal nervous system
The functional development of the human fetus
cannot be studied directly, but ultrasonic studies have
made possible the visualization of the fetal motor
activity in utero. The ultrasonic studies of fetal spon-
taneous motor activity and the motor responses to
stimulation, in comparison with the morphological
studies and experiments on animal models, have given
us an insight into the complex dynamic of fetal devel-
opment. An overview of the functional development
of the fetal nervous system, which will be discussed
further in the text, is given in Table 38.2.

Fetal motor development
The first synapses in the human nervous system
appear approximately simultaneously with the forma-
tion of the cortical plate, i.e. around the eighth post-
conceptional week.4,5 It is the period when the earliest
electrical activity and transmission of information6

occurs. The first spontaneous fetal movements were
observed at 7.5 postconceptional weeks. These move-
ments, consisting of slow flexion and extension of the
fetal trunk accompanied by the passive displacement
of the arms and legs7 and appearing in irregular
sequences, were described as ‘vermicular’.8 In a little
while, they are replaced by various general move-
ments, which include the head, trunk and limb, such

Table 38.1 Dynamics of the most important progressive processes in the development of the human brain

The most intensive 
Beginning period Ending

Proliferation 3–4 weeks of gestation 8–12 weeks of gestation Approximately 20 
weeks of gestation

Migration Simultaneously 18–24 weeks of gestation 38 weeks of gestation
with proliferation

Synaptogenesis 8 weeks of 13–16 weeks of gestation, Puberty
gestation after 24 weeks of gestation,

eighth month to second
year of postnatal life
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Table 38.2 Chronology of the functional development of fetal nervous system. Detailed description is given in
the text

Weeks of 
gestation Motor system Sensor system Circadian rhythm

6 Earliest spontaneous movements, Development of taste buds;
gross body movements development of nociceptors

7 Generalized movements after 
cutaneous stimulation

8 Movements of extremities, Localized movements 
head and trunk; isolated after cutaneous stimulation
limb movements

9

10 Sporadic breathing movements; Peripheral afferents from 
spontaneous movements nociceptors to spinal cord begin to
observed over 15% of 24-h time form – reflexive reactions to pain;

cutaneous reflexes seen in hands

11

12

13 Spontaneous movements and
breathing movements associated
with heart rate acceleration

14 Facial movements – swallowing, Legs sensitive to cuntaneous
yawning, grimacing; very intensive stimulation – reflexes
motor activity, 15 different types of
body movements can be observed;
sporadic eye movements

15 Secretion of leptin and VIP-
possible regulators of appetite

16

17

18 Alterations in cerebral blood flow
in response to painful stimuli

19

20 Nociceptors present all over
the body

21

22

23 Elevation of cortisol and beta 
endorphin levels in response
to painful stimuli

24 Breathing movements eye Consolidation of movements – 
observed over 14% of 24-h period alternation of EM and NEM 

periods

25 Cochlear function established 
(22–25 weeks); response to 
vibroacoustic stimulation
without lag time

26

27

28

29
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as ‘rippling’ seen at 8 weeks, ‘twitching’ and ‘strong
twitching’ at 9 and 9.5 weeks, respectively, and ‘float-
ing’, ‘swimming’ and ‘jumping’ at 10 weeks.9 Isolated
limb movements appear almost simultaneously with
the generalized movements.

Simultaneously with the onset of spontaneous
movements, the earliest cutaneous reflex activity can
be observed, allowing the assumption of the existence
of the first afferent–efferent circuits (Table 38.2). The
first reflex movements are massive and indicate a
very limited number of synapses in a cutaneous reflex
pathway.10 At that time, head tilting after perioral
stimulation is noted. During the eighth week of ges-
tation these massive reflex movements are replaced
with local movements, probably due to an increase
in the number of axodendritic synapses. Hands
become sensitive at 10.5 weeks and lower limbs begin
to participate in these reflexes approximately at
14 weeks.10–14 From the 10th week onward, the num-
ber and frequency of movements increase. By 14–19
weeks, the fetus is very active, with the longest period
of inactivity lasting only 5–6 min. In the 15th week,
15 different movements can be observed. Besides the
general body movements and isolated limb move-
ments, retroflection, anteflection and rotation of the
head can easily be seen. Moreover, face movements
such as mouthing, yawning, hiccups, suckling and

swallowing can be added to a wide repertoire of fetal
motor activity in this period (see Table 38.2).15

However, in such an early gestational period, the
dynamic pattern of neuronal production and migra-
tion, as well as the immature cerebral circuits, are
considered too immature for the cerebral involvement
in the motor behavior (for a review see Kostovic
et al.16). Only at the end of this period do a quantifi-
able number of synapses appear in the structures
preceding the cerebral cortex, probably forming a sub-
strate for the first cortical electric activity, noted at the
19th week.16 Studies of anencephalic fetuses have
also provided apparent evidences that around 17–20
gestational weeks, motor behavior becomes influ-
enced by the supraspinal structures. That is, in these
fetuses the incidence of movements was normal or
even increased, but the complexity of movement pat-
terns changed dramatically and movements were
stereotyped and simplified.17,18

The number of spontaneous movements tends to
increase until the 32nd week of pregnancy, when their
frequency begins to decrease.19–21 By term, the average
number of generalized movements per hour was found
to be approximately 31, with the longest period between
movements ranging from 50 to 75 per min.22 This
decrease is considered a result of cerebral maturation
processes, rather than a consequence of the decrease

Table 38.2 (Continued)

Weeks of 
gestation Motor system Sensor system Circadian rhythm

30 Number of breathing movements Fetus responds to purely 
change in response to alteration acoustic stimulation
in CO2 concentration in
maternal blood

31

32 The number of spontaneous
movements begins to decrease

33 REM and SEM periods
can be distinguished

34 Breathing movements sensitive 
to the maternal plasmatic glucose
concentration

35

36

37

38 Constant duration of EM and 
NEM periods; integration of
eye movements with other
parameters of fetal activity
(heart rate, movements)

39

40
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in the amniotic fluid volume. Simultaneously with
the decrease in the number of generalized move-
ments, an increase in the facial movements, including
opening/closing of the jaw, swallowing and chewing,
can be observed. These movements can be seen mostly
in the periods of absence of generalized movements
and that pattern is considered to be the reflection of
the normal neurological development of the fetus.19

However, the changes in not only the number of
movements but also their complexity are shown to be
the result of maturational processes. Our recent 4D
ultrasound study, which will be described later in the
text, has shown an even wider repertoire of fetal face
and hand movements in the third trimester of gesta-
tion than has been previously described.23 Obviously,
the story of fetal intrauterine activity is far from being
completed and the development of new recording
techniques could enrich our perspective of the
intrauterine life. It has been demonstrated that the
fetal movement patterns in the second half of preg-
nancy are almost identical to those observed after
birth,24,25 although the repertoire of movements in
newborns includes some patterns that cannot be
observed in the fetus, such as the Moro reflex.26 The
detailed description of fetal movement patterns at dif-
ferent gestational ages, studied by conventional as
well as 4D ultrasound, will be given later in the text.

Many factors, such as cigarette smoking27 or injec-
tion of corticosteroids for fetal lung maturation,28

were proved to decrease the number of spontaneous
fetal movements. Furthermore, fetal activity is
increased in mothers suffering some kind of emo-
tional stress.29 The quality of fetal movement patterns
is altered in fetuses suffering intrauterine growth
restriction. The movements become slower, monoto-
nous, resembling cramps, and their variability in
strength and amplitude is reduced. These changes
could indicate the existence of brain lesions in
growth-restricted and possibly hypoxic fetuses. That
is, despite the earlier assumptions, the alterations in
the amplitude and complexity of movements in these
fetuses do not appear due to oligohydramnios. In
cases of premature rupture of fetal membranes and a
subsequently reduced volume of amniotic fluid,
movements occur less frequently, but their complex-
ity resembles that of movements performed in the nor-
mal volume of amniotic fluid (for a review see Prechtl
and Einspieler30). Obviously, the qualitative as well as
quantitative analysis of fetal movements reveals the
integrity of the fetal nervous system, and can be used
for the detection of various cerebral dysfunctions, and
probably neuromuscular diseases.29,30

Development of specialized movements
Studies on animals, especially various species of
mammals, as well as their comparisons with the ultra-
sonic recordings of human fetuses, have revealed that
some specialized movement patterns, crucial for the

survival of newborns, such as swallowing or rhythmic
respiratory movements, develop and mature during ges-
tation. Although these patterns differ somewhat from
adult patterns, in the near-term fetuses they are devel-
oped sufficiently to enable the survival of the fetus.

In the human fetus, breathing movements occur
around the 10th week of gestation.31 Early in gesta-
tion, they are present almost continually and are asso-
ciated with the activity in the postural muscles of the
neck and limbs. However, the frequency and com-
plexity of the breathing pattern change as pregnancy
progresses. The total breathing time in a 24-h interval
extends, as well as the duration of individual breath-
ing and non-breathing intervals.32,33 Changes in
breathing patterns are considered to be a result of the
maturation of the fetal lungs and respiratory and sleep
centers in the fetal CNS. In the 38th and 39th weeks
of gestation, frequency of movement decreases to 41
respirations per minute and the movements become
as regular as in the postnatal period.34 Approximately
at the 30th week of gestation, the regulation of fetal
breathing movements by the plasmatic level of carbon
dioxide is established and the number of respirations
increases following an excess of carbon dioxide in
maternal blood.35,36 This sensitivity to the alterations
in the plasmatic carbon dioxide level is connected to
the maturation of fetal respiratory neural centers,
which is thought to occur during the last 10 weeks of
pregnancy (see Table 38.2).37 The process of matura-
tion of fetal breathing movements is accelerated in
some conditions such as premature rupture of mem-
branes. For instance, decrease in fetal breathing has
been observed following premature rupture of mem-
branes38,39 and during the three days prior to the initi-
ation of labor.37,40 Kisilevsky et al. compared the body
movements and breathing patterns in normal fetuses
at 24–33 weeks of gestation and fetuses threatening to
deliver prematurely. High-risk fetuses had a reduced
level of body movements and an earlier onset of
extended periods of breathing, which occurred at 30
weeks in contrast to 33 weeks in the control group.41

However, in this study, accelerated maturation of
breathing was not observed in the presence of rup-
tured membranes. Fetuses delivered prematurely had
less breathing than those delivered at term. Maternal
consumption of alcohol or methadone and, according
to some authors, even cigarette smoking, is known to
decrease the incidence of breathing movements.42–44

On the other hand, aminophiline, used for the treat-
ment of bronchial asthma, as well as conjugated estro-
gens and betamethasone increase the frequency of
breathing.45,46 An increased number of fetal move-
ments following the elevation of the glucose concen-
tration in maternal blood has been noted at the 34th
week of gestation.47,48

Another indispensable prerequisite for the survival
of the newborn is the ability to feed, i.e. to ingest food.
In the human fetus, swallowing has been noted as early
as 11 weeks of gestation,49 with daily swallowing rates
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near term of 200–500 ml.50,51 Swallowing of amniotic
fluid proteins and growth factors contributes to the
growth and maturation of the fetal gastrointestinal
tract, and possibly to the fetal somatic growth.52 That
is, the amniotic fluid provides 10–14% of the nitrogen
requirements of the normal fetus, and esophageal atre-
sia is often associated with lower birth weight.53 Many
authors agree that swallowing patterns develop
in utero in all species in which there is significant
fetal fluid excretion (urine and lung liquid) into the
amniotic cavity. Thus, fetal swallowing contributes
to the regulation of amniotic fluid volume.52 In some,
although not all cases with fetal esophageal atresia,
the volume of amniotic fluid is increased. The normal
volume of amniotic fluid in some of these cases could
be explained by the coexistence of tracheoesophageal
fistula, which could allow the intake of liquid during
respiratory movements (for a review see Ross and
Nijland54). Furthermore, polyhydramnios sometimes,
though not always, develops in anencephalic fetuses.
However, some of these fetuses have an intact swal-
lowing reflex, whereas cases with normal amniotic
fluid volume and decreased fetal swallowing have
been described (for a review see Ross and Nijland54).
Spontaneous fetal swallowing is, like most motor
patterns, correlated with neurobehavior. The develop-
ment of dypsogenic mechanisms and their influence
on fetal swallowing will be described later in the text.
Here, we have to emphasize that fetal swallowing pat-
terns differ significantly from those seen in the adult
and that the fetus daily swallows 5–10 times more
fluid per body mass unit.55

Development of the fetal sensor system
The combination of ultrasonic studies, pathoanatomical
examinations and studies of premature infants has
provided a wide spectrum of evidence that the ability
to register vibrations, acoustic stimuli and even light
is acquired during intrauterine life. It is well known
that the fetus can sense pain and respond to painful
stimulus with a variety of responses, such as move-
ments, circulatory and hormonal responses, although
the question of the emotional response to pain or
memorization of the unpleasant events in utero still
remains unresolved. The fetus can also sense the taste
of amniotic fluid and even functions such as appetite,
satiety and thirst seem to be developed during
intrauterine life (see Table 38.2).

Fetal vestibular and auditory system
It is generally accepted that reflexes of the brain stem,
which include vestibulary, olfactory and auditory
reflexes, develop early in gestation.56 Vestibular gan-
glionic cells mature earlier than the neurons of lateral
and inferior vestibule nuclei, which are functional
from 9 gestational weeks onward.57 Vestibule stimula-
tion is thought to contribute to the development of

fetal movements. That is, the gravity-free environment
in the uterus appears to promote the development of
vestibulary reflexes.58 According to electrophysiologi-
cal examinations of the evoked potentials in prema-
turely delivered healthy infants, cochlear function
develops between 22 and 25 weeks of gestation,
whereas its maturation continues during the first
6 months after delivery.59–61 Maternal heartbeats and
motility of the gastrointestinal tract during digestion
appear to generate 90 dB of noise62 in utero. However,
fluid in the fetal ear as well as the immaturity of the
cochlea complicate the transmission of sound, so that
only strong acoustic stimuli can produce fetal reflex
movements, such as startle motion of the trunk and/or
flexion of the extremities, accompanied by changes in
the heart rate. These are seen during or soon after
vibroacoustic stimulation.61 Applying acoustic stimu-
lation with a wide spectrum of frequencies directly
on the maternal abdomen, Shahidullah and Hepper
have registered reflex movements with a short lag
time in 20-week-old fetuses, and movements without
the lag time in 25-week-old fetuses.63 However, these
movements were explained as a reflex response to
vibroacoustic stimulation or proprioceptor stimula-
tion. Kisilevsky et al. reported an increased number
of fetal movements and heart rate during acoustic
stimulation performed with the sound transmitter
placed 10 cm above the maternal abdomen, in 30-week-
old fetuses.64

Fetal vision
The intrauterine environment is not completely
deprived of light. Moreover, some experimental
results indicate that the development of visual and
auditory organs could not be possible without any
light or acoustic stimulation.62 Although the struc-
tural development of sensor pathways is a prerequi-
site for functional development, the final organization
of the brain circuitries relies predominantly on guid-
ance from external output.16 In the cortical area,17

synaptogenesis persists between 24 weeks and 8
months after delivery,65 whereas myelination of the
optical tract begins at 32 weeks of gestation66 and
cones of the central foveola reach adult proportions
late in childhood.67

Fetal pain
During the past decade, fetal perception of pain has
been not only an object of interest for scientists, but
also an important issue in public debates, in relation to
late abortion and an increasing number of intrauterine
operations. The pain consists of two components: per-
ception of the stimulus and an emotional reaction or
unpleasant feeling with regard to the noxious stimulus.
These occur in two anatomically and physiologically
distinct systems in the brain. The response to painful
stimulation can be regarded at three different levels:
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somatosensory response, pain-induced autonomic and
endocrinological reflexes and pain-related behavior
(for a review see Vanhatalo and van Nieuvenhuizen68).
In the human fetus, the first nociceptors appear at the
seventh week of gestation and by the 20th week, these
are present all over the body. Peripheral afferents begin
to make synapses to the spinal cord, approximately
during weeks 10–30.69 The myelination of these path-
ways70 and the development of functional spinal reflex
circuitry occur almost simultaneously.70,71 Higher parts
of the pain pathways include the spinothalamic tract,
established at 20 weeks and myelinated by 29 weeks of
gestation,72 and thalamo-cortical connections, which
begin to grow into the cortex at 24–26 weeks.66 Finally,
at 29 weeks, evoked potentials can be registered from
the cortex, indicating that the functional connection
between periphery and cortex operates from that time
onward.12,71

The earliest reactions to painful stimuli are motor
reflexes, resembling withdrawal reflexes. These reac-
tions are completely reflexive and are guided by the
spinal cord. Higher perception or processing of painful
sensation does not exist at this stage.10 However, some
investigators indicate that facial reflexes in response to
somatic stimulation, which could indicate the emo-
tional reaction to pain, develop rather early in gesta-
tion.13 These reflexes are thought to be coordinated by
subcortical systems and probably reflect development
of these lower brain circuitries.73 As for the autonomic
responses to pain, an elevation of cortisol and beta-
endorphin levels in plasma in response to needle
pricking of the innervated hepatic vein was registered
in a 23-week-old fetus, whereas the stimulation of
the uninnervated umbilical cord had no effect.74,75

Alterations in cerebral blood flow, i.e. blood flow
redistribution during invasive procedures, were noted
in an 18-week-old fetus.76 These results indicate that
painful stimuli trigger a wide spectra of reactions in
the CNS, such as activation of the hypothalamic pitu-
itary axis or autonomic reflexes, even without reach-
ing the cortex. Furthermore, we have to emphasize
that these hormonal, autonomic and metabolic
responses can be neutralized by analgesics such as fen-
tanyl.76,77 The reduction of fetal responses to pain is
extremely important because many studies have
shown the influence of the early pain experiences on
the later behavioral variables or on the later develop-
mental outcomes.78 One of the most important effects
of painful experience is a prolonged stress response.79

It includes fluctuations in blood pressure and cerebral
blood flow, and hypoxemia, which may predispose
to intracranial hemorrhage.76 Experiments on animals
have revealed that elevated cortisol levels, equivalent
to those secreted during the stress response in
humans, were associated with degenerative changes
in the fetal hypothalamus.80 Finally, long-term follow-
up studies of fetuses treated in the intensive care units
(ICU) and exposed to pain and/or stress have demon-
strated the correlations between the stay in ICU and

altered pain thresholds and abnormal pain-related
behavior later in life.79,81 All these findings underline
the importance of a stress-free environment for normal
physiological and psychological development.

Fetal taste, appetite and satiety
It is generally believed that appetite and satiety
functions develop during the intrauterine period in
all precocial species. In the human fetus, taste buds
are developed from the seventh week of gestation
onward.82 Sucrose increases swallowing in the human
fetus, whereas the incidence of swallowing movements
decreases following the injection of Lipiodol, a bitter
extract of poppy seeds, into the amniotic fluid.82 The
main endocrine regulators of appetite, leptin and
neuropeptide Y (NPY) are secreted as early as 15 and
18 weeks, respectively, in the human fetus, but the
ontogeny and functions of their regulatory pathways
have not been delineated in the human fetal brain.83–85

However, experiments on animals have shown the
increase of swallowing upon ingestion of NPY.86

Swallowing was increased following the injection of
leptin, which is in contradiction with leptin function
in adults.87 Therefore, some authors postulated that
the presence of NPY pathways and the immaturity of
leptin pathways may potentiate feeding and facilitate
weight gain in newborns, despite high body fat levels.52

Development of dipsogenic mechanisms
Experiments on animal models, especially fetal lambs,
have shown that dipsogenic mechanisms begin to
modulate fetal swallowing during intrauterine life.
For instance, in fetal lambs, swallowing and arginine
vasopressin secretion increase following the central
administration of hypertonic saline and angiotensin
II.88,89 Ross et al. have identifed the hypertonicity-
activated neurons in dipsogenic hypothalami nuclei,
such as the parvocellular and magnocellular division
of periventricular nucleus and supraoptic nucleus
in near-term ovine fetus.90–92 These authors also
suggested that exaggerated fetal swallowing under
physiologic conditions (5–10 times more liquid in
proportion to the adult) might be the result of tonic
activation of angiotensin II receptors and production
of nitric oxide.93,94 Nevertheless, the fetus appears to
have a reduced sensitivity to osmotic stimuli95–97 when
compared to the adult, despite the intact dipsogenic
nuclei. Reduced swallowing during systemic hypoten-
sion despite the elevated renin plasma levels, together
with the increased amount of liquid swallowed under
normal conditions, indicates that fetal dipsogenic
response might differ from that of the adult.98

Cyclic behavior and development of circadian rhythms
Fetal life in utero is organized in cyclical patterns.
Periods of activity alternate with periods of rest.
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The observation of human infants resulted in the
hypothesis that the alternations of activity and inac-
tivity periods reflect the elementary ultradian rhythm
of the fetal CNS, uninfluenced by external input.

For instance, eye movements, which become observ-
able at 16–18 weeks of gestation, begin to consolidate
at 24–26 weeks of gestation, and the periods of eye
movements (EM) begin to alternate with non-eye
movement (NEM) periods. During the last 10 weeks of
gestation, both switching and maintaining mecha-
nisms responsible for this ultradian rhythms mature,
and constant mean values of duration of EM and NEM
periods are achieved by 37–38 weeks. At that time,
EM and NEM last 27–29 min and 23–24 min, respec-
tively, which is similar to the values in the neonate.99

In the adult human, rapid eye movements (REM) are
present during active sleep, alternate with the slow
eye movements (SEM) or deep sleep and are accom-
panied by changes in electrocortical activity.100 In the
fetus, REM and SEM can be registered at 33 weeks of
gestation. At 36–38 weeks of gestation, they become
integrated with other parameters of fetal activity, such
as heart rate and fetal movements, into organized and
coherent behavioral states.101

In fetal animals, simultaneous measurements of
fetal electrocortical activity, eye and body movements
have shown that deep sleep, characterized by high-
voltage waves and decreased fetal activity, occurred
during 54% of the total time each day. The total length
of REM sleep period, characterized by low-voltage
waves and rapid eye movements, lasted 40% of the
total time each day. Wakeful state (6% of the day) is
characterized by low-voltage waves.102 In human pre-
mature newborns, born 4 weeks prior to term, 60–65%
of the total sleeping period is REM sleeping, whereas
in a term newborn, the REM sleeping period is 50%
of the total 16 h of sleep.103 The intensive activity of
neuronal circuits during REM sleep is thought to
contribute to the development of the CNS.103

The circadian system is a kind of biological
clock that receives information from the environment
and sends efferent outputs that orchestrate circadian
rhythms.104 In mammals, the major role in orchestration
of these rhythms is played by the suprachiasmatic
nucleus (SCN) of the hypothalamus, which oscillates
with a period of close to 24 h. Biological oscillations
of SCN are entrained by the light/darkness cycle,
which is registered by retinal receptors and transmit-
ted by the retino-hypothalamical tract. Efferent path-
ways from SCN include projections into the various
nuclei of the hypothalamus, and possibly, endocrine
SCN secretion. In the human fetus, as well as other
mammal species, SCN is developed by midgestation,
but its maturation continues after birth, as shown
by an increase in the number of neurons containing
adrenalin vasoperssine and vasoactive intestinal
polipeptide (VIP) during the first year of postnatal life
(for a review see Kelly104). Circadian rhythms in
behavior, cardiovascular function and hormones are

present in human fetuses, as well as in fetal sheep
and monkey, and are entrained to the light/darkness
cycle. However, the question whether that rhythm
is generated by the fetus itself or influenced by mater-
nal rhythms remains to be resolved, although some
animal experiments indicate the importance of the
maternal SCN. In this case, the transmission of the
signal to the fetus would necessarily require an
endocrine mediator, but no such molecule has been
identified yet. The latest results suggest the role of the
maternal pineal hormone melatonin. This hormone is
present in humans, as well as in other mammals, and
its plasma concentrations exhibit daily variations,
with the peak during the night. Therefore, its role in
sleep induction has been suggested (for a review see
Kelly104). Seasonal alterations in melatonin concen-
trations have also been reported. Daily oscillations
of melatonin concentrations in plasma are present
throughout gestation,104 and various human tissues
including the CNS express some types of melatonin
receptors.105,106 However, its role in the orchestration
of fetal circadian rhythms remains to be confirmed.

Basic technology of 4D sonography
The rapid development of digital ultrasound systems
allows 3D image reconstructions and, lately, 4D real-
time inspection of anatomical regions and pathologi-
cal changes. However, 3D images are static and do
not provide information on movements and dynamic
changes of the object of interest.23 Moreover, fetal
movements are the source of significant artifacts and
volume scanning should be performed during the
fetal inactive phase, i.e. whenever the fetus is active,
qualitative 3D image is unobtainable. This fact limits
the usage of classic 3D ultrasound. Four-dimensional
ultrasound overcomes this disadvantage, making it
possible to obtain qualitative 3D images regardless of
fetal movements. The only limiting factor for 4D
sonography is the quantity of adjacent amniotic fluid.

The acquisition of volume data sets is performed
by 2D scans with special transducers (linear, convex,
transvaginal) designed for 2D scans, 3D and real-time
4D volumes.107 The real-time 4D mode is obtained
from simultaneous volume acquisition and comput-
ing of 3D images, which is in fact multidimensional
ultrasound.108 The movement of the ultrasound beam
over the region of interest (ROI) is automatic. Such
a design enables simplified 3D and 4D acquisition.
Ultrasound probes include a scanning mechanism
moved by a built-in electromotor. The processing
speed allows continuous acquisition and processing
of 4D volumes.

The volume acquisition begins with a 2D image
and superimposed volume box. The initial 2D image
is the central 2D image of the volume. According to
the dimensions of the volume box, the volume scan
sweeps between the margins of the volume box. The
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volume box is set to frame the ROI. The following
steps are important for producing reliable 4D images:

(1) Orientation in real-time 2D mode.
(2) Selection of ROI.
(3) Starting the volume scan. Volume data are shown

in a multiplane display on the monitor (trans-
verse, sagittal and coronal).

During the 3D and 4D acquisition, sweep time depends
on the volume box size, scan quality and adjusted scan
parameters such as depth, number of focuses and other
parameters that affect the B-mode image frame rate.

Four-dimensional rendering
The pixel is the smallest element of 2D images, while
the voxel is the smallest information unit in 3D and
4D imaging. Volume rendering provides visualization
of animated voxel-based images on a 2D screen.
Because of the development of instant computer tech-
nology and fast data transmission, volume acquisition
and data processing are accelerated to enable 3D ren-
dering in real time (4D). Fast volume data processing
enables calculation of 5–30 volumes per second
depending on the system hardware and size of the
render box. As 4D imaging is almost a real time, there
is always some delay as a result of the time needed to
reconstruct 3D images from 2D scans. It is always
desirable to achieve as many volumes per second
(volume rate) as possible. The number of volumes
per second is some kind of trade-off between image
quality and frame rate. The quality of 3D and 4D
images mostly depends on 2D image quality. Prior to
volume acquisition it is important to achieve the
best 2D image quality, adjusting depth, focus position
and number of focuses, frequency and gain. All 2D
image artifacts will be also present on 3D and 4D
image reconstruction. Good 4D image acquisition
depends on ROI size and volume box size, ROI posi-
tion or direction of view and accessibility to the
object. The render box determines the contents that

will be rendered. Structures that are not selected by
volume box will be cut from 3D reconstruction.

ROI can be sized, moved and rotated in all direc-
tions arbitrarily by the operator. Volume data can be
acquired from different 2D modes: gray-scale imaging,
CFI and power Doppler imaging. There are different
rendering modes available: surface, transparent (max-
imum, minimum, x-ray) and light, some of them can
be active simultaneously in real time.

Volume rendering is a process of visualization of
3D structures on an animated 2D screen and rendering
modes determine how the 3D image will be presented
on screen.

Surface rendering or gray-scale rendering
In the surface rendering mode, only signals from the
surface of ROI are extracted and displayed in the plas-
tic appearance. Surface rendering examination of the
fetus focuses the sonographer’s attention exclusively
on the fetal external anatomy (Figure 38.1).

This mode is capable of clear visualization of fetal
normal surface anatomy or surface anomalies such as
myelomeningocoele, omphalocele, cleft lip/palate,
macroglossia and limb defects (Figures 38.2–38.6).
Furthermore, visualization of the spatial relationship
between surface structures enables accurate diagnosis
of subtle malformations and anomalies such as
micrognathia, overlapping fingers, hexadactilia and
auricular malposition or malformation.

Surface rendering gives the best result when
ROI structures are surrounded by fluid or hypoechoic
tissue. By selecting the threshold level, voxels with
gray values below the threshold value selected are
not shown on the reconstructed image. Selecting the
threshold parameter influences the quality of the
surface rendered image.

The surface image can be displayed in ‘textural’
mode. The gray values can be colored by different
color maps, but the most successful map for 4D
image is the ‘body heat’ map. The texture mode can
also be ‘smoothed’, showing smooth surfaces on 4D

Figure 38.1 3D surface rendering of the normal hand movement. Note the alteration of the palm position.
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reconstructions. Texture and smooth surface displays
are suitable for use in applications such as fetal face,
abdominal wall, genitals, umbilical cord (Figure 38.7)
and the surfaces of the urinary bladder.109–111

The surface can be displayed in ‘light’ mode. Closer
structures are brighter, while distant structures are
displayed darker. A variation of the light mode is
‘gradient light mode’, showing virtual illumination
from a spot light source.112

Transparent mode
In the transparent mode, contrary to the surface mode,
only the signals from the inner layers of the ROI are
extracted, providing spatial reconstruction of the inter-
nal structure of the ROI. According to the echogenicity
of extracted signals there are two submodalities: maxi-
mum and minimum modes. In the maximum mode
there are only the signals of the highest echogenicity,
whereas in the minimum mode only the signals of the

Figure 38.2 3D surface rendering of omphalocele.

Figure 38.3 3D surface rendering of macroglossia. Figure 38.4 3D surface rendering of myelomeningocoele.
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lowest echogenicity are extracted from the entire
volume. In the transparent mode only maximum gray
values are displayed. This mode is suitable for visuali-
zation of fetal bones, endometrium and breast.

Minimum mode
Minimum gray values are displayed for visualization
of vessels, cystic structures and parenchyma of differ-
ent organs.113

Maximum mode
Maximum gray values are displayed. It is suitable
for visualization of fetal bone structures and is
the method of choice for imaging of the spatial rela-
tionships between bones.114 Moreover, this modality

offers an option of complete visualization of curved
bones such as ribs or clavicle on a single image.

Evaluation of the complete skeleton, particularly
the thoracic skeleton in the developing fetuses, often
is difficult with 2D ultrasound because of curvature of
the bones. Ribs can be completely observed using the
3D ultrasound transparency mode. This modality
reduces the echogenicity of soft tissues, leaving
behind echogenic structures, namely, the bones. The
curvature and relationship of the rib ends to the
vertebral bodies and the anterior chest wall can be
demonstrated as well as the entire length.

The vertebral column is originally curved antero-
posteriorly. If it is pathologically curved laterally, it is
impossible to display the whole vertebral column in a
single sectional image by 2D ultrasound. The advan-
tage of 3D ultrasound (Figure 38.8) is the ability to
visualize both curvatures at the same time. Anomalies
such as scoliosis, kyphosis, lordosis and spina bifida
may be overlooked by 2D ultrasound, but are easy to
recognize by using the 3D maximum mode. Congenital
malformations of the fetal spine can be identified more
easily using 3D surface and transparent mode recon-
struction together. Specific vertebral body levels may
be accurately identified by simultaneous evaluation of
axial planes of the spine within the volume rendered
image. It is difficult to acquire the entire spine in a
single volume and thus multiple volumes are often
necessary to evaluate the spine completely.

Volume contrast imaging (VCI)
Using 4D it is possible to make high-contrast 2D
images. The rendered algorithm is a combination of
surface texture mode and minimum transparency 4D

Figure 38.5 3D surface rendering of bilateral cleft lips.

Figure 38.6 3D surface rendering of arthrogryposis of the
fingers showing rigid and fixed posture.

Figure 38.7 3D surface rendering of umbilical cord around the
arm.
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mode. It is possible to display a couple of millimeters
thin volume slice showing very good contrast
between different tissues. The user can define the
thickness of the slice that is scanned using 4D image
rendering. The reconstructed image shows improved
tissue contrast. VCI is used for better visualization of
nodular or diffuse lesions in parenchyma of organs
such as liver and spleen.

Spatio-temporal image correlation (STIC) in fetal
echocardiography
STIC is a new method for clinical investigation of the
fetal heart. The reconstructed volume scan offers a
user-friendly technique to acquire data from the fetal
heart and its visualization in a 4D sequence. The
volume acquisition occurs in two ways. First, data are
obtained by a single, automatic volume sweep. In the
second step, the system examines the data in propor-
tion to their spatial and temporal domain and
processes a 4D sequence. This sequence presents the
heart beating in real time in a multiplanar display.
After the volume acquisition, the heart can be assessed
off-line, without depending on the patient.115,116

Removing overlaying structures
This option is called Magic-Cut or the electronic
scalpel. During 3D and 4D scanning in most cases
there are structures that interfere or are superimposed
on the reconstructed image. The Magic-Cut tool
enables successful removal of overlaying structures
using 3D imaging. Unwanted structures can be cut off
from the image in all three directions along the x, y
and z axes. There is also a possibility of using this tool

to remove some structures from real-time 4D volumes.
The cutting tool enables the operator to have improved
visualization of the object from all directions.117

Data review and networking
Volume data sequences can be stored on the hard
disk of the ultrasound unit or in different media
(CD-R, MO-Disc) in various formats: 2D image, 2D
cine (selected sequence of 2D images), 3D volume
(sequence of 3D rotating images) and 4D volume. Since
the complete volume data set is saved, it is possible to
review saved examinations without any loss of image
quality. Stored data can be interactively processed
with the possibility of additional 3D reconstruction.

Three-dimensional and 4D imaging provides addi-
tional dimensions to conventional 2D sonography. The
main advantage of ultrasound in general is dynamic
imaging of the human body. Four-dimensional imag-
ing is following this tradition, permitting visualization
of dynamic changes inside the body and its organs.
Using 4D ultrasound in obstetrics, it is possible for the
first time to monitor the quality and quantity of fetal
movements on 3D real-time reconstructed images.

Assessment of fetal behavior
Prenatal motility is considered to reflect the develop-
ing nervous system but it also involves the functional
and maturational properties of fetal hemodynamics
and the muscular system. Despite medical reports
from 100 years ago and 25 years of systematic
research initiated by Prechtl and associates, the study
of prenatal behavior is in its infancy.

Fetal behavior can be defined as fetal activities
observed or recorded with ultrasonographic equip-
ment. As it is not yet possible to assess the functional
development of the CNS directly, investigators have
started to analyze fetal behavior as a measure of
neurological maturation.118

A turning point in the assessment of fetal behavior
was the introduction of real-time ultrasound. This tech-
nique allowed the investigation of spontaneous fetal
motor activity in utero.117,119 For the first time, studies
of spontaneous prenatal movements and behavior
in utero were carried out and published. Since fetal
body movements give important information about the
condition of the fetus, their quantitative as well as qual-
itative aspects were analyzed. de Vries et al. described
the developmental pathway of fetal movements in a
longitudinal study of 12 healthy nulliparous women.15

They reported not only how to describe a particular
movement, but also how these movements were per-
formed in terms of speed and amplitude.15

Assessment of fetal movements
Using ultrasound imaging, de Vries et al. focused on
the first half of pregnancy, while Roodenburg et al.

Figure 38.8 3D maximum mode showing the vertebral
column.
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investigated the second half of pregnancy.24,120 In a
classic paper, de Vries and her team classified at least
13 different movement patterns.24

Classification of movement patterns121

(1) Just discernible movements (between 7 and 8.5
weeks)

(2) Startle
(3) General movements (Figure 38.9)
(4) Hiccup
(5) Breathing
(6) Isolated arm or leg movement
(7) Isolated retroflexion of the head
(8) Isolated rotation of the head
(9) Isolated anteflexion of the head

(10) Jaw movements
(11) Hand–face contact – in this pattern of movement,

the hand slowly touches the face, the fingers fre-
quently extend and flex (Figures 38.12–38.15)

(12) Stretch
(13) Rotation of the fetus.

Relying on the observations of apparently typical
spontaneous human fetal movements, de Vries et al.
recorded variations in general movements that they

believed suggested abnormalities of the CNS.122

Following their lead, other researchers have selected,
as a dependent variable, general movements or ‘gross
movements’ involving the whole body.123 Fetal motor
behavior has been described.124–127 The descriptor of
general movements has been applied to the move-
ments of preterm newborns.128,129 Unfortunately, the
lack of definition specificity, long-term follow-ups
and the reliability of descriptions have limited the
usefulness of some of these studies. Nevertheless,
careful observation and analysis of fetal movements
could be useful in the assessment of the integrity of
the fetal CNS, as will be described later in the text.

The Zagreb group has evaluated the advantages of
4D over 2D real-time sonography in the assessment of
early fetal behavior.117 With 4D transvaginal sonogra-
phy these authors found body movements at 7 weeks
of pregnancy (Table 38.3).117 The observed body
movements consisted of the changing position of the
head toward the body. Therefore, this technology
enables the visualization of the moving phenomenon
1 week earlier than 2D ultrasound. At 7 weeks of ges-
tation, the dominant embryonic feature is the head,
which is strongly flexed anteriorly. Upper and lower
limb buds are visible on the lateral aspects of the
embryo. However, embryonic movements are not fre-
quent and consist mainly of moving of the head
toward the rest of the body. At 8–9 weeks, the head is
less flexed and the changes in the position of the head
toward the body are clearly visible.

General movements are the first complex fetal
movement patterns observable by 2D ultrasound.15

They can be recognized from 8–9 weeks of pregnancy
and continue to be present until 16–20 weeks after
birth.130 According to Prechtl these are gross move-
ments, involving the whole body.121 Movements of
the limbs, trunk and head are of variable speed but
smooth in appearance. They wax and wane in inten-
sity, force and speed, and they have a gradual begin-
ning and end.121 The qualitative characteristics of
general movements can be altered by some pathologi-
cal conditions, such as in fetuses of women with type
1 diabetes mellitus or fetuses with anencephaly.17,131

The range of movements varies from forceful and
jerky in character and of large amplitude in anen-
cephalic fetuses (Figure 38.10) to monotonous and
rigid or chaotic in diabetic pregnancies. Qualitative
alterations of general movements (Figure 38.11) seem
to be useful in the assessment of the severity of asso-
ciated neurological disability. The complex sequences
of extension and flexion of the legs and arms (Figure
38.9) may be assessed better with 4D ultrasound.
Furthermore, 4D sonography seems to be the method
of choice for detecting subtle changes such as super-
imposed rotations and changes in the direction of the
movements. The application of this new technique
could improve the analysis of fetal movements and
could allow the definition of precise criteria for the
assessment of the integrity of the fetal nervous system.

Figure 38.9 4D ultrasound sequence of the fetus at 12 weeks
of gestation showing general movements. The complex move-
ments of the limb, trunk and head are clearly visible and cause
a shift in fetal position. In the first sequence, the right limb is
bent in the elbow joint. In the next sequence, the fetus has
dropped the hand and has begun to deflect the elbow joint. In
the last sequence, further elevation of the hand is seen.
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According to the literature, there is a period
between 8 and 12 weeks concerning the first appear-
ance of limb movements.15,131 de Vries et al. found
isolated arm and leg movements at 8 weeks of preg-
nancy.15 With 4D ultrasound, the limb movements
were detected at 8–9 weeks of gestation (Table
38.3).117 In this period, limbs are elongated and their
segments are discernible. Isolated arm and leg move-
ments were clearly visible and consisted of changes in

position of the extremities toward the body without
observable flexion or extension in the joints.

Limb movements become more complex with
advancing gestational age. Specific movements can be
recognized at 14 weeks by 2D ultrasound. The organ-
ization of the movement pattern occurs as their fre-
quency increases.126 It seems that the fetal arms
explore the surrounding environment and cross the
midline, while the palmar surface is oriented toward

Table 38.3 The incidence of spontaneous embryonic/fetal movement according to gestational age (adapted
from Kurjak et al.117)

Gestational Gross body Complex limb 
age (weeks) CRL (mm) No movements movements Limb movements movements

7–8 0–15 31 12 0 0

9–10 16–30 26 11 7 0

11–12 31–50 19 16 12 8

CRL, crown–rump length

Figure 38.10 4D sequence of anencephalic fetus at 19 weeks of pregnancy. Only hand to head movements in one direction of the
left arm could be seen; their onset was abrupt and jerky. Body movements in anencephalic fetus showed a lack of positional changes,
with a waxing and waning in intensity. Using this technique, the function of lower-level CNS responsible for these forceful,
monotonous changes is evaluated.

Figure 38.11 4D sequence of normal fetus at the same age as in Figure 38.10. Hand movement could be observed in any direction.
We could see head movement (retroflexion and rotation) followed by palm opening position simultaneously. Qualitative alteration
of movements can be used as a marker of the severity of associated neurological disability.
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the uterine wall. The fetal legs are extended to the
uterine wall. This phenomenon can be seen 2 weeks
earlier using 4D ultrasound.117 However, these move-
ment patterns are less organized in comparison with
those observed at 14 weeks by 2D ultrasound.
Complex limb movement consists of changes in the
position of the limb segments toward each other, seen
by 4D ultrasound. More limb joints are active and
move simultaneously, for example, as extension or
flexion in arm and elbow or hip and knee. The eleva-
tion of the hand, extension of the elbow joint, with a
slight change in direction and rotation, can be seen
simultaneously.

Sparling and Wilhelm also described spontaneous
movements in fetuses from 12 to 35 weeks of gesta-
tion (Table 38.4) and recorded the characteristics of
hand movement.126 Many movements appeared to be
directed to a body part or the uterine wall. The hands
of the fetuses moved with a variety of frequencies
and apparent force. Joint ranges of motion changed
throughout the movements rather than remaining
the same, as in floating. These movements suggested
primary and secondary circular reactions in which
a movement is repeated, presumably because it has
functional importance to the organism.127,129 During
later gestational periods, the fetuses’ hands are
directed to and manipulate body parts and features of
the environment, such as the umbilical cord.

Our recent study, using 4D sonography, shows that
the number of isolated arm movements decreases
gradually from 13 through 16 weeks (Table 38.5a).
All recordings were made during 15-min periods. The
incidence varied between 50 and 120 with a median
value of 60 at 13 weeks, between 17 and 27 with a
median value of 23 at 14 weeks, between 0 and 6 with
a median value of 2 at 15 weeks and between 18 and
28 with a median value of 25 at 16 weeks. The high-
est range was registered at 13 weeks of gestation. Data

from Table 38.5(b) demonstrate the incidence of hand
to head movements (Figure 38.15). There is a notable
decrease in their incidence, followed by a plateau at
14 weeks of gestation. The incidence varied from 4 to
29 at 13 weeks and from 0 to 7 at 16 weeks of gesta-
tion. Table 38.5(c) shows the incidence of hand at
mouth movements (Figure 38.13). The incidence
varied between 0 and 4 with a median value of 2 at
13 weeks and between 0 and 2 with a median value of
2 at 16 weeks. The highest range was found at 15 weeks
of gestation. At 13 weeks, a plateau was observed and
was present until 16 weeks. Although this plateau
was evident, mild fluctuations occurred. In contrast
to most other movement patterns, hand near mouth
movements (Table 38.5d) decreased gradually from
13 weeks onward, with a single fluctuation in the
14th week (it varied between 0 and 3 with a median
value of 1). The incidence of hand to face movement
(Figures 38.12 and 38.15) is characterized by a decrease

Table 38.4 Developmental motor characteristics of low-risk fetuses (adapted from Geerdink and Hopkins128)

Gestational 
age (weeks) Description

8 Trunk flexion and extension

12 Isolated random-appearing movement of extremities

14 All movement patterns present; an increased frequency of movement that is more ‘organized’ in appearance 
compared with movement at 12 weeks; arms appear to ‘explore’ while legs extend against uterine wall; arm
crosses midline, extending palmar surface to opposite uterine wall

16 Decreased frequency of movements from 14 weeks, with pincer grasp, thumb in mouth

20 More bilateral movement (e.g. legs extend together against uterine wall, arms flex and hands are often
held together near the face)

26–32 Independent movement of extremities to all parts of the uterus and specific body parts; no
cephalocaudal development, but apparent distal–proximal development in extremities

37–38 Decreased frequency of movements; hand often molded to occiput or dorsum of hand rests
against uterine wall

Figure 38.12 This picture shows the hand to face contact.
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Table 38.5 The incidence of several characteristics of hand movements from 13 to 16 gestational weeks shown
by 4D sonography: (a) isolated hand movement, (b) hand to head movements, (c) hand to mouth movements,
(d) hand near mouth movements, (e) hand to face movements, (f) hand near face movements, (g) hand to ear
movements and (h) hand to eye movements (adapted from Kurjak et al.23)
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at 14 weeks followed by a plateau (Table 38.5e). From
13 weeks onward, the hand near face movement
pattern was visible in all 15 fetuses, with an incidence
of 2–9 and a median value of 8. At 16 weeks, the range
was from 1 to 7 with a median value of 3. Although
the plateau was observed, mild fluctuation was evi-
dent, especially at 15 weeks. From Table 38.5f, we can
see that the incidence of hand near face movement is
stable between 13 and 16 weeks of gestation with a
slight increase at 14 and 15 weeks. At 13 weeks, the
range was the widest (from 0 to 12), with the median
value of 3. The incidence of hand to ear movements
decreased between 13 and 16 weeks (Table 38.5g). It
varied between 4 and 12 with a median value of 8 at
13 weeks and between 0 and 3 with a median value of
0 at 16 weeks. The incidence of the hand to eye move-
ment (Figure 38.15) pattern showed the same devel-
opmental trend as the incidence of the hand to head
and hand to face movement patterns (Table 38.5h). At
13 weeks, the incidence was between 4 and 12 occur-
rences per 15 minutes’ observation time with a

median value of 8. At 16 weeks, the range was from 0
to 3 with a median value of 1.23

Other developmental tendencies in hand movement
have been noted.132 Movements such as thumb in mouth
and bilateral leg extension against the uterine wall were
considered as functionally important. The frequently
observed leg extension against the uterine wall was
believed by the authors to be a possible precursor to later
participation in the birthing process. Early movements
of the arms appeared to assist the fetus in identifying
components of its environment. Attributing function to
any of these early movements, however, does not imply
that the assigned function is preliminary to or necessary
for the appearance of a spontaneous behavior.25,132

Assessment of fetal facial expressions
by 4D ultrasound
Recent studies have demonstrated that during the
second and third trimesters it is possible to study the

Figure 38.13 The hand movement in direct contact with the
mouth.

Figure 38.14 3D image showing the direction of hand
movement to the nose.

Figure 38.15 Several 3D images of hand direction to the face (a), to the head (b) and to the eye (c).
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full range of fetal facial activities. In addition to yawn-
ing, sucking and swallowing described by 2D real-
time imaging, it is now possible to study the full range
of facial expressions including smiling, crying and
eyelid movements.23,133

The fetal behavioral patterns have been evaluated
in 10 gravidas in the third trimester, between 30 and
33 weeks of gestation.23 The incidence of eyelid
movements ranged between 4 and 20 with a median
value of 17, mouthing movements ranged between 2
and 19 with a median value of 12 and mouth and
eyelid movements ranged between 0 and 13 with a
median value of 5. The incidence of pure mouth
movements such as opening of the mouth ranged
between 4 and 13 with a median of 5, tongue expul-
sion ranged between 0 and 2 with a median of 2,
yawning ranged between 0 and 2 with a median of 1
and pouting ranged between 0 and 9 with a median
of 3. The incidence of facial expressions such as
smiling ranged between 2 and 7 with a median of 2
and scowling between 2 and 4 with a median of 2.
It is evident that eyelid and mouthing movements
are predominant at this gestational age. The continu-
ity between fetal and neonatal behavior has also been
suggested.132 These findings may stimulate multicen-
tric studies of fetal behavior and responsiveness as a
sign of neurological maturation. In the long term, fetal
behavioral studies may become a means of assessing
fetal well-being.23

Classification of facial movement patterns
The Zagreb group has attempted to evaluate 4D
sonography in the assessment of fetal facial expres-
sion. They have classified eight different facial
expressions:

(1) Yawning: This movement is similar to the yawn
observed after birth: an involuntary wide open-
ing of the mouth, with maximal widening of the

jaws followed by quick closure, often with
retroflexion of the head and sometimes elevation of
the arms. This movement pattern is non-repetitive
(Figure 38.16).

(2) Swallowing: This indicates that the fetus is
drinking amniotic fluid. Swallowing consists of
displacements of the tongue and/or larynx.
Swallowing activity develops earlier than sucking
in the course of fetal development.

(3) Sucking: This consists of rhythmical bursts of
regular jaw opening and closing at a rate of about
one per second, placing the finger or thumb on
the roof of the mouth behind the teeth and sucking
with lips closed. Thumb sucking is a very frequent
fetal behavioral pattern (Figure 38.17).

(4) Smiling: A facial expression characterized by turn-
ing up the corners of the mouth (Figure 38.21).

(5) Tongue expulsion: A facial expression character-
ized by expulsion of the tongue (Figure 38.18).

(6) Grimacing: The wrinkling of the brows or face in
frowning to express displeasure (Figure 38.22).

(7) Mouthing: A facial expression characterized by
mouth manipulation to investigate an object.
Mouthing is most common in the fetus and it may
develop into a persistent, stereotyped behavior
pattern (Figure 38.19).

(8) Isolated eye blinking: A reflex that closes and
opens the eyes rapidly. Brief closing of the eye-
lids by involuntary normal periodic closing, as a
protective measure, or by voluntary action
(Figures 38.20 and 38.21).

They have also tried to identify emotional expressions
as a combination of several of the facial expressions
mentioned above (Figures 38.20–38.22).

The early results, presented above, indicate that
fetal facial grimaces, resembling the emotional
expressions in humans, are present during the third
trimester of gestation. However, the precise criteria for
distinction of these expressions in the fetus remain to

Figure 38.16 Yawning expression of the fetus. An involuntary wide opening of the mouth, with maximal widening of the jaw,
followed by quick closure, often with retroflexion of the head and sometimes elevation of the arms.
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be established. A possibility of study of fetal facial
expressions allows new research questions to be dealt
with and indicates a great potential for 4D sono-
graphic studies in the psychological and fetal behav-
ioral sciences. Facial expressions are an important
channel of non-verbal communication. The character-
istics of facial expressions can provide the expert a
different means of understanding the hidden side of
the fetus in utero, a side that may not be accessible in

the form of any verbalizations. However, clear evi-
dences that fetal emotional processing exists in the
third trimester of gestation or that it is related to facial
expressions are still lacking and extensive multicen-
tric studies should be conducted in order to clarify
this idea. We believe that the fetal facial expressions
and fetal behaviors related to emotions could reveal
a part of the emotional aspect of intrauterine life. If
this assumption becomes confirmed, it is possible to

Figure 38.19 In this image sequence, mouthing can be observed as a facial expression pattern. We can see a series of rhythmic
movements involving the mandible and tongue, characterized by constant frequency and duration until disappearance.

Figure 38.17 This picture shows sucking expression. The fetus
is placing the thumb into the mouth, probably on the roof of the
mouth and sucking with lips closed.

Figure 38.18 Facial expression characterized by tongue
expulsion.
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imagine that we could construct a system that relates
discrete emotions, like happiness, anger, sadness, etc.,
and various intensities of fetal facial expressions in
utero to external events. A system might be able to be

constructed where componential and general internal
states like pleasure control each parameter unit and
establish a pleasure score of the fetus that can be used
to drive facial expressions.

Figure 38.20 The picture shows fear expressions of the fetus. We can see the hand to the mouth movement together with opening
of the eyelid. We assumed that this complex expression could be related to the imminent possibility of fetal danger, a nearby threat,
a displeasure position or bodily harm. http://face-and-emotion.com/dataface/emotion/x_fear.html

Figure 38.21 Several facial expressions characterized by turning up of the corners of the mouth shows the smiling fetus.

Figure 38.22 In this picture the fetus shows wrinkling of the brows or frowning face, may be to express displeasure or anger. The
frontalis muscle can also be responsible for the appearance of grimacing. However, the main agent responsible for the appearance
of scowling is the corrugator muscle.
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Conclusions
Behavioral perinatology assessed by 4D sonography
should be an interdisciplinary area of research
involving concepts and conducting studies of the
dynamic interplay between behavioral processes in
fetal, neonatal and infant life.134–136 Understanding
the technical aspects of 4D ultrasound is important
for utilizing its full potential. Furthermore, image

postprocessing should be considered as a part of
examination. Sometimes, additional information
about the range of interest can be provided with post-
processing.

The study of fetal behavior has provided us with an
important contribution to understanding the hidden
function of the developmental pathways of the fetal
CNS and the potential to investigate neurologic deficits
in utero.
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39 Fetal central nervous system
R. K. Pooh and K. Pooh

Introduction
Recent advances in prenatal imaging technologies
such as transvaginal ultrasound, three-dimensional (3D)
ultrasound, and magnetic resonance imaging have been
remarkable and have contributed to prenatal evaluation
of fetal abnormalities in utero. Owing to these tech-
nologies, fetal malformations have been reliably diag-
nosed with increasing accuracy and at earlier gestation.
As regards to fetal central nervous system (CNS) assess-
ment, a new field of neurosonography1 has been estab-
lished. Many of the congenital CNS anomalies, which
were disclosed in the late pregnancy or after birth, have
been recently demonstrated by use of high frequency
transvaginal sonography before viability. More advances
of technological development will clarify unknown
neuropathological facts during fetal period.

Diagnostics of the fetal CNS is one of the most dif-
ficult fields in perinatology. There are several reasons
why the prenatal CNS evaluation is difficult: (1) lack
of essential knowledge of CNS anatomy and pathol-
ogy; (2) rapid changes of normal CNS development
during pregnancy; and (3) inexperience in the use of
CNS neuroimaging techniques.

When beginners start prenatal CNS imaging, the
above three may be the most frequent reasons for diffi-
culties encountered in prenatal assessment. However,
after overcoming those problems, there still exist diffi-
culties in assessment of fetal CNS diseases, because
of difficulty in prediction of neurological prognosis
and existence of gray zone between normality and
abnormality.

CNS development
The brain is a 3D structure and should be com-
prehended in the three orthogonal views of sagittal,
coronal, and axial sections. During fetal period, the
embryonal premature CNS structure develops to
mature structure (Figure 39.1). Within this rapid
change of development, various developmental dis-
orders and/or insults result in various phenotypes of
fetal CNS abnormalities. For understanding fetal
CNS diseases, basic knowledge of the development of

the nervous system is essential. The developmental
stages and their major disorders are described in
Table 39.1.

It is believed that the brain anatomy must be com-
plicated and there must be lots of terms to remember.
In this chapter, essential anatomical structures are
selected for neuroimaging and comprehension of fetal
CNS diseases. Figures 39.2 and 39.3 show the basic
anatomy in the axial, sagittal, and anterior coronal
sections of the brain. For understanding hydro-
cephalus, ventriculomegaly, and/or other intracranial
lesions, the ventricular system (Figure 39.4) and cere-
brospinal fluid (CSF) circulation (Figure 39.5) should
be understood.

Technology
Transabdominal sonographic technique, by which it
is possible to observe the fetal internal organs through
the maternal abdominal wall and uterine wall, is the
most widely used method for fetal imaging diagnosis.
Using the transabdominal approach, fetal brain struc-
ture mostly in the axial section and fetal back struc-
ture including the vertebrae and spinal cord in the
sagittal section can be well demonstrated. However,
in the transabdominal approach to the fetal CNS,
there are several obstacles such as maternal abdomi-
nal wall, placenta, and fetal cranial bones.

Introduction of high-frequency transvaginal trans-
ducer has contributed to establishing ‘sonoembryology’2

and recent general use of transvaginal sonography in
early pregnancy has enabled early diagnoses of major
fetal anomalies.3 During middle and late pregnancy,
fetal CNS is generally evaluated through the maternal
abdominal wall. The brain, however, is a 3D structure,
and should be assessed in the basic three planes of sagit-
tal, coronal, and axial sections. Sonographic assessment
of the fetal brain in the sagittal and coronal sections
requires an approach from fetal parietal direction
(Figure 39.6). Transvaginal sonography of the fetal
brain has opened up a new field in medicine, ‘neuro-
sonography’.1 The transvaginal approach to the normal
fetal brain during the second and third trimester was
introduced in the beginning of the 1990s. It was the

439

Kurjak-39.qxd  5/13/2006  11:48 AM  Page 439



first practical application of 3D CNS assessment by 2D
ultrasound.4 Transvaginal observation of the fetal brain
offers sagittal and coronal views of the brain from fetal
parietal direction5–8 through the fontanelles and/or the
sagittal suture as ultrasound windows. Serial oblique
sections3 via the same ultrasound window reveal the
intracranial morphology in detail. This method has
contributed to the prenatal assessment of congenital
CNS anomalies and acquired brain damage in utero.

Three-dimensional ultrasound is one of the most
attractive modalities in the field of fetal ultrasound
imaging. There are two scanning methods, namely
free-hand scan and automatic scan. Automatic scan
by dedicated 3D transducer produces motor-driven
automatic sweeping and is called fan scan. With this

method, a shift and/or angle-change of the transducer
is not required during scanning and scan duration
needs only several seconds. After acquisition of the
target organ, multiplanar imaging analysis is possible.
Combination of both transvaginal sonography and 3D
ultrasound9–12 may be a great diagnostic tool for eval-
uation of the 3D structure of fetal CNS. There are
several useful functions in 3D ultrasound as follows:

• Surface imaging of the fetal head
• Bony structural imaging of the calvaria and

vertabrae
• Multiplanar imaging of the intracranial structure
• Three-dimensional sono-angiography of the brain

circulation

440 Fetal central nervous system

Figure 39.1 Developing brain and spinal cord during pregnancy. Fetal central nervous system changes in size and appearance from
early premature structure into late mature structure with gyral formation. CH, cerebral hemisphere; C, cerebellum; D, diencephalons;
M, medulla; SC, spinal cord; f, forebrain; mb, midbrain; IV, fourth ventricle.

Table 39.1 Developmental stages and major disorders

Development stage Disorders

Primary neurulation (3–4 weeks’ gestation) Spina bifida aperta, cranium bifidum

Caudal neural tube formation (secondary neurulation, Occult dysraphic states
from 4 weeks’ gestation)

Procencephalic development (2–3 months’ gestation) Holoprosencephaly

Agenesis of the corpus callosum, agenesis of the 
septum pellucidum, septo-optic dysplasia

Neuronal proliferation (3–4 months’ gestation) Micrencephaly, macrencephaly

Neuronal migration (3–5 months’ gestation) Schizencephaly

Lissencephaly, pachygyria polymicrogyria

Organization (5 months’ gestation–years postnatal) Idiopathic mental retardation

Myelination (birth–years postnatal) Cerebral white matter hypoplasia
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• Volume calculation of target organs such as
intracranial cavity, ventricle, choroid plexus, and
intracranial lesions

• Simultaneous volume contrast imaging by 4D
ultrasound.

In multiplanar imaging of the brain structure, it is
possible to demonstrate not only the sagittal and
coronal sections but also the axial section of the brain,
which cannot be demonstrated from parietal direc-
tion by a conventional 2D transvaginal sonography.
Parallel slicing provides a tomographic visualization
of internal morphology similar to magnetic resonance
imaging (MRI). Volume extracted image and volume
calculation of the fetal brain in early pregnancy was
reported in the 1990s.13,14 We used VOLUSON 730
Expert (GE Medical Systems, Milwaukee, USA) with
transvaginal 3D transducer and 3D View version 3.2
software (Kretztechnik AG, Zipf, Austria) for volume
extraction and volume estimation of the brain struc-
ture. Furthermore, with application of 4D ultrasound,

real-time images with increased contrast resolution
can be obtained in not only the same plane as 2D
cutting section but also vertical plane to 2D image.15

Fetal neuroimaging with advanced 3D/4D technology

Technology 441

Figure 39.2 Basic anatomical knowledge for neuroimaging in the axial and oblique axial sections.

Figure 39.3 Basic anatomical knowledge of sagittal (left) and anterior coronal cutting sections of the brain. CC, corpus callosum.

Figure 39.4 Basic anatomical knowledge of ventricular system
and cerebrospinal fluid (CSF) flow. 
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is easy, noninvasive, and reproducible. It produces
not only comprehensible images but also objective
imaging data which can be graphed in volume calcu-
lation. Easy storage/extraction of raw volume data
set enables off-line analysis and consultation with
neurologists and neurosurgeons.16,17

Recent fast MRI is being used increasingly as a cor-
relative imaging modality because it uses no ionizing
radiation, provides excellent soft tissue contrast, has
multiple planes for reconstruction, and a large field of
view.18 Recent advances in fast MRI technology, such
as half-Fourier and the 0.5-signal-acquired single-shot
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Figure 39.6 Schema of transvaginal sonography. (Upper left) Lateral view of vertex presenting fetus and transvaginal transducer.
(Upper right) Frontal view of transvaginal approach. Clear imaging is possible by rotating and angle-changing of the transducer.
(Lower left) Scheme of transfontanelle/trans-sutural approach of the fetal brain. (Lower right) Cranial bony structure from parietal
direction. AF, anterior fontanelle; S, sagittal suture; PF, posterior fontanelle. These spaces are used as ultrasound windows.

Figure 39.5 Cerebrospinal fluid (CSF) circulation. Inside and outside views of the brain. CSF is produced from choroid plexus of
ventricles. CSF runs through the third ventricle, aqueduct and fourth ventricle, goes to the surface of the brain and spinal cord, and
is then absorbed by arachnoid granulation. From Handbook on hydrocephalus for patients, Research Committee of ‘Intractable
Hydrocephalus’, Japanese Ministry of Health and Welfare, © 1993, with permission. (Schema by courtesy of chairman of the
Committee, Prof. K. Mori.)
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fast spin-echo (SE), half-Fourier rapid acquisition with
relaxation enhancement (RARE) sequences, has remark-
ably improved the T2-weighted image resolution
despite a short acquisition time, and minimized fetal
and/or maternal respiratory motion artifacts without
the need for fetal sedation.19 MRI has a great potential
especially in the evaluation of CNS and several reports
have been published on normal and abnormal CNS
anatomy by using fast MRI techniques.20–23

Normal fetal CNS imaging
The calvaria and its major sutures develop between 12
and 18 weeks of fetal life, with dura as guiding
tissue in the morphogenesis of the skull.24 The cranial
bones are detectable by sonography from 10 weeks of
gestation on. At 12 weeks, premature cranial bones and
sutures in between are detectable (Figure 39.7). The
sagittal suture, lambdoid sutures, and posterior fonta-
nelle are recognizable from 13 weeks. As the fetal pari-
etal portion has the anterior/posterior fontanelles and
sagittal suture, which is the widest suture among the
fetal cranial sutures,25 transvaginal approach to the fetal
brain using these spaces as ultrasound windows
demonstrates the detailed brain structure without obsta-
cles of the cranial bone, and is the most reasonable way
for brain assessment. Recent advanced 3D ultrasound
has been able to depict vertebral body, intervertebral
disk space, and vertebral lamina (Figures 39.8 and 39.9).

From 8 weeks of gestation, the premature sonolucent
ventricular system is detectable (Figure 39.10). Before
16 weeks of gestation, lateral ventricles are occupied
by the choroid plexus (Figure 39.11). Basic knowledge
of images in several cutting sections obtained by
transvaginal scanning is shown in Figure 39.12. Three
orthogonal views by 3D ultrasound are useful for
obtaining easy orientation. Multiplanar image analy-
sis is possible (Figure 39.13). Using new technology of
3D tomographic ultrosound imaging (TUI), the brain
structure can be observed in parallel cutting slices of
any section (Figure 39.14). TUI demonstrates the
brain just like magnetic resonance imaging (MRI).
Furthermore, off-line analysis allows us to change
slice width and to rotate all images in any angle.
Three-dimensional transvaginal power Doppler
demonstrates clear anatomical vascular formation
(Figure 39.15). Vertebrae and spine should be
observed carefully for detection of back abnormalities
such as spina bifida or scoliosis. Fetal sagittal sec-
tional screening is preferable (Figure 39.16).

Volume analysis by 3D ultrasound provides
exceedingly informative imaging data.15 Volume
analysis of the structure of interest provides an intel-
ligible evaluation of the brain structure in total, and
longitudinal and objective assessment of enlarged
ventricles and intracranial occupying lesions. Any
intracranial organ can be chosen as a target for vol-
umetry no matter how distorted its shape and appear-
ance may be (Figure 39.17).
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Figure 39.7 Fetal cranial structure in early gestation (3D ultrasound images). (Upper left) 12 weeks, from the oblique front. (Upper
middle) 13 weeks, from the back. (Upper right) 15 weeks, from the top of head. (Lower left) 12 weeks, from the front. (Lower right)
17 weeks. Oblique position. Premature shape of cranial bones, sutures, and fontanelles at 12–13 weeks changes its appearance to
the neonatal shape. AF, anterior fontanelle; PF, posterior fontanelle; ALF, anterolateral fontanelle; F, frontal bone; P, parietal bone; O,
occipital bone; C, coronal suture; M, metopic suture; S, sagittal suture; L, lambdoid suture.
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Figure 39.9 Fetal vertebral structure by 3D ultrasound at 21 weeks of gestation.

Figure 39.8 Three orthogonal views and 3D reconstructed image of normal fetus at 16 weeks of gestation. Movement of region of
interest (arrow) provides 3D reconstruction image of the surface level (lower left), neural arch level (lower middle), and vertebral
body level (lower right).
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Hydrocephalus and
ventriculomegaly in utero
Both ‘hydrocephalus’ and ‘ventriculomegaly’ are terms
used to describe dilatation of the lateral ventricles.
However, these two should be distinguished from
each other. Hydrocephalus signifies dilated lateral
ventricles resulted from increased amount of cere-
brospinal fluid and intracranial pressure, while
ventriculomegaly is a dilatation of lateral ventricles
without increased intracranial pressure due to hypo-
plastic cerebrum or other intracerebral abnormalities
such as agenesis of corpus callosum. Of course, ven-
triculomegaly can sometimes change into the hydro-
cephalic state. In sonographic imaging, those two
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Figure 39.10 Normal intracranial structure at 8 weeks of gestation in parallel cutting slices of three orthogonal views. Sagittal,
coronal, and axial sections from above. Premature sonolucent ventricular system is visible.

Figure 39.11 Normal intracranial structure at 14 weeks of
gestation. Axial view (left) and parasagittal view (right). Choroid
plexus (arrows) occupies most of the lateral ventricle.

Figure 39.12 Normal views of fetal brain at 26 weeks of
gestation. Sagittal (upper), coronal (middle) and axial (lower)
sections. CC, corpus callosum; CSP, cavum septum pellucidum;
C, cerebellum; IV; fourth ventricle; AH, anterior horn of the
lateral ventricle; PH, posterior horn of the lateral ventricle; CP,
choroid plexus; Syl F, sylvian fissure.
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intracranial conditions can be differentiated by visu-
alization of subarachnoid space and appearance of
choroids plexus. In normal condition, subarachnoid
space, visualized around both cerebral hemispheres is
preserved during pregnancy (Figure 39.18). Choroid
plexus, which secretes CSF within the ventricles, is a
soft tissue and easily affected by pressure. Obliterated

subarachnoid space and dangling choroid plexus in
the case of hydrocephalus (Figures 39.19 and 39.20).
In contrast, the subarachnoid space and choroid
plexus are well preserved in cases of ventricu-
lomegaly (Figure 39.21). It is difficult to evaluate
obliterated subarachnoid space in the trans-abdominal
axial section and this method may not differentiate

446 Fetal central nervous system

Figure 39.13 Three-dimensional multiplanar image analysis (normal brain at 23 weeks of gestation). Three orthogonal views are
useful for obtaining orientation of the brain structure. Coronal (left upper), sagittal (right upper), and axial (left lower) images can be
visualized on a single screen. Any rotation of the brain image around any (x,y,z) axis is possible.

Figure 39.14 Normal intracranial structure at 19 weeks of gestation in parallel cutting slices of three orthogonal views. Sagittal,
coronal, and axial sections from above.
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accurately hydrocephalus with increased intracranial
pressure from ventriculomegaly without pressure.
Therefore, it is suggested that the evaluation of fetuses
with enlarged ventricles should be performed in the
parasagittal and coronal views by transvaginal way or
3D multidimensional analysis. In some cases with
hydrocephalus, the septum pellucidum is destroyed and
both ventricles are fused to each other (Figure 39.19).
This condition should be differentiated from lober
type of holoprosencephaly. Furthermore, intracranial
venous blood flow may be related to increased intracra-
nial pressure. In normal fetuses, blood flow waveforms
of dural sinuses, such as superior sagittal sinus, vein
of Galen, and straight sinus have pulsatile pattern
(Figure 39.22).26 However, in cases with progressive

hydrocephalus, normal pulsation disappears and blood
flow waveforms display a flat pattern (Figure 39.23).26

In cases with progressive hydrocephalus, there may be
seven stages of progression (Figure 39.24): (1) increased
fluid collection of lateral ventricles; (2) increased
intracranial pressure; (3) dangling choroids plexus;
(4) disappearance of subarachnoid space; (5) excessive
extension of the dura and superior sagittal sinus;
(6) disappearance of venous pulsation; and finally
(7) enlarged skull. In general, both hydrocephalus and
ventriculomegaly are still evaluated by the measure-
ment of biparietal diameter (BPD) and atrial width
(AW) in transabdominal axial section. As a screening
examination, the measurement of AW is useful with a
cut-off value of 10 mm.27,28 As described above, how-
ever, hydrocephalus and ventriculomegaly should be
differentiated from each other and hydrocephalic state
should be assessed by changing appearance of the
intracranial structure. To evaluate enlarged ventricles,
examiners should carefully observe the structures men-
tioned below and specify causes of hydrocephalus:

• choroids plexus, dangling or not
• subarachnoid space, obliterated or not
• ventricles, symmetry or asymmetry
• visibility of third ventricle
• pulsation of dural sinuses
• ventricular size (3D volume calculation if possible)
• other abnormalities.

Genetic hydrocephalus is rare but important in coun-
seling couples on subsequent pregnancy. X-linked
hydrocephalus (HSAS, hydrocephalus due to stenosis
of the aqueduct of Sylvius), MASA (mental retarda-
tion-aphasia-shuffling gait-adducted thumbs) syn-
drome, X-linked complicated spastic paraparesis
(SP1), and X-linked corpus callosum agenesis (ACC)
are all due to mutations in the L1 gene.29 The gene
encoding L1 is located near the telomere of the long
arm of the X chromosome in Xq28. Therefore, it was
suggested to refer to this clinical syndrome with the
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Figure 39.15 Three-dimensional power Doppler image of fetal brain circulation. (Left) View from the front. Bilateral internal carotid
arteries (ICA) and middle cerebral arteries (MCA) and branches of MCA are demonstrated. (Right) Oblique view. Anterior cerebral
artery (ACA) and pericallosal artery (PcA) are demonstrated.

Figure 39.16 Normal vertebral structure in the sagittal section
at 19 weeks of gestation. Lower figure shows the medulla and
spinal cord in the craniospinal region.
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Figure 39.17 Three-dimensional volume extraction and volumetric analysis of lateral ventricle and choroid plexus. On three
orthogonal sections, the target organ can be traced automatically or manually with rotation of volume imaging data. After tracing,
volume extracted image (right) is demonstrated and volume calculation data is shown. Middle graphs show normograms of
ventricular size (upper) and choroid plexus size (lower) during pregnancy.

Figure 39.18 Schema of ventriculomegaly and hydrocephaly.
In cases of ventriculomegaly without increased intracranial
pressure, subarachnoid space (SAS) and choroid plexus
appearances are well preserved, while in cases of hydrocephaly
with increased intracranial pressure, dangling choroid plexus
and gradual disappearance of SAS are seen.

Figure 39.19 Ultrasound images of hydrocephalus at 34 weeks
of gestation. (Upper) Coronal images. Septum pellucidum was
destroyed maybe due to enlargement of bilateral ventricles and
both ventricles were fused. Dangling choroid plexus is seen.
(Lower) Parasagittal and sagittal images. Dangling choroid plexus
and obliterated subarachnoid space are seen.
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acronym CRASH, for corpus callosum hypoplasia,
retardation, adducted thumbs, spastic paraplegia, and
hydrocephalus.29 It has been reported that mutations
which produce truncations in the extracellular domain
of the L1 protein are more likely to produce severe
hydrocephalus, grave mental retardation or early death
than point mutations in the extracellular domain or
mutations affecting only the cytoplasmic domain of the
protein.30 For the families, prenatal CNS diagnosis of
male infants is important. Morphology-based approach
becomes feasible between postmenstrual weeks 15 and
20. Prior to this gestational age, the diagnosis should
rely on molecular biology tests.31

Borderline ventriculomegaly is defined as a width
of the atrium of the lateral cerebral ventricles of 10–15
mm. The majority with prenatally detected isolated
mild ventriculomegaly are developmentally normal.32

Pilu and his colleagues33 reviewed 234 cases of border-
line ventriculomegaly including an abnormal outcome
in 22.8% and concluded that borderline ventricu-
lomegaly carries an increased risk of cerebral malde-
velopment, delayed neurological development, and
possibly, chromosomal aberrations.

The treatment of hydrocephalus includes a minia-
ture reserver,34,35 shunt procedure, and neuroendo-
scopy. Ventriculoperitoneal shunt is the most popular
procedure. Effectiveness of shunt procedure for con-
genital hydrocephalus has been proven from earlier.
However, it has been known that there are various
complications of shunting, such as shunt infection
obstruction of the shunt tube, over drainage, under
drainage, and slit ventricle syndrome. To reduce these
complications, various types of shunt devices, such as
antisiphon device or pressure programmable valve
shunt device have been developed. Third ventricu-
lostomy by neuroendoscopy has recently been per-
formed in children with obstructive hydrocephalus,

and the number of shunt-independent cases has been
increased. It has been controversial, however,
whether infants less than the age of 1 year have a
higher risk of treatment failure after neuroendoscopic
procedures than older children. Some conclude that
neuroendoscopy presents an effective alternative for
the treatment of hydrocephalus in cases under the age
of 1 year.36 However, third ventriculostomy still does
not seem to be effective in neonates because of their
prematurity of absorption ability in neonates and
small infants.
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Figure 39.20 Hydrocephalus due to aqueductal obstruction at 19 weeks of gestation. (Left) Three orthogonal views with anterior
coronal (upper left) and median sagittal (upper right) and axial (lower left) slices. Bilateral ventriculomegaly and third
ventriculomegaly (IIIrd v.) are seen. No enlargement of fourth ventricle indicates obstruction of the aqueduct. (Right) Three
orthogonal views with parasagittal (upper left), posterior coronal (upper right), and axial (lower left) slices. Subarachnoid space is
already obliterated and dangling choroid plexus (arrowheads) is seen. Lower right pink figure shows extracted 3D ventricular image
by VOCAL mode. Ventricle in this case was 10-fold size of normal 19-week-ventricle.

Figure 39.21 Ultrasound image of ventriculomegaly at 29
weeks of gestation. Enlarged ventricle exists but subarachnoid
space is well preserved and no dangling choroid plexus is seen.
From these findings, nonincreased intercranial pressure (ICP)
is estimated. This condition should be differentiated from
hydrocephalus with increased ICP.
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Congenital CNS anomalies
Cranium bifidum
Prevalence: Anencephaly; 0.29/1000 births,37 overall
neural tube defect (NTD); 0.58–1.17/1000 births.38–40

Many reported remarkable reduction of prevalence
of NTDs after using folic acid supplementation and
fortification,37–40 although some reported no decline
of anencephaly rate.41

Definition: As in spina bifida, cranium bifidum is
classified into four types of encephaloschisis (including

anencephaly and exencephaly), meningocele, ence-
phalomeningocele, encephalocystocele, and cranium
bifidum occulutum. Encephalocele occurs in the
occipital region in 70–80%. Acrania, exencephaly,
and anencephaly are not independent anomalies. It is
considered that dysraphia (absent cranial vault, acra-
nia) occurs in very early stage and disintegration of
the exposed brain (exencephaly) during the fetal
period results in anencephaly.42

Etiology: Multifactorial inheritance, single mutant
genes, specific teratogens (valproic acid), maternal

450 Fetal central nervous system

Figure 39.22 Normal cerebral venous circulation. (Left) Sagittal image of color Doppler. SSS, superior sagittal sinus; ICV, internal
cerebral vein; G, vein of Galen; SS, straight sinus. (Right) Normal blood flow waveforms of dural sinuses. In normal fetuses, venous
flow always has pulsations.

Figure 39.23 Disappearance of venous pulsation in cases with hydrocephalus. Normal dural sinuses have pulsatile patterns of flow
waveform (Figure 39.22). In cases with progressive hydrocephalus, venous pulsation disappeared (right figures) maybe because of
excessive extension of the dura and dural sinuses.
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diabetes, environmental factors, predominant in
females.

Pathogenesis: Failure of anterior neural tube
closure or a restricted disorder of neurulation.

Associated anomalies: Open spina bifida (inien-
cephaly), Chiari type III malformation, bilateral renal
cystic dysplasia, and postaxial polydactyly with
occipital cephalocele (Meckel–Gruber syndrome),
hydrocephalus, polyhydramnios.

Prenatal diagnosis: Acrania in Figure 39.25, anen-
cephaly in Figure 39.26, and early detection of inien-
cephaly in Figure 39.27.

Differential diagnosis: Amniotic band syndrome
(ABS). In cases of ABS, cranial destruction occurs sec-
ondarily to an amniotic band, similar appearance is
observed. However, ABS has completely different
pathogenesis from acrania/excencephaly.

Prognosis: Anencephaly is a uniformly lethal anom-
aly. Other types of cranium bifidum, various neurologi-
cal deficits may occur, depending on types and degrees.

Recurrence risk: Used to be high recurrence risk of
5–13%; however, the risk has recently declined by
use of folic acid supplementation and fortification.

Obstetrical management: Termination of preg-
nancy can be offered in cases with anencephaly.

Neurosurgical management: For other cranium
bifidum, surgical operation aims at transposition of
cerebral tissue into the intracranial cavity. Ventriculo-
peritoneal shunt for hydrocephalus.

Spina bifida
Prevalence: 0.22/1000 births,37 overall NTD;
0.58–1.17/1000 births.38–40 Many reported remarkable
reduction of prevalence of NTDs after using folic acid
supplementation and fortification.37–41

Definition: Spina bifida aperta, manifest form of
spina bifida is classified into four types: meningocele,
myelomeningocele, myelocystocele, and myeloschisis.
Spina bifida occuluta is a generic term of spinal dis-
eases covered with normal skin tissue, and does not

indicate spinal diseases which cannot be diagnosed
by external appearance. Cutaneous abnormalities
near the spinal lesion are found; skin bulge (subcuta-
neous lipoma), dimple, hair tuft, pigmentation, skin
appendage and hemangioma. In cases with thickened
film terminale, dermal sinus, or diastematomyelia
(split cord malformation), abnormal tethering and
fixation of the spinal cord occur.

Etiology: Multifactorial inheritance, single mutant
genes, autosomal recessive, chromosomal abnormali-
ties (trisomy 18, 13), specific teratogens (valproic acid),
maternal diabetes, environmental factors, predomi-
nant in females.

Pathogenesis: Spina bifida aperta: an impairment
of neural tube closure. Spina bifida occuluta: caudal
neural tube malformation by the processes of canal-
ization and retrogressive differentiation.

Associated anomalies: Chiari type II malformation,
hydrocephalus, scoliosis (above L2), polyhydramnios,
additional non-CNS anomalies.

Prenatal diagnosis: Figures 39.28–39.31.
Differential diagnosis: Sacrococcygeal teratoma.
Prognosis: Disturbance of motor, sensory, and

sphincter function. Depends on lesion levels. Below
S1, unable to walk unaided; above L2, wheelchair
dependent; variable at intermediate level.

Recurrence risk: Decreased, almost no recurrence
rate43 by use of folic acid supplementation and
fortification.

Obstetrical management: In cases with spina bifida
aperta, especially with defect of skin, cesarean section
is preferable to protect the spinal cord and nerves and
prevent infection.

Neurosurgical management: Spina bifida aperta:
in cases with defect of normal skin tissue, immediate
closure of spina bifida after birth reduces spinal infec-
tion. Spinal cord reconstruction is the most important
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Figure 39.24 Progressive stages of hydrocephalus. ICP, intra-
cranial pressure; CP, choroid plexus; SAS, subarachnoid space. Figure 39.25 Acrania at 10 weeks of gestation. (Left) Ultra-

sound coronal image at 10 weeks. Note the normal appearance
of amniotic membrane, which indicates that this condition is not
amniotic band syndrome. (Right) Three-dimensional ultrasound
image of the same fetus as in the left image.
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Figure 39.26 Anencephaly in middle gestation. (same case as in Figure 39.25). (Upper left) Ultrasound sagittal image at 23 weeks
of gestation. (Upper right) Ultrasound coronal image. (Lower left) Three-dimensional ultrasound image. (Lower right) External
appearances of stillborn fetus at 25 weeks of gestation. It is clear that excencephalic brain tissue scattered in the amniotic space
compared with this case at 10 weeks.

Figure 39.27 3D detection of a fetus with iniencephaly and acrania at 10 weeks of gestation. (Upper left) Three orthogonal views
of the fetus. Spina bifida (arrow) was demonstrated in the coronal section. (Lower left) Three-dimensional images show the fetal
lateral and dorsal views. (Right) External appearance of aborted fetus at the end of 11 weeks of gestation. The brain and a part of
spinal cord were detached at delivery.
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role of operation. Miniature Ommaya reservoir place-
ment and subsequent ventriculoperitoneal shunt are
required for hydrocephalus (see Chapter 5). For symp-
tomatic Chiari malformation, posterior fossa decom-
pressive craniectomy and/or tonsillectomy is
performed. Spina bifida occuluta: the aim of surgical
treatment is decompression of the spinal cord and
cutting off tethering to the spinal cord (Figures 39.32
and 39.33).

Chiari malformation
Prevalence: Depends on prevalence of spina bifida
(Chiari type II malformation). According to recent
remarkable reduction of prevalence of NTDs after
using folic acid supplementation and fortification,
prevalence has declined. Other types are rare.

Definition: Chiari classified anomalies with cere-
bellar herniation in the spinal canal into three types
by contents of herniated tissue: contents of type I is a
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Figure 39.28 Prenatal ultrasound image of myelomeningocele, spina bifida at 20 weeks of gestation. (Left) Three-dimensional bony
demonstration of lumber spina bifida. Three-dimensional ultrasound shows the exact level of spina bifida. (Middle) Three-
dimensional surface reconstruction of large myelomeningocele (white arrows). (Right) External appearance of aborted fetus at 21
weeks of gestation. Note the central canal of the spinal cord (black arrow) in large myelomeningocele.

Figure 39.29 Myelomeningocele in early pregnancy. Two-dimensional sagittal view at 9 weeks of gestation (upper left) shows the
cystic lesion (arrow). Three-dimensional dorsal views at 9 weeks (lower left) clearly demonstrate a neural tube defect at the lower
lumber and sacral level (arrowheads). Right figure shows the same fetus at 12 weeks of gestation. Arrows indicate the lumbosacral
myelomeningocele.
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lip of cerebellum, type II part of cerebellum, fourth
ventricle and medulla oblongata, pons, and type III
large herniation of the posterior fossa. Thereafter, type
IV with just cerebellar hypogenesis was added.
However, this classification occasionally leads to con-
fusion in neuroimaging diagnosis. Therefore, at present,
the classification as given below is advocated:

Type I: Herniation of only cerebellar tonsil, not
associated with myelomeningocele.

Type II: Herniation of cerebellar tonsil and brain
stem. Medullary kink, tentorial dysplasia, associated
with myelomeningocele.

Type III: Associated with cephalocele or craniocer-
vical meningocele, in which cerebellum and brain-
stem are herniated.

Type IV: Associated with marked cerebellar hypo-
genesis and posterior fossa shrinking.

Synonyms: Arnold–Chiari malformation.
Etiology: Depends on the types.
Pathogenesis: Schematic picture and macroscopic

findings, MRI images are in Figures 39.32 and 39.33.
Chiari malformation occurs according to: (1) inferior
displacement of the medulla and the fourth ventricle
into the upper cervical canal; (2) elongation and thin-
ning of the upper medulla and lower pons and per-
sistence of the embryonic flexure of these structures;
(3) inferior displacement of the lower cerebellum
through the foramen magnum into the upper cervical
region; and (4) a variety of bony defects of the foramen
magnum, occiput, and upper cervical vertebrae.44

Associated anomalies: Hydrocephalus caused by
obstruction of fourth ventricular outflow or associated
aqueductal stenosis. Myelomeningocele or myeloschi-
sis (type II), cephalocele or craniocervical meningo-
cele (type III), cerebellar hypogenesis (type IV), and
syringomyelia (type I).

Prenatal diagnosis: Prenatal ultrasound diagnosis by
features; lemon sign which indicates deformity of the
frontal bone, banana sign which indicates abnormal shape
of cerebellum without cisterna magna space (Figure
39.34), medullary, kink small clivus-supraocciput angle.45

Figure 39.35 shows the sagittal ultrasound imaging of
Chiari type II malformation compared to normal structure.

454 Fetal central nervous system

Figure 39.30 Three-dimensional ultrasound image of myelomeningocele with kyphosis at 16 weeks of gestation. Three orthogonal
views and surface reconstruction image. (Upper left) Sagittal ultrasound image. Spinal cord completely protrudes into the sac surface
from spinal canal and severe kyphosis is seen (upper right). Axial ultrasound view. (Lower left) Coronal ultrasound view of
myelomeningocele. Lower right figure demonstrates the sagittal vertebral bony structure by 3D thick slice.

Figure 39.31 Two-dimensional sagittal section of myelo-
meningocele at 19 weeks of gestation. The spinal cord (arrow)
protrudes from spinal canal toward the sac surface of
myelomeningocele.
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Differential diagnosis: Craniosynostosis.
Prognosis: Nearly every case of myelomeningocele is

accompanied by morphological Chiari II malformation.
Many cases with Chiari II are asymptomatic. However,
clinical features due to Chiari malformation, such as feed-
ing disturbances, laryngeal stridor, or apneic episode, are
found in approximately 9–30% of cases. In cases with
these clinical features, vital prognosis is often poor.

Recurrence risk: Depends on types of Chiari mal-
formation. Decreased according to decline of NTD
recurrence rate by use of folic acid supplementation
and fortification.

Neurosurgical management: Neurosurgical decom-
pression of foramen magnum (FMD) for any type of
Chiari malformation. Syringo-subarachnoid shunt for
Chiari type I.
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Figure 39.32 Schema and macroscopic finding of Chiari type II malformation. Chiari type II malformation is characterized by
inferior displacement of the lower cerebellum through the foramen magnum with obliteration of the cisterna magna, inferior
displacement of the medulla into the spinal canal, and elongation of the fourth ventricle and aqueduct. Right picture shows the
macroscopic view of the elongated aqueduct, fourth ventricle, and cerebellum from the specimen of an aborted fetus at 21 weeks
of gestation.

Figure 39.33 Magnetic resonance (MR) images of aborted fetuses at 20–21 weeks of gestation. (Left) At 20 weeks of gestation.
Sacral myelomeningocele (arrowhead) and Chiari type II malformation are demonstrated. (Right) At 21 weeks of gestation.
Lumbosacral myelomeningocele with Chiari type II malformation is seen. In this case, myelomeningocele is complicated with
holoprosencephaly. Normal karyotype. Severe medullary kink (arrow) is seen.
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Holoprosencephaly
Incidence: 1 in 15,000–20,000 live births, however,
initial incidence may be more than 60-fold in aborted
human embryos.45,46

Classification:44 Holoprosencephalies are classified
into three varieties:

• Alobar type: a single-sphered cerebral structure
with a single common ventricle, posterior large cyst
of third ventricle (dorsal sac), absence of olfactory
bulbs and tracts and a single optic nerve.

• Semilobar type: with formation of a posterior por-
tion of the interhemispheric fissure.

• Lobar type: with formation of the interhemispheric
fissure anteriorly and posterorly, but not in the
midhemispheric region. The fusion of the fornices
is seen.47

Etiology: 75% of holoprosencephaly has normal karyo-
type, but chromosomes 2, 3, 7, 13, 18, and 21 have
been implicated in holoprosencephaly.44 Particularly,

trisomy 13 has most commonly been observed.
Autosomal dominant transmission is rare.

Pathogenesis: Failure of cleavage of the prosen-
cephalon and diencephalon during early first
trimester (5–6 weeks) results in holoprosencephaly.

Associated anomalies: Facial abnormalities such as
cyclopia, ethmocephaly, cebocephaly, flat nose, cleft lip
and palate are invariably associated with horoprosen-
cephaly. Extracerebral abnormalities are also invariably
associated, such as renal cysts/dysplasia, omphalocele,
cardiac disease and/or myelomeningocele.

Prenatal diagnosis: Alobar type in Figure 39.36 and
semilobar type in Figure 39.37. Figure 39.38 shows
facial appearance in cases of holoprosencephaly.

Differential diagnosis: Hydrocephalus, hydranen-
cephaly.

Prognosis: Extremely poor in alobar holoprosen-
cephaly. Uncertain in lobar type. Various but poor in
semilobar type.

Recurrence risk: 6%,48 but much lower in sporadic
or trisomy cases, much higher in genetic cases.

Management: Chromosomal evaluation is offered.
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Figure 39.34 Chiari type II malformation at 16 weeks of gestation. Chiari type II malformation is observed in most cases with
myelomeningocele and myeloschisis. (Left) Typical lemon sign (arrows). (Middle) Typical banana sign (arrows). (Right) Three-
dimensional reconstruction internal image of Chiari type II malformation (arrows).

Figure 39.35 Medullary kink in a case of Chiari II malformation at 19 weeks of gestation. (Left) Medullary kink (arrowhead)
associated obliterated cisterna magna is demonstrated. (Right) Comparative normal image in the same cutting section at the same
gestation. The cisterna magna, cerebellum, and medullospinal portions are clearly demonstrated.
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Agenesis of the corpus callosum
Prevalence: Uncertain, but 3–7/1000 in the general
population is estimated.

Definition: Absence of the corpus callosum, which
may be divided into (complete) agenesis, partial
agenesis, or hypogenesis of the corpus callosum
(Figure 39.39).

Complete agenesis: complete absence of the corpus
callosum.

Partial agenesis (hypogenesis): absence of splenium
or posterior portion in various degrees.

Etiology: Chromosomal aberration in 20% of affected
cases, such as trisomy 18, 8, and 13. Autosomal domi-
nant, autosomal recessive, X-linked recessive, part of
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Figure 39.36 Alobar holoprosencephaly at 15 weeks of gestation. Three orthogonal images of intracranial structure show a
complete single ventricle within a single-sphered cerebral structure.

Figure 39.37 Semilobar holoprosencephaly at 33 weeks of gestation. Upper left shows dorsal sac (arrows) in the median section.
Upper right demonstrates the fused ventricle. Lower figures are fetal MR images. Sagittal (left), coronal(middle), and axial (right)
sections. A blind end of nasal cavity and hypotelorism are seen in the sagittal and axial MR images, respectively.
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Figure 39.39 Complete agenesis (upper) and hypogenesis (lower) of the corpus callosum. All images are transvaginal median (mid-
sagittal) images. Right images are normal images of the corpus callosum at the same gestational age as each left image.

Figure 39.38 Facial abnormality in cases of holoprosencephaly. Upper figures are prenatal 3D facial images and lower figures show
postpartum face appearance of each baby. (Left) Alobar holoprosencephaly at 20 weeks. (Middle and right) Semilobar type in late
pregnancy. Hypotelorism and exophthalmos are common. Left and middle cases had cleft lip and palate and obstruction of the nasal
cavity. Right case had a single and obstructed nasal cavity.
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mendelian syndrome such as Walker–Warburg
syndrome, and X-linked dominant such as Aicardi
syndrome.

Pathogenesis: Uncertain, but callosal formation
may be associated with migration disorder.

Associated anomalies: Colpocephaly (ventricu-
lomegaly with disproportionate enlargement of
trigones, occital horns, and temporal horns, not
hydrocephaly), superior elongation of the third ven-
tricle, interhemnispheric cyst, lipoma of the corpus
callosum.

Prenatal diagnosis: Fetal MRI in Figure 39.40 and
median sonographic images in Figure 39.41. Colpo-
cephaly is shown in Figure 39.42.

Diagnosis: As the corpus callosum is depicted after
17 or 18 weeks of gestation by ultrasound, it is impos-
sible to diagnose agenesis of the corpus callosum prior
to this age.49

Prognosis: Various, depends on associated anom-
alies. Most cases with isolated agenesis of the corpus
callosum without other abnormalities are asympto-
matic and prognosis is good. Complete agenesis has a
worse prognosis than partial agenesis.50 Epilepsy,
intellectual impairment, or psychiatric disorder51 may
occur later on.

Recurrence risk: Depends on etiology. Chromoso-
mal, 1%; autosomal recessive, 25%; X-linked recessive
male, 50%.

Management: Standard obstetrical care. Chromo-
somal evaluation is offered. In cases with interhemi-
spheric cyst, postnatal fenestration or shunt procedure
may be performed.

Absent septum pellucidum: septo-optic dysplasia
Incidence: Unknown, rare.

Definition: Absent septum pellucidum: absence of
the septum pellucidum with or without associated
anomalies. The septum pellucidum can be destroyed
by concomitant hydrocephalus or by contiguous
ischemic lesions such as porencephaly. An isolated
absent septum pellucidum52 exists but is rare. Septo-
optic dysplasia: absence of the septum pellucidum and
unilateral or bilateral hypoplasia of the optic nerve.
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Figure 39.40 Fetal MR images of complete agenesis of the corpus callosum at 33 weeks of gestation. Anterior coronal section (left)
and median section (right). No communicated bridge is seen. Note the bull’s horn like appearance of the anterior horns of lateral
ventricle in the coronal image.

Figure 39.41 Agenesis of the corpus callosum with abnormal
gyration at 36 weeks of gestation. Upper figure shows the three
orthogonal view of the brain with agenesis of the corpus
callosum with an abnormal gyrus (arrow). Lower left figure is a
thick slice of the sagittal section. Abnormal gyration (arrow) is
more clearly demonstrated. Lower right shows the intracranial
angiostructure by 3D power Doppler. Normal pericallosal artery
does not exist and radial formation of the branches of anterior
cerebral arteries (ACA) is seen.
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Synonyms: de Morsier syndrome (septo-optic
dysplasia).

Etiology: maternal drug (multidrug, valproic acid,53

cocaine54), autosomal recessive, HESX1 homeodomain
gene mutation.55

Pathogenesis: May occur as a vascular disruption
sequence, with other prosencephalic or neuronal
migration disorders.

Associated anomalies: Schizencephaly, gyral
abnormalities, heterotopias, hypotelorism, ventricu-
lomegaly, communicating lateral ventricles, bilateral
cleft lip and palate, hypopituitarism.

Differential diagnosis: Dysgenesis of the corpus
callosum, lobar holoprosencephaly.

Prognosis: Depends on associated anomalies.
Variable degree of mental deficit, multiple endocrine
dysfunction. In cases with isolated absent of septum
pellucidum, prognosis may be good.

Recurrence risk: Unknown.
Management: Confirmation of diagnosis after birth is

important for genetic counseling. Endocrine dysfunc-
tion should be searched and corrected. Shunt proce-
dure in cases with progressive ventriculomegaly.

Lissencephaly
Incidence: Unknown, rare.

Definition: Characterized by a lack of gyral devel-
opment and divided into two types:

Lissencephaly type I: a smooth surface of the brain.
Cerebral wall is similar to that of an approximately
12-week-old fetus.56 Isolated lissencephaly. Miller–
Dieker syndrome with additional craniofacial
abnormalities, cardiac anomalies, genital anomalies,
sacral dimple, creases, and/or clinodactyly.

Lissencephaly type II: cobblestone appearance.
Walker–Warburg syndrome with macrocephaly,
congenital muscular dystrophy, cerebellar malfor-
mation, retinal malformation. Fukuyama congeni-
tal muscular dystrophy with microcephaly and
congenital muscular dystrophy.

Synonyms: Agyria, pachygyria, Walker–Warburg
syndrome was known as HARD±E syndrome (hydro-
cephalus, agyria, retinal dysplasia, with or without
encephalocele).

Etiology: Isolated lissencephaly is link to chromo-
some 17p13.3 and chromosome Xq24-q24. Miller–
Dieker syndrome is also linked to chromosome
17p13.3. Walker–Warburg syndrome is autosomal
recessive inheritance. Fukuyama congenital muscular
dystrophy is linked to chromosome 9q31, fukutin.57

Pathogenesis: Defective neuronal migration with
four, rather than six, layers in the cortex.

Associated anomalies: Polyhydramnios, less fetal
movement, colpocephaly, agenesis of the corpus cal-
losum, Dandy–Walker malformation are observed in
Miller–Dieker syndrome. Micrognathia, flat nose,
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Figure 39.42 Fetal ultrasound and MR images of characteristic ventricular shape in a case with agenesis of the corpus callosum.
(Upper left) Ultrasound axial image. (Upper right) Ultrasound parasagittal image. (Lower left) MR axial image. (Lower right) MR
parasagittal image. Note the tear-drop appearance of the lateral ventricles in the axial section. Ventricular appearance in the
parasagittal section is called ‘colpocephaly’.
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high forehead, low-set ears, cardiac anomalies, genital
anomalies in male are often observed in Walker–
Warburg syndrome.

Prenatal diagnosis: Prenatal diagnosis58–60 of
lissencephaly without previous history of an affected
child probably cannot be reliably made until 26–28
weeks’ gestation.42

Prognosis: Type I: hypotonia, paucity of move-
ments, feeding disturbance, seizures. The prognosis
is poor, and death occurs. Type II: severe seizures,
mental disorders, severe muscle disease with hypoto-
nia. Death in the first year is common.

Recurrence risk: Depends on etiology.
Management: Karyotyping is recommended to detect

the chromosomal defect. Standard obstetrical care.

Schizencephaly
Incidence: Rare.

Definition: A disorder characterized by congenital
clefts in the cerebral mantle, lined by pia-ependyma,
with communication between the subarachnoid
space laterally and the ventricular system medially
(Figure 6-52); 63% is unilateral and 37% bilateral.
Frontal region in 44% and frontoparietal 30%.56

Etiology: Uncertain. In certain familial cases, a
point mutation in the homeobox gene, EMX2 was
found.61,62 Cytomegalovirus infection was also related
in some cases.63

Pathogenesis: Neuronal migration disorder.
Associated anomalies: Ventriculomegaly, micro-

cephaly, polymicrogyria, gray matter heterotopias,
dysgenesis of the corpus callosum, absence of the
septum pellucidum, and optic nerve hypoplasia.

Differential diagnosis: Porencephaly, arachnoid
cyst, or other intracranial cystic masses. MRI is useful
in diagnosis of schizencephaly.64

Prognosis: Variable. Generally suffer from mental
retardation, seizures, developmental delay and motor
disturbances.

Recurrence risk: Unknown.
Management: Ventriculoperitoneal shunt for pro-

gressive hydrocephalus.

Dandy–Walker malformation, Dandy–Walker
variant, megacisterna magna
Incidence: Dandy–Walker malformation has an esti-
mated prevalence of about 1/30,000 births, and is found
in 4–12% of all cases of infantile hydrocephalus.65

Incidence of Dandy–Walker variant and megacisterna
magna is unknown.

Definition: At present, the term Dandy–Walker
complex66 is used to indicate a spectrum of anomalies
of the posterior fossa that are classified by axial com-
puted tomography (CT) scans as it follows. Dandy–
Walker malformation, Dandy–Walker variant, and
megacisterna magna seem to represent a continuum of
developmental anomalies of the posterior fossa.66

Figure 39.43 shows the differential diagnosis of
hypoechoic lesion of the posterior fossa.

• (Classic) Dandy–Walker malformation: cystic
dilatation of fourth ventricle, enlarged posterior
fossa, elevated tentorium, and complete or partial
agenesis of the cerebellar vermis.
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Figure 39.43 Differential diagnosis of ‘hypoechoic lesion’ of the posterior fossa.
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• Dandy–Walker variant: variable hypoplasia of the
cerebellar vermis with or without enlargement of
the posterior fossa.

• Megacisterna magna: enlarged cisterna magna
with integrity of both cerebellar vermis and fourth
ventricle.

Etiology: Mendelian disorders such as Warburg, chro-
mosomal aberration such as 45,X, partial mono-
somy/trisomy, viral infections, and diabetes.

Pathogenesis: During development of the fourth
ventricular roof, a delay or total failure of the foramen
of Magendie to open occurs, allowing a buildup
of CSF and development of the cystic dilation of
the fourth ventricle. Despite the subsequent opening
of the foramina of Luschka (usually patent in Dandy–
Walker malformation), cystic dilatation of the fourth
ventricle persists and CSF flow is impaired.

Associated anomalies of Dandy–Walker malforma-
tion: Hydrocephalus. Other midline anomalies, such
as agenesis of the corpus callosum and holoprosen-
cephaly and occipital encephalocele. Extracranial
abnormalities such as congenital heart disease, NTDs,
and cleft lip/palate. A frequency of additional anom-
alies ranging between 50% and 70%.

Prenatal diagnosis: Dandy–Walker malformation is
shown in Figures 39.44 and 39.46; Dandy–Walker

variant is shown in Figure 39.45. To observe the age-
nesis of the cerebellar vermis, axial cutting section is
preferable. To observe the elevated tentorium, sagittal
section is preferable.

Differential diagnosis: infratentorial arachnoid
cyst, other intracranial cystic tumor, hydrocephalus,
and cerebellar dysplasia (Figure 39.47).

Prognosis: Progressive hydrocephalus, not observed
in neonates but often progressive during the first month.
In cases diagnosed in utero or during the neonatal
period, outcome is generally unfavorable. Nearly 40%
die, and 75% of survivors exhibit cognitive deficits.
Prognosis of Dandy–Walker variant is good. Clinical
significance of megacisterna magna is uncertain.

Recurrence risk: Depends on etiology. Generally
1–5% (Dandy–Walker malformation).

Management: Cyst–peritoneal shunt, cyst–ventri-
culoperitoneal shunt.

Arachnoid cyst
Prevalence: 1% of intracranial masses in newborns.

Definition: Congenital or acquired cyst, lined by
arachnoid membranes, and filled with fluid collection
which is of the same character as the CSF. The number
of cysts is mostly single, but two or more cysts can be
occasionally observed. Location of arachnoid cyst is
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Figure 39.44 Early stage of Dandy–Walker malformation at 11 weeks of gestation. Abnormal dilatation of the posterior
fossa (arrowheads). Upper right figure is a sagittal image at the same gestational age in a normal case. Amniocentesis revealed trisomy
9 mosaicism and the fetus died in utero at 19 weeks.

Kurjak-39.qxd  5/10/2006  11:42 AM  Page 462



Congenital CNS anomalies 463

Figure 39.45 Dandy–Walker variant at 20 weeks of gestation. Upper figures show the 2D axial, 2D posterior coronal, and 3D thick
slices of oblique coronal and axial sections from the left. Hypoplasia of the vermis (arrows) is demonstrated and no marked
ventriculomegaly was seen. Lower left figure shows the median section. Partial agenesis of the corpus callosum (arrowhead), floated
celebellum (triangle arrowhead), and cystic formation of the posterior fossa are seen. Lower right figure shows the median cutting
section of the specimen of an aborted fetus at 21 weeks of gestation. This case had other complicated anomalies and the karyotype
was partial trisomy of chromosome 10.

Figure 39.46 Dandy–Walker malformation at 28 weeks of gestation. Left figure shows the median section of the brain. Corpus
callosum (CC) is normally demonstrated and Dandy–Walker cyst (DWC, arrows) is seen in the posterior fossa. Right upper figure is
a 3D view of the posterior coronal section. Hypoplastic vermis of the cerebellum (arrowhead) is seen. Right lower figures, three
orghogonal views and an extracted ventricular appearance, demonstrate moderate ventriculomegaly in this case.
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various; approximately 50% of cysts occur from the
Sylvian fissure (middle fossa), 20% from the posterior
fossa, and 10–20% each from the convexity, suprasel-
lar, interhemisphere, and quadrigeminal cistern.
Interhemisperic cysts are often associated with agene-
sis or hypogenesis of the corpus callosum.

Etiology: Unknown.
Pathogenesis: Congenital arachnoid cyst is formed

by maldevelopment of the arachnoid membrane.
CSF accumulation in the subarachnoid space or intra-
arachnoid layers from a choroid plexus-like tissue
within the cyst wall, leads to a progressive distension
of the lesion.

Associated anomalies: Unilateral or bilateral
hydrocephalus, macrocrania.

Prenatal diagnosis: Figures 39.48–39.50. Detection
in the first trimester was reported.67

Differential diagnosis: Porencephaly, schizen-
cephaly, third ventriculomegaly, intracranial cystic type
tumor, vein of Galen aneurysm, Dandy–Walker malfor-
mation, large cisterna magna, external hydrocephalus.

Prognosis: Generally good. Postnatally, many are
asymptomatic and remain quiescent for years,
although others expand and cause neurological symp-
toms by compressing adjacent brain, ventricu-
lomegaly, and/or expanding the overlying skull.

Recurrence risk: Unknown.
Obstetrical management: Arachnoid cysts may

increase or decrease its size. Therefore, expectant
management of antenatally diagnosed cases is sug-
gested.68 In cases with accompanying hydrocephalus,
mode and timing of delivery may be modified.

Postnatal management: In cases with these symptoms
or with prospects of neurological symptoms, treatment
should be considered. Operation methods include:

• Cyst fenestration by craniotomy
• Cyst fenestration by neuroendoscopy
• Cyst-peritoneal shunt.

Craniotomy, shunting, or neuroendoscopic method is
still controversial.69,70

Craniosynostosis
Incidence: Unknown.

Definition: Premature closure of cranial suture,
which may affect one or more cranial sutures. Simple
sagittal synostosis is most common. Various cranial
shapes depend on affected suture(s).

Sagittal suture Scaphocephaly or dolichocephaly
Bilateral coronal suture Brachycephaly
Unilateral coronal suture Anterior plagiocephaly 
Metopic suture Trigonocephaly
Lambdoid suture Acrocephaly
Unilateral lambdoid suture Posterior plagiocephaly
Coronal/lambdoid/metopic Cloverleaf skull
or squamous/sagittal suture
Total cranial sutures Oxycephaly

Syndromes
Crouzon syndrome: acrocephaly, synostosis of coronal,
sagittal and lambdoid sutures. With ocular proptosis,
maxillary hypoplasia.

464 Fetal central nervous system

Figure 39.47 Cerebellar dysplasia in a case of trisomy 18. (Upper left) Transvaginal median image. Small cerebellum within a
normal size of posterior fossa. (Upper middle) Transabdominal axial image. (Lower left) Fetal MR sagittal image. (Lower middle) MR
axial image. (Upper right) Macroscopic photograph of cerebellar dysplasia in another case of trisomy 18. Compared with normal
cerebellum shown in the right lower figure, hypoplastic cerebellum is easily identified.
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Apert syndrome: brachycephaly, irregular synosto-
sis, especially coronal suture. With midfacial hypo-
plasia, syndactyly, broad distal phalanx of thumb and
big toe.

Pfeiffer syndrome: brachycephaly, synostosis of
coronal and/or sagittal sutures. With hypertelorism,
broad thumbs and toes, partial syndactyly.

Antley–Bixler syndrome: brachycephaly, multiple
synostosis, especially of coronal suture. With maxil-
lary hypoplasia, radiohymeral synostosis, choanal
atresia, arthrogryposis.

Etiology: Crouzon (AD, variable), Apert (AD, usually
new mutation), Pfeiffer (AD), Antley–Bixler (AR). In
five autosomal dominant craniosynostosis syndromes
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Figure 39.48 Fetal arachnoid cyst at 31 weeks of gestation. (Upper) Transvaginal ultrasound image. Sagittal (left) and coronal
(middle, right) sections. (Lower left) Fetal MR sagittal image. The cyst occupies supra- to infratentorial space. Not only cerebrum but
also the cerebellum is compressed by the cyst. (Lower right) Fetal MR coronal image. Midline is conspicuously arcuated. Unilateral
scalp and skull bone are extended due to the existence of the huge cyst. Note the difference between right and left head size.

Figure 39.49 Transvaginal ultrasound images of middle fossa arachnoid cyst at 29 weeks of gestation. (Upper) Serial coronal
sections. (Lower) Serial sagittal sections. Compressed adjacent cerebrum is demonstrated.
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(Apert, Crouzon, Pfeiffer, Jackson–Weiss, and Crouzon
syndromes with acanthosis nigricans) result from
mutations in FGFR genes.71

Pathogenesis:72 (1) Cranial vault bones with
decreased growth potential; (2) asymmetrical bone
deposition at perimeter sutures; (3) sutures adjacent
to the prematurely fused suture compensate in growth
more than those sutures not contiguous with the
closed suture; (4) enhanced symmetrical bone deposi-
tion occurs along both sides of a nonperimeter suture
continuing prematurely closed suture.

Associated anomalies: Hypertelorism, syndactyly,
polydactyly, exophthalmos.

Prenatal diagnosis: Figure 39.51 shows prenatal
appearance in Apert syndrome and Figure 39.52
shows the postnatal findings. Abnormal craniofacial
appearance can be detected by 2D/3D ultrasound.73,74

Prognosis: Various. In some of trigonocephaly and
syndromic types, prognosis is poor.

Recurrence risk: Depends on etiology.
Management: Operative aim of cranioplasty is

improvement of intracranial pressure and cosmetic
change.

Vein of Galen aneurysm
Incidence: Rare.

Definition: Direct arteriovenous fistulas between
choroidal and/or quadrigeminal arteries and an over-
lying single median venous sac.

Synonyms: Vein of Galen malformation.

Etiology: Unknown.
Pathogenesis: Venous sac most probably represents

persistence of the embryonic median prosencephalic
vein of Markowski, not the vein of Galen, per se.75

Associated anomalies: cardiomegaly, high cardiac
output, secondary hydrocephalus, macrocrania, cere-
bral ischemia (intracranial steal phenomenon), sub-
arachnoid/cerebral/intraventricular hemorrhages.

Prenatal diagnosis: 2D and 3D color/power
Doppler detection is possible.

Differential diagnosis: Arachnoid cyst, poren-
cephalic cyst, intracranial teratoma. Color/power
Doppler is helpful for differential diagnosis.

Prognosis: According to earlier review, outcome
did not differ between treated and nontreated group
and over 80% of cases resulted in death.76 However,
recent advances in treatment have improved outcome,
such that 60–100% survive and over 60% have a good
neurological outcome.77,78

Recurrence risk: Unknown.
Management: Evaluation of the fetal high-output

cardiac state for the proper obstetrical management.
Percutaneous embolization by microcoils is recent
main postnatal treatment and remarkably improved
outcome.

Choroid plexus cysts
Incidence: 0.95–2.8% of all fetuses scanned.79–81

Definition: Cysts with fluid collection within the
choroids plexus, which may exist unilaterally or bilat-
erally. They are depicted in the second trimester and
usually resolve by the 24th week.

Etiology: Normal variant, chromosomal aberration
such as trisomy 18 and others.

Pathogenesis: Choroid plexus is located within the
ventricular system and produces CSF. Within the
choroidal villi, choroid plexus cysts exist, surrounded
by the loose stroma of the choroid plexus.82

Associated anomalies: In cases of trisomy 18, asso-
ciated anomalies include growth retardation, congen-
ital heart diseases such as ventricular septum defect
and double outlet right ventricle, overlapping finger,
facial anomaly, cerebellar dysplasia, and others.

Prenatal diagnosis: Figure 39.53. Macroscopic
photo is shown in Figure 39.54. It is impossible to dis-
tinguish normal from abnormal karyotypes only by
location and appearance of choroid plexus cyst.
Detection of additional anomalies is important for dif-
ferential diagnosis.

Differential diagnosis: Intraventricular hemorrhage.
Prognosis: Choroid plexus cysts, per se, are usually

asymptomatic and benign, but rarely, symptomatic
and disturbs CSF flow.83,84 Isolated choroids plexus
cysts may be normal variation.

Recurrence risk: Unknown.
Management: Fetal karyotyping examination

should be offered if additional abnormalities are
found.

Figure 39.50 Ultrasound and MR images of interhemispheric
cyst at 24 weeks of gestation. (Upper left) Ultrasound median
section. (Upper right) Ultrasound anterior coronal section.
(Lower left) MR median section. (Lower right) MR anterior
coronal secrion. Cystic lesion exists between hemispheres.
Intracystic cyst is visible in the ultrasound images.
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Figure 39.51 Prenatal craniofacial appearance of Apert syndrome. (Upper) Longitudinal changing appearance of frontal bossing
and low nasal bridge at 22, 27, and 34 weeks of gestation in a case of Apert syndrome. (Lower left) Irregular cranial shape at 20
weeks. (Lower middle) Cranial shape at 34 weeks. Note the bilateral indentation. (Lower right) Intracranial sagittal ultrasound image
at 34 weeks. Mild ventriculomegaly is seen.

Figure 39.52 Three-dimensional reconstruction CT and MR images of Apert syndrome (the same case as in Figure 39.51). (Upper)
Three-dimensional reconstruction CT. Fusion of bilateral coronal suture and squamous suture, defect of frontoparietal cranial
structure, and craniofacial bony dysplasia are recognizable. (Lower) Postnatal MR images. Marked shortening of anterior cranial fossa
is seen. Mild ventriculomegaly and absent septum pellucidum are seen.
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Acquired brain abnormalities in utero
In terms of encephalopathy or cerebral palsy, timing
of brain insult, antepartum, intrapartum, or post-
partum? is one of the serious controversial issues
including medico-socio-legal-ethical problems.85

Although brain insults may relate to antepartum
events in a substantial number of term infants with

hypoxic–ischemic encephalopathy, the timing of
insult cannot always be clarified. It is a hard task to
give antepartum evidences of brain injury predictive
of cerebral palsy. Fetal heart rate monitoring cannot
reveal the presence of encephalopathy, and neuro-
imaging by ultrasound and MRI is the most reliable
modality for disclosure of silent encephalopathy.
Many cases with cerebral palsy with acquired brain
insults, especially, term-delivered infants with reac-
tive fetal heart rate tracing and good Apgar score at
delivery, are not suspected of having encephalopathy
and are often overlooked for months or years. Recent
imaging technology has revealed brain insult in utero.

Brain tumors
Incidence: Extremely rare.

Definition: Tumors located in the intracranial cavity.
Histological types: Brain tumors are divided into ter-

atoma, most commonly reported and nonteratomatous
tumor. Nonteratomatous tumors include neuroep-
ithelial tumor, such as medulloblastoma, astrocytoma,
choroids plexus papilloma, choroids plexus carcinoma,
ependymoma, ependymoblastoma, and mesenchymal
tumor such as craniopharyngioma, sarcoma, fibroma,
hemangioblastoma, hemangioma and miningoma, and
others of lipoma of the corpus callosum, subependymal
giant-cell astrocytoma associated with tuberous scle-
rosis (often accompanied by cardiac rhabdomyoma).86,87
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Figure 39.53 Choroid plexus cysts (CPC) in cases of trisomy 18 (left) and normal karyotype (right). (Left figures) Three orthogonal
views and inside 3D view of CPC in a case of trisomy 18 at 17 weeks of gestation. Various additional anomalies were detected. (Right
figures) Three orthogonal views and inside 3D view of CPC in a case with normal karyotype at 16 weeks. No additional
abnormalities. Normal postnatal course. It is impossible to distinguish normal from abnormal karyotypes only by location and
appearance of choroid plexus cyst. Detection of additional anomalies is important for differential diagnosis.

Figure 39.54 Macroscopic appearance of choroid plexus cyst.
Arrows indicate the choroid plexus cyst. The specimen was from
an aborted fetus of trisomy 18 at 20 weeks of gestation.

Kurjak-39.qxd  5/10/2006  11:42 AM  Page 468



Location of tumor: Supratentorial predominance in
neonatal tumor. Infratentorial predominance in medul-
loblastoma. Choroid plexus papilloma is located with-
in the lateral ventricles.

Associated abnormalities: Macrocrania or local
skull swelling, epignathus, secondary hydrocephalus,
intracranial hemorrhage, intraventricular hemorrhage,
polyhydroamnios, heart failure by high-cardiac out-
put,88 hydrops.

Diagnosis: Intracranial masses with solid, cystic
or mixture pattern with or without visualization of
hypervascularity by ultrasound and fetal MRI. Brain
tumor should be considered in cases with unexplained
intracranial hemorrhage.

Prenatal diagnosis: Prenatal diagnosis of intracranial
tumor and its vascularization by 3D power Doppler is
shown in Figure 39.55.

Differential diagnosis: Arachnoid cyst, vein of Galen
aneurysm, porencephaly, schizencephaly, periventric-
ular leukomalacia, subdural hemorrhage.

Prognosis: Fetal demise, stillborn may occur.
Prognosis in neonates is generally poor, but depends
on timing of diagnosis and the histological type of
tumor. Choroid plexus papilloma has minimal mor-
tality rate and high likelihood of neonatal outcome.
Mortality rate of teratomas is over 90%, medulloblas-
toma over 80%. Other tumors have various prognoses.

Recurrence risk: Unknown.
Management: Cesarean section may be considered.

Neurosurgical tumor resection including subtotal

hemispherectomy by craniotomy and chemotherapy
are possible treatments for neonatal tumors. Radiation
therapy is usually not indicated in neonates.

Subependymal pseudocysts
Prevalence: 2.6–5% of all neonates, 1% of premature
newborns, unknown in fetuses.

Definition: Cystic formation, which is located in
the caudothalamic groove or in the caudate nucleus,
lateral to the wall of the anterior horns of lateral
ventricles.

Synonyms: Periventricular pseudocysts.89,90

Etiology: Infection (cytomegalovirus, rubella),
subependymal hemorrhage, metabolic diseases, chro-
mosomal deletions (del q6, delp4) cocaine exposure
and others.

Pathogenesis: Cystic cavity is lined by a pseudo-
capsule, consisting of aggregates of germinal cells and
glial tissue, but no epithelium can be found. Origin of
pseudocysts is uncertain. Maybe cystic matrix regres-
sion or germinolysis.

Associated anomalies: Congenital infection such as
cytomegalovirus, congenital heart diseases, associated
CNS abnormalities.

Prenatal diagnosis: Figure 39.56.
Differential diagnosis: Periventricular leukomalacia.
Prognosis: Good in cases with isolated subependy-

mal pseudocysts. In cases with accompanied abnor-
malities, such as cardiac disease, cytomegalovirus

Acquired brain abnormalities in utero 469

Figure 39.55 Ultrasound images and tumoral vascular visualization by 3D power Doppler in a fetus of intracranial tumor with
interventricular hemorrhage (35 weeks and 5 days of gestation). (Upper) Sagittal, coronal, and axial ultrasound images. Huge tumor
(arrowheads) with hemorrhage within the tumor in the fronto-parietal lobe, complicated with unilateral hydrocephalus with
intraventricular hemorrhage (arrow). (Left lower) Oblique sagittal view from fetal left side. (Right lower) Oblique coronal view from
fetal frontal side. Tumor is fed by numerous feeding arteries from anterior cerebral artery. Feeder arteries have low resistant flow
waveform. One large vein which drains blood from tumor is visible. The draining vein has pulsatile flow.
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infection, other intracranial abnormalities, or cases
with atypical pseudocysts, prognosis may be poor.89–91

Recurrence risk: Unknown.
Management: In many cases, cysts regress in several

months after birth. Normal obstetrical/neonatal care.

Porencephaly
Incidence: Unknown.

Definition: Fluid-filled spaces replacing normal
brain parenchyma; may or may not communicate with
the lateral ventricles or subarachnoid space.

Synonyms: Porencephalic cyst.
Etiology: Ischemic episode, trauma92 demise of one

twin, intercerebral hemorrhage, infection.
Pathogenesis: Easy to occur when immature cere-

brum has some factors with propensity of dissolution
and cavitation, (high content of water, myelinated fiber
bundles, deficient astroglial response). Timing of
ischemic injury (maybe as early as second trimester) is
strongly related to porencephaly, hydranencephaly.93

Associated anomalies: Intercerebral hemorrhage,
interventricular hemorrhage, hydrocephalus.

Prenatal diagnosis: Figure 39.57. Some cases in utero
have been reported.94,95

Differential diagnosis: Schizencephaly, arachnoid
cyst, intracranial cystic tumor, other cysts. Poren-
cephalic cyst never causes a mass effect, which is
observed in cases with arachnoid cyst or other cystic
mass lesions. This condition is acquired brain insult
and differentiated from schizencephaly of migration
disorder.

Prognosis: Various, depends on timing and size of
lesion. Seizures, neurological deficits, and cerebral
palsy often occur.96

Recurrence risk: Unknown.
Management: Ventriculoperitoneal shunt if hydro-

cephalus progresses.

Hydranencephaly
Incidence: 1–2.5/10,000 births.

Definition: Absence of the cerebral hemispheres
and a sac-like structure containing CSF surrounding
the brainstem and basal ganglia.

Etiology: Ischemic episode, trauma, demise of one
twin, intercerebral hemorrhage, infection. There are
several theories but bilateral occlusion of the supra-
clinoid segment of the internal carotid arteries97 or of
the middle cerebral arteries is one of the causes of
subtotal defects of cerebral hemisphere.

Pathogenesis: Easy to occur when immature cere-
brum has some factors with propensity of dissolution
and cavitation, (high content of water, myelinated fiber
bundles, deficient astroglial response). Timing of
ischemic injury (maybe as early as second trimester) is
strongly related to porencephaly and hydranencephaly.

Prenatal diagnosis: Recently, hydranencephaly
from 11 weeks of gestation has been reported.98

Associated anomalies: Large head (Figure 39.58).
Differential diagnosis: Massive hydrocephalus,

alobar holoprosencephaly, porencephaly.
Prognosis: Extremely poor.
Recurrence risk: Unknown.
Management: No active treatment. Shunt proce-

dure for progressive increase of infant’s head.

Intracranial hemorrhage
Incidence: Unknown, rare in utero.

Definition: Hemorrhage, bleeding inside of the
cranium. Intracranial hemorrhage includes subdural
hemorrhage, primary subarachnoid hemorrhage,
intracerebellar hemorrhage, intraventricular hemor-
rhage, and intraparenchymal hemorrhage other than
cerebellar.99

Etiology: Trauma, alloimmune and idiopathic
thrombocytopenia, von Willebrand’s disease, specific
medications (warfarin) or illicit drug (cocaine) abuse,
seizure, fetal conditions including congenital factor-X
and factor-V deficiencies, intracranial tumor, twin–
twin transfusion, demise of a co-twin, vascular diseases,
or fetomaternal hemorrhage, extracorporeal membrane
oxygenation (ECMO).100

Associated anomalies: Hydrocephalus, hydranen-
cephaly, porencephaly, or microcephaly.

Prenatal diagnosis: Figure 39.59.
Differential diagnosis: Intracranial tumor.
Prognosis: Poor in premature infants. Apnea,

seizures, and other neurological symptoms.
Recurrence risk: Depends on etiology.
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Figure 39.56 Subependymal cysts (fetal ultrasound images and
neonatal MR images). (Upper) Coronal and sagittal images.
(Middle left) Axial image. (Middle right) Anterior coronal
section. Note bilateral bead-like cystic formation. (Lower) MR
sagittal, coronal, and axial images at 3 days after birth. No
neurological symptoms at the age of 1 year.
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Management: Ventriculoperitoneal shunt if hydro-
cephalus progresses.

Fetal periventricular leukomalacia (PVL)
Incidence: 25–75% of premature infants at autopsy
are complicated with periventricular white matter
injury. However, clinically, incidence may be much

lower; 5–10% of infants less than 1500 g birth weight.
In term infants, PVL is very rare.

Definition: Multifocal areas of necrosis found
deep in the cortical white matter, which are often
symmetrical and occur adjacent to the lateral ventri-
cles. PVL represents a major precursor for neurologi-
cal and intellectual impairment, and cerebral palsy in
later life.
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Figure 39.57 Fetal ultrasound and MR images of porencephaly at 25 weeks of gestation. (Upper left) Transvaginal ultrasound
coronal image. Defect of parietolateral part of the unilateral cerebrum. This case has also absent septum pellucidum. (Upper middle)
Parasagittal ultrasound image. Porencephalic part is fused with the unilateral ventricle. Echogenesity of inside ventricular wall
indicates intraventricular hemorrhage. (Upper right) Transabdominal ultrasound axial image. (Lower) Fetal MR images on the same
day. Coronal, parasagittal, and axial sections from the left side.

Figure 39.58 Hydranencephaly. Hydranencephaly is characterized by absence of the cerebral hemispheres with an incomplete or
absent falx and a sac-like structure containing cerebral spinal fluid surrounding the brainstem and basal ganglia. In this case,
tentorium and falx cerebri are recognized. Cerebral cortex is depicted in only a small part of occipital lobe. Brain stem and
cerebellum are preserved to be normal. Cause of hydranencephaly may be obstruction of the bilateral internal carotid arteries. Note
the remarkable increase of head circumference.
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Etiology: Birth trauma, asphyxia and respiratory
failure, cardiopulmonary defects, premature birth/low
birth weight, associated immature cerebrovascular
development and lack of appropriate autoregulation of
cerebral blood flow in response to hypoxic-ischemic
insults.101

Pathogenesis: Distinctive and consists primarily of
both focal periventricular necrosis and more diffuse cere-
bral white matter injury. Two most common sites are at
the level of the cerebral white matter near the trigone of
the lateral ventricles and around the foramen of Monro.
Volpe93 describes three factors, namely (1) periventric-
ular vascular anatomical and physiological factors,

(2) cerebral ischemia, and (3) intrinsic vulnerability of
cerebral white matter of premature newborn, are
strongly related to PVL.

Prenatal diagnosis: Figure 39.60.
Differential diagnosis: Subarachnoid (periventri-

cular) pseudocysts, porencephaly, other intracranial
cystic formation.

Prognosis: Neurological features of PVL in neonatal
period are probable lower limb weakness and as fea-
tures of long-term sequelae, spastic diplegia, intellec-
tual deficits and visual deficits are observed.93

Recurrence risk: Unknown.
Management: Early rehabilitation.

472 Fetal central nervous system

Figure 39.59 Ultrasound and MR images in a fetus with cerebral hemorrhage and mild ventriculomegaly at 35 weeks of gestation.
Ultrasound parasagittal (upper left) and anterior coronal (upper right) images of the brain. Arrows indicate intracerebral hemorrhage.
Arrowhead shows a porencephalic part fused with the lateral ventricle. Lower figures are MR images showing the same cutting
sections as upper ultrasound images.

Figure 39.60 Fetal periventricular leukomalacia (PVL) at 29 weeks of gestation. Bilateral widespread type PVL (arrows) was seen.
No particular maternal episode existed before and during pregnancy.
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40 Ultrasound of the fetal thorax
A. Khurana

Technological advances in transducer and software
technology have in recent years remarkably improved
visualization of structures in the fetal thorax (Figures
40.1–40.4) way beyond the minimum requirement rec-
ommended by the American Institute of Ultrasound in
Medicine1 over the last few decades. Additionally, novel
methods of in utero treatment, the evolution of neonatal
surgical techniques and anesthesia, the newer under-
standing of the natural course of several malformations
and the pressing social and legal need for informed
parental counseling have placed a new responsibility on
the shoulders of the practicing ultrasonologist.

There is now a pressing demand for an accurate
diagnosis, the formulation of a prognosis and the
institution of appropriate management whether it be
expectant observation, in utero therapy or a referral
to a tertiary care center.

This presentation reviews current concepts in
the evaluation of the fetal thorax (excluding cardiac
conditions).

Embryology
Knowledge of the embryology of the thoracic viscera
is imperative to understand the outcome of congenital
thoracic malformations and their direct bearing on
fetal lung developments and ultimate fetal and neona-
tal outcomes.

Development of the lung begins at 5 weeks.2 The
epithelium of the respiratory system develops from the
endoderm. The connective tissue, cartilage and muscle
develop from splanchnic mesoderm and neural crest
cells.

At 26 days the foregut evaginates to form a laryngo-
tracheal diverticulum. This then gets separated from
the foregut by longitudinal folds, which progress to
form the tracheoesophageal septum. The lungs develop
in four stages. From 5 to 17 weeks all elements are
developed except those involved in gas exchange. This
is also called the pseudoglandular period. From 16 to
25 weeks (canalicular period) the lumen of bronchi and
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bronchioles become larger, and respiratory bronchioles
and alveolar ducts develop. Some terminal sacs
develop and the tissue becomes more vascular. From
25 weeks to birth, many more terminal sacs develop,
the epithelium becomes very thick, capillaries bunch
into alveoli, Type I alveolar cells develop and Type II
alveolar cells begin producing surfactant. From late

fetushood and up to childhood, squamous epithelium
forms and alveoli continue to form after birth.3

Sonoanatomy of the fetal thorax
The fetal thorax extends from the clavicles to the fetal
diaphragm. The diaphragm is continuous, thin and
hypoechoic (Figure 40.5) and moves with respiratory
movements in the third trimester of pregnancy. The
thorax is bounded by the sternum anteriorly, the spine
posteriorly and the ribs circumferentially. The heart is
the most prominent structure in the thorax. The lungs
are seen surrounding it. The left lung is limited in
its extent by the heart (Figure 40.6). The lungs are
homogenously echogenic and largely isoechoic with
other mediastinal structures. The heart occupies one-
third to half of the thorax and its location and axis are
important to identify and evaluate non-cardiac condi-
tions as well. Cardiac and mediastinal shifts have a
tremendous bearing on the prognosis of a chest lesion.
No fluid is seen in normal pleural spaces. The pleural
and pericardial space should be evaluated to assess
for hydrops, which again is a prognostic factor in
the assessment of a chest mass. With some effort and
resort to color flow mapping (Figure 40.7) and power
Doppler studies, the aortic arch, pulmonary artery,
ductus arteriosus, pulmonary veins, trachea, esopha-
gus and thymus can be adequately evaluated.4–6
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Pulmonary hypoplasia
Adequate lung development is central to fetal viabil-
ity.7,8 Hypoplastic lungs show a low lung to body
weight ratio and histologically demonstrate a reduced
number of alveoli.9 Pulmonary hypoplasia is rarely
primary and rarely unilateral.10,11 It is usually sec-
ondary and consequent to any prolonged severe oligo-
amnios,12–15 in skeletal dysplasias with a small bony
thorax, in sizable intrathoracic masses,16,17 consequent
to neuromuscular dysfunction as in the Pena–Shokeir
syndrome,18 in trisomy 12, 18 and 21 and in condi-
tions with decreased pulmonary artery perfusion.19

Thoracic perimeter measurements20–23 (Figure 40.8)
are made at the level of the four-chamber view and
should exclude the soft tissue areas beyond the ribs.
The thoracic perimeter/abdominal perimeter ratio24–26

is steady through the late second trimester and in
the third trimester: > 0.80. Lung lengths27 although
well studied (Figure 40.9) are not easily reproducible.
Fetal lung volumes by three-dimensional recon-
struction techniques (Figure 40.10) are reliable and
reproducible.28,29

The pathogenesis of pulmonary hypoplasia com-
mences with inadequate thoracic space for growth,
inadequate breathing movements of whatever cause,
inadequate fluid within the lung and suboptimal
quantities of amniotic fluid.30 Lung echogenicity does
not correlate with lung maturity.

General features of chest masses
Not all lung masses can be delineated in the 18–20 weeks
anomalies scan although embryologically they do
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exist.31,32 Depending on their size and growth they
result in unilateral or bilateral hypoplasia of the
lungs. Prognosis depends on the size of the lesion,
heart and mediastinal displacements, the resence of
hydrops, associated structural anomalies, underlying
chromosomal abnormalities and the bearing of associ-
ated polyhydramnios on preterm premature rupture
of membranes and prematurity.33–35

Common chest masses include congenital diaphrag-
matic hernia (CDH) and congenital cystic adenomatoid
malformations (CCAM). Other lung masses include
bronchogenic cysts, neurenteric cysts, congenital
lobar emphysema (CLE), bronchial atresia, pulmonary
gigantism, bronchopulmonary sequestration (BPS)
and mediastinal masses. The mediastinal lesions
include teratomas,36 thymomas,37 goiter, cardiac lesions
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such as rhabdomyoma, myxoma and fibroma,38–40

esophageal duplication cysts,41 enteric cysts,41

neurenteric cysts42–44 and thoracic neuroblastoma.
Mediastinal lesions are rare but important in the per-
spective of a differential diagnosis of a mass adjacent
to the mediastinum but arising from the adjacent lung
or from the abdomen.

Congenital diaphragmatic hernia
CDH has an incidence of 1–4.5/10,000 live births.45

The incidence is higher in the fetus and a fair num-
ber are lost in utero or in the neonatal period prior
to clinical identification. CDH is more common on
the left side but not infrequently right sided or bilat-
eral. The diaphragm forms between the 6th and 14th
weeks of pregnancy by fusion of the septum trans-
versum, pleuroperitoneal membranes, mesentery of
the esophagus and the body wall. Failure of fusion
especially of the pleuroperitoneal membranes
results in a herniation of abdominal contents into
the thorax when the gut returns to the abdomen. The
disorder is progressive and the organs that herniate
include the stomach, liver, spleen, small bowel and
colon. Left-sided CDH usually involves the stomach.
Right-sided CDH usually involves herniation of the
liver. The herniation may be small, isoechoic and
intermittent46 and may therefore go unrecognized
except when the problem is specifically looked for.
Over four of five fetuses die in the neonatal period
usually because of pulmonary hypoplasia and pul-
monary hypertension. Pulmonary hypertension is
consequent to the poorly understood but well docu-
mented medial wall muscular hypertrophy of the
small pulmonary arteries extending up to the pre-
acinar vessels. Newborns have a high incidence of
feeding problems, gastroesophageal reflux, chronic
lung disease and neurodevelopmental delays.45,47

Sonographic signs48 include a low abdominal peri-
meter, failure to visualize the fetal stomach in the
fetal abdomen (Figure 40.11), visualization of the
herniated viscera in the thorax (Figures 40.12 and
40.13), cardiomediastinal shift, pleural effusions and
hydrops. There may also be failure to delineate the
diaphragm in its entire extent. Right-sided hernias
are difficult to identify because of isoechoic lung
and these should be evaluated by color Doppler to
confirm the location of the portal vein in the thorax
(Figures 40.14 and 40.15). Although identification of
the liver is not critical for a diagnosis of CDH, it has
a major bearing on the prognosis.49,50 This is so
because after surgical repair the ductus venosus and
umbilical vein often get kinked or compromised,
thereby contributing to morbidity and often mortal-
ity. When bowel segments are not fluid-filled, as is
common in the second trimester, they may appear as
a non-specific chest mass (Figure 40.16). Careful
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real-time scanning would reveal peristalsis in the
third trimester. Occasionally, a gallbladder may be
seen in the CDH. Bilateral hernias may be difficult to
detect because of no cardiomediastinal shift. Ascites
within a herniation may be mistaken for a pleural
effusion.

Not all fetuses with a CDH have a poor progno-
sis.51–54 Prognosis depends on gestational age at diag-
nosis, particularly if 24 weeks or earlier, large size,
dilated stomach, the presence of the liver, even its left
lobe in left-sided lesions, small contralateral lung,
bilateral herniation (Figure 40.17) and the presence of
associated anomalies (Figure 40.18). Because of the
higher incidence of CDH in certain syndromes, facial

and cardiac surveys merit special attention. These
syndromes include trisomy 18, Fryn’s, lethal ptery-
gium, Beckwith–Wiedemann, Cornelia De Lange,
Apert’s and Goldenhahr.55,56

Fetal therapy has found a reasonable place in
the treatment of CDH.57 The aim of surgery is to
prevent lung hypoplasia. Although fetal therapy
initially involved reduction of the hernia by open
repair in utero, current practice involves clipping
of the trachea. Currently, videofetoscopic techniques
are under evaluation. Tracheal occlusion results in
increased lung volume and accelerated lung maturity
similar to the pathophysiology seen in laryngeal and
tracheal atresia.58
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Congenital cystic adenomatoid
malformations
CCAMs occur consequent to failure of induction of
mesenchyme by bronchiolar epithelium. Lack of
normal cellular development is considered to be
consequent to focal bronchial atresia. The lesion is
hamartomatous and characterized by focal abnormal
proliferation of bronchiolar-like air spaces and
absence of alveoli.59 It is usually unilateral. Some may
be associated with sequestration in the same lung.
Diagnosis depends on the demonstration of a mass in
the thorax.60 This may be macrocystic (cysts 2–10
mm) (Figure 40.19), microcystic (cysts 0.3–0.5 mm)
(Figure 40.20) or mixed31,32 (Figure 40.21). These may
cause a cardiomediastinal shift, ipsilateral and con-
tralateral lung compression, pulmonary hypoplasia
and hydrops. The lesion may regress spontaneously61

(Figure 40.22). Prognosis depends on associated
pulmonary hypoplasia, pulmonary hypertension,
hydrops, associated anomalies, polyhydramnios
and prematurity. Microcystic lesions are more likely
to cause pulmonary hypoplasia and hydrops. The
arterial supply is via a pulmonary artery and
drainage into a pulmonary vein. Treatment of the
lesion consists of expectant management, monitoring
for hydrops or premature/term delivery followed by

lobectomy if necessary.33 Referral to a tertiary care
center is important because emergency thoracic sur-
gery is often needed. Recurrence is rare in later preg-
nancies. Since Klinefelter’s syndrome and trisomy 18
are known for an association with CCAMs, it is appro-
priate to obtain a karyotype when the condition is
diagnosed.

In utero aspiration of a larger cyst, thoraco-
amniotic shunting of a larger cyst and in utero resec-
tions have been attempted and are methods of gaining
time to achieve viability. In utero resection has been
tried only in fetuses with the poorest prognosis since
the procedure itself carries a high morbidity and
mortality.

Bronchopulmonary sequestration
Also known as pulmonary sequestration and acces-
sory lung, BPS is a congenital malformation consist-
ing of lung parenchyma, which is separated from
normal lung. It receives arterial supply of systemic
origin and does not communicate with the normal tra-
cheobronchial tree. Sequestrations arise from a super-
numerary anomalous outpouching of the foregut. If
these arise prior to closure of the pleura they have no
separate pleural envelope and are called intralobar
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sequestrations. If these originate after closure of the
pleura they are called extralobar sequestrations and
have their own pleura. Intralobar sequestrations drain
into pulmonary veins and extralobar sequestrations
usually drain into a systemic vein, usually the
azygos, hemiazygos or inferior vena cava. Extralobar
sequestrations may be thoracic or extrathoracic and
may even communicate with the esophagus.62 They
are occasionally associated with other thoracic and
foregut anomalies such as CDH, CCAMs, bron-
chogenic cysts and neurenteric cysts. A wide variety
of extrapulmonary anomalies including congenital
heart disease, renal anomalies and hydrocephalus
have been reported to coexist with sequestrations.
Many sequestrations show extensive subpleural lym-
phatics, which account for ipsilateral pleural effu-
sions. Typical sonographic appearances63 include a
lobar or triangular echogenic lesion in the lung base,
usually left basal (Figure 40.23). Color Doppler stud-
ies reveal a systemic arterial supply64 (Figure 40.24).
There is a variable mediastinal shift and hydrops.
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Several sequestrations regress spontaneously.65 No
specific features indicate which sequestrations are
likely to resolve. Persistent sequestrations may stabi-
lize or may need surgical resection (postnatal).

Bronchogenic cysts
These arise as a consequence of abnormal foregut
budding and show variable echogenicity and vari-
able progress. They may be mediastinal or peripheral
and often show associated foregut malformations
and hemivertebrae. The usual manifestation is
an echogenic lesion representing fluid-filled lung
beyond the stenosis. The left upper lobe is the most
frequent site. Occasionally, these are multiple.
These are usually innocuous and do not require spe-
cific obstetric management. Their importance lies
in being one of the differential diagnoses of a fetal
lung mass.60

Laryngeal and tracheal atresia
These are rare congenital anomalies, which are
associated with demise soon after birth, unless
treated antenatally. These arise consequent to subglot-
tic laryngeal atresia, tracheal stenosis or atresia, or tra-
cheal webs or cysts and are also known as congenital
high airways obstruction (CHAOS). Embryologically,
persistent fusion of the sixth bronchial arches is
apparently involved. Pathologically, failure of efflux
of fluid from the fetal lung results in exaggerated lung
development. Ultrasound features66,67 include sym-
metric enlargement of both lungs (Figure 40.25)
with anterior displacement of the heart. The lungs
are homogenously echogenic, often similar to
autosomal recessive infantile polycystic kidneys,
since the underlying lesion consists of numerous
fluid-filled spaces. The diaphragm is flat or inverted
and cutaneous edema is common as is hydrops.
Polyhydramnios is seen consequent to esophageal
compression. The distal trachea and bronchii may be
identified as tubular bulging fluid-laden structures
in the mediastinum. Over half the fetuses with this
abnormality have renal agenesis, facial anomalies
and central nervous system malformations. To salvage
a fetus with this anomaly it is necessary to establish
a functional airway before the fetus is removed from
placental support.68

Congenital lobar emphysema
Although this condition has clinical manifestations in
the pediatric age group, it can be seen in the fetus as
a solid lung mass akin to a microcystic CCAM or an
ELS. It is usually located in the upper lobe unlike
ELS. There is one case report of a spontaneous regres-
sion after indometacin treatment.69
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Figure 40.25

Pleural effusion

Unlike a small amount of pericardial fluid, which
may be physiological, a fetal pleural fluid collection is
always abnormal.

Primary pleural effusions are accumulations of
pleural fluid, which may be idiopathic (Figures 40.26
and 40.27) or consequent to thoracic duct malforma-
tions70. They are unilateral or, if bilateral, markedly
asymmetric. Mediastinal shifts are common and
there are no associated findings except hydrops,
which is an ominous finding. Pulmonary hypoplasia

is common in large chronic effusions. The condition
may resolve spontaneously and does very well after
thoracentesis or thoraco-amniotic shunting.71,72

Secondary pleural effusions are consequent to
other fetal anomalies and are often the earliest sign
of immune or non-immune hydrops fetalis (NIHF).73

The causes, therefore, include anemia, infection, car-
diac anomalies, anomalies with large arteriovenous
shunts, chromosomal abnormalities, skeletal dys-
plasias and thoracic malformations. Secondary effu-
sions are usually bilateral and often associated with
early onset of other signs of hydrops (Figure 40.28).

Figure 40.26 Figure 40.27
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Prior to instituting any treatment procedure it is
wise to exclude an abnormal fetal karyotype and
assess fetal anemia.

Conclusion
The current approach to a thoracic lesion involves
knowledge of sonographic features in order to
make an accurate diagnosis. This should be followed
by a careful evaluation for associated dysmorphic

anomalies and identification of hydrops. An appro-
priate workup for fetal anemia and fetal karyotype
should be considered next. The prognosis then needs
to be formulated in the perspective of prevention of
pulmonary hypoplasia, the possibility of sponta-
neous regression and referral to a tertiary care center.
Ultrasound-guided interventions in such a fetus
would include amniocentesis or cordocentesis for
a complete diagnosis, and, from a therapeutic view-
point, cyst aspiration, thoracentesis or a thoraco-
amniotic shunt.
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41 Three-dimensional ultrasound
of blood flow in the fetal
cardiovascular system
R. Chaoui

Introduction
In the past 5 years three-dimensional (3D) ultrasound
moved from an advertising toy with the highlight of
baby facing to a new powerful diagnostic tool in prena-
tal medicine. This was mainly achieved by the devel-
opment of fast processors enabling rapid 3D image
acquisition and the advent of new software allowing
new 3D image display.

The use of color and power Doppler ultrasound
in the 1990s improved the prenatal diagnosis of mal-
formations involving the cardiac and vascular sys-
tems.1–3 Malformations of the cardiovascular system
are often complex and difficult to understand when
only gray-scale imaging is used. Two-dimensional
color or power Doppler ultrasound can help in a better
assessment of fetal abnormalities, but they generally
enable the visualization of only those vessels with a
straight course or lying in a 2D plane.4–6 In most cases
the examiner is reconstructing mentally a spatial
image of the vessels examined.5

In recent years, a few case reports and studies
demonstrated that the 3D power Doppler ultrasound
(3D-PDU) helps in the reconstruction of the vessels
of interest and thus improves the understanding of
the spatial appearance of the vascular tree.4,7,8 Images
produced were very similar to results known from
radiology acquired either by x-ray9–11 or by MR-
angiography. This chapter aims to present the actual
possibilities of 3D ultrasound of the cardiovascular
system in normal and abnormal pregnancies, looking
for possible future applications of this method in
prenatal diagnosis.

Technical background
The main aspects that have to be considered when
evaluating a 3D imaging system are (1) the volume
data acquisition and (2) the image rendering display.

Volume data acquisition
The acquisition of a volume with information on the
fetal heart or the fetal vessels can be achieved either
in 3D static mode, which means a volume consisting
of a series of still images, or in 4D mode, which
reflects the beating character of the heart. The latter
can be acquired either in live real-time 3D or as off-
line 4D, which was recently made possible by the
advent of the new software of spatial and temporal
image correlation (STIC).12,13 In these acquisitions
heart and vessels can be visualized either on gray-scale
mode, or in combination with color Doppler,14 power
Doppler or B-flow. The acquisition of a volume with
gray-scale information is reduced to the demonstra-
tion of the lumen of the heart or the vessels, whereas
in Doppler or B-flow techniques blood flow is visual-
ized. To acquire a volume with a potentially good
3D/4D image, the examiner should spend time in opti-
mizing the presetting of the color and power Doppler
or B-flow or increasing the contrast on the gray scale.

Image rendering
Image rendering is the process of creating a 3D visual
representation of the parameters of interest. Generally
the principle used is the ‘planar geometric projection’
of the 3D image, i.e. a 2D image representing the 3D
data. For the 4D image it will be a 2D projection with
cine-loop. The impression of the third dimension is
generally given by the on-line rotation of the image
on the screen and by different shadowing of anterior
and posterior structures. Color maps can be used as
well as different postprocessing means of increasing
the brightness and transparency of color. The exam-
iner can decide whether to visualize the vessels of
interest alone or in combination with gray-scale
information in the so-called ‘glass body’ rendering
(Figure 41.1). Interestingly, the system also allows a
gradual increase of the transparency, allowing at the
beginning the visualization of the surface in gray scale

489

Kurjak-41.qxd  5/9/2006  12:09 PM  Page 489



but with progression of transparency, the visualiza-
tion of the vessels inside the structure of interest
(Figure 41.1).7 For information using no Doppler
assistance but only the gray-scale information, there
are two volume rendering features permitting a 3D/4D
appearance: the transparent minimum mode and the
transparent inversion mode.

Most of the experience shared in this chapter was
acquired with a Voluson 730 Expert system (GE
Kretztechnik, Zipf, Austria) using mechanical trans-
ducers for acquisition and the 4D view software for
3D/4D volume reconstruction. The 4D of the fetal
heart was achieved either with live 3D or by using the
integrated STIC software as described elsewhere.
Only the latter permitted a 4D of color or power
Doppler information of the heart. It is expected that in
the near future other companies will provide new
software with new possibilities of 3D/4D acquisition
and rendering, but the fields of interest will probably
remain unchanged.

Clinical application
The clinical application of 3D/4D in prenatal visuali-
zation of the fetal cardiovascular system is closely
related to the regions of interest known from the
application of color and power Doppler ultrasound.
We refer to reviews on the benefit of using color
Doppler in fetal diseases.2,3 Some years ago4 we exam-
ined in a study the application of 3D-PDU in prenatal
diagnosis on 45 normal and 87 abnormal pregnancies
including mainly vascular abnormalities. In this
study we used a prototype system and satisfactory
image information was collected in only 56 out of the
87 abnormal cases examined (64%). The following
eight regions were found to be of interest: vessels of
the placenta, umbilical cord, abdomen, kidneys, lung,
brain and fetal tumors as well as the heart and great
vessels. In the following findings, the main regions of
interest with the possible anomalies involving the

vascular system were demonstrable on 3D ultrasound.
The fetal heart will be discussed separately in the
second part of this section.

Peripheral vascular system in 3D

Umbilical cord and placenta
From our experience it seems to be the structure
most easily accessible to 3D throughout pregnancy.
Intraplacental vessel network architecture can be
visualized with this method.15 The umbilical cord can
be rendered at different places from its insertion on
the placental side (Figures 41.2 and 41.3) to its attach-
ment on the fetal abdominal wall.4 Abnormalities like
placenta previa, vasa previa16 or velamentous inser-
tion (Figure 41.3) can be demonstrated, as well as the
single umbilical artery or less important conditions
such as the connecting vessels in twin pregnancies,
nuchal cord or true and false knot (Figure 41.4) or the
free course of the umbilical cord (Figure 41.5).
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Figure 41.1 A longitudinal view of the abdomen seen from the right side in glass body mode. From left to right the transparency is
gradually increased allowing a progressive visualization of power Doppler information.

Figure 41.2 3D color Doppler ultrasound showing a posterior
placenta with central insertion of the umbilical cord. 
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Figure 41.3 3D power Doppler ultrasound showing a central insertion of the umbilical cord (left) and a velamentous insertion
(right).

Figure 41.4 Fetus seen from behind with the umbilical cord around the neck (left). False knot of the umbilical cord.

Figure 41.5 Fetus holding the umbilical cord with the hand in
front of its face.

Figure 41.6 Longitudinal view of the abdomen view from the
right side showing the descending aorta (Ao), the inferior vena
cava (IVC), the umbilical vein (UV) with ductus venosus (DV) as
well as hepatic veins.
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Figure 41.7 Longitudinal view from the right side in a fetus
with gastroschisis, showing in comparison to Figure 41.6 the
distortion in the course of the umbilical vein (UV), and the
descending aorta (Ao). The superior mesenteric artery is
stretched and arises in the direction of the abdominal wall.

Figure 41.8 Longitudinal view of the intra-abdominal vascular
tree in a 22-week fetus with agenesis of ductus venosus and
connection of the umbilical vein into the hepatic vein system.

Figure 41.9 Fetus with left isomerism (polysplenia): with an
interruption of the inferior vena cava (*), which is absent on 3D-
PDU. Venous blood from the inferior part of the body returns via
the azygos vein, which is dilated and seen side by side near the
aorta. 

Figure 41.10 Pelvic kidney showing the abnormal renal artery
arising in the region of the bifurcation of the iliac arteries.
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Intra-abdominal vessels
The vessels of interest are the umbilical vein, the
ductus venosus, the portal vein system, the hepatic
veins, the splenic vessels, the inferior vena cava and
the abdominal aorta (Figure 41.6). The visualization
of the lower abdomen gives a good orientation in visu-
alizing the umbilical arteries around the urinary blad-
der in normal conditions. Since the application of
color Doppler and the intensive study of the ductus
venosus, abnormalities of the intrahepatic venous
system were detected to be more common than
expected. Conditions to study by 3D power Doppler
could involve the abnormal cord insertion on the
abdomen (omphalocele, gastroschisis) (Figure 41.7),

abnormal umbilical vein size (varix or ectasia), but
the main field of interest seems to be the absence
of ductus venosus (Figure 41.8) with the different
possibilities of connection of the umbilical vein. In
these conditions 3D power Doppler demonstrates the
spatial course of the aberrant vessel. Another interest-
ing condition is the abnormal course of vessels in
isomerism, i.e. interruption of the inferior vena cava
with azygous continuity (Figure 41.9).

Renal vessels
The visualization of renal vessels is known to increase
the accuracy of diagnosis of kidney malformations
in the fetus. The renal vascular tree is well visualized
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Figure 41.11 Circulus of Willis as demonstrated with 3D PDU,
with the anterior (ACA), middle (MCA) and posterior (PCA)
cerebral arteries.

Figure 41.12 3D PDU of a vein of Galen aneurysm at 22 weeks’
gestation with the dilated vessel between the hemispheres and in
the posterior fossa.

Figure 41.13 Fetus with trisomy 13 and lobar holoprosencephaly as seen by transvaginal ultrasound (left). 3D power Doppler
shows the aberrant bizarre course of the anterior cerebral artery.
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Figure 41.14 Pulmonary veins and arteries are demonstrated
with 3D color Doppler ultrasound.

Figure 41.15 In this fetus with an echogenic lung segment
the diagnosis of bronchopulmonary sequestration is supported
by the demonstration of an aberrant vessel arising from the
descending aorta (arrow).

Figure 41.16 (a) In this fetus at 27 weeks with sacrococcygeal teratoma there was an intra-abdominal mass as well (arrows). In
different planes one recognizes the descending aorta, one renal artery and the bifurcation of iliac arteries with the arising of umbilical
arteries (A.umb). (b) The 3D rendering gives the complete aspect of the tumor and the surrounding vessels.

(a)

(b)
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in a coronal plane with the descending aorta showing
a horizontal course. Conditions with possible benefit
of 3D-PDU application are agenesis of one or both
kidneys, arteries in duplex kidney, horseshoe or pelvic
kidney (Figure 41.10), but the 3D rendering adds only
a little information to 2D color and was probably over-
estimated in our few investigations.

Intracerebral vessels
The anatomy of intracranial vessel architecture became
more important in recent years and is closely related
to the structural anatomy of the brain. A transversal
insonation allows easy reconstruction of the circulus
of Willis (Figure 41.11), whereas a more sagittal
approach enables the visualization of the pericallosal
artery with its ramifications.17 Choosing a lower
velocity, scale flow in the cerebral veins and sagittal

sinus can be imaged as well. The main fields of
interest are the abnormal anterior cerebral artery in
agenesis of corpus callosum, the aneurysm of the
vein of Galen (Figure 41.12) and the disturbed vascu-
lar anatomy in cerebral malformations [holoprosen-
cephaly (Figure 41.13), hydrocephaly, encephalocele,
etc.]. Improved image information can be achieved by
using transvaginal ultrasound of the fetal brain in
fetuses with vertex position (Figure 41.13).

Lung vessels
Proximal and peripheral lung arteries and veins can
be seen from their origin in peripheral pulmonary
segments (Figure 41.14). Fields of interest are the
analysis of the 3D vessel architecture in cystic lung
malformation, congenital diaphragmatic hernia and
bronchopulmonary sequestration (Figure 41.15). The
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Figure 41.17 3D-PDU of a normal four-chamber view (left) with right and left atria (RA, LA), right and left ventricles (RV, LV) in 3D
power mode (left) and glass body mode.

Figure 41.18 A muscular ventricular septal defect (VSD)
connecting both right and left ventricles, whereas the vessels
show a regular crossing. Figure 41.19 Aortic arch with the origin of the cephalic

vessels. Behind the brachiocephalic artery the superior vena
cava is seen.
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role of color or power Doppler in predicting pulmonary
hypoplasia failed and it is not expected that the 3D
demonstration of the vessels could be in this field of
great interest in the near future.

Fetal tumors or aberrant vessels
Aberrant vessels can be visualized in the presence of
several malformations like lung sequestration, chori-
angioma, lymphangioma or in (sacrococcygeal) ter-
atoma, acardiac twin, etc. Visualization of fetal
tumors is of interest not only for the risk of cardiac
failure due to the presence of arterio-venous fistulae,
but also to assess compression of shifting of neigh-
boring organs (Figure 41.16a and b). Some fields of

interest are chorangioma, teratoma, lung sequestration,
acrania (TRAP), hemangioma, renal tumors, cardiac
rhabdomyomas, etc.

The fetal heart in 3D and 4D
An extended fetal echocardiographic examination is
achieved by acquiring and documenting different
cross-sectional planes.1,18 An examiner acquiring
these cardiac cross-sectional planes during different
cycles is automatically reconstructing mentally the
heart in the third and fourth dimensions (3D + time). In
the last decade 3D and 4D fetal echocardiography was
investigated intensively in laboratories using external
workstations, static volume sweep, matrix transducers
and recently, a new ultrasound equipment with inte-
grated software (STICTM) was introduced, allowing reli-
able 3D and 4D fetal echocardiography.12,14

Surface rendering can be applied to the fetal heart
by using the interface between the cavities and the
cardiac walls. The views are, however, either the
known views from 2D ultrasound (four and five cham-
bers) or could be new views as well, which are still
to be defined.19 Such views could focus on demon-
strating the AV-valves or the interventricular or inter-
atrial septum. The future will show which views
are appropriate for clinical application. This part
will not be covered in this chapter, which mainly
focuses on the 3D appearance of blood flow. The first
steps were acquired by combining power Doppler
mode with 3D to get the image of the four cavities
(Figure 41.17)4 or the spatial arrangement of the great
vessels.11 These views could help in the demonstration
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Figure 41.20 Parallel course of the great vessels in transposition
of the great vessels. 

Figure 41.21 3D and 4D volume rendering with transparent
gray scale and surface color Doppler of two fetuses: on the left
a normal finding with the regular crossing of the great vessels,
on the right a fetus with transposition of the great arteries with
parallel course of both vessels.

Figure 41.22 Longitudinal view of the heart, the aortic arch
and the hepatic vessels in transparent minimum mode.
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of interventricular communications as a ventricular
septal defect (Figure 41.18). Their main potential
could be the demonstration of the crossing of the great
vessels and the aortic arch under normal conditions
(Figure 41.19) vs. transposition of the great arteries
(Figure 41.20).4 The application of STIC with color
Doppler and ‘glass body mode’ allows a more precise
and dynamic appearance of the relationship of the
vessels to each other (Figure 41.21).14

An interesting rendering mode is the ‘transparent
minimal mode’ rendering (Figures 41.22 and 41.23,
left), in which blood vessels can be seen as hypoe-
choic structures in a projection. Especially in a longi-
tudinal view, the aortic and ductus arch can be seen
properly. The use of the new software of ‘inversion
mode’ permits the demonstration of a negative image
of the projection in minimum mode, but the image
gets more plasticity and appears more 3D than the
minimal mode (Figures 41.23, right and 41.24).

The breakthrough 2 years ago was achieved by
the software allowing the acquisition of a STIC volume
combined with color Doppler or power Doppler infor-
mation. We presented extensively this technique
elsewhere.14 Using this technique the examiner is
able to assess the hemodynamic spatial changes
throughout the cardiac cycle. The 3D/4D volume
rendering of color or power Doppler STIC provides
images similar to an angiography when the feature
glass body is chosen.

The potential of 3D is that it not only facilitates the
understanding of the spatial arrangement of the cham-
bers showing their size and shape, but the course of
the great vessels can also be better understood.
Crossing of vessels vs. parallel course, abnormal
course as seen in double aortic arch, right arch with a
sling20 or simply tortuous hypoplastic aorta or pul-
monary artery in different anomalies may be fields for
future research.21
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Figure 41.23 A longitudinal view of a fetal abdomen in minimum mode (left) and inversion mode (right). No blood flow is
visualized but hypoechoic structures such as gallbladder and urinary bladder in addition to the usual vessels.

Figure 41.24 Crossing of the great vessels as demonstrated
with the inversion mode.
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42 Specific aspects of ultrasound
examination in twin
pregnancies
E. Quarello and Y. Ville

Introduction
Although twins account for only 2% of all pregnan-
cies, they are responsible for 20% of perinatal mor-
bidity and the incidence of twinning has increased
by 50% over the last 20 years. Embryologically,
two-thirds of the twins are dizygotic, resulting from
fertilization of two oocytes by two spermatozoids.
One-third of the twins are therefore monozygotic,
resulting from the splitting of one fertilized egg.
Depending on the time of splitting after fecundation,
one-third of monochorionic twins will be dichorionic,
which occurs within the first 4 days. The majority,
however, will therefore be monochorionic. It is only
when splitting occurs after 8 days in 5% of these that
the twins are monoamniotic. When splitting occurs
after 12 days, the Siamese twins will share some
organs. Among twin pregnancies, the incidence of
perinatal mortality and morbidity is two to six times
higher in monochorionic pregnancies. Both specific
and non-specific complications justify closer surveil-
lance by ultrasound. Indeed, ultrasound examination
in twins is subjected to technical difficulties related to
the presence of two fetuses in the uterine cavity and
this has an impact both on biometry and on morpho-
logical and functional assessment. Specific features
should also be surveyed during ultrasound examina-
tion of all twin pregnancies.

Determination of chorionicity and
amnionicity (Figure 42.1)
Gestational sacs count should not be performed before
6 weeks. Indeed before that, one sac could be left
unnoticed. Embryos can be counted from 7 weeks
onward and yolk sacs can be identified between 8 and
12 weeks. Amnionicity should not be confirmed before
9 weeks. Prior to 9 weeks of gestation, amnionicity

cannot be assessed reliably, even with the use of
high-frequency vaginal ultrasound probes.1 Chorioni-
city is the main determinant of both specific and non-
specific complications in twin pregnancies. This is
therefore the main aim of ultrasound examination in
twins. Eighty percent of twin pregnancies are dichori-
onic. Diagnosis of chorionicity should be made in
the first trimester of pregnancy, ideally between 9 and
12 weeks; however, this is still reliable until 14 weeks
but it becomes uncertain thereafter when the twins
are of the same sex.

Chorionicity can be established based on:

• Gestational sacs count
• Presence of the lambda sign before 14 weeks, as

opposed to the T-sign in monochorionic pregnancies
• Presence of the twin peak thereafter
• Identification of two distinct placental masses
• Determination of different fetal genders
• Examination of the intertwin fetal membranes

The ‘lambda’ sign2 and the ‘twin peak’3 are specific
features of dichorionic pregnancies but have been
described at two different gestational periods. They
both appear as a thick hyper- or isoechoic triangular
base of the intertwin membranes on a single placental
mass. These feature the triangular projection of villous
tissue at the union of two fused chorionic plates.
In monochorionic placentae, a single chorionic layer
cannot therefore project on the placenta; this features
an abrupt junction on the placenta described as the
T-sign. A lambda sign is the guarantee for a dichori-
onic pregnancy with a sensitivity close to 100%.4 It
can be found throughout pregnancy but the signifi-
cance of its absence is reliable only before 14 weeks.
Non-visualization of the lambda sign with the pres-
ence of the T-sign has a positive predictive value for
monochorionicity close to 100%.
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The presence of two placental masses is predictive
of a dichorionic pregnancy; however, this may feature
a placenta bipartita in up to 15% of these cases.
Monochorionicity cannot be confirmed by the pres-
ence of a single placental mass since two separate
placentae are frequently fused after 15 weeks. The
presence of vascular anastomoses on the chorionic
plate joining the two funicular circulations is a spe-
cific feature of monochorionicity but its detection is
time-consuming and its reproducibility remains to be
established.

Different fetal genders are specific of dichorionicity
because they would confirm a dizygotic pregnancy.
The reverse is not true.

Intertwin membrane is the result of the fusion of
two amniotic and two chorionic layers in dichorionic
pregnancies. This is made of only two amniotic layers
in monochorionic diamniotic pregnancies. In the late

second and third trimesters, ultrasound examination
can assess the thickness of the intertwin membranes
using cutoff measurements of 1.5 or 2 mm or, better,
counting two or four layers in monochorionic and
dichorionic pregnancies, respectively. Technically, this
requires the use of magnification and the lowest gain
possible and an angle of insonation to the membranes
close to 45°. A right angle, although theoretically more
suitable, is subjected to more artifactual images.

Amnionicity can be determined upon:

• Visualization of the interamniotic membrane.
However, non-visualization of the membrane in a
diamniotic pregnancy can arise due to technical
difficulties, mainly before 8 weeks of pregnancy or
in obese patients.

• Visualization of the yolk sacs and extra-amniotic
spaces. The number of yolk sacs and extra-amniotic

500 Specific aspects of ultrasound examination in twin pregnancies

Figure 42.1 Assessment of chorionicity and amnionicity. (a) Dichorionic pregnancy (DCP) before 9 weeks showing two gestational
sacs. (b) DCP showing the lambda sign of the fused chorions. (c) Interamniotic membrane in a DCP at 22 weeks counting more than
two layers. (d) Monochorionic pregnancy (MCP) before 9 weeks showing one gestational sac and two yolk sacs. (e) MCP at 12 weeks
showing the T-sign at the membrane attachment on the placenta without chorion interposition. (f) Interamniotic membrane in an
MCP at 22 weeks counting only two layers. (g) Monoamniotic twins at 12 weeks. (h) Cord entanglement in a monoamniotic twin
pregnancy at 17 weeks.
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spaces matches the number of amniotic sacs. Two
yolk sacs are seen in monochorionic diamniotic
pregnancies and only one in monoamniotic preg-
nancies.5 These can be seen as non-contiguous in
dichorionic pregnancies.

• Cords entanglement in monoamniotic twins can be
best visualized using color Doppler. Doppler flow
within the cord mass should also show a biphasic
arterial flow.

• Conjoined twins can only be seen in monoamni-
otic pregnancies and can be suspected when visu-
alizing close proximity of both twins, which also
show concomitant movements.

Examination before 15 weeks is critical and a well-
documented picture should be kept in the notes in
order to confirm chorionicity whenever clinically
relevant later on in pregnancy.

Nuchal translucency measurement
in twin pregnancies
Nuchal translucency measurement can be used in
twins to reliably screen for fetal aneuploidy. The
false-positive rate for each dichorionic twin is 5% and
is therefore similar to that in singletons. However, in
monochorionic twins, nuchal translucency is meas-
ured above the 95th percentile for crown–rump length
(CRL) in either twin inasmuch as 8.5% of the cases.
Sebire et al. reported an 88% detection rate for a
false-positive rate per pregnancy of around 10% and
15% in dichorionic and monochorionic pregnancies,
respectively.6 Discordance of nuchal translucency
measurements between monochorionic twins is also
predictive of the development of twin-to-twin trans-
fusion syndrome (TTTS) with a sensitivity of 33%
and a positive predictive value of 28%. The likeli-
hood ratio of developing TTTS at 10–14 weeks of
gestation is 4.2 (95% CI, 3.0–6.0).6

Specific complications of
monochorionic twins
Twin-to-twin transfusion syndrome (Figure 42.2)
In all monochorionic pregnancies, a single placental
mass implies that the two fetuses share some placen-
tal units with a shared vascularization of these cotyle-
dons. An imbalance in placental sharing will arise
in around 15% of monochorionic pregnancies.6

Indeed, the natural history of monochorionic twins as
observed by serial ultrasound examination suggests
that up to 28% of all monochorionic twins scanned at
12 weeks will show some discrepancy either in
abdominal circumference or in amniotic fluid volume,
with membrane folding at 16–18 weeks, but only up
to half of these (14% of the starting number) will

develop TTTS in the second or early third trimester.6,7

TTTS results from an acute hemodynamic imbalance
through the vascular placental anastomoses. The
donor twin becomes hypovolemic, oliguric and around
two-thirds of these will also show some degree of
growth restriction. Oligohydramnios develops in this
sac. There is hypervolemia in the recipient twin,
which is therefore polyuric leading to polyhydram-
nios in its sac and is exposed to high-output cardiac
failure. Although a net transfer of blood is likely to
initiate it, this is not the only mechanism involved in
the syndrome. In order to maintain volemia, the fetal
renin–angiotensin system is activated in the donor
twin and suppressed in the recipient with preferential
maternal–fetal transfer of fluid to the recipient.8 A
paradoxical effect of a transfer of renin toward the
recipient twin through the placental anastomoses
could also contribute to the development of hyperten-
sion and cardiomyopathy in this fetus. A velamentous
insertion of the cord of either twin on the placenta is
found in up to 30–50% of all monochorionic preg-
nancies and this is likely to play a significant role in
creating hemodynamic imbalance between the two
feto-placental circulations.

The diagnosis of TTTS requires that the pregnancy
is monochorionic and relies on the association of
polyuria-related polyhydramnios in the recipient
twin together with oliguria-related oligohydramnios
in the donor twin. Polyhydramnios is defined as a
vertical deepest pool of amniotic fluid of at least 8 cm
before 20 weeks and 10 cm thereafter and oligohy-
dramnios is present when the deepest fluid is at most
2 cm. Up to 28% of all monochorionic twins seen at
12 weeks on ultrasound will develop some discrep-
ancy in the volume of amniotic fluid and/or a dis-
crepancy in size6 by 16–18 weeks. This does not meet
the criteria for TTTS and has led to a long-standing
misunderstanding on the diagnosis and the prognosis
of TTTS. It is only half of these, that is, 14% of the
starting number, that will develop the polyoligo-
hydramnios sequence. The fetal size, although the
recipient is usually appropriately grown and the
donor is usually smaller, is not an important criterion
for the diagnosis of TTTS.

When oligohydramnios is confined to anhydram-
nios, the intertwin membranes are difficult to visualize
and the donor twin is ‘stuck’ on the placenta or the
uterine wall. This can lead to a false diagnosis of
monoamniotic pregnancy or the suspicion of various
malformations in the compressed donor twin. Pushing
the abdominal wall with regard to the donor twin will
demonstrate that this twin cannot move due to anhy-
dramnios. Hypervolemia in the recipient often shows
a cardiothoracic index of more than 0.55 with a thick
myocardium and the presence of tricuspid regurgita-
tion, which has no prognostic value when the recipi-
ent is not hydropic. The best first-line treatment
consists of fetoscopic surgery to coagulate the anasto-
motic chorionic plate vessels.9
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Arterial and venous fetal Doppler can be normal or
show absent or reverse end diastolic flow in the umbil-
ical arteries. Absent or reverse flow in the a-wave of the
ductus venosus usually corresponds to severe hypo-
xemia or cardiac overload in the donor or the recipient
twin, respectively. Peak systolic velocities in the
middle cerebral artery are sensitive to anemia and to
polycythemia showing values above 1.5 MoM or below
0.7 MoM, respectively.10 However, a difference in hemo-
globin is unusual in utero in most cases of TTTS.11

Quintero12 has proposed a classification of TTTS in
four stages, which has the advantage of homogenizing
the diagnostic criteria. Stage 1 corresponds to the

association of polyhydramnios in the recipient and
oligohydramnios in the donor, where the bladder is
visible. Stage 2 is similar but the bladder cannot be
visualized in the donor. In Stage 3, Doppler examina-
tion shows marked abnormalities with absent or
reversed end diastolic flow or absent or reversed a-wave
in the umbilical arteries or in the ductus venosus,
respectively. Stage 4 is characterized by the presence
of hydrops in either twin. Stage 5 is when one or both
twins have died in utero.

TTTS can also develop into monoamniotic pregnan-
cies. Polyuric polyhydramnios is then seen together
with a small or unseen bladder in its co-twin.
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Figure 42.2 (a) Folding of the membranes (arrow) in a monochorionic twin pregnancy at 17 weeks. (b) Cross-section through the
fetal abdomen of two monochorionic twins discordant for growth at 20 weeks. (c) Cross-section through the fetal abdomen of the
stuck donor twin in anhydramnios against the uterine wall (d) and the recipient twin in polyhydramnios (r) in twin-to-twin transfusion
syndrome. (d) Cross-section through the fetal pelvis of the stuck donor and the recipient showing absent and distended bladder,
respectively. (e) The donor in anhydramnios is wrapped in its membranes as shown in a sagittal plane (f) and in a cross-section
through the pelvis showing an empty bladder. This ‘sling-sign’ could lead to the false impression that the amniotic fluid volume is
normal on both sides of a floating intertwin membrane. (g) Examination of the recipient’s four-chamber view of the heart with color
Doppler showing tricuspid regurgitation.
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Acardiac twin
An acardiac twin is defined by the presence of one
monochorionic twin without a clearly anatomically
defined heart; the co-twin is usually normal. Vascu-
larization of the monochorionic placenta almost
invariably shows the presence of two superficial anas-
tomoses between the two cord insertions: one artery-
to-artery and one vein-to-vein anastomose flowing in
opposite directions. There is usually a single umbili-
cal artery in the cord of the acardiac twin and this
sets the basis for an increased cardiac workload in the
normal twin, also named the pump twin. The acardiac
mass can grow and develop to various degrees, increas-
ing the mass of tissue that the normal twin heart has
to bear (Figure 42.3). This can therefore lead to the
development of high-cardiac output hydrops in up to
50% of pump twins. The bigger the acardiac mass, the
higher the likelihood of hemodynamic decompensa-
tion of the pump twin.13 The acardiac twin usually
bears several major malformations, allowing for embry-
ological classification,13 the most frequent being the
acardiac acephalus; however, rudimentary organs,
especially limbs and spine, are often present. Early in
the pregnancy, this is often mistaken for either an early
embryonic demise or a placental tumor. The key to the
diagnosis is the use of color Doppler showing retro-
grade perfusion of the acardiac mass, and eventually
demonstrating the placental anastomoses.

Monoamniotic pregnancies
The fetuses will be seen in close proximity and both
crossing of their limbs and cord entanglement as seen
by color Doppler will establish the diagnosis.

Conjoined twins
These are 4–5% of all monochorionic monoamniotic
twins. The embryological classification refers to the
part of their body through which they are attached,
the most frequent type being thoracopagus.14 Organ
sharing can be symmetrical or asymmetrical. The

extreme form of the latter constitutes the fetus-in-fetu,
where a rudimentary fetal mass can be found as a
hyperechogenic tumoral mass into an otherwise
usually normal fetus, child or even adult.

There is a clear benefit for an early diagnosis of
a unique embryonic mass often characterized by
the presence of two beating hearts. Embryonic/fetal
movements are always simultaneous and a single
umbilical cord with more than three vessels can be
identified.

Amniotic fluid volume in twin
pregnancies
Oligohydramnios, anhydramnios and the
‘stuck-twin phenomenon’
All causes of oligohydramnios in the singleton can affect
one or both twins and should be investigated in the same
way. The stuck-twin phenomenon can therefore affect
both monochorionic and dichorionic pregnancies to
the same extent. However, when oligohydramnios
affects only one twin, the twin with a normal amount of
fluid is often unduly credited for having polyhydram-
nios and a wrong diagnosis of TTTS is often suspected.
It is therefore critical to use an objective measurement
of the amniotic volume, mainly using the deepest pool
measurement.15 Another important pitfall is to con-
sider that the two layers of membranes tightly wrapped
around the stuck-twin, featuring the ‘sling-sign’16 could
be mistaken as free-floating membranes separating
two cavities with a normal amount of fluid in each sac.
Etiologies that are more prone to affect twins include
low urinary tract obstruction, severe intrauterine
growth retardation and preterm prelabor rupture of the
membranes.

Polyhydramnios in twins
All malformations seen in singletons, such as anen-
cephaly, bowel atresia, are more frequent in twins.
Monochorionic twins, however, are the only ones to

Amniotic fluid volume in twin pregnancies 503

Figure 42.3 (a) Monochorionic twin pregnancy showing an acardiac twin at 13 weeks showing rudimentary head, spine and lower
extremities. (b) Edematous acardiac mass at 25 weeks.
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see acute polyhydramnios developing polyhydramnios
due to TTTS.

Cervical changes in twin pregnancies
Although twin pregnancies are 1% of all pregnancies
and 2% of all deliveries, twins account for 15% of all
maternal morbidity and mortality. This is mainly due
to preterm delivery with 12% of all preterm neonates
being twins.

The advantage of cervical ultrasound over digital
examination has also been clearly shown in twins.
Relative risk of preterm delivery within a week of cer-
vical ultrasound examination has been reviewed by
Ong et al.17 as 4.1 (95% CI, 1.10–15.47) and 11.7 (95%
CI, 4.23–32.17), respectively, for values lower than the
thresholds of 25 and 20 mm.

Growth discordance in twins
This is the second most frequent complication in
twins and the second contributor to neonatal mortality
and morbidity. Conflict of interest may arise between
twins so as to define the optimal timing for delivery.
In the second and third trimesters of pregnancy, the
cutoff value for EBW estimate is at least 20%.

Malformations in twins
The presence of two embryos/fetuses increases the
risk as compared to singletons. A recent series18 has
gathered data on 260,000 twin pregnancies among
12 million births. Five thousand and five hundred twin
pregnancies carry at least one malformed twin outside
specific risks associated with monochorionicity repre-
senting 2.14% vs. 1.72% for singletons. A total of 101
malformation sequences have been reported, 37 of
which are more prevalent in twins. The prevalence of
fetal malformations in twins is therefore around 25%
with relative risks of 8–60%. Dizygotic twins only carry
non-specific malformations. Monochorionic twins will

bear malformations both non-specific and specific to
monochorionicity. Specific malformations include
those arising from a delay in zygotic splitting or mid-
line abnormalities as well as those resulting from a
sequence of events following severe hemodynamic
imbalance through placental anastomoses. Further-
more, only 5–20% of monozygotic pregnancies are con-
cordant for fetal malformations.19 These differences can
also arise from postzygotic genetic abnormalities, dif-
ferent susceptibility to their exposure to environmental
factors.

Intrauterine fetal death of one twin
Perinatal mortality in twins is up to sevenfold higher
than in singletons.20 Intrauterine death of one twin
can result from non-specific fetal complications
such as those seen in singletons, including cord com-
pression and severe growth restriction, as well as
from specific complications related to hemodynamic
imbalance, including TTTS and collapse. In mono-
chorionic twins, the death of one fetus will threaten
its co-twin by causing an abrupt and profound drop in
systemic blood pressure subsequent to the exsan-
guinations of the survivor in its dead co-twin and its
placenta through the intertwin anastomoses. Peak
systolic velocities in the midcerebral arteries of the
survivor measured above 1.5 MoM within 24 h of
the co-twin’s death will predict anemia/hypovolemia
in this twin (sensitivity 90% for a 10% false-positive
rate).10 Exsanguination will lead to fetal death or
severe ischemic sequelae in the survivor in 25% and
25% of the cases, respectively. Ischemia-related mal-
formations include cerebral lesions such as periven-
tricular leukomalacia, porencephaly, hydrocephalus
and migrational anomalies, renal ischemia and mesen-
teric ischemia leading to bowel atresia. These lesions
will only be amenable to prenatal diagnosis from 2 to
3 weeks following the acute event.

In dichorionic pregnancies, the co-twin will
only be exposed to a persistent cause of death and
prematurity.21,22

504 Specific aspects of ultrasound examination in twin pregnancies
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43 Echocardiography in early
pregnancy: a new challenge
in prenatal diagnosis
C. Comas, J. M. Martínez, A. Galindo,

O. Gómez, C. Millán and G. Azumendi

Summary
Within the last decade, two significant events have
contributed to the increasing interest in early fetal
echocardiography: first, the introduction of high-
frequency vaginal ultrasound probes that allow
detailed visualization of cardiac structures at an early
stage of gestation, making early detection of fetal mal-
formations possible, and second, the close relationship
observed between some first-trimester sonographic
and Doppler markers and congenital heart defects,
which allows early identification of a high-risk group at
11–14 weeks of gestation. In this context, from the early
1990s, many authors have examined the potential role
of the transvaginal (TV) approach to obtain earlier diag-
nosis of fetal cardiac malformations. Further studies
have appeared in the literature showing that early
TV echocardiography in experienced hands is a fairly
sensitive investigative tool. Although some malforma-
tions are detected as early as 11 weeks’ gestation, the
optimal gestational age to perform the early scan is at
least 13 weeks’ gestation. TV ultrasound is the pre-
ferred approach, although most of the authors agree
that results can be improved if transabdominal ultra-
sound is also incorporated. The further application of
color Doppler enhances visualization. The sensitivity
and specificity of early fetal echocardiography for the
detection of heart anomalies are acceptable compared
to those obtained by midgestational echocardiography,
showing a slight reduction in detection rates and an
increase in false-positive and -negative rates. The car-
diac anomalies detected at this early stage of pregnancy
are mainly defects involving the four-chamber view,
indicating that defects solely affecting the outflow
tracts are difficult to diagnose in the first trimester of
pregnancy. Heart defects diagnosed early in pregnancy
tend to be more complex than those detected later
with a higher incidence of associated structural malfor-
mations, chromosomal abnormalities and spontaneous

abortions. The neonate follow-up or postmortem exam-
ination in case of termination of pregnancy is essential
to assess the actual role of early fetal echocardiography.
At present, early fetal echocardiography is a promising
technique, which can be of considerable value for
patients at high-risk. This technique is, however, cur-
rently limited to a few specialized centers.

The aim of this review is to explore the possibilities
of examining the fetal heart at this early stage of preg-
nancy. This article also presents our experience in
the first multicenter trial in early fetal echocardio-
graphy performed in Spain. In accordance with other
studies, this experience stresses the usefulness of
early echocardiography when performed by expert
operators on the fetus, specifically at risk for cardiac
defects. Our review of these 48 additional cases con-
tributes to the expanding literature on the ability of
TV ultrasonography to detect fetal heart defects in
early pregnancy.

Introduction
Prenatal detection of fetal congenital heart defects
(CHD) remains the most problematic issue of prenatal
diagnosis.1 Major CHD are the most common severe
congenital malformations with an incidence of about
5 in 1000 live births, whenever complete ascertainment
is done and minor lesions are excluded.1,2 Congenital
heart anomalies have a significant effect on the
affected children’s life with up to 25–35% mortality
rate during pregnancy and the postnatal period, and
it is during the first year of life that 60% of this mor-
tality occurs. Moreover, major CHD are responsible
for nearly 50% of all neonatal and infant deaths due
to congenital anomalies, and it is likely to be signifi-
cantly higher if spontaneous abortions are considered.
Although CHD used to appear isolated, they are fre-
quently associated with other defects, chromosomal
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anomalies and genetic syndromes. Their incidence is
six times greater than chromosomal abnormalities and
four times greater than neural tube defects.1–3

Most major CHD can be diagnosed prenatally by
detailed transabdominal second-trimester echocardio-
graphy at 20–22 weeks’ gestation.1,3–6 The identification
of pregnancies at high risk for CHD needing referral to
specialist centers is of paramount importance in order
to reduce the rate of overlooked defects.6,7 However, the
main problem in prenatal diagnosis of CHD is that the
majority of cases take place in pregnancies with no
identifiable risk factors. Therefore, there is wide agree-
ment that cardiac ultrasound screening should be intro-
duced as an integral part of the routine scan at 20–22
weeks. When applied to the low-risk population,
scrutiny of the four-chamber view allows only the
detection of 40% of the anomalies, while additional
visualization of the outflow tracts and the great arteries
increases the rate up to 60–70%.3–5

Recently, the finding of an increased nuchal
translucency (NT)8,9 or an altered ductus venosus
(DV) blood flow10,11 at 10–14 weeks’ gestation has
been associated with a high risk for CHD and their
prevalence increases exponentially with the thickness
of NT8 regardless of the fetal karyotype. Since earlier
diagnosis of congenital malformations is increasingly
demanded, the option of an early fetal echocardio-
graphy must be taken into account.12–14 The use of
high-frequency vaginal ultrasound probes along
with substantial improvements in magnification and
processing of the imaging, together with the introduc-
tion of color Doppler, has extensively contributed
to the development of the technique, allowing better
visualization of cardiac structures earlier in preg-
nancy.12,15,16 Although most of the groups perform
early fetal echocardiography between 13 and 16
weeks’ gestation, we can name it as so when per-
formed before the 18th week of gestation. Despite
several studies that stated that fetal heart examination
could be incorporated in first- or early second-
trimester examinations, its use is currently still lim-
ited to a few specialized centers.

Technical issues
Regarding early fetal echocardiography, some
institutions use predominantly the transvaginal (TV)
approach,14,17–22 while others prefer the transab-
dominal one.23–26 Most of the authors reporting early
fetal echocardiography prefer the TV approach
because of its increased resolution associated with
higher-frequency transducers and also because given
that equivalent transducers frequencies, the TV
probes provide better-quality images.27 However, most
importantly, authors with background training as
pediatric cardiologists are more likely to use the trans-
abdominal approach in contrast with most of the
obstetricians, who are well used to the TV route. The
superiority of TV sonography is usually well accepted

before the 14th week. Between the 15th and the 18th
weeks both transabdominal and TV routes seem to offer
similar advantages and disadvantages, and beyond the
18th week the transabdominal echocardiography
seems to achieve better results.1,5,16,27,28

The combination of two-dimensional echocardiog-
raphy with color Doppler flow imaging proved gener-
ally helpful, in particular by visualization of blood
flow on both great arteries and of two divided ven-
tricular inflows. The addition of color Doppler flow
studies provides substantial improvement in the diag-
nostic accuracy of early echocardiography, as was also
shown by DeVore for transabdominal sonography in
the second half of pregnancy.29

When performing early fetal echocardiography, we
first recommend scanning by the TV route, following
the examination by the transabdominal probe when a
complete study is not possible. The highest frequency
must always be used, whatever the route chosen.
Obviously, a high-resolution real-time ultrasound has
to be used. For color Doppler evaluation, the energy
output levels have to be lower than 50 mW/cm2 spatial
peak-temporal average. Since color Doppler is dissi-
pated over a wide area of interest, thermal effects
resulting from Doppler insonation should not be a
matter of concern, unlike pulsed Doppler in which the
whole energy of the beam is focused at a specific loca-
tion. Besides, the embryonic development of the heart
has been completed by the time the scan is performed.

Ultrasound anatomy
of the normal heart
Embryonic heartbeat can be detected as early as the
5th week of gestation, and normal development of
its function shows an increasing heart rate from 80–90
beats/min at 5 weeks’ gestation to 170–180 beats/
min at the end of the 9th to 10th week. As pregnancy
progresses, the control of the heart rate matures with
increasing vagal dominance, and the baseline rate
declines to 145–155 beats/min with the appearance
of beat-to-beat variation, most likely resulting from
the functional adaptation to the development of the
heart and autonomic nervous system maturation, and
remains more or less constant during the rest of
intrauterine life.30,31

The structural development of the heart begins on
day 16 and is completed by the 10th week. Early fetal
echocardiography has the same goals as the standard
one, and we advocate performing it in a segmental
approach. The first objective of the examination is
to assess the normality of the four-chamber view
through a transverse section of the fetal chest: normal
situs solitus; normal size and axis of the heart in rela-
tion to the chest; both atria equal in size, with the
foramen ovale flapping within the left atrium; both
ventricles equal in size and contractility; atrial and
ventricular septa of normal appearance; tricuspid and
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mitral valves normally inserted, opening and closing
together. Color and pulsed Doppler are particularly
useful to confirm normal inflow to the ventricles and
to detect turbulent flow or jets suggesting valve regur-
gitation. It is useful to assess the four chambers in
different views, apical, basal and long axis, with the
interventricular septum perpendicular to the ultra-
sound beam in order to visualize better the integrity of
the septum. Then, the origin and double crossing of
the great arteries must be correctly identified: the left
ventricle outflow tract, with the continuity between
the interventricular septum and the anterior wall of
the ascending aorta; the right ventricle outflow tract,
more superior, anterior, almost perpendicular to the
axis of the ascending aorta and connecting to the
descending aorta in the three vessels view. Color
Doppler is also of help to better visualize the outflow
tracts to confirm anterograde flow through the semi-
lunar valves and great arteries, and makes easier the
examination of both aortic and ductal arches and their
confluence. Pulsed Doppler may be used to assess
blood flow through the aortic and pulmonic valves in
order to confirm the normal anterograde flow and to
detect very high velocities suggesting valve stenosis.
Finally, color and pulsed Doppler are also very useful
to identify normal systemic and pulmonary venous
return. Figures 43.1–43.10 illustrate images obtained
at early fetal scan by two-dimensional echocardio-
graphy and color Doppler in a structurally normal
heart. In our experience, the average duration of the
complete fetal cardiac scan is over 15 min. It essen-
tially depends on the gestational age at the examina-
tion, and can be even shorter if there is a favorable
fetal lie. In our setting, a subsequent transabdominal

echocardiography is scheduled for all our patients at
20–22 weeks’ gestation.

Most of the authors agree that the best window
of time to perform the early echocardiography is
between 13 and 16 weeks of gestation, since a com-
plete cardiac examination is rarely achieved before
the 13th week of gestation.14,17,18,20–22,26 Articles on
early fetal echocardiography demonstrate an increase

Figure 43.1 Early fetal echocardiography by 2D in a structurally normal heart. The four-chamber view: normal situs solitus; normal
size and axis of the heart in relation to the chest; both atria equal in size, with the foramen ovale flapping within the left atrium; both
ventricles equal in size and contractility; atrial and ventricular septa of normal appearance; tricuspid and mitral valves normally
inserted. 

Figure 43.2 Early fetal echocardiography by 2D in a
structurally normal heart. The five-chamber view: left ventricle
outflow tract in the long axis view showing the continuity
between the interventricular septum and the anterior wall of the
ascending aorta. 
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Figure 43.4 Early fetal echocardiography by 2D in a
structurally normal heart. The three-vessel view: cross sections
of the pulmonary artery, ascending aorta and superior vena cava
in a transverse view of upper mediastinum. In normal
conditions, the structures in the three-vessel view are in
descending order of size from the left to the right. 

Figure 43.5 Early fetal echocardiography by 2D in a structurally normal heart. The left sagital view of ductal and aortic arches. 

Figure 43.3 Early fetal echocardiography by 2D in a
structurally normal heart. The short axis view showing an
anterior right ventricle and a posterior left ventricle. 

in visualization rates of the four-chamber view and
the outflow tracts in the last decade, with visualiza-
tion rates greater than 90% at 13 weeks’ gestation.28

To maximize the reduction of uninterpretable exami-
nations, early fetal echocardiography should be
preferably performed at 13 completed weeks’ gesta-
tion. Using current technology, the four-chamber
view and the outflow tracts are often demonstrated
by two-dimensional echocardiography only, but color
Doppler imaging enhances and makes the identifica-
tion of the structures faster, increasing the success rate
of the examination, and allows even earlier identifi-
cation of the structures.

Diagnosis of CHD
The first diagnosis of CHD by early echocardiography
was reported by Gembruch et al.32 in 1990. A complete
atrioventricular canal defect, with complete heart block
and atrioventricular valve regurgitation, was diagnosed
at 11 weeks + 4 days’ gestation using a 5-MHz TV
probe. The same year, Bronshtein et al.33 reported the
diagnosis of a ventricular septal defect (VSD) with over-
riding aorta and a further case of an isolated VSD with
pericardial effusion, both cases at 14 weeks’ gestation.
Since then, an increasing number of case reports and
series on the early diagnosis of CHD have been reported,
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in both high-risk and low-risk populations. Tables 43.1
and 43.2 summarize some of the largest and the most
significant studies on the detection of CHD using early
fetal echocardiography in high-risk and low-risk preg-
nancies.14,17–22,24–26,34–39 Obviously, studies in unselected
population report less encouraging results with lower
visualization rates and detection rates. The largest series
so far is the one published by Bronshtein et al.20 They
report the diagnosis of 173 cases of CHD over 36,323
fetuses evaluated by TV ultrasound at 11–17 weeks’ ges-
tation over a 14-year period of time, with 99% of the
scans performed at 14–16 weeks’ gestation and 86% of
them in low-risk population. Recently, two institutions
went further and reported their experience performing
the echocardiography as early as between 10 and 13
weeks’ gestation.22,26

Figure 43.9 Early fetal echocardiography by 2D and color
Doppler in a structurally normal heart. Color Doppler is
particularly useful to demonstrate the normal V confluence of
the ductal and aortic arches (V sign). Note that normally the
trachea is located behind the aortic arch.

Figure 43.10 Early fetal echocardiography by 2D and color
Doppler in a structurally normal heart. Color Doppler is
particularly useful to demonstrate the aortic arch. 

Figure 43.6 Early fetal echocardiography by 2D in a
structurally normal heart. Systemic venous return to the right
atrium through the superior and inferior venae cavae. 

Figure 43.7 Early fetal echocardiography by 2D and color
Doppler in a structurally normal heart. Color Doppler in the
four-chamber view is particularly useful to confirm normal
inflow to the ventricles and to detect turbulent flow or jets
suggesting valve regurgitation. 

Figure 43.8 Early fetal echocardiography by 2D and color
Doppler in a structurally normal heart. Color Doppler is
particularly useful to demonstrate the crossing of the great
arteries. 
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The most frequent fetal heart anomalies diagnosed at
early echocardiography are summarized in Table 43.3
(true-positive cases).14,18–21,24–26,34,35,37,39 Note that only
the main anomaly for each fetus is presented in the
table, even though some fetuses had several cardiac
anomalies. It should be noted that defects such as
small, isolated VSD or valvular stenosis are not
reported in these studies. Table 43.4 summarizes the
published cases of cardiac anomaly not detected in
early pregnancy (false-negative cases).14,19–21,24–26,34–37,39

The results of these studies support the use of early
fetal echocardiography to detect the majority of major
CHD in both low-risk and high-risk populations
during the first and the early second trimesters of preg-
nancy. The cardiac anomalies detected at this early
stage of pregnancy are mainly the defects involving
the four-chamber view, such as large VSDs, atrioven-
tricular septal defects (AVSDs) and malformations
resulting in asymmetry of the ventricles, indicating
that defects solely affecting the outflow tracts are

Table 43.2 Detection rate of cardiac defects at early ultrasound to screen for congenital malformations in a low-
risk population

Reference GA Success (%) Risk Normal Cases 11–16 weeks 20–22 weeks

Achiron18 13–15 98 Low 660 6 50% 50%

Hernadi34 12 Low 3991 3 33% 100%

D’Ottavio35 13–15 Low 3490 8 25% 80%

Yagel17 13–16 99 Low 6924 66 64% 81%

Economides36 12–13 Low 1632 3 0% 33%

Whitlow37 11–14 Low 6443 10 40% 60%

Guariglia38 10–16 Low 3592 11 18% 56%

Rustico19 13–15 < 50 Low 4785 41 10% 32%

Bronshtein20 11–17 99 Low 30148 127 97% 99%

GA, range of gestational age at scan (weeks); Success, visualization success rate for the extended cardiac examination (four chambers outflow
tracts); Normal, total number of pregnancies screened; Cases, total number of cardiac defects (pre- and postnatally); 11–16 weeks, percentage of
cardiac defects identified at early scan; 20–22 weeks, percentage of cardiac defects identified at midtrimester scan

Table 43.1 Results of early fetal echocardiography to diagnose cardiac defects in a high-risk population
(only series with at least 10 cardiac defects diagnosed)

Reference Route GA Success (%) Risk N Cases 11–16 weeks 20–22 weeks

Gembruch14 TV 11–16 90.3 High 114 13 92% 100%

Zosmer24 TA 13–17 High 323 27 89% 96.3%

Simpson25 TA 12–15 98.7 High 229 17 76% 94%

Huggon26 TA 10–14 86.8 High 478 68 94%

Haak22 TV 10–13 95.5 High 45 13 54%

Bronshtein20 TV 11–17 > 99 High 6175 46 > 90%

Comas21 TV 12–17 94.6 High 337 48 79% 96%

Lopes39 TV 12–16 94.9 High 275 37 89%

TV, transvaginal; TA, transabdominal; Route, main approach; GA, range of gestational age at scan (weeks); Success, visualization success rate for
the complete early fetal echocardiography; N, total number of pregnancies scanned; Cases, total number of cardiac defects (pre- and postnatally);
11–16 weeks, percentage of cardiac defects identified at early echocardiography; 20–22 weeks, percentage of cardiac defects identified at
midtrimester echocardiography
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Table 43.3 Fetal heart anomalies diagnosed at early echocardiography (true-positive cases at early fetal
echocardiography)

True + A B C D E F G H I J K L M N O P Q R Overall

Gembruch14 6 1 1 2 2 12

Zosmer24 3 3 2 1 4 2 3 1 4 1 24

Rustico19 2 1 1 1 5

Simpson25 3 2 3 2 2 1 13

Huggon26 5 29 12 9 1 1 1 1 1 60

Bronshtein20 4 1 4 13 2 9 25 31* 22 5 18 17 3 2 13 169

Comas21 4 8 10 4 1 3 2 2 1 3 38

Achiron18 2 2 1 1 1 1 8

Hernadi34 1 1

D’Ottavio35 2 2 4

Whitlow37 1 1 1 3

Rustico19 1 2 1 4

Lopes39 2 6 11 5 1 1 1 1 3 2 33

Overall 4 2 21 71 5 46 54 9 43 24 12 5 29 2 19 9 6 13 374

A, abnormal veno-atrial connections; B, atrial septal defects; C, tricuspid atresia or dysplasia; D, atrioventricular septal defect; E, single ventricle;
F, VSDs; G, aortic atresia, aortic stenosis and HLH; H, pulmonary atresia or stenosis; I, tetralogy of Fallot; J, transposition of great arteries;
K, truncus; L, double-outlet right ventricle; M, aortic arch anomalies; N, isomerism; O, myocardiopathy; P, ectopia cordis; Q, complex cardiac
defect, others; R, vascular ring
*This series include cases with tetralogy of Fallot and double-outlet right ventricle

Table 43.4 Fetal heart anomalies not detected at early echocardiography (false-negative cases at early fetal
echocardiography)

False – A B C D E F G H I J Overall

Gembruch14 1 1

Hernadi34 1 1 2

D’Ottavio35 1 3 2 1 7

Economides36 1 1 1 3

Whitlow37 2 1 2 1 1 7

Zosmer24 1 1 1 3

Rustico19 1 4 1 2 1 9

Simpson25 3 1 4

Comas21 4 1 3 1 1 10

Huggon26 2 2 1 2 7

Bronshtein20 1 1 1 1 4

Lopes39 3 1 4

Overall 18 2 2 1 13 10 5 3 6 1 61

A, VSDs; B, atrial septal defects; C, abnormal veno-atrial connections; D, tricuspid atresia or dysplasia; E, atrioventricular septal defect; F, aortic
atresia, aortic stenosis and HLH; G, tetralogy of Fallot; H, transposition of great arteries; I, aortic arch anomalies; J, myocardiopathy
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difficult to diagnose in the first trimester of pregnancy.
Heart defects diagnosed early in pregnancy tend to be
more complex than those detected later, with a higher
incidence of associated structural malformations,
chromosomal abnormalities and spontaneous abor-
tions. It is widely accepted that the spectrum of CHD
diagnosed during prenatal life is different from
that observed in postnatal series, with a higher inci-
dence of associated extracardiac lesions and a signifi-
cant relationship with chromosomal abnormalities
in comparison with postnatal life.3–5,17 Furthermore,
when the cardiac defects are detected during early
pregnancy, they are even more complex, probably
corresponding to the most severe spectrum of the dis-
ease,21,25,26 and cause more severe hemodynamic com-
promise in the developing fetus. A common finding is
the presence of a hygroma or hydrops associated with
CHD, whereas this is not so when the diagnosis is
done later in pregnancy.1,5,21 As a result, many of these
fetuses are not going to survive long into the second
trimester, but this does not argue against early diag-
nosis. Indeed, when the intrauterine demise of the
fetus occurs days or weeks before the delivery, the
pathological examination is certainly more difficult to
perform. All these considerations should be taken
into account when counseling the parents about
complex CHD.

This review presents our experience in the first
multicenter trial in early fetal echocardiography per-
formed in Spain.21 In accordance with other studies,
this experience stresses the usefulness of early
echocardiography when performed by expert opera-
tors on the fetus specifically at risk of cardiac
defects. Our review of these additional 48 cases con-
tributes to the expanding literature on the ability of
TV ultrasonography to detect fetal heart defects in
early pregnancy.

Our experience in early prenatal
diagnosis of congenital heart
anomalies
Methods
A multicenter study was made of 334 fetuses from 330
selected high-risk pregnant women, including four
twin pregnancies. The women were attending the pre-
natal diagnosis units of Institut Universitari Dexeus
in Barcelona (Group I), Hospital 12 de Octubre in
Madrid (Group II) or Institut Clínic d’ Obstetrícia,
Ginecologia i Neonatologia del Hospital Clínic in
Barcelona (Group III) for ultrasound examination
because of an increased a priori risk of heart anom-
alies. These are referral centers for prenatal diagnosis
of CHD. Fetal echocardiography was performed com-
bining TV and transabdominal probes between 12
and 17 weeks’ gestation. When possible, we selected
the 14th week of gestation as the optimal time for TV
scan because the visualization of heart structures is
better at this time. This is a prospective design study,
performed from September 1999 to May 2001, where
the overall group was reviewed focusing on the feasi-
bility of diagnosing fetal CHD by early echocardio-
graphy. Informed consent was obtained from each
patient and the study was approved by our ethics
committees.

Epidemiological data are summarized in Table 43.5,
for the overall group and according to the reference
unit. Maternal age ranged from 17 to 46 years (mean
33 years with 36% of women over 34 years). The
median gestational age at scan was 14.2 weeks (range
12–17 weeks). The distribution of gestational ages was
as follows: 23 cases at 12 weeks, 76 cases at 13 weeks,
101 cases at 14 weeks, 72 cases at 15 weeks, 54 cases
at 16 weeks and 8 cases at 17 weeks.

Table 43.5 Our experience: epidemiological data (from Comas et al.21)

Group I Group II Group III Overall (Groups I +II +III)

Study period: September 1999 to May 2001

n (Pregnancies) 68 (4 twins) 130 132 330 (334 fetuses)

GA (mean, range) 14.9 (12–17) 13.7 (12–16) 14.3 (13–16) 14.2 (12–17)

MA (mean, range) 33 (26–46) 33 (17–45) 32 (19–42) 33(17–46)
30% > 34 years 37% > 34 years 38% > 34 years 36% > 34 years

Ultrasound system Toshiba SSH-140 Acuson 128 XP Acuson 128 XP
5.0–7.5 MHz TV 5.0–7.0 MHz TV Aspen
3.0–6.5 MHz TA 3.5–5.0 MHz TA 5.0–7.0 MHz TV

3.5–5.0 MHz TA

Optimal visualization 65/72 (90.3%) 119/130 (91.5%) 132/132 (100%) 316/334 (94.6%)

Overall follow-up 44/72 (61.1%) 108/130 (83.1%) 129/132 (97.8%) 281/334 (84.1%)

GA, gestational age (weeks); MA, maternal age (years); TV, transvaginal; TA, transabdominal
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Fetal echocardiography was performed in a popu-
lation with an increased a priori risk of CHD. Criteria
for inclusion were a family history of CHD (n �37),
ultrasound markers for chromosomal abnormalities
(n �186), such as increased NT (>99th centile) or
abnormal DV flow (pulsatility index for veins in the
DV 95th centile), suspected cardiac or extracardiac
anomalies at the early second-trimester scan (n �43),
maternal pregestational diabetes (n �33), pregnancy
affected by a chromosomal abnormality (n �8), expo-
sition to teratogens (n �3), genetic sonography (n �22)
and a screening test (n �2). The last two cases refer
to two twin pregnancies in which the main indication
for the echocardiography was an ultrasound marker
for chromosomal abnormality in one fetus, but the
echocardiographic examination was performed to both
the fetuses for practical reasons. For NT and DV
assessment, measurements were made between 10 and
16 weeks’ gestation. NT was systematically assessed in
all cases, while DV blood flow was only measured in
Groups I and II. We have used our own published
nomograms to define increased NT or abnormal DV.40

Genetic sonography was offered to a high-risk popula-
tion refusing invasive karyotyping test.

For each fetus, visualization of the four-chamber
view (with both atria, atrioventricular valves and ven-
tricles), the origin and double crossing of the great
arteries, aortic and ductal arches and systemic venous
return, was attempted in a segmental approach. Two-
dimensional mode and color/pulsed Doppler flow
imaging were used in all cases, while M-mode was
occasionally performed. The operators kept a record
of optimal visualization (complete visualization of
heart structures) or partial visualization (incomplete
visualization of heart structures). In cases of partial
visualization, only when an anomaly was suspected
was a second scan arranged 2 weeks later. Ultrasound
examinations were performed using a multifrequency
real-time vaginal probe (5.0–7.5 MHz) and convex
abdominal probe (3.0–6.5 MHz) on a Toshiba ultra-
sound system (Toshiba SSH-140A, Toshiba Co.,
Tokyo, Japan), Acuson 128 XP or Aspen (Acuson Inc.,
Mountain View, CA) and General Electric Logic 400
or Logic 500 (GE Medical Systems, Milwaukee, WI).
The ultrasound examination was mainly performed
transvaginally, completed nearly always by the trans-
abdominal route. For color Doppler evaluation, the
energy output levels were lower than 50 mW/cm2 spa-
tial peak-temporal average. The duration of complete
heart examination was less than 30 min. All the exam-
inations were made by three experienced operators
(CC, JMM and AG).

When indicated, fetal karyotyping by chorionic villus
sampling or amniocentesis was offered. According to
the policy of our institutions, invasive testing was
recommended as a result of advanced maternal age
(>35 years), family history of aneuploidy, biochemical
screening for Down’s syndrome higher than 1/270 or
ultrasound anomalies (including malformations or
NT >95th centile). Fluorescence in situ hybridization

(FISH) studies to test for 22q11 deletion were also
offered when a heart malformation affecting the great
arteries was suspected. When possible, in those who
continue their pregnancies, a follow-up detailed ultra-
sound scan was carried out at 20–22 weeks’ gestation.
When karyotyping was not performed, chromosomal
abnormalities were excluded at neonatal examination.

Reliability was assessed by conventional trans-
abdominal echocardiography at 20–22 weeks, by post-
natal follow-up in the first 3 months of life and/or by
autopsy in cases of termination of pregnancy (TOP).
Minor cardiac anomalies described in the literature
as difficult or impossible to diagnose early (atrial
septal defects or patent ductus arteriosus) were not
considered when calculating the validity of the early
echocardiography.

Results
The rate of optimal visualization of the fetal heart was
94.6% (316/334). In 48 out of 334 (14.4%) fetuses the
final diagnosis was abnormal, including 48 cases of
structural heart abnormalities (Table 43.6). In 38 out of
48 cases with heart defects the diagnosis was sus-
pected at early echocardiography. These true-positive
cases were as follows: 13 cases of abnormal outflow
tracts, 8 cases of atrioventricular defect, 4 cases of
hypoplastic left heart (HLH), 5 cases of tricuspid atre-
sia or dyspasia, 3 cases of isolated VSD, 3 cases of
ectopia cordis, 1 case of aortic coartation and 1 severe
complex heart defect. True positive diagnoses are sum-
marized in Table 43.7. Figures 43.11–43.15 illustrate
some examples of detected CHD early in pregnancy.

There were 10 false-negative cases (2 cases of HLH,
3 cases of atrioventricular defect, four cases of VSD
and 1 case of tetralogy of Fallot) (Table 43.8). There
were no false-positive diagnoses. When considering
the validity of the early echocardiography, we have
excluded one case of isolated pericardial effusion,
two cases of significant tricuspid regurgitation within
a structurally normal heart, a child affected by an
ostium secundum atrial septal defect, a structural
normal heart in a Down’s syndrome affected by a
patent ductus arteriosus who had neonatal surgery.

Karyotyping was performed in 290 cases of our
series (86.8%), including all cases with cardiac
abnormalities. In the whole series, 51 cases had an
abnormal karyotype. These chromosomal abnormali-
ties included trisomy 21 (n = 28), 45XO (n = 7),
trisomy 18 (n = 6), trisomy 13 (n = 2), 22q11
microdeletion (n = 1), triploidy (n = 1), trisomy 7
(n = 1), partial trisomy 15 (n = 1), rearrangement
(n = 1) and others (n = 3). Among the heart defects,
27 cases (56.3%) had an abnormal karyotype (13 tri-
somy 21, 5 trisomy 18, 3 Turner’ syndrome, 2 trisomy
13, 1 trisomy 7, 1 partial trisomy 15, 1 rearrangement
and 1 with a 22q11 microdeletion detected by FISH),
and 31 cases (64.6%) showed additional sonographic
extracardiac anomalies, including mainly cystic
hygroma, congenital diaphragmatic hernia (CDH),
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Figure 43.12 Tetralogy of Fallot detected at 16 weeks’ gestation in a fetus affected by cystic hygroma and normal karyotype. Note
the left cardiac deviation and the dominance of the aorta compared with the small pulmonary artery at the three-vessel view in the
upper mediastinum.

Figure 43.13 AVSD with unbalanced right ventricle dominance and double-outlet right ventricle at 15 weeks’ gestation. Note the
abnormal reversed A wave in the DV.

Figure 43.11 AVSD detected at 13 weeks’ gestation in a fetus affected by cystic hygroma and trisomy 21. Note the abnormal
reversed A wave in the DV.
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abnormal situs visceralis, single umbilical artery,
bilateral dysplastic kidneys, hydrops, limb–body wall
complex, omphalocele, exencephaly, holoprosen-
cephaly, pyelectasis, choroid plexus cysts, hemivertebra
and pleural effusion.

In the CHD group, increased NT at 10–16 weeks’
gestation was noted in 21 fetuses (43.8%), while

abnormal DV blood flow was found in 18 out of
37 fetuses with DV assessment (48.6%).

The outcome of fetuses with a CHD was poor. In
37 cases a TOP was performed at the parents’ request
before 20 weeks’ gestation and in one case a selective
feticide was offered in a twin pregnancy discordant
for a CHD. The outcome of the surviving fetuses was

Figure 43.14 HLH and double-outlet right ventricle at 15 weeks’ gestation in a trisomy 18. Note the identification of multiples
markers of chromosomal abnormality (increased NT, abnormal DV flow, absent nasal bone, single umbilical artery).

Figure 43.15 HLH and aortic stenosis at 17 weeks’ gestation in a Turner syndrome. Note the left cardiac axis deviation, the opposite
color flow in the V sign at the upper mediastinum level and the severe reduction of the aortic outflow tract compared to the main
pulmonary artery.
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poor, with two cases of neonatal death (one VSD and
one HLH) and eight surviving children [one VSD,
three atrioventricular defects, one pulmonary steno-
sis, one VSD diagnosed of Noonan’s syndrome, one
case of tetralogy of Fallot and one single ventricle
with transposition of great arteries (but the child
died 3 months after palliative surgery)]. Pathological
examination was performed in 25 cases. In 16 cases,
the autopsy was not available, because of the selective
feticide in a twin pregnancy or because the termina-
tion was performed in another hospital without fetal
necropsy, or due to the unavailability of an adequate
material for pathological exam (fragmentation) or
because the parents declined the examination.

In our series of early echocardiography, a complete
follow-up was possible in 281 cases (84.1%), 61.1%
in Group I, 83.1% in Group II and 97.8% in Group III.
When a heart defect was detected, a complete follow-
up was possible in 33 out of 48 cases (68.8%).

Fetal heart rate
The diagnosis of fetal arrhythmia early in pregnancy
may give rise to the suspicion of a fetal chromosomal
abnormality,34–36 an increased risk of a later miscar-
riage35,37,38,41 or the presence of CHD.42 The factors
that control fetal heart rate in the first trimester are

Table 43.6 Our experience: CHD (from Comas
et al.21)

Overall
(Groups I +II +III)

Prevalence 48/334 (14.4%)

True positive 38/48 (79.2%)

False negative 10

False positive 0

Chromosomal abnormalities 27/48 (56.3%)

Extracardiac abnormalities 31/48 (64.6%)

Increased NT 21/48 (43.8%)

Abnormal DV 18/37 (48.6%)

Outcome 37 TOP

One selective feticide

Two postnatal death

Eight surviving

Follow-up 33/48 (68.8%)

Autopsy available 25/41 (61.0%)

NT, nuchal translucency; DV, ductus venosus; TOP,
termination of pregnancy

Table 43.7 Our experience: fetal heart anomalies diagnosed at early echocardiography (true-positive cases at
early fetal echocardiography) (from Comas et al.21)

Associated
Case CHD GA findings Karyotype Follow-up

1 AVSD 17 Increased NT Trisomy 21 TOP, no autopsy

2* Hypoplastic RV 16 Single UA Normal TA-echo confirmative
Tricuspid atresia Selective feticide
Abnormal great
arteries

3 AVSD 14 Increased NT Trisomy 21 TOP, no autopsy

4 AVSD 13 Cystic hygroma Trisomy 21 TOP, no autopsy

5 VSD 17 Cystic hygroma Normal Surviving
Follow-up confirmative
Noonan syndrome

6 VSD 15 Abnormal situs 22q11 TOP, autopsy: abnormal 
Abnormal great Single UA deletion situs visceralis, VSD, 
arteries hypoplastic RV, truncus

7 AVSD 12 Increased NT Trisomy 21 TOP, no autopsy

8 Abnormal great 14 Cystic hygroma Normal Surviving, postnatal 
arteries echo: tetralogy of Fallot

9 HLH, DORV, 16 Bilateral renal Normal TOP, autopsy confirmative
pulmonary atresia dysplasia

10 VSD, DORV 16 Increased NT Partial TOP, autopsy confirmative
trisomy 15

11 Truncus 15 Polimalformative fetus Trisomy 13 TOP, autopsy confirmative

12 VSD, DORV, 12 Exencephaly Normal TOP, no autopsy
pulmonary atresia
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Associated
Case CHD GA findings Karyotype Follow-up

13 VSD, DORV 16 Ventriculomegaly, Normal TOP, no autopsy
single UA

14 Tetralogy of 16 Increased NT, bilateral Normal TOP, no autopsy
Fallot renal dysplasia,

omphalocele

15 Tetralogy of 13 Increased NT, bilateral Trisomy 7 TOP, no autopsy
Fallot renal dysplasia

16 AVSD 16 Normal Surviving
Follow-up confirmative

17 AVSD 13 Increased NT Hydrops Trisomy 21 TOP, autopsy confirmative

18 AVSD 13 Increased NT Trisomy 21 TOP, autopsy confirmative
Omphalocele

19 VSD 16 Holoprosencephaly Trisomy 13 TOP, autopsy confirmative

20 VSD 13 Increased NT Trisomy 21 TOP, autopsy confirmative

21 HLH 13 Exencephaly Normal TOP, no autopsy

22 HLH 12 Increased NT 45XO TOP, no autopsy

23 HLH 12 Increased NT, hydrops 45XO TOP, autopsy confirmative

24 Aortic coartation 16 Cystic hygroma, 45XO TOP, no autopsy
hydrops

25 Tricuspid atresia 16 Increased NT Normal TOP, autopsy confirmative

26 Tricuspid atresia 16 Increased NT Normal TOP, autopsy confirmative

27 Ectopia cordis 12 Limb–body Normal TOP, no autopsy
wall complex

28 Ectopia cordis 14 Limb–body Normal TOP, autopsy confirmative
wall complex

29 Ectopia cordis, 14 Increased NT Trisomy 18 TOP, autopsy confirmative
tricuspid atresia Limb–body wall

complex

30 Tricuspid dysplasia 13 Increased NT Trisomy 21 TOP, no autopsy

31 VSD, overriding 13 Increased NT Trisomy 18 TOP, no autopsy
aorta Omphalocele

32 DORV +mitral 13 Increased NT Trisomy 18 TOP, no autopsy
atresia

33 VSD, tricuspid 14 Increased NT Normal TOP, autopsy confirmative
atresia

34 Pulmonary 15 Normal Surviving
stenosis Follow-up confirmative

35 Single ventricle, 15 Normal Surviving

TGA Follow-up confirmative**

36 VSD, pulmonary 16 Increased NT Rearrangement TOP, autopsy confirmative
atresia

37 AVSD 16 Increased NT Trisomy 21 TOP, autopsy confirmative
Abnormal situs

38 HLH + abnormal situs 16 Increased NT Normal TOP, autopsy confirmative

Fetal data of true-positives cases (CHD, gestational age at diagnosis, associated findings, karyotyping studies and follow-up)
CHD, congenital heart defect; GA, gestational age (weeks); TOP, termination of pregnancy; TA-echo, transabdominal conventional second-
trimester echocardiography; AVSD: atrioventricular septal defect; VSD: ventricular septal defect; LV: left ventricle; RV: right ventricle; ASD: atrial
septal defect; DO: double outlet; HLH: hypoplastic left heart; TGA: transposition of great arteries; UA: umbilical artery; CDH: congenital
diaphragmatic hernia; NT: nuchal translucency

*Twin pregnancy; **death at 3 months of life after palliative surgery

Table 43.7 Continued
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uncertain, so the underlying cause of the abnormal
pattern in chromosomally abnormal fetuses remains
obscure. A delay in maturation of sympathetic and
parasympathetic systems as well as an abnormally
developed and responsive myocardium have been
proposed.30,43 An alternative explanation could be
that fetal arrhythmias are a reflection of an underlying
structural heart disease, and are a common feature in
trisomic fetuses.35,42,44,45 Baschat et al.46 reported four
cases of severe CHD associated with bradycardia
(likely to be atrioventricular block) during early
echocardiography at 11–14 weeks’ gestation. All cases
had either increased NT or generalized edema and
complex CHD. Most authors find a high correlation
between abnormal heart rate and increased NT in
chromosomally abnormal fetuses, thus supporting the
hypothesis that cardiac defects may be involved in the
physiologic basis of NT.35,36,47

NT and DV
NT measurement at 10–14 weeks’ gestation is a
widely accepted method to screen for chromosomal

abnormalities. Recent studies have suggested the
potential role of an increased NT thickness 8,9,11,48–51

or an abnormal DV flow pattern 10,11,52,53 at early preg-
nancy as a screening tool for CHD, in addition to its
role in screening for chromosomal defects. The risk of
CHD after the finding of an increased NT seems to
vary between 4% and 9%.24,54 Recently, Galindo et al.
have examined the prevalence, distribution and spec-
trum of cardiac defects in 353 chromosomally normal
fetuses with increased NT, with a complete follow-up
in 97% of the cases.55 This multicenter Spanish study
presents an overall prevalence of heart defects of
9.1%, increasing significantly from 5.3% in those
with NT >95th centile to 24% when thickness >6 mm.
Interestingly, most of the cardiac defects can be pre-
natally detected. A wide range of cardiac anomalies
were observed in this series, with the most common
being AVSDs and tricuspid atresia. Hyett et al.
reported that about 55% of the major CHD were
associated with a fetal NT thickness above 95th cen-
tile at 10–14 weeks of gestation.8 However, others
have failed to demonstrate such a strong associa-
tion,49,50,53,54,56–58 suggesting that the routine assess-
ment of the four chambers and great vessels at

Table 43.8 Our experience: fetal heart anomalies not detected at early echocardiography (false-negative cases at
early fetal echocardiography)

Method Associated 
Case CHD GA1 GA2 Diagnosis findings Karyotype Outcome

1* HLH 14 20 TA-echo Congenital Normal Neonatal death 
Diaphragmatic after surgery
hernia

2 Ostium primum, 14 20 Autopsy Hydrops Normal TOP
ASD, HLH Cystic higroma

3 AVSD 14 20 TA-echo Single umbilical Trisomy 21 TOP
artery
Short femur

4 AVSD 16 33 TA-echo Normal Surviving

5 AVSD 15 23 TA-echo Echogenic foci Trisomy 21 Surviving
Pleural effusion

6 VSD 12 14 Autopsy Pyelectasis Trisomy 21 TOP

7 VSD 15 28 TA-echo Choroid plexus Trisomy 18 Neonatal death
cysts
Hemivertebra

8 VSD 13 15 Autopsy NTD 48,XXY +18 TOP

9 Tetralogy of 13 20 TA-echo Pyelectasis Trisomy 21 TOP
Fallot

10 VSD 13 21 TA-echo Normal Surviving

Fetal data of false-negative cases (CHD, gestational age at diagnosis, associated findings, karyotyping studies and outcome)
CHD, congenital heart defect; GA1, gestational age of the echocardiographic examination in early pregnancy (weeks); GA2, gestational age at
diagnosis (weeks); TOP, termination of pregnancy; HLH, hypoplastic left heart; TA-echo, transabdominal echocardiography; ASD, atrial septal
defect; AVSD, atrioventricular septal defect; VSD, ventricular septal defect; NTD, neural tube defects

*Twin pregnancy
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mid-second trimester remains the most important
screening tool for the detection of major CHD.56,59

Theoretically, both types of screening used in combi-
nation should improve the overall sensitivity of prena-
tal diagnosis of the major cardiac defects.

The physiopathogenic mechanism of this relation-
ship is not easy to explain.11,44,45,53,59,60–63 Pathological
examination of fetuses with increased NT thickness at
10–14 weeks have demonstrated a high prevalence of
cardiac defects and abnormalities of the great arteries
and of subtle defects, such as widening of the aortic
valve and ascending aorta, narrowing of the aortic
isthmus and persistence of the left superior vena cava.
Another proposed mechanism to explain the increased
NT is an early cardiac function impairment suggested
by an abnormal DV flow pattern. However, Matias et al.10

reported that most of the chromosomally normal
fetuses with increased NT but normal DV flow did not
have CHD. This finding might contradict a cardiac
involvement in the pathogenesis of the increased NT
in most of the fetuses, and suggest that only fetuses
with abnormal DV blood flow are those at high risk of
CHD. On the other hand, in cases with CHD and both
enlarged NT and abnormal DV, because the type of
cardiac defects cannot always explain the hemo-
dynamic changes found in these fetuses, some other
mechanisms seem to be involved.53

Based on ultrasonographic and postmortem mor-
phological studies, the findings in increased NT
fetuses can be classified into three categories.64 First,
an association between increased NT and cardiac
anomalies, combined with an abnormal DV flow pat-
tern, has been described in some cases, leading to the
theory that cardiac failure causes NT enlargement.
Second, various types of abnormalities have been
found in the extracellular matrix of the nuchal skin of
fetuses with increased NT. Third, abnormal lymphatic
development has been demonstrated in fetuses with
increased NT. Many hypotheses on NT enlargement
are based on associations and speculations. Therefore,
within this context, it is not clear whether all these
cardiovascular anomalies are the cause of the increased
NT or both events are the result of another patho-
physiologic mechanism.

Chromosomal abnormalities
The detection of CHD may be the first clue to the diag-
nosis of a chromosomal abnormality or a genetic syn-
drome. The incidence of chromosomal defects in CHD
diagnosed prenatally may be as high as 30–40%, and
15% when the CHD is presented isolated. These figures
increase up to 40–60% when the CDH is diagnosed
during the first trimester.20-22,26 This is much higher
than the incidence in live borns. Also, the high rate of
spontaneous abortion loss in early pregnancy suggests
a higher rate of chromosomal abnormalities in first-
trimester fetuses with CHD. Therefore, whenever CHD

are diagnosed, karyotype evaluation is mandatory,
including FISH test to rule out 22q11 deletion.65–68

Recently, the early finding of isolated tricuspid
regurgitation or disproportion of the cardiac chambers
and/or outflow tracts, has been regarded to be highly
associated with fetal chromosomal abnormalities,
even in the absence of structural heart disease, as it
had been previously described during the second
trimester.26,69,70 The chromosome defect most fre-
quently found to be associated with tricuspid regurgi-
tation was trisomy 21, but all types of karyotype
anomalies were seen in association.69 In view of these
results, the authors propose to assess the four-cham-
bers view and the outflow tracts for disproportion and
to use color Doppler to rule out tricuspid regurgitation
in each first- or early second-trimester ultrasound to
screen for chromosomal anomalies.26,27 Since these
unexpectedly good results were obtained in particu-
larly high-risk fetuses, they remain to be confirmed in
an unselected population.

Advantages and limitations
The first benefit of performing early fetal echocardiog-
raphy would be an early reassurance of normality in
order to relieve anxiety and reduce emotional trauma
to the parents at high risk of CHD. Early prenatal diag-
nosis of CHD will allow us to optimize the genetic
counseling to the parents by permitting further testing,
such as fetal karyotyping, and in those cases with
severe defects it may provide the parents with the
option of an earlier and safer TOP.13,14,17 In selected
cases, there is the possibility of pharmacologic therapy.
Furthermore, the correct timing and place for delivery
may be planned and arranged well in advance.

However, there are certain disadvantages of the early
scanning, which reduce its diagnostic accuracy com-
pared with the conventional examination at 20–22
weeks’ gestation.1,5,13,14,17 The TV technique requires a
substantial amount of operator experience, yet it can-
not be learned from the second-trimester examination
as the early transabdominal scan. Unfavorable fetal
position or limited angles of insonation due to the less
mobile capacity of the TV probe may not be overcome.
Also, spatial orientation can be challenging by the TV
scan. In such cases, we recommend a transabdominal
scan that will help us to quickly assess the situs and
obtain a good spatial orientation. The small size of the
fetal heart is an important limiting factor to obtain an
optimal sonographic visualization, and also to obtain
a successful pathological examination, particularly
before the 13th week of gestation. At 13–14 weeks of
gestation the transverse diameter of the heart at the
four-chambers view ranges between 5 and 8 mm, and
the great artery diameter at the level of the semilunar
valves ranges between 0.8 and 1.8 mm5. Moreover, this
exploration is more time-consuming and requires a
high level of training of the examiner. Finally, the
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biggest disadvantage of first-trimester echocardiography
is the later manifestation of structural and functional
changes in some CHD. Some cardiac lesions are pro-
gressive in nature, such as mild pulmonary and aortic
stenosis or coarctation and even HLH syndrome. Some
obstructive lesions, as a result of a reduced blood
flow, may increase the severity of the lesions, resulting
in restricted growth in the chambers or arteries. This
may be the biggest disadvantage of performing the
early scan. Progression usually is toward a more severe
form of lesion that may be sometimes discernible only
in the second or even in the third trimester, although
in some rare cases a regression to a less severe form
may be observed. In this sense, the false-negative cases
published in the literature are particularly instructive
demonstrating these limitations (Table 43.4). Another
disadvantage of early fetal echocardiography is the
possible detection of defects that could resolve sponta-
neously in later pregnancy, such as muscular ventricu-
lar septal defects, resulting in unnecessary anxiety in
the parents.

Therefore, a normal early examination does not
preclude a subsequent abnormal heart development at
the second-trimester ultrasound, or even in the third
trimester or the postnatal period. After a normal early
fetal echocardiography, a conventional transabdomi-
nal echocardiography at 20–22 weeks of gestation is
strongly recommended.

Pathological confirmation
Pathological confirmation in the case of an early TOP
or perinatal death is particularly important in those
areas where ultrasound diagnosis is the most chal-
lenging. Only a complete diagnosis will make an
individual genetic counseling possible and will vali-
date the accuracy of early fetal echocardiography as a
diagnostic technique. Therefore, we recommend that
a precise pathological report has to be compulsory for
an adequate assessment of the reliability of early fetal
echocardiography. This is still a major drawback in
most of the studies.1,5,21,26

TOP is an option only before 22 weeks of gestation in
our country. Whenever a termination takes place, it is of
vital importance to obtain permission for autopsy in
order to confirm the diagnosis and to search for any
other associated malformations. Ideally, this should be
performed by a pathologist who is familiar with the
small size of the specimen and with special examina-
tion techniques, such as dissection microscopy.5,21,22,45

Current methods of terminating early pregnancies other
than using prostaglandins are less recommended
because they do not usually allow the retrieval of suit-
able specimens for appropriate examination to corre-
late ultrasound and pathological findings.45 This
method allows a more gentle extraction of the embryo
or fetus so that a pathological examination for verifica-
tion of the prenatally diagnosed malformation can be

performed. A pathological investigation after TOP
following the diagnosis of a CHD should be always
recommended, preferably in referral laboratories, being
of paramount importance to validate early echocardio-
graphy. In particular, semilunar valve and aortic arch
defects are usually underdiagnosed. We are aware of
some cases in which Doppler findings, such as turbu-
lent flow and very high velocities, are more reliable to
diagnose valve stenosis than pathological examination,
even during the second trimester. Indeed, this is a prob-
lem and a major challenge not only for ultrasonogra-
phers but also for pathologists.

Indications of early fetal
echocardiography
Since most CHD are detected in low-risk pregnancies,
and knowing the high prevalence of heart defects in
a non-selected population (incidence of CHD in low-
risk population 1/238),20 some authors suggest that
an early detailed cardiac examination should be per-
formed in all pregnant women.17,20 Indeed, very few
cardiac defects have been identified in the pregnan-
cies in which a family history was the main indica-
tion for the early fetal echocardiography, which is
consistent with the recurrence rate of 2–3% for sib-
lings. The main value of the early scan in such family-
risk cases lies in the reassurance that it gives to the
parents. As we have previously stated, in most of
the studies the early echocardiography is somewhat
less reliable and may result in higher false-negative
and false-positive results in comparison with the
20–22 weeks’ transabdominal echocardiography.
Besides, early echocardiography is the most time-
consuming and requires a high level of expertise of
the examiner. Therefore, it is difficult to offer this
scan as a screening test to the general population. In
this context, the identification of a high-risk collective
is of paramount importance.

Currently, the importance of the aforementioned
limitations of early fetal cardiac examination justifies
restriction of its use to fetuses at high risk of having
cardiac anomalies.5,10,14,18,21,22,26 The indications
proposed for early fetal echocardiography are:

• Increased NT (greater than 95th or 99th centile) is
the main indication of referral in all recently
reported studies.

• Abnormal DV blood flow, regardless of the meas-
urement of the NT.

• Fetuses affected by other structural malformations:
hygroma, hydrops, omphalocele, situs inversus and
arrhythmia.

• Suspected cardiac anomalies at screening ultrasound.
• Pregestational diabetes of the mother.
• High-risk family, with a previously affected child,

a first-degree relative affected by a congenital heart
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disease or a genetic disease in which CHD are
common.

• Women at high risk of chromosomal abnormality
declining invasive test for karyotyping.

• Pregnancies affected by a chromosomal abnormality.

Currently, as long as the sensitivity, specificity and
predictive value of early echocardiography is still
unclear, this examination should be generally
reserved for patients at high risk of CHD. However,
only the accumulation of results from carefully col-
laborative studies such as the present series will
clearly define the role of early TV echocardiography.

Conclusions
Fetal echocardiography performed by expert
operators is reliable for an early reassurance
of normal cardiac anatomy

(1) Transvaginal sonography enables good visualiza-
tion of fetal heart earlier in gestation. The four-
chamber view and the extended examination to
the great vessels can be imaged in almost 100%
at 13–14 weeks of gestation. Less than 5% of
patients will need a repeated scan because of
inadequate visualization.

(2) The combination of TV and transabdominal
routes and the application of color Doppler
enhances visualization.

(3) Most CHD are detected in a low-risk population.
As we cannot perform a targeted fetal echocar-
diography as a screening test, we need to
improve the identification of high-risk group
pregnancies. Increased NT at 10–14 weeks’ scan
and, maybe, DV blood flow assessment seem to
be the newest and the most promising risk factors
for fetal CHD, and may be particularly useful
during the first trimester.

(4) Currently, early fetal echocardiography should
be offered to high-risk pregnancies. Some
authors advocate routine early-extended cardiac
examination in low-risk pregnancies. At present,
as long as the sensitivity, specificity and predic-
tive value of early echocardiography are still
unclear, this examination should be generally
reserved for patients at high risk of CHD.

(5) Whenever a normal heart is diagnosed in the
early scan, it has to be supplemented with the
conventional transabdominal examination at
20–22 weeks’ gestation.

Fetal echocardiography performed by expert
operators is reliable to diagnose most major
structural heart defects in the first and early
second trimesters of pregnancy

(1) Cardiac defects diagnosed early in pregnancy
tend to be more complex than those detected
later on and cause more severe hemodynamic
compromise in the developing fetus.

(2) Many CHD can be detected at the beginning of
the second trimester.

(3) The incidence of associated structural malforma-
tions, chromosomal abnormalities and sponta-
neous abortions is significantly high.

(4) A complete workup including pathological and
karyotype evaluation should be warranted in
order to provide the parents with proper genetic
counseling, which is extremely difficult to obtain
if spontaneous loss of pregnancy occurs.

(5) The small size of specimens at this time of gesta-
tion renders pathological examination difficult and
requires high expertise and careful inspection, irre-
spective of the technique used for termination.

(6) Clinical follow-up in the neonate and post-
mortem examination if TOP is undertaken are
essential to assess the actual role of early fetal
echocardiography.
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44 Prenatal diagnosis of fetal
cytomegalovirus infection
Y. Ville, O. Picone, G. Makridemas and M. Leruez-Ville

Congenital cytomegalovirus (CMV) infection is likely
to have become the most prevalent infection-related
cause of congenital neurological handicap as rubella
vaccination has become universal in developed coun-
tries.1 However, prenatal diagnosis and screening
policies have been rather incoherent for the last
25 years and obstetricians have shown great reluc-
tance to tackle this issue.2 Indeed, although the infec-
tion is frequent in 1–2% of all neonates excreting
CMV in their urine, 90% of these will remain asymp-
tomatic.3 However, among symptomatic neonates,
half will be severely infected and one-third of these
will die, while 60% will develop significant neuro-
logical and developmental sequelae. Among the mod-
erately symptomatic neonates, 65–75% will develop
normally, whereas 25–35% will have some degree
of handicap at long-term follow-up. Furthermore,
between 5% and 15% of the asymptomatic cases will
also develop long-term developmental abnormalities,
mainly sensorineuro hearing loss, which can be bilat-
eral in up to 50% of the cases.1,3,4 Epidemiological
risk factors have been extensively reviewed else-
where.5 Maternal age below 25 years, low socioeco-
nomic status and presence of children of age 1–3
years in the home are the most constantly quoted
factors.5 Preconceptional maternal immunity [relative
risk (RR) 0.31; 95% CI 0.17–0.58] and maternal age
of 25 years or older [RR 0.19; 95% CI 0.07–0.49] are
highly protective against congenital infection.6

The possibilities for prenatal diagnosis have
emerged more rapidly than those for establishing the
prognosis of an infected fetus2 and the possibilities of
treatment are still experimental. In this chapter, we
will address the possibilities and limits of prenatal
imaging and biology in assessing both the diagnosis
and the prognosis of fetal CMV infection.

Prenatal ultrasound examination
Overall, less than half of fetal infections are diag-
nosed by ultrasound7–16 and multiple organ system

involvement is present in more than 50% of the
cases17 at the time of prenatal diagnosis, ranging from
15% to 100% (Table 44.1), and is very likely subjected
to reporting bias.

Indeed, a review of the pediatric literature suggests
that most symptomatic congenitally infected neonates
obviously escaped ultrasound screening and one
should be aware that ultrasound alone is not a sensi-
tive test for fetal infection or affection. Longitudinal
observational surveys of intrauterine infection cases
are lacking because the other half of prenatally diag-
nosed cases were recognized as a result of maternal
screening. The majority of these cases reported to
date were terminated on the basis of proven fetal
infection without ultrasound findings or before they
could eventually develop.10,18 However, three small
prospective series reported a 15–25% sensitivity for
antenatal ultrasound.14–18

The predictive value of ultrasound, like that of any
other diagnostic test, increases with the prevalence of
the disease and therefore works better in a population
preselected by screening for maternal seroconversion.
However, even in such a high-risk population, at least
90% of infected fetuses are expected to be asympto-
matic.17 The ultrasound features of this progressive
disease will also vary significantly with time and
serial ultrasound follow-up is likely to perform better
than routine cross-sectional examination at any fixed
gestation.2

The pathophysiology of fetal CMV infection
allows one to expect progressive and sometimes only
subtle or transient findings on ultrasound in cases of
fetal infection (Figure 44.1). Indeed, irrespective of
the mode of transmission to the mother, CMV is a
viremic herpes virus with a prolonged latency within
maternal monocytes, which will eventually reach the
fetus via the umbilical circulation.

The placenta, where the virus replicates, will act
not only as a barrier against CMV but also as a reser-
voir, which may release the virus into the fetal cir-
culation at any stage of the pregnancy, irrespective
of the time of seroconversion.55,56 Within 4–8 weeks
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following maternal viremia, an early but inconstant
sign of vertical infection is therefore likely to be placen-
titis, as defined by a thickness of 4 cm or more and a
heterogenous appearance typically with calcifications
coexisting with hypoechoic areas13.

Once the virus reaches the fetal circulation, the fetal
kidney is hit early and preferentially, which may cause
transient oligohydramnios and, less often, renal hyper-
echogenicity. This appears to be more frequent than
polyhydramnios.13 Viral enterocolitis often shows with
the transient or persistent appearance of at least grade-
2 hyperechogenic bowel as an early ultrasound finding,
which may be accompanied by high human chorionic
gonadotropin and alpha-fetoprotein levels in maternal
blood.32,47,48,57 This usually represents meconial ileus
or bowel perforation and meconial peritonitis.58,59

Several weeks can elapse until other features of fetal
infection, if any, show up on antenatal ultrasound, and
some of the former may have disappeared by then.

Overt systemic disease will appear as hepatos-
plenomegaly and possibly ascites in the fetus as a result
of cholestatic hepatitis and liver insufficiency.41 Less
often, generalized edema and ascites will suggest ane-
mia-related hydrops due to the combined effect of liver
failure and marrow infection. This spectacular presen-
tation has also proven to be eventually transient with
both ultrasound and biological normalization at follow-
up.54 Cardiomyopathy, expressed as cardiomegaly with
a thick myocardium, which may contain punctuate cal-
cifications, is a rare finding that could also participate
in the development of fetal hydrops, eventually associ-
ated with tachyarythmia.13,41 Calcifications of the fetal
liver, spleen and even lungs could appear and remain as
a result of a systemic disease.60

Intrauterine growth restriction (IUGR) may develop
as a result of fetal infection or placental infection or
both. It can therefore be advisable to screen for CMV
as a part of the assessment of any IUGR fetus below
the fifth percentile. Indeed, this could be a completely

isolated finding irrespective of placental or fetal
Doppler values.61,62

Affection of the fetal brain shows mainly late and
multiple suggestive and heterogenous ultrasound fea-
tures of fetal infection and fetal affection21 (Table 44.2).
These can be present when the previously described
features have resumed, therefore, weeks or months
after the onset of maternal and even fetal infection.

Microcephaly is a major form of the disease; how-
ever, this may prove to be a very difficult diagnosis to
establish, especially in a growth-retarded fetus.72,73

Ventriculomegaly, unilateral or bilateral, is a
common entry to the diagnosis as around 5% of all
ventriculomegaly diagnosed in utero is of infectious
origin.74 It can be of two types. Destructive ventricu-
lomegaly is often moderate and will often precede
microcephaly, showing even subtle enlargement of
pericerebral spaces (Figure 44.2) as an early sign
of microencephaly. Obstructive ventriculomegaly
can occur as a result of obstruction of the foramen
of Monroe and/or of Magendie and Lushka by ven-
triculitis-related edema or intraventricular hemor-
rhage.46 The same mechanisms can lead to less
common presentations such as mega cisterna magna,
cerebellar hypoplasia or hemorrhage, pseudo-Dandy
Walker malformations and schizencephaly.21,66

More subtle anomalies can be identified as associ-
ated findings with any of the features described above
or as isolated findings, making the diagnosis more
difficult. Non-specific vasculitis in the fetal thalami
and basal ganglia,67 described as candle-stick images,
punctuate echogenicity within the brain parenchyma
or underlying the rim of the lateral ventricles
together with strands across the lateral ventricles.40,75

Germinolysis-related subependymal cysts can also be
overlooked by routine fetal ultrasound examination
when fetal infection is not known).21,40,64 Rare cases of
corpus callosum abnormalities have also been
described in utero and postnatally.21,69

528 Prenatal diagnosis of fetal cytomegalovirus infection

Figure 44.1 Placentitis showing a thick and heterogenous placenta (a). Hyperechogenic bowel and hepatomegaly (b) are not
specific features of systemic fetal infection.
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Abnormal myelinization and gyration of the fetal
brain is another pitfall for fetal brain ultrasound exami-
nation and the development of fetal MRI is a recent and
definite asset in the complete assessment of high-risk
fetuses.21,51,63 Lissencephaly could reflect injury before
16 or 18 weeks whereas polymicrogyria could reflect
injury at 18–24 weeks. Cases with normal gyral patterns
have probably been injured during the third trimester
showing diffuse heterogeneity in the white matter.63

Both T1 and T2 sequences are therefore useful.
It is noteworthy that although the relationship

between the ultrasound features described above and
fetal CMV infection is well established, CMV is rarely
reported in series of cases bearing these anomalies.
This further emphasizes the poor performance of
ultrasound in diagnosing fetal CMV infection in the
general population.

Maternal and fetal biology
When the presence of CMV infection is suspected on
the basis of any of the ultrasound findings described
above, it can be excluded only if maternal serology
shows negative immunoglobulin G (IgG) and negative
IgM. Indeed, IgM, which can be present both in primary
and non-primary infections, is often negative at the
time of a positive fetal ultrasound examination several
weeks or months following maternal infection. At that
time, both maternal viruria and viremia are also likely
to be negative although they have been found positive
for 3–12 months following maternal infection.76

The diagnosis of fetal infection is made by recovery
of the virus or by amplification of its genome in the
amniotic fluid (AF) retrieved by amniocentesis.5,77

Indeed, the AF is colonized once the virus has
infected the fetal kidneys and replicates in the tubular
epithelium to be passed in the urine. Viral DNA there-
fore accumulates in the AF as it does in the urine of
infected individuals postnatally. This provides with
clear guidelines for performing amniocentesis in
CMV infection during pregnancy. Following serocon-
version or reactivation, the process leading to CMV
excretion in the fetal urine will take an average of
6–8 weeks and this interval should be recognized in
order to avoid false-negative prenatal diagnosis.77

This should also be performed when fetal urination is
well established, and therefore not before 22 weeks.

Detection of infectious CMV in AF may be
performed by the use of rapid virus isolation in
cell cultures (‘shell vial culture’)77,78 as well as CMV
DNA detection by polymerase chain reaction (PCR)
amplification. Sensitivity varies between 45% and
100% for both PCR and culture, the lowest figures
being obtained when amniocentesis was performed
before 21 weeks, and less than 6–8 weeks from mater-
nal seroconversion.7,19,21,42–44,79–81 However, the free
interval can be even longer depending on the placental
ability to contain infection.55 The overall false-negative

rate of amniocentesis is around 12% (52/365)
[0–25%]8–10,14,15,18,24,43–45,77,80–84 and has been reported
to be much lower and even down to 0% when the
conditions of sampling were ideal.14,15,20

The variation in sensitivity may also account for
the differences in PCR methods used. Each PCR
method reported in the literature has its own protocol
(e.g. single-round PCR, nested PCR or commercial
tests) and tests different volumes of fetal specimen,
leading to variable sensitivities. Moreover, the CMV
genome sequences amplified in these PCR tests varied
with various fragments of the immediate early protein
gene or of the glycoprotein B gene being most
frequently used. Genetic diversity in those two genes
is well recognized,85 but the design of primers and
probes did not always account for this.

False-positive PCR results have also been
reported when the neonate was not infected in 9/179
(5%) (0–30%), questioning the quality of the tech-
nique.9,11,14,15,18,43–45,80,83,84 False-positive diagnosis
may be explained by contamination of the AF with
the maternal blood during amniocentesis, if the
mother had a positive CMV DNAemia at the time of
sampling. Indeed, Revello et al. showed that CMV
DNA may be recovered in the blood of nearly 50%
of immunocompetent patients up to 3 months after
CMV primary infection.76 Another explanation could
be laboratory contamination occurring during PCR
testing. Indeed, in some of these studies a nested
CMV PCR was used, which is known to be a very
sensitive technique but at high risk of contamina-
tion. Generalization of semiautomated real time PCR
might help to overcome the risk of contamination
and achieve absolute specificity for prenatal diagno-
sis of CMV infection. These results, however, estab-
lish PCR as a reliable technique in reference
laboratories. The question of performing a second
amniocentesis when the result of the first examina-
tion is negative remains unanswered. However, to
date, information available on 13 cases with a false-
negative result9,24 did not show any symptom at the
age of up to 36 months, although one neonate was
growth restricted.

Another question without an answer today is that
of the risk of fetal iatrogenic infection when maternal
viremia is positive at the time of amniocentesis.
However, the commonly understood pathophysiology
of vertical transmission of CMV to the fetus makes
this possibility unlikely.

Prenatal diagnosis in fetal blood
There are few data available on the prenatal diagnosis
of CMV infection in fetal blood.

The sensitivity of IgM detection in fetal blood is
around 50%.10,77 The sensitivity of CMV rapid or
classic culture is even lower, ranging from 0% to
40%.10,11,77,80 This is probably due to the small volume
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retrieved by cordocentesis, and PCR methods should
be preferred. However, the sensitivity achieved by
PCR in fetal blood varied greatly in three studies pub-
lished, ranging from 40% to 92%.9,10,77 Enders et al.9

reported a 100% sensitivity when combining ampli-
fication of CMV DNA in AF and in fetal blood.

To date, CMV detection in fetal blood is, therefore,
generally considered to be unsuitable for prenatal diag-
nosis. However, the value of viral quantification (DNA
and IgM) in fetal blood to identify fetuses at risk of
developing severe congenital infection is emerging and
this issue will be discussed in a later chapter.9,14,15,77

532 Prenatal diagnosis of fetal cytomegalovirus infection

Figure 44.2 Cerebral features include ventriculomegaly (a) often preceding microencephaly (b), which in turn can precede
microcephaly as illustrated by a sloping forehead on the profile view of the face (c). More subtle features include parenchymal
punctiform calcifications (d), subependymal cyst (e) and hyperechogenicity of the germinal matrix (f).
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Conclusion
CMV infection in pregnancy is not only diagnosed
from suggestive ultrasound features but also often sus-
pected as a result of an individual or population-
based screening. Interpretation of maternal serology
and indication for invasive and non-invasive testing

require some knowledge of the natural history of CMV
transplacental infection.

Amniocentesis remains the gold standard invasive
test to diagnose fetal infection, and in the absence of
ultrasound features this should be performed after 22
weeks and at least 6 weeks following maternal sero-
conversion.

Conclusion 533
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Fetal hydrops
Fetal hydrops is a combination of generalized soft tissue
edema and fluid (effusion) in one or more body cavity.

Hydrops still has a high mortality causing fetal
demise in more than 50% of the detected cases and
postnatal mortality following live birth is also around
50%.1 There may be many causes. According to the
traditional classification, the hydrops can be divided
into immune and non-immune types. A more clini-
cally (fetal medicine) oriented approach could be to
divide cases into those due to fetal anemia- and non-
anemia-related hydrops. The practical reason for this
categorization is that fetal anemia is still the most com-
mon cause of hydrops and in most cases fetal anemia
is easily detectable in utero. It can often be treated
with intrauterine transfusion and thus anemia-related
hydrops has a better prognosis than other forms.

In different parts of the world, there are different
causes of hydrops. For example, in underdeveloped
countries, rhesus (Rh) isoimmunization still remains
a major cause; whereas in southern China, fetal
α-thalassemia is the main causative factor. In contrast,
in the developed world structural and chromosomal
anomalies and parvovirus B19 infection are the most
frequent causes of hydrops.

This chapter aims to be a comprehensive library of
the various fetal conditions that play a role in fetal
hydrops and presents a few characteristic features.

Anemia-related hydrops
It is well known that fetal anemia can be readily
detected with the help of ultrasound/Doppler, meas-
uring the middle cerebral artery velocity. For details
see the relevant chapter of this book. The causes of
fetal anemia should be subdivided, as they affect the
prognosis for the pregnancy and fetus.

Immune hydrops
Historically, immune hydrops (due to maternal anti-D
isoimmunization) was the commonest cause of fetal

anemia and hydrops. Fortunately, these severe cases
of anti-D isoimmunization are now very rarely seen,
as a result of anti-D immunoglobulin (Ig) prophylaxis
for rhesus-negative mothers. In the absence of pro-
phylaxis, the disease still occurs. Immune hydrops
is the result of a maternal IgG-mediated hemolytic
disease of the fetus, the severest form of which is
erythroblastosis fetalis.

There are further antigens that can cause immune-
mediated fetal hemolytic disease including Rh anti-C,
-c, -E, -e, anti-Kell, anti-MNS, anti-Duffy and anti-A or
anti-B.

Isoimmunization due to the non-Rh groups such as
Kell, MNS and Kidd have assumed increasing impor-
tance as the incidence of Rh-D sensitization has
decreased.

Anti-Kell disease has a particularly poor prognosis,
probably because the anemia is partly hemolytic and
partly the result of suppressed erythropoiesis.2 A sig-
nificantly higher incidence of polyhydramnios was
found among fetuses with Kell isoimmunization and
the maternal serum titer is much lower than in the
Rh-D group.3

Genetically determined hemolytic disease of the fetus
There are a number of genetically determined
hemolytic diseases of the fetus, which can rarely lead
to fetal hydrops (see Box 45.1).

Box 45.1 Genetically determined hemolytic
anemias causing fetal hydrops

Glucose phosphate isomerase deficiency [auto-
somal dominant (AD) in adult cases, neonatal and
fetal form most likely autosomal recessive (AR)]4

causes hemolytic crisis, very rarely fetal anemia and
hydrops

Glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency (X-linked dominant) hemolytic episodes

Pyruvate kinase deficiency of erythrocyte (AR)5

45 Fetal hydrops
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Non-infectious disorders of erythrocyte
production
α-Thalassemia (AD) is a common cause of fetal
hydrops in the Chinese population.6 Thalassemias are
a group of inherited abnormalities of the hemoglobin
synthesis. Hemoglobin has an α and a β chain.
Homozygous α-thalassemia (deletion of both α-chain
alleles of the corresponding region of chromosome 16)
is responsible for the fetal hydrops (Bart syndrome).
Clinical classification, such as thalassemia major,
intermedia and minor refers only to the clinical sever-
ity of the disease. It is also apparent that, at least in
some cases, compound heterozygosity is responsible
for the hydropic change of the fetus. Anemia in
thalassemia is the result of short turnover time of
erythrocytes with a reduced hemoglobin content.

Other inherited forms of dyserythropoiesis are
listed in Box 45.2. These represent rarities.

Box 45.2 Inherited dyserythropoietic conditions
associated with fetal hydrops

Congenital dyserythropoietic anemia (AD)7 is char-
acterized by ineffective erythropoiesis and multi-
nuclear erythroblasts

Congenital erythropoietic porphyria (AR)8

Diamond–Blackfan syndrome (AD)9 causes congen-
ital hypoplastic anemia

Leukemia (associated with Down’s syndrome)10

Fetal anemia as a consequence
of fetal blood loss
Internal fetal hemorrhage may lead to severe anemia
due to blood loss. The commonest site of hemorrhage
is the brain, but intrathoracic and intra-abdominal
hemorrhages may also occur. Spontaneous fetal
hemorrhage should always prompt a search for mater-
nal antiplatelet antibodies to exclude alloimmune
thrombocytopenia.11,12

Placental subchorial/intervillous hemorrhage can
also originate from the fetus.

Fetomaternal hemorrhage (i.e. hemorrhage from the
fetal into the maternal circulation) is common. Tiny
hemorrhages are probably universal. Massive hemor-
rhage may be acutely fatal but smaller or recurrent
bleeds may lead to an anemic, hydropic fetus. A
maternal Kleihauer–Betke test is an essential part of
the investigation of hydrops.13

Hemorrhage can also occur into a necrotic congen-
ital tumor.

Human parvovirus B19 infection
Parvovirus is one of the most important factors causing
anemia and hydrops.

In pregnant women, it can cause miscarriage
(6.5%),14 hydrops and intrauterine death, although
most infected women give birth to healthy neonates
without any intervention.15 In a meta-analysis of 165
reported cases of antenatal human parvovirus B19
(HPVB19) cases, there was a 10.2% excess risk of fetal
death. Transplacental transmission was confirmed
in 69 (24.1%) of 286 reported maternal infections.
According to a separate meta-analysis HPVB19
infection was present in 57 out of 299 (19.1%) non-
malformed cases of non-immune hydrops fetalis.16

Parvovirus not only affects the erythroid cell lines,
inhibiting erythrocyte production, but also infects
the cardiac myocytes. In most cases, the hydrops is
a consequence of severe anemia, though at least in
some chronic cases it appears that a direct effect on
the heart cannot be excluded.

Infections in which anemia plays a role in the
hydrops are seen below.

Non-anemia-related hydrops
Infection-induced fetal hydrops17

The most common infections causing fetal hydrops are
parvovirus B19 (see earlier section), cytomegalovirus,18

Herpes simplex virus, Toxoplasma gondii, Treponema
pallidum, Coxsackievirus type B and adenovirus. Con-
genital Chagas’ disease is also reported to be associated
with hydrops.19

The mechanism by which the different infections
cause hydrops varies. For example, Herpes sim-
plex virus causes liver damage, whilst Coxsackie-
and adenoviruses lead to myocarditis and fetal
tachyarrhythmia.20,21

Congenital syphilis results in generalized chronic
infection,22 with anemia, thrombocytopenia and, later,
ascites. In congenital syphilis, the mother can be
seronegative with an infected fetus,23 and this may
also be true for parvovirus (personal observation).

Structural anomalies

(1) Tumors or tumor-like/hamartomatous lesions
within the body cavities may cause hydrops with
compression or obstruction of the major vessels
of the systemic venous return. The lesions that
belong to this group are shown in Box 45.3. Fetal
lung lesions associated with hydrops are almost
always lethal.24

Occlusions of the superior or inferior venae cavae
and ductus venosus are also reported to result in
hydrops.
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Box 45.3 Obstruction of systemic venous return

Thorax

Congenital cystic adenomatoid malformation of the
lung25,26

Pulmonary extralobar sequestration27

Large diaphragmatic hernia

Intrathoracic teratoma

Intrathoracic lymphangioma28

Cardiac or pericardial tumor29

Laryngeal atresia 

Abdominal tumor or tumor-like lesion

Abdominal teratoma

Cystic kidneys

Obstructive uropathy

Hepatoblastoma

Ovarian cyst

Other tumor

(2) Cardiac disease, including developmental abnor-
malities, tachyarrhythmia and bradycardia may
cause fetal hydrops. A list of these conditions is
given in Box 45.4.

Box 45.4 Congenital heart conditions in fetal
hydrops

Congenital heart disease30

Atresia of the aortic or pulmonary trunk
Various malformations of the great arteries
Atrioventricular septal defect
Right or left ventricular hypoplasia, divided right
ventricle31

Cardiomyopathy32

Fetal bradycardia

Congenital heart block33

Maternal systemic lupus erythematosus
Lupus anticoagulant

Fetal tachycardia with myocarditis

Adenovirus
Coxsackievirus
Parvovirus
Chagas’ disease
Wolff–Parkinson–White syndrome34,35

(3) Vascular shunts result in high-output cardiac
failure and subsequent hydrops.

This occurs in fetal sacrococcygeal teratoma36–38 and
in arteriovenosus malformations at various locations
in the body. In the head, vein of Galen aneurysm,
intracranial arteriovenosus malformation and intra-
cranial teratoma have been described.39 Cervical,
abdominal,40 or cutaneous hemangiomas, arterioven-
uous malformations of the liver and lung, large pla-
cental chorangioma and angiomatosis of the fetus are
also rare causes of hydrops.

Hydrops can occur as a complication of mono-
chorionic twinning, often because of high-output car-
diac failure of one twin.41 In twin-to-twin transfusion
syndrome, volume overload in the recipient leads
to failure and hydrops, while in TRAP sequence
reversed perfusion of a large acardiac co-twin by the
pump-twin is the cause. There are also reported cases
with myocardial infarct of the recipient in twin-to-
twin transfusion syndrome42 and transient hydrops of
the donor after amniocentesis.43

(4) Other circulatory problems.

It has been suggested that long and/or overcoiled
umbilical cord with increased vascular resistance
may, in some instances, cause circulatory failure and
consequent hydrops.44

Chromosome abnormality
(including Turner syndrome)
X monosomy (45,XO – Turner syndrome) is the most
common chromosome aneuploidy related to hydrops.
It appears that failure of the lymph vessel develop-
ment causes the hydropic change.45 It is also apparent
that in 90% of the hydropic Turner syndrome fetuses
the heart weight is under the 2.5th percentile and it
has been suggested that this is a major cause of fetal
demise in Turner syndrome fetuses.46

Trisomy 21 hydrops or nuchal swelling was diag-
nosed in approximately 40% [cystic hygroma and
increased nuchal fold thickness (30.5%), hydrops
(9.6%)] according to a large series.47

Other karyotypic abnormalities associated with
hydrops include trisomy 18, trisomy 13, trisomy 15
and trisomy 10 mosaicism.

Metabolic and storage disease
Metabolic and storage disease represents less than 1%
of all hydrops cases. These are individually rare, but
important because of autosomal recessive inheritance,
and thus have 25% recurrence risk. The relevant
enzyme defects are listed in Box 45.5.
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Box 45.5 Lysosomal and glycogen storage diseases
that cause hydrops

Lysosomal storage disease48

Mucopolysaccharidosis type VII49

Mucolipidoses I (sialidosis III)50

Mucolipidosis II (I-cell disease)
Gaucher disease51

Farber disease52

GM1-gangliosidosis53

Niemann–Pick disease54

Moroquio disease55

Glycogen storage disease

Type IIb (glycogen storage disease limited to the heart)56

Type IV57

Further genetic causes
Box 45.6 contains the most frequent genetic syn-
dromes that cause hydrops. Osteochondrodysplasias
are important because of the inheritance, and the
number of recognized syndromes is growing.

Box 45.6 Osteochondrodysplasias and other
genetic syndromes causing hydrops

Osteochondrodysplasias

• Blomstrand-type chondrodysplasia [(AR) short
limbs, polyhydramnios, hydrops fetalis, facial
anomalies, increased bone density and a remark-
able advanced skeletal maturation]

• Greenberg dysplasia [(AR) radiological features:
‘moth-eaten’ appearance of the markedly short
long bones, bizarre ectopic ossification centers
and marked platyspondyly with unusual ossifica-
tion centers]58

• Conradi–Hunermann, chondrodysplasia punc-
tata [(X linked – D) disorganization of the spine,
premature echogenity of femoral epipheses
and frontal bossing with depressed nasal bridge,
polyhydramnios]59

• Osteogenesis imperfecta congenita (AD)
• Achondrogenesis type IA [(AR) polyhydramnios,

subgaleal edema, microcephaly, a narrow thorax,
pericardial effusion and a severe short-limbed
dwarfism with unossified tubular bones and
vertebral bodies]60

• Achondrogenesis type IB [(AR) sulfate trans-
porter gene mutation, severe rhisomelia, narrow
chest, flat face, polyhydramnios, possible umbil-
ical hernia]

• Achondrogenesis type II [(AD) Marked micro-
melic dwarfism, barrel shaped, small chest,
polyhydramnios]

• Short rib polydactyly syndrome type II [(AR) short
ribs, polydactyly (pre- or postaxial), possible
polycystic kidneys, median cleft lip]61

• Short rib polydactyly syndrome type IV [(AR)
markedly narrow ribs, micromelia, shortened
limbs with postaxial heptasyndactyly polycystic
renal dysplasia]

• Fibrochondrogenesis (AR)
• Kniest-like dysplasia (AR)
• Campomelic dysplasia (AR)

Other genetic syndromes associated with hydrops

• Arthrogryposis multiplex
• Lethal multiple pterygium syndrome
• Fetal akinesia
• Beckwith–Wiedemann syndrome
• Simpson–Golabi–Behmel syndrome62

• Smith–Lemli–Opitz syndrome
• Tuberous sclerosis
• Congenital arteral calcification

Miscellaneous
According to recent studies, fetal hemochromatosis
appears to be the result of fetal liver disease and in the
late second trimester of pregnancy results in severe
panhypoproteinemia with non-immune hydrops.63,64

Maternal indometacin therapy mainly in the third
trimester has been reported causing early closure of
ductus arteriosus and consequent fetal hydrops.65

One case of iatrogenic intrauterine hypothyroidism
and subsequent fetal hydrops has also been pub-
lished, which was caused by maternal propylth-
iouracil medication for maternal Grave’s disease.66 In
another case report, fetal hyperthyreosis and hydrops
were caused by a hyperthyroid mother with Grave’s
disease by antithyroid antibodies.67 Mother also had a
history of three prior perinatal deaths between 26 and
28 weeks’ gestation, all associated with fetal hydrops.
After maternal therapy with propylthiouracil, resolu-
tion of non-immune hydrops was documented and a
healthy neonate subsequently delivered to term.

Investigations in hydrops68,69

Pathologic examination of fetuses with non-immune
hydrops requires a multidisciplinary approach. The
first and most important is the macroscopic descrip-
tion and identification of structural abnormalities.
Developmental abnormalities may draw attention to

538 Fetal hydrops
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the possibility of a chromosome abnormality; thus,
cytogenetic studies are essential. (If cytogenetic culture
fails, fluorescence in situ hybridization studies should
be performed to exclude common trisomies.) The
pathologist has to be careful to save living cells for
further biochemical studies in case of suspicion of a
metabolic disease. Osteochondrodysplasias cannot be
diagnosed without proper x-ray documentation and,
if necessary, involvement of an experienced radiogra-
pher. Molecular biology and DNA investigation are
also important. Microbiology with bacterial, viral cul-
tures and, if necessary, PCR investigation may also
be useful. Light microscopic examination is essential,
and in a significant proportion of the cases is enough
to make a diagnosis. Fortunately, CMV, parvovirus
and adenovirus antibodies are available to prove
infection in paraffin-embedded blocks of the fetal
tissues. According to published figures, a meticulous
examination, including clinical studies, such as
Kleihauer–Betke test and maternal autoantibodies,
leaves approximately 10–20% of cases unexplained.68,69

The proverb that a good clinical history is half the
diagnosis is very true with regard to the pathologist’s
work while undertaking an autopsy of a hydropic
fetus. Nowadays, fetal hydrops is generally investigated
prenatally. Clinical data can draw attention to subtle
signs (which would otherwise be missed, especially in
autolytic fetuses) and make the pathologist widen the
investigation in the relevant direction. Samples are
taken that cannot be taken later, such as frozen tissue for
metabolic studies or DNA, frozen sections for immuno-
histochemistry, specially fixed tissue for electron
microscopy, instruction to the cytogenetic or histochem-
istry laboratory to save cells for biochemical studies, etc.

It is essential to seek and document any prenatal
finding, as it is an important feedback to the clinician
and provides the parents with information.

In summary, because of the wide spectrum of
causes of hydrops, a multidisciplinary approach to
diagnosis is recommended based on proper commu-
nication and exchange of information between the
clinician and the pathologist.
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46 3D/4D color and power
Doppler ultrasound in obstetrics
G. Bega and S. Weiner

Introduction
Two-dimensional ultrasound (2DUS)-derived color
and power Doppler imaging is commonly used in fetal
imaging. The information derived from 2DUS color
and power Doppler images is displayed in a cross-
sectional image plane. It is from these cross-sectional
ultrasound planes that we develop a 3D perception
of the vascular anatomy. Nevertheless, the ability to
visualize, fully understand and differentiate between
normal and abnormal vascular anatomy with 2DUS
is often limited. These limitations become especially
important in complex anatomical abnormalities.
Recent developments in digital signal processing and
transducer design have made possible the acquisition
of volume ultrasound data with color and power
Doppler, which can also be interactively manipulated
through the volume. In three-dimensional ultrasound
(3DUS) or volume ultrasound, a volume (rather than a
slice) of ultrasonographic data is acquired and stored.
The stored data can be analyzed and displayed in
numerous ways and new and more sophisticated tools
are being introduced at a very fast rate. Although these
new and relatively complex applications are not
widely known or understood in the field of ultra-
sound, there seems to be little doubt that these tools
will become a routine part of our diagnostic imaging
toolset. One of the most significant advantages of
acquiring a volume ultrasound data is the ability to
navigate through the saved volume and demonstrate
any arbitrary plane and, most importantly, even planes
that are otherwise impossible to be obtained by the
conventional 2DUS. In the multiplanar display, three
perpendicular planes are displayed simultaneously.
Correlation between these three planes is used to con-
firm the given desired plane, such as the midsagittal or
midcoronal plane. This process generally involves
placing the planar center point at the point of interest
in one of the planes and observing the location of the
corresponding center points in the other two planes.1,2

In this chapter, we intend to review the current
and potential future applications of 3DUS and

four-dimensional ultrasound (4DUS) color and power
Doppler ultrasound in obstetrics. In the section
Technical Considerations, the reader will be intro-
duced to the basics of 3DUS volume acquisition, dis-
play, analysis, volume calculation and perfusion
studies. The main clinical applications will be pre-
sented with a special section on techniques of 3D color
and power Doppler in fetal echocardiography. The
somewhat limited literature as related to 3D color and
power ultrasound will be reviewed as well. Last but
not least, networking capabilities will be discussed.

Technical aspects of
acquisition and display
3DUS acquires 2D planar ultrasound data in a volume
and as such represents an extension of the conven-
tional 2DUS imaging. Considering this, 3DUS does
not necessarily replace 2DUS but rather extends its
capabilities in time and space. Being a 2DUS-based
technique makes 3DUS vulnerable to all drawbacks
and limitations of 2DUS. As such, problems related
to image resolution, penetration, depth, artifacts and
body habitus are also present in 3DUS and are even
made worse and compounded across a volume of
data. Consequently, image and color and power
Doppler setting optimization plays a huge role in
acquiring adequate information that could be used
clinically. Using 3DUS, color and power Doppler
techniques generally require an additional investment
of time, which in experienced hands typically goes
anywhere from 5 to 20 min and at times, depending
on the complexity of the case and the experience of
the examiner, significantly more. This additional time
is not so much related only to scanning and acquiring
the data, which is only a portion of the learning curve,
but also to exploring the saved volume data afterward
in a meaningful way. The fact that this information
can be digitally saved, either temporarily in the hard
disk of the equipment or permanently in a removable
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disk, such as CD-ROMs or DVD-ROMs, makes the
exploration of the saved volume data after the patient
is discharged a real possibility.

It is important to understand the concept of volume
data and how they are acquired. The acquisition of one
single volume of ultrasound data is called a 3DUS
acquisition and the volume is commonly called a 3D
volume. The introduction of dedicated transducers
in the mid-1990s made possible the continuous acqui-
sition of 3D volumes and on the fly display of either
multiplanar or rendered views. This continuous
acquisition displaying motion views of moving targets,
such as the fetus or the fetal heart, was called the
fourth dimension and the imaging technique 4D.
There are basically three methods of acquiring vol-
umes of ultrasound data for 3DUS imaging. The first
and the oldest one is the free-hand method, which
utilizes a normal 2DUS transducer with a position-
sensing device mounted that can acquire multiple
2DUS images as the probe is manually swept through
the region of interest. This method typically acquires
one 3DUS volume and in principle cannot acquire 4D
data, as that would require the operator to continu-
ously move his/her hand at fast acquisition speeds,
which is impossible in reality. The second method is
the acquisition of volumes with a dedicated 3DUS
transducer (Figure 46.1). A mechanical device moves
the transducer elements at a preselected speed and a
preselected angle automatically in a fan shape through
the region of interest.3,4 While color and power
Doppler ultrasound volumes can be reliably obtained
with mechanically swept dedicated transducers, their
acquisition time is typically slow as there simply is
more information to acquire and process. There is a

special fetal heart package that displays heart volumes
with either color or power Doppler data in 4D, called
spatiotemporal image correlation (STIC). This tech-
nique, which will be discussed in more detail at the
fetal echocardiography section, is an exception to the
fact that currently mechanically swept transducers
cannot display 4D color and power data. The third
method is the volume acquisition through matrix array
transducers. These newly introduced dedicated vol-
ume transducers have a very high number of trans-
ducer elements (typically, as of this writing from 3000
to 4000 elements) and produce a thick ultrasound beam
in all directions. All elements of the matrix array trans-
ducer transmit and receive. Interestingly, the first imag-
ing and data processing take place in the transducer
itself as it contains a built-in data processor. These
transducers are electronically steered and have no need
for mechanical sweeping. As such, they can produce
very high acquisition speeds even with color or power
Doppler.5,6 These transducers are the future in volume
imaging and will make a revolution in our capabilities
of investigating fetal and/or placental vasculature with
3D/4D color and power Doppler. For the time being,
matrix array technologies are mainly being investigated
in adult echocardiography, but slowly studies are being
conducted in obstetrics as well.7 All of these methods
rely on specialized 3D software, which allows process-
ing of the acquired volumes either on-line through a
built-in computer or off-line on a workstation.

In this chapter, we will present work with the dedi-
cated mechanical volume transducers (the second
method) as for the moment this is the best and the
most commonly used technique of acquiring clinically
useful data in obstetrics.

Image optimization
One of the most common problems practitioners
encounter in their learning curve of acquiring 3D
color and power Doppler is optimization of the set-
tings. While there is no fixed recipe for every occa-
sion, there is a set of principles and techniques that
if understood well should be helpful in obtaining
adequate information. First, we start with the 2D color
or power Doppler information. Normal 2DUS princi-
ples of visualizing vessels with color and power
Doppler should be followed (and the following work
better in a 3D volume acquisition as well), such as:

(a) Be as parallel to the vessel or vessels of interest
as possible.

(b) Adjust the gain to avoid ‘bleeding’ in the vessel
wall by decreasing the gain at the minimally
acceptable level, typically no more than 50–70%.

(c) Adjust the wall filter – usually the medium set-
tings work better.

(d) Set the dynamic motion differentiation to avoid
background noise signals.

(e) Sensitivity works better in medium scale.

544 3D/4D color and power Doppler ultrasound in obstetrics

Figure 46.1 This image illustrates the principle of image
registration and the effect of a dedicated 3D volume transducer
with a built-in position-sensing device in it. The images on the
right represent a volume acquired with a free-hand transducer
and the images on the left represent a volume acquired with a
dedicated volume transducer and appear well registered. The
controlled acquisition and reliable registration are prerequisites
for obtaining clinically useful ultrasound volumes with color or
power Doppler.
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(f) Priority set on high generally brings a better signal.
(g) Pulse repetition frequency (PRF) should be

adjusted according to the particular vessel size
and blood flow, typically a higher PRF is needed
for higher-velocity vessels (i.e. intracardiac flow)
and a lower PRF is needed for small and/or
branching vessels (i.e. brain), especially placental
or retroplacental (venous) vessels.

(h) Start in 2D gray-scale image with the highest
frame rate possible. This translates into a volume
with the highest quality, as there will be more
frames in a volume. Factors that affect the frame
rate are the angle opening in the 2D beam (use
the narrowest angle you can), the number of
focal zones and the amount of depth (the less
the better). Harmonic imaging helps significantly
in imaging in the near field but not much in the
far field, but it is important to know that it does
slow down the frame rate.

The 2D power and color Doppler ultrasound princi-
ples above should be incorporated to adequate 3D
volume acquisition principles such as:

(a) Start with the slowest acquisition speed that
is practically possible in order to leave time for
the transducer to acquire the maximum amount
of information. Typically, the slower the speed of
acquisition the higher the quality of the volume
obtained.

(b) Ask the mother to hold still for the expected time
frame that the acquisition takes place, that is, any-
where between 5 and 15 s depending on the size
of the volume box and the angle of acquisition.

(c) Try to acquire volumes at quiet fetal states to
avoid motion artifacts.

Analyze the volume right after acquisition for possible
acquisition-related artifacts due to fetal breathing, respi-
ration or movement. Explore the B or the C window as
those are the computer-generated views where the hid-
den artifacts can be depicted. Window A is the acquisi-
tion plane and as such may or may not show artifacts.

Flow volume and perfusion studies
For the first time 3DUS allows very accurate volume
measurements. Multiple studies have shown that vol-
ume measurements are feasible and nomograms of
several different organ systems in the fetus have been
generated.8–12 A very interesting aspect of obtaining
power and color Doppler volumes is that this infor-
mation can give an overall estimation of the blood
supply of a given anatomical area. Many efforts have
been made by the industry to further postprocess this
information with the purpose of quantifying the
amount of blood supply. One of the most useful pro-
grams is the so-called 3D-shell imaging method. In
this method, a 3D volume is acquired with power

Doppler, then a volume of interest (VOI) inside the
initial acquired volume can be traced. Inside the VOI
the gray scale and color histograms can be evaluated
together or separately and expressed as a mean value.
The expected clinical value of these power and color
Doppler volume quantification methods is better esti-
mation of blood flow within the area of interest (i.e.
tumor). For this purpose, four indices have been pro-
posed: (1) average gray value of non-color voxels
(MG); (2) vascularization index (VI): ratio of number
of color voxels to total number of voxels inside VOI;
(3) flow index (FI): ratio of sum of color intensities to
number of color voxels inside VOI and (4) ratio of sum
of color intensities to total number of voxels outside
VOI (VFI). Importantly, while these measurements
provide a useful method in quantifying blood flow
and vascularity in the acquired volumes, their infor-
mation is based on digitized color voxel information.
The accuracy of this information may change (i.e.
improve) as software updates or better probes emerge
that improve color or power Doppler sensitivity.
Published nomograms for vascularity cannot be used
for imaging with other types of machines or with dif-
ferent generations of the same probe because of vari-
able color sensitivity. Nevertheless, the information
obtained can provide important qualitative assess-
ment of vascularization and blood flow changes in
different normal and abnormal physiologic states.
While a few studies have been conducted in gynecol-
ogy, no studies have been reported in obstetrics yet.

Clinical applications
Color and power Doppler information in a volume
have shown to be very useful in visualizing the fetal
anatomy (Figures 46.2–46.10). Several authors have
reported their positive experiences with the use of 3D
Doppler.13,14 Studies have shown that 3D color and
power Doppler, as used with a free-hand 3D ultrasound
system, was useful in imaging tumors (chorioangioma,
teratoma, hygroma, lung sequestration), the fetal brain
(vein of Galen aneurism, corpus callosus agenesis, vas-
cular malformations), kidneys (agenesis of the kidneys,
renal arteries), fetal abdominal vessels, umbilical cord
anomalies and placental disorders.14 Lee et al. demon-
strated that 3D color and power Doppler, as acquired
with an automated 3D probe, could visualize placental
angiogenesis as early as 7.1 weeks of gestation, cerebral
and neck vessels as early as 12.9 weeks of gestation,
brain vessels, cord insertion, placenta and vasa pre-
via.15 In an interesting study, Kalache described the use
of 3D power Doppler ultrasound to identify vascular
congenital anomalies of the fetal portosystemic and
umbilical venous system. He found 8 out of 310 fetuses
with portosystemic venous malformations. When an
umbilical vein or ductus venosus anomaly is sus-
pected, the operator has to construct the 3D orientation
of the vessels from cross-sectional 2D images. Power
Doppler in 3D allows visualization of low-velocity
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flow; blood flow is displayed independent of its velo-
city and the vessels are visualized throughout the vol-
ume, ensuring spatial orientation.16 Figures 46.5–46.7
demonstrate how 3D color and power Doppler can
have an important role in visualizing the complex
anatomical arrangements otherwise quite difficult with
2D ultrasound.

Hull et al. reported their experience in using 3D
color and power Doppler in imaging the placenta.17

They found that 3D ultrasound with color Doppler
imaging allowed a more accurate diagnosis of pla-
centa percreta. They had seen several patients in
whom the use of 3D ultrasound with color flow and

power Doppler imaging allowed refinement of the
diagnosis of placental invasion, correctly predicting
placenta percreta with bladder invasion. They feel
that the multiplanar capability is the key to 3D ultra-
sound utility. Other useful applications of 3D color
and power Doppler reported by this group are placen-
tal cord insertion and vasa previa visualization.17

Fetal echocardiography
3D volume acquisition speed has been improved sig-
nificantly over the last 5 years. In the past, it was gen-
erally believed that increases in acquisition speeds
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Figure 46.4 This is a 3D power Doppler rendered volume of the fetal cardiovascular system of a normal 23-week-gestation fetus.
This volume has been rendered only with the 3D power Doppler without the presence of any gray-scale information. As this is the
volume data, it can be rotated to depict different views of the anatomy. Note the detailed visualization of the descending aorta,
inferior vena cava (IVC), right atrium, umbilical vein, right hepatic and left veins, left portal vein and ductus venosus.

Figure 46.2 This is a 3D power Doppler (without the gray
scale) display of the Circulus of Willis at 26 weeks’ gestation.
Note the anterior, middle and posterior cerebral arteries as well
as the basilar artery.

Figure 46.3 The same case as Figure 46.2. A volume rendered
in transparent mode in gray scale and 3D power Doppler
information in the same display. This display is generally used to
display the brain vasculature in power Doppler as well as the
brain gray-scale information simultaneously for better orientation
and correlation. Typically, the color Doppler rendering can be
combined with the gray scale at different percentages to the
liking of the operator.
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will have a great impact in 3D fetal echocardiography.
While the Voluson 730 Expert (GE MEDICAL,
Milwaukee, WI, USA) can achieve speeds of acquisi-
tion up to 32 frames/s, in acquiring fetal heart vol-
umes these high speeds do not necessarily translate
into higher-quality volumes. Indeed, the opposite is
true. Slower volumes yield higher-quality information
as there are more 2D frames incorporated in the vol-
ume. To overcome this obstacle, a new volume acqui-
sition technology was introduced. This technology is
called STIC. With STIC, an extra slow (by 3DUS stan-
dards) acquisition from 7.5 to 15 s is performed over

a preselected area of the fetal heart, typically at the
level of the four-chamber view. The acquisition angle
varies from 15° to 40° and again is user selectable. The
same image optimization criteria apply just as the
ones mentioned above. After the acquisition, postpro-
cessing of spatial and temporal data is performed so
that the 2D acquired images are correlated in time and
space. This information is displayed in a classic mul-
tiplanar view and/or in a cine sequence depicting
heart motion with total control on interactive reslic-
ing and/or rendering the same as you would in a static
3D volume. Typically, in gray scale, this acquisition
has a very high b-mode frame rate (approximately 150
frames/s) due to the relatively small region of interest.

STIC technique was initially introduced only in
gray scale but later the acquisition of fetal heart
volumes with STIC could be achieved with color
and/or power Doppler information. This development
opened up a whole new area in evaluating the fetal
heart with 3DUS. STIC represents the first significant
development in 3D fetal heart scanning that has the
potential to perform a full fetal echo exam out of a single
fetal heart volume at the level of the four-chamber
view. Studies done before and after the introduction
of STIC were able to demonstrate that a volume of the
fetal heart can provide all the standard imaging views
for a fetal echo4,18 (Figures 46.13–46.15).
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Figure 46.7 Multiplanar display and a rendered display of a
fetus at 25 weeks’ gestation with persistent right umbilical vein.
(A) Transverse plane through the fetal abdomen at the level
obtained to measure the abdominal circumference: S, stomach;
G, gallbladder; RPUV, right persistent umbilical vein. The right
umbilical vein passes lateral and to the right side of the gall-
bladder connecting the left portal vein. This is the intrahepatic
form of the right umbilical vein. (B) A perpendicular view to
plane A. (C) A coronal view to plane A. (D) The rendered 3D
power Doppler view with the arrow pointing at the persistent
right umbilical vein. Note that all these four windows are
interactive with each other. Windows A and D can be correlated
to identify the right umbilical vein both in cross-sectional and in
rendered view.

Figure 46.5 Power Doppler rendered volume of a fetus at 20
weeks’ gestation with Noonan syndrome. Note the absence of
ductus venosus and the umbilical vein draining directly to the
right atrium. Note the distorted angio-architecture as compared
to the normal fetus in Figure 46.4.

Figure 46.6 The same patient as in Figure 46.5, but the volume
has been rendered in a 3D color Doppler again without the
gray-scale information. The information provided from 3D color
Doppler is similar to the one provided by 3D power Doppler,
but in color Doppler we have additional information regarding
the direction of flow. RA, right atrium; DA, ductus venosus; UV,
umbilical vein; UA, umbilical arteries.
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Several reports have been demonstrating the value
of STIC to the evaluation of the fetal heart with
3DUS.20–24 Recently, Chaoui published a comprehen-
sive prospective study in which he examined the
potential of color Doppler STIC in the evaluation of
normal and abnormal fetal hearts. He included 35
normal fetuses and 27 fetuses with congenital heart
defects (CHD) examined between 18 and 35 weeks of
gestation. Volume acquisition was achieved by initiat-
ing the image capture sequence from the transverse
four-chamber view. Volumes were stored for later
off-line evaluation using a personal computer-based
workstation in a multiplanar mode and as spatial vol-
ume rendering. Successful acquisition was possible in
all 62 cases. Spatial volume rendering was attempted
in 18 fetuses with CHD. Four normal fetuses had

inadequate visualization using color Doppler STIC, as
the region of interest was perpendicular to the ultra-
sound beam. In two fetuses with CHD, inadequate
visualization was related to an enlarged heart in late
gestation, in which the entire cardiac volume could
not be acquired. The third case was an 18-week fetus
with complex CHD and transposed great vessels in
which artifacts were related to confluent color signals
as a result of low resolution in the reconstructed
plane. He concluded that STIC in combination with
color Doppler ultrasound is a promising new tool for
multiplanar rendering of the fetal heart.24

While the potential of this technique is clear, there
are a number of potential pitfalls that are worth men-
tioning. The acquisition is still relatively slow, from
7.5 to 15 s and as such fetal breathing and gross body
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Figure 46.9 A composite image of several different volumes of a frontal view through the fetal body of a fetus at 22 weeks’ gestation
with congenital diaphragmatic hernia. In surface anterior view, the volume has been rendered with surface rendering settings at a very
anterior level right behind the sternum to show the fetal liver, the diaphragm and the heart displaced in the right. In surface posterior
view the volume has been rendered again with surface rendering settings, but at a posterior level to show the fetal stomach up in the
chest, the disappearance of the diaphragm posteriorly and to the left as well as the left lobe of the liver going up in the chest. In
minimum intensity view, the volume has been rendered with minimum intensity settings (good for fluid-filled structures) at a posterior
level to better display the fetal stomach up in the chest as well as the left lobe of the liver vessels up in the chest. In 3D power view,
the volume has been rendered with both surface and 3D power Doppler to better visualize the fetal heart and liver vessels in
relationship to the chest wall and the diaphragm. Note the distorted angio-architecture as compared to the normal fetus in Figure 46.8.

Figure 46.8 A composite image of a frontal view through the fetal body of a normal fetus at 20 weeks’ gestation. The volume was
acquired with and without power Doppler. The volumes are displayed in 3D surface rendering to visualize tissue interfaces of heart,
lung, liver and bowel (first to the right), minimum intensity projection to visualize fluid-filled structures, such as heart and stomach,
and surface and 3D power Doppler to visualize the relationships between vascular orientation and fetal body.
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Figure 46.12 A composite image of four different image
displays of the placenta. In 2D power Doppler view in the upper
right we see scattered power Doppler signal in a thin 2D
ultrasound slice. In 3D gray scale we see a rendered view
through the placenta in gray scale. In 3D power Doppler and
gray scale we see the great depth perception and detail of
placental vasculature provided by 3D power Doppler in a 3D
volume. In 3D power Doppler only we can see more clearly the
vascular anatomy of the placenta without the gray scale
superimposed on it.

Figure 46.13 A composite image of a multiplanar view of the
fetal heart acquired with 3D STIC color Doppler at the four-
chamber view level. In the lower left, there is a diagram
illustrating the acquisition of a fetal heart volume with a
dedicated volume transducer where the transducer is kept
stationary and the mechanically steered transducer elements
sweep through the volume of the heart at a predetermined angle
and speed. After the acquisition of the volume, the cross-planar
center point is placed at the descending aorta in plane (A) and
oriented at the 6 o’clock position. This rotation will ensure that
we can obtain the ductal arch at (B) and the descending aorta
in (C). A STIC volume with color Doppler depicts in red the
atrioventricular flow (A) and in blue the outflow tracts (B).

Figure 46.10 A 3D volume of the fetal heart and vessels of a
normal fetus at 22 weeks rendered with minimum intensity
projection. This is a unique and very helpful view that visualizes
the vessels in gray scale without any color or power Doppler
information. This rendering parameter can be employed in all
acquisition modes (3D, 4D and STIC) and can be a useful addition
to the information provided by the 3D color or power Doppler.

Figure 46.11 Multiplanar and rendered display of a placental
volume acquired with 3D color Doppler at 20 weeks’ gestation:
(A) the acquisition plane, in this case along the long axis of the
placenta; (B) the short axis; (C) the coronal view and (D) the 3D
color Doppler and gray-scale rendered view of the placenta.
Note that the rendered view represents a rather thin slice
through the placenta and not the whole placental volume. The
thickness of this particular volume can be judged and
appreciated at (B), where you can see the green interrupted
lines.
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movement do commonly occur. Careful evaluation of
the windows B and C in the multiplanar display after
the acquisition is crucial to ensure that no artifacts are
present. Adjusting the volume box tightly around the
region of interest helps, as it generally increases the
frame rate. The best frame rates recommended are
the ones above 15 Hz, typically with higher rates in
smaller hearts and slower rates in bigger hearts. An
important adjustment is the acquisition angle, as the
default settings tend to be very narrow. Optimal
angles vary from 15° to 30° and are related to the
gestational age. The earlier the gestational age the nar-
rower the angle.

Networking
A potential benefit of 3DUS lies in ultrasound docu-
mentation, storage and networking. Digitally saved

volumes of patient data can be readily transferred to a
remote site for interpretation or second opinion con-
sultation. Further research is needed to define the
indications, the potential advantages and limitations
of volume data transfer across networks, but it is clear
that this is a better method for sharing ultrasound
information as one does not have to rely only on still
2D images or videotapes, but has the whole anatomy,
which can be manipulated at any plane. Using this
technology, one would expect that in the future, pri-
mary clinical sites in remote areas would have access
to expert consultation and off-line interpretation,
enabling high-quality and cost-effective medical care.
The digitally stored patient volumes can be accessed
and analyzed by physicians and sonographers in facil-
itating training in ultrasound. As this information is
digital, it can be encrypted for patient data safety con-
siderations, and efficiently compressed with loss-less
algorithms to be shared across hospital networks.

Summary
It is important to emphasize that 3DUS color and
power Doppler information is based on acquisition
and reformatting of conventional 2DUS data.
Therefore, it is not surprising that 3DUS is prone to
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Figure 46.14 This image shows the four-chamber view image
with color Doppler extracted from a STIC 3D color Doppler
volume. The green lines represent the scan planes where the
additional views of the heart, such as IVC/superior vena cava
(SVC) or aortic arch, can be obtained. The vertical axis of the
display can be aligned with these scan planes by rotating the
image plane and simultaneously maintaining the descending
aorta as the pivot point by placing the cross-planar point in it.
Typically, the ductus arteriosus plane is the plane that goes
through the descending aorta (placed at 6 o’clock) upward,
intersecting the left atrium, right ventricle and sternum. The
IVC/SVC plane is a plane parallel to the plane of the ductus
arteriosus and to the right of it close to the level of the right
atrium. The aortic arch is a plane that can be found by rotating
the four-chamber view plane around 35–40° from the ductus
arteriosus plane and maintaining the descending aorta as the
pivot point by keeping the cross-planar point there.

Figure 46.15 This image is a multiplanar and rendered view of
a fetal heart volume obtained with STIC and color Doppler at the
level of the four-chamber view in a patient with transposition of
the great arteries. In (A) the heart is seen at the level of the four-
chamber view and the atrio-ventricular flow is seen in red. In
(B) we see a plane through the fetal heart that is perpendicular
to (A) that shows a cross section of the outflow tracts in blue. In
(C) we see a cross-sectional view of the heart right under the
atrio-ventricular valves. In (D) there is a rendered view of the
outflow tracts (in blue color). Note the fact that the outflow tracts
do not crisscross as normally expected to, but they exit the
ventricle in a parallel fashion indicative of a d-transposition of
the great vessels.
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the same problems that affect 2DUS, such as unfavor-
able body habitus, motion and shadowing artifacts
and poor scanning technique. Although 3DUS with
color and power Doppler may improve the overall
comprehension of the vascular anatomy, it does not
make up for poor scanning technique. Poor resolution
in 2DUS will very likely result in suboptimal image
quality in the volume data as well. Imaging the
vessels in perpendicular planes with the beam will
also result in poor imaging as the best results are
achieved with parallel vessel orientation to the ultra-
sound beam. The resolution of the three perpendicu-
lar planes in the multiplanar display varies according
to their deviation from the plane during acquisition.

Typically, the coronal reconstructed plane, which is
unique to 3DUS, has the lowest resolution of the three
planes in the multiplanar display. There definitely is
a learning curve associated with the adequate use of
this technology. Professionals contemplating the
introduction of this modality into their practices
should consider dedicating time and effort for addi-
tional training in its principles. As this technology
improves and becomes more widely available, clini-
cal indications for its use will continue to emerge.
There is a great need for comprehensive and rigorous
research studies that would hopefully standardize
optimal acquisition and analysis of 3D color and
power Doppler studies for specific fetal indications.
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47 Non-invasive detection
of fetal anemia by
Doppler ultrasonography
L. Pereira

Introduction

Cases of hemolytic disease of the newborn were
described as early as 1609 in France;1 however, it was
not until 1932, over 300 years later, that the associa-
tion of erythroblastosis with fetal hydrops, jaundice
and hemolytic anemia was characterized by Diamond
et al.2 Shortly thereafter, the discovery of the Rhesus
(Rh) blood group by Landsteiner and Weiner in 1940,
and their demonstration of agglutination when rhesus
monkey red blood cell antiserum was mixed with
Rh-positive, but not Rh-negative blood, stands as one
of the most important hematologic discoveries of the
20th century.3 From this landmark achievement, treat-
ment of hemolytic disease of the newborn with trans-
fusion therapy and ultimately prevention of Rh
sensitization with anti-D immune globulin became
possible. However, despite the availability of post-
natal transfusion therapy, the medical practice of this
era was limited by an inability to screen for hemolytic
disease antenatally.

The discovery that Rh sensitization could be
quantified by assessing the spectral absorption curve
of amniotic fluid at 450 nm (�OD450) was first
described by Bevis and Walker and then further
characterized by Liley in 1961.4–6 From this impor-
tant observation, successful antenatal management
strategies were developed for Rh alloimmunized
patients and for those alloimmunized with non-Rh
antigens as well.

Years of experience have taught us that amniocen-
tesis �OD450 assessment is a reliable predictor of fetal
anemia in most cases of alloimmunization. However,
because amniocentesis �OD450 assessment is limited
to hemolytic causes of fetal anemia and because it
has the potential to cause fetal–maternal hemorrhage
and worsen sensitization, active research for nearly
30 years has focused on attempts to detect fetal
anemia non-invasively.

Ultrasonographic evaluation
of fetal anemia
Serial ultrasound evaluations for fetal hydrops in
cases of suspected anemia have become a routine
component of perinatal medicine. The observation of
hydrops on ultrasound is highly specific for severe
anemia, with most hydropic fetuses having hemoglo-
bin levels that are less than 5 g dl–1. The finding of fetal
hydrops in cases of suspected anemia should lead
directly to therapeutic interventions aimed at restoring
blood volume. However, basing treatment on the pres-
ence of hydrops alone may miss over 50% of fetuses
with hemoglobin concentrations below 6.0 g dl–1.7

Partly because of this shortcoming, many investiga-
tors have attempted to detect fetal anemia prior to the
onset of hydrops. Rightmire et al. published one of the
first successful endeavors at non-invasive diagnosis
of fetal anemia in non-hydropic fetuses in 1986. The
authors developed a model of combined Doppler
measurements of the fetal aorta, inferior vena cava,
and umbilical vein, which was able to predict fetal
anemia with a mean error of only 3.8 hematocrit units
in a retrospective study.8 Nicolaides et al. prospec-
tively measured six different ultrasonographic para-
meters, including umbilical vein diameter and
placental thickness, but concluded that in the absence
of hydrops, none of these successfully distinguished
mild from severe fetal anemia.9 This observation was
confirmed by Whitecar et al. who reported on a vari-
ety of parameters including amniotic fluid volume,
intrahepatic and extrahepatic umbilical vein diame-
ters, hepatic length, and splenic perimeter.10 Most of
these parameters have proven unreliable clinically.
Attempts to accurately predict fetal anemia by meas-
urement of the mean blood velocity in the fetal aorta
have likewise not been clinically applicable.11

Measurement of peak systolic velocity as opposed
to mean blood velocity seems to have improved the
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clinical utility of Doppler velocimetry. One author has
reported on the utility of measuring peak systolic
velocity in the splenic artery for the detection of
fetal anemia in cases of Rh factor alloimmunization12

and no fewer than seven prospective studies have
reported on the reliability of peak systolic velocity
measurements in the middle cerebral artery for detec-
tion of fetal anemia in pregnancies complicated by red
cell alloimmunization (including Kell sensitization)
and parvovirus B19 infection.13–19

Evidence supporting middle cerebral
artery peak systolic velocity
measurements for fetal anemia
In 1995, Mari et al. reported that middle cerebral artery
peak systolic velocity Doppler measurements could
accurately predict fetal anemia in a prospective series
of 16 pregnancies complicated by maternal red cell
alloimmunization.13 This report was followed in 2000
by a larger multicentered study in which 111 fetuses at
risk for anemia were followed prospectively.15 In this
cohort, 23 fetuses had moderate to severe anemia with-
out hydrops and in all 23, middle cerebral artery peak
systolic velocities were above 1.5 multiples of the
median (MoM). In this study, 83 women were RhD
alloimmunized, 18 were Kell sensitized, and another 9
were alloimmunized to non-RhD antigens. The authors
also published reference tables for fetal hemoglobin
levels and middle cerebral artery peak systolic veloci-
ties, which have served as the basis for further research
studies and are useful reference guides for current clin-
ical management (Tables 47.1 and 47.2).

In 2000, Teixeira et al. published results from a
prospective cohort study of 26 fetuses (24 cases of
RhD and 2 cases of RhC alloimmunization), and using
a peak systolic velocity above 1 standard deviation
(SD), reported a sensitivity of 73% and specificity of
93% for fetal hematocrit values below 3 SD.14 A large
prospective, intent to treat trial of 125 cases of red cell
alloimmunization was published by Zimmermann
et al. in 2002 and confirmed the findings of previous
authors.17 This trial reported that for the detection of
moderate to severe fetal anemia, middle cerebral
artery peak systolic velocities over 1.5 MoM had a
sensitivity of 88% and specificity of 87%.

Further studies have provided evidence that middle
cerebral artery peak systolic velocity Doppler can be
used to estimate actual hemoglobin concentrations18

and to predict the timing of a second in utero blood
transfusion.20

In addition to cases of red cell alloimmunization,
two studies have found that, in a total of 42 cases of
parvovirus B19 infection, middle cerebral artery peak
systolic velocity assessment could detect fetal anemia
with sensitivity between 94% and 100% and speci-
ficity between 93% and 100%.16,19

Technique for measuring
the middle cerebral artery
peak systolic velocity
Measurement of peak systolic velocity in the middle
cerebral artery should be technically straightforward
in most cases. Obtain an axial view of the fetal

Table 47.2 Fetal hemoglobin (Hgb) as a function of
gestational age(from Mari et al.15)

Fetal Hgb (g dl–1) (multiples of the median)
Weeks of 
gestation 1.16 1.00 0.84 0.65 0.55

18 12.3 10.6 8.9 6.9 5.8

20 12.9 11.1 9.3 7.2 6.1

22 13.4 11.6 9.7 7.5 6.4

24 13.9 12.0 10.1 7.8 6.6

26 14.3 12.3 10.3 8.0 6.8

28 14.6 12.6 10.6 8.2 6.9

30 14.8 12.8 10.8 8.3 7.1

32 15.2 13.1 10.9 8.5 7.2

34 15.4 13.3 11.2 8.6 7.3

36 15.6 13.5 11.3 8.7 7.4

38 15.8 13.6 11.4 8.9 7.5

40 16.0 13.8 11.6 9.0 7.6

Table 47.1 Middle cerebral artery peak systolic
velocity (MCA-PSV) as a function of gestational age
(from Mari et al.15)

Weeks of MCA-PSV (cm s–1) (multiples of
gestation the median)

1.00 1.29 1.50 1.55

18 23.2 29.9 34.8 36.6

20 25.5 32.8 38.2 39.5

22 27.9 36.0 41.9 43.3

24 30.7 39.5 46.0 47.5

26 33.6 43.3 50.4 52.1

28 36.9 47.6 55.4 57.2

30 40.5 52.2 60.7 62.8

32 44.4 57.3 66.6 68.9

34 48.7 62.9 73.1 75.6

36 53.5 69.0 80.2 82.9

38 58.7 75.7 88.0 91.0

40 64.4 83.0 96.6 99.8
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calvarium, as if one were measuring the biparietal
diameter. Center and magnify the image until the
fetal calvarium fills the image window. Following
identification of midbrain structures, including the
thalami and cavum septum pellucidum, move the
transducer in a slight caudal direction and identify
the circle of Willis using color Doppler. The bilateral
middle cerebral arteries should then be visualized
flowing anteriorly and outward just behind the
orbits. The sample volume line should be parallel
to the walls of the vessel, as close to a 0 angle of
insonation as possible (Figure 47.1). Either the
ipsilateral or the contralateral middle cerebral artery
can be measured, but angle correction should not be
used. The peak systolic velocity should be measured
in the proximal middle cerebral artery, 2 mm after
its origin from the internal carotid artery. Placement
of the sample volume line in the proximal MCA
is crucial since systolic velocity decreases with
distance from the point of origin of the MCA.15,21

The sample volume should be made relatively
small so that the Doppler signal does not incorporate
the internal carotid artery. The peak systolic velocity
should be measured at the highest point of the
Doppler waveform. The measurement should be
repeated several times during periods of fetal apnea,
while the fetus is relatively stationary. The highest
Doppler measurement obtained should be recorded.
With this procedure, multiple sources have previ-
ously reported low intraobserver and interobserver
variability rates between 2.3% and 4.0%.13,21,22

Management with middle cerebral
artery peak systolic velocity
compared to conventional
management with amniocentesis
�OD450

Based on the results of the previously mentioned
studies,13–19 clinical reliance upon serial middle cere-
bral artery peak systolic velocity Dopplers is becom-
ing more common. However, few studies have
compared Doppler velocimetry to conventional man-
agement with amniocentesis. At the time of publica-
tion of this chapter, only two published trials had
compared the two management strategies.

The first study, published by Nishie et al. followed
28 non-hydropic fetuses and found that conventional
management and middle cerebral artery peak systolic
velocity Doppler were both accurate predictors of
fetal anemia in cases of red cell alloimmunization.23

The authors suggested in their conclusion that man-
agement with middle cerebral artery peak systolic
velocity Doppler could decrease the number of
invasive procedures performed in their population.

A second study, by Pereira et al., also reported
outcomes on 28 cases of red cell alloimmunization fol-
lowed by both middle cerebral artery peak systolic
velocity Doppler and conventional management
with amniocentesis.24 In this study, management by
middle cerebral artery peak systolic velocity Doppler

Figure 47.1 Doppler assessment of the fetal MCA. (A) Correct position of Doppler cursor over anterior MCA. (B) Correct position
of Doppler cursor over posterior MCA. (C) Correct measurement of the PSV. MCA, middle cerebral artery; PSV, peak systolic velocity.
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compared favorably to conventional management,
with a sensitivity of 91% and a specificity of 100% for
moderate to severe fetal anemia. The authors con-
cluded that compared to conventional management,
management by middle cerebral artery peak systolic
velocity Doppler may have a better predictive value for
moderate to severe anemia in red cell alloimmuniza-
tion, eliminate the need for amniocentesis, and reduce
the number of percutaneous umbilical cord blood sam-
plings (PUBS) performed on non-anemic fetuses.

The main benefit of management with middle
cerebral artery peak systolic velocity Doppler is a
reduction in invasive procedures and avoidance of
potential complications. Transplacental fetal hemor-
rhage, which may worsen sensitization, occurs fol-
lowing 2–11% of amniocenteses.25–27 Another 1–2%
of amniocenteses are complicated by rupture of amni-
otic membranes, premature labor, vaginal bleeding, or
infection, while fetal loss occurs in approximately
0.5% of cases.28 Complications associated with PUBS
are even more common, with at least 50% of proce-
dures complicated by umbilical cord vessel bleeding
and a procedure-related loss rate of 2–3%.29

In the USA, there are approximately 14,000 cases of
alloimmunization annually.

Extrapolating from published trends, management
with middle cerebral artery peak systolic velocity
Doppler could avoid 24,500 amniocenteses and over
1500 PUBS per year in the US population.24 With a
complication rate of 0.5% for amniocentesis and a
conservative estimate of 2% for PUBS, one pregnancy
loss or preterm delivery per 100 patients (over 140
annually) could be avoided by using middle cerebral
artery peak systolic velocity Doppler over conven-
tional management – and these would likely occur in
mildly anemic or non-anemic fetuses. Furthermore,
an additional benefit would occur from avoiding
procedure-related bleeding complications that increase
sensitization and worsen disease.

Limitations of middle cerebral artery
peak systolic velocity
Management of suspected fetal anemia by middle cere-
bral artery peak systolic velocity Doppler has limi-
tations. The accuracy of middle cerebral artery peak
systolic velocity Doppler appears to diminish after 35
weeks’ gestation, leading to higher false-positive rates
for prediction of anemia.17,30 Furthermore, multiple
intrauterine transfusions increase fetal blood viscosity,
which may alter the predictive accuracy of middle cere-
bral artery peak systolic velocity Doppler.20,31 The relia-
bility of middle cerebral artery peak systolic velocity
Doppler in predicting fetal anemia after three or more
transfusions has not been tested prospectively, and
false-negative cases have been reported.17,20 At present,
serial amniocenteses for �OD450 assessment should be
considered in fetuses greater than 35 weeks’ gestation

and in those who have received three or more in utero
transfusions. The use of amniocentesis after 35 weeks’
gestation also allows for concomittant fetal lung matu-
rity testing, which can impact the timing of delivery.

The predictive accuracy of middle cerebral artery
peak systolic velocity Doppler in fetuses with compro-
mised left-sided cardiac output from structural heart
disease has not yet been established. Anomalies such as
mitral stenosis or hypoplastic left heart syndrome that
compromise left ventricular cardiac output may result
in decreased middle cerebral artery peak systolic velo-
cities. Amniocentesis �OD450 measurements should not
be affected by the presence of congenital heart disease
and may be superior to Doppler in this setting.

Another limitation of middle cerebral artery peak
systolic velocity Doppler occurs in the setting of fetal
hydrops. The middle cerebral artery peak systolic
velocity in hydropic fetuses may be diminished by
compromised cardiac output. In these cases, the fetus
may not be able to maintain adequate cardiac output,
resulting in a lower middle cerebral artery peak sys-
tolic velocity than would be expected for the degree
of anemia. False-negative middle cerebral artery
Dopplers have been previously reported in hydropic
fetuses with severe anemia.17,32

Potential pitfalls in measuring middle
cerebral artery peak systolic velocity
Serial middle cerebral artery peak systolic velocity
Doppler measurements must be conducted in strict
adherence with proper technique as previously dis-
cussed to maintain diagnostic accuracy. Measurements
taken in the distal middle cerebral artery or with an
angle of insonation above 20�� may underestimate the
peak systolic velocity and decrease sensitivity.

Intermittent vascular constriction of the middle
cerebral artery can occur and may explain several
reported cases where an elevated middle cerebral
artery peak systolic velocity measurement has not
been reproducible.17,19

Multiple factors influence fetal cerebral hemo-
dynamics and can influence middle cerebral artery
Doppler studies. Variations in fetal heart rate, both
bradycardia33,34 and tachycardia,35 alter flow through
the middle cerebral artery. Fetal behavioral state
and activity level also result in dynamic changes in
middle cerebral artery perfusion.36 For these reasons,
the middle cerebral artery peak systolic velocity
should be measured during periods of fetal apnea and
when fetal activity is minimal.

Alterations in middle cerebral artery Doppler
waveforms should be anticipated during active labor
and in fetuses with severe intrauterine growth restric-
tion (IUGR). The reliability of middle cerebral artery
peak systolic velocity in detecting anemia during
active labor has not been established, and Yagel et al.
reported a 40% reduction in middle cerebral artery
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blood flow impedence during labor.37 Fetuses with
severe IUGR display similar reductions in cerebral
blood flow impedence independent of hematocrit.38,39

This is likely due to ‘brain-sparing’, which has been
characterized by a decrease in the middle cerebral
artery pulsatility index as a cephalization of blood
flow in response to fetal hypoxemia.39–41

Algorithm for fetal surveillance
using middle cerebral artery
peak systolic velocity
For clinical purposes, a sample algorithm for manage-
ment of suspected fetal anemia using middle cerebral
artery Doppler velocimetry is shown in Figure 47.2
and can be summarized as follows:

Identify pregnancies at risk for fetal anemia such as
patients with prior affected pregnancies, antibody titers
that have reached a critical threshold level, anti-Kell
antibodies, congenital parvovirus, suspected fetomater-
nal hemorrhage (e.g. strongly positive Kleihauer–Betke
test or unexplained elevated maternal serum alpha-
fetoprotein level). Beginning at 18–20 weeks of gesta-
tion, perform weekly sonograms to measure the middle
cerebral artery peak systolic velocity and evaluate for
evidence of fetal hydrops. If the middle cerebral artery
peak systolic velocity is less than 1.5 MoM, then repeat
it weekly for the next 3 weeks. If over that time, the

middle cerebral artery peak systolic velocity remains
stable and is under 1.29 MoM, then it is probably safe
to follow the middle cerebral artery peak systolic veloc-
ities every 10–14 days.

If serial middle cerebral artery peak systolic
velocities remain between 1.29 and 1.5 MoM or are
increasing in MoM values, then repeat the middle
cerebral artery peak systolic velocity measurement
in 7 days or less. If at any time the middle cerebral
artery peak systolic velocity is ≥1.5 MoM, then plan
to repeat the measurement in 12–18 h and plan for
a cordocentesis with preparations for a possible in
utero transfusion at that time.

If there is a sonographic evidence of fetal hydrops,
then plan for a cordocentesis and transfusion even
if the middle cerebral artery peak systolic velocity is
< 1.5 MoM.

Continue to follow at-risk fetuses as outlined
above until the fetus reaches 35 weeks of gestation
or has received three or more in utero transfusions,
then revert back to conventional management by
amniocentesis �OD450 measurements.

Areas for future research with middle
cerebral artery peak systolic velocity
Areas for future research include studies to deter-
mine how well middle cerebral artery Dopplers
predict anemia in fetuses with genetic syndromes

Figure 47.2 Antenatal surveillance for fetal anemia using MCA-PSV. MCA, middle cerebral artery; PSV, peak systolic velocity; US,
ultrasound; MoM, multiples of the median.
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(thrombocytopenia-absent radius, Fanconi syndrome),
hemoglobinopathies (alpha-thalassemia), or viral
infections that can cause a myocarditis as well as an
anemia. There have been case reports of fetuses
with hydrops due to parvovirus B19 that were not
anemic at the time of umbilical cord sampling and
recovered without transfusion.42,43 In these cases,
hydrops may be due to myocarditis caused by the
tropism of parvovirus B19 for myocardial cells.
Perhaps in these cases, middle cerebral artery peak
systolic velocity will prove a valuable modality for
avoiding an unnecessary cordocentesis.

The possibility of measuring middle cerebral
artery peak systolic velocity Dopplers in fetuses with
platelet or neutrophil disorders, such as neonatal
alloimmune thrombocytopenia, should be explored
remembering that the basis for elevated middle
cerebral artery peak systolic velocities is not actual
hematocrit but decreased blood viscosity.

Suspected fetal hemorrhage
Acute or chronic fetomaternal hemorrhage may lead to
anemia, hydrops, and intrauterine death. In suspected
cases, the diagnosis of fetomaternal hemorrhage is typ-
ically made by demonstration of fetal erythrocytes in
maternal circulation by Kleihauer–Betke acid-elution
stain. Measurement of the maternal serum alpha-feto-
protein level may also be useful in cases of suspected
fetomaternal hemorrhage.

As in cases of red blood cell alloimmunization, the
appearance of hydrops in the setting of fetomaternal
hemorrhage remote from term should generally be
treated with intrauterine transfusion as these fetuses
are at risk for in utero demise.44–46 Based on limited
data, it appears that middle cerebral artery peak sys-
tolic velocities may be useful for detection of fetal
anemia in these cases. Baschat et al., in 1998, reported
a case of acute fetomaternal hemorrhage in which the
middle cerebral peak systolic velocity was elevated at
presentation (hematocrit < 11%) and then normalized
after in utero transfusion (hematocrit 27%).47

Some authors have reported that intraplacental
Dopplers may be useful in predicting adverse preg-
nancy outcomes (IUGR, pre-eclampsia) in cases of
fetomaternal hemorrhage. In 1996, Jaffe and Woods
reported results from 32 patients followed due to
abnormal first-trimester Doppler studies. In these
patients, an abnormal ratio of intraplacental resistive

index (RI) to umbilical artery RI (defined as > 1) between
22 and 25 weeks’ gestation was associated with adverse
pregnancy outcomes in 17/21 women compared to 2/11
controls.48 A second study in 1997 by Haberman and
Friedman compared intraplacental pulsatility index (PI)
to umbilical artery PI and reported a higher rate of IUGR
and pre-eclampsia when the intraplacental PI to umbil-
ical artery PI ratio was over 1.49

In rare cases, fetal anemia may be due to fetal intra-
cranial hemorrhage, usually subdural hematomas.50,51

Coagulation deficiencies such as neonatal alloimmune
thrombocytopenia should be suspected when a fetal
intracranial hemorrhage is identified in the absence of
antecedent trauma.52 The reliability of middle cere-
bral artery Doppler assessment in the setting of
intracranial hemorrhage has not been established at
this time.

Summary
The clinical management of fetuses at risk for anemia
is currently evolving. Based on the results of several
prospective trials, the accuracy of middle cerebral
artery peak systolic velocity Doppler has been estab-
lished for the prediction of fetal anemia in cases of
red cell alloimmunization. Limited evidence seems
to support its accuracy in cases of parvovirus B19
infection as well. When conducted in strict adherence
with proper technique, the reliability and accuracy of
middle cerebral artery peak systolic velocity Doppler
is high, and intraobserver variability uniformly low.
In the near future, evidence may support the applica-
tion of middle cerebral artery peak systolic velocity
Doppler to a broad spectrum of conditions that may
cause fetal anemia. At the present time, however,
reliance solely on middle cerebral artery peak systolic
velocity Doppler should be limited to cases where
its accuracy has been established and normal left
ventricular cardiac output preserved. In cases where
the accuracy of middle cerebral artery peak systolic
velocity Doppler has not been established, and in
centers in which middle cerebral artery peak systolic
velocity Dopplers are not performed regularly, simul-
taneous management by conventional amniocentesis
�OD450 measurements should probably be continued.
Exciting research in the field of Doppler velocimetry
is ongoing, and in the near future further advances
in our ability to detect fetal anemia non-invasively are
certain to emerge.
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48 Doppler ultrasound studies of
the fetal pulmonary circulation
D. C. Wood Jr. and J. P. Räsänen

The fetal lungs may be quickly evaluated for size and
function by observation using real-time ultrasound:
there should be adequate amniotic fluid but there
should be no thoracic fluid spaces, cysts or echo dense
areas. The size of the lungs should occupy about
2/3 the area of the thoracic cavity in a transverse
plane at the level of the four-chamber view of the
heart. The heart should have a normal 45° axis from
the sternal/spine axis in the levocardia position and
occupy the other third of the chest cavity. The
pulmonary outflow tract should emerge from the heart
aiming toward the left shoulder and cross anteriorly
over the aortic outflow tract that aims toward the right
shoulder. While these observations of normality in the
first half of the second trimester will typically rule
out most forms of congenital heart disease, pulmonary
obstructions and anomalous venous connections will
typically be missed at anatomic fetal ultrasound. In
the second half of pregnancy, diaphragmatic fetal
breathing movements may reassure the observer of
normal physiologic growth of the lungs, but this does
not rule out lethal pulmonary hypoplasia. However,
changes in lung size and heart position may be signs
of potential neonatal pulmonary hypoplasia and
hypertension problems (Figure 48.1).

The fetal pulmonary circulation consists of the
pulmonary arteries, ductus arteriosus and pulmonary

veins, all of which may be identified with ultrasound
by 16 weeks’ gestation. However, subtle differences
in the circulation of the fetal lungs and the vascular
connections to the heart require interrogations of
the venous and arterial Doppler color and spectral
flow patterns. These investigations may be both
difficult and time consuming because of fetal lie and
movement, maternal habitus and the presence of fetal
breathing and may require an advanced ultrasound
system. It is important to remember that normal
appearing fetal lungs and normal cardiac situs can be
seen with any major structural cardiac abnormality
including pulmonary atresia and totally anomalous
pulmonary venous connection.

Pulmonary angiogenesis
The cardiovascular system is the first organ developed
in the embryonic period: primitive blood vessels are
in place to accommodate the output of the heart,
which begins to beat in the human fetus as early as 19
gestational days. Endothelial cells are the earliest
specialized cells. They form endothelial tubes and
recruit precursors to smooth muscle cells that form the
arteries, arterioles, veins and venules. Proliferation,
migration, matrix production and contractile protein
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Figure 48.1 Four-chamber heart in the transverse thorax view with normal size lungs and diaphragmatic hernia with small lungs.
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expression characterize early circulatory development.1

Vasculogenesis within the primitive lungs may be
considered to be of constant capillary production,
fusion and regression. During the embryonic
period, the lung appears as a ventral diverticulum
of the foregut that becomes separated in a caudo-
cranial direction from the future esophagus by the
laryngyotracheal grooves. By day 26, that developing
bud divides and grows into the surrounding
mesenchyme into right and left lungs.2 Blood is
pumped from the heart into the common truncus
arteriosus which divides into paired right and left
branches which connect to the dorsal aorta via various
arches, most of which will regress and disappear. The
sixth or most proximal arch connection to the distal
aorta is maintained throughout fetal life, typically
on the left side, as the ductus arteriosus. The sixth
arch vessel gives rise to the main branches of the
pulmonary arteries, and, with the helical division of
the truncus and muscular division of the conotruncus,
becomes the main pulmonary artery, the anterior
vessel originating from the right ventricular outflow
tract. At the same time, a bud develops from the dorsal
surface of the sinoatrial part of the heart, which
divides and connects with the pulmonary plexus. As
the atria expand, this single pulmonary vein is carried
into the right atrium but eventually becomes absorbed
into the left atrium as four separate ostia. Therefore,
the pulmonary veins actually drain into the systemic
venous system until about day 30, when they become
the proximal pulmonary veins of the left atrium.
In anomalous migratory patterns, the pulmonary
veins can continue with their connection as a
common venous sack, draining to the ascending vein
of Marshall to the innominate vein to the superior
vena cava, to a connection below the diaphragm to
the hepatic veins, or continue in part or completely
attached to the right atrium or the vena caval
connections to the right atrium.

Pulmonary development in the postembryonic fetus
has been studied extensively in various animal models
and has generally divided into three overlapping
morphological stages: the pseudoglandular lung, the
canalicular lung and the sacular stage of the viable
lung.3 Development of the human pulmonary
vasculature is closely timed to cardiac development. In
the human embryo at 5 weeks, it has been shown that
the upper poles of the right and left lungs are supplied
by primitive pulmonary arteries, which arise from the
sixth aortic arch between the pulmonary trunk and
the dorsal aorta. The lower poles are supplied from the
dorsal aorta via intersegmental arteries that penetrate
through the diaphragm. Anomalous growth at this
connection leads to pulmonary sequestration. As the
branching bronchi develop, so do the aligned
pulmonary veins and arteries.

During the early pseudoglandular period (5–17
weeks), the bronchial system has formed such that at
each airway generation, there is an accompanying

artery, in addition to supernumerary bronchial
arteries which supply the major airways and
pulmonary arteries.4 The lung therefore possesses two
vascular systems: a low pressure pulmonary system
and a high pressure bronchial system. By the end of
the pseudoglandular period, Kitaoka et al. counted 20
generations of airways with their accompanying
arteries; the adult human lung averages 24 genera-
tions.5 During this period, the growth in veins and
arteries is enormous, not in total length or volume,
but in the number of generations.

The canalicular stage (16–26 weeks) represents the
development of the gas exchange tissues. During this
period, pulmonary capillary expansion corresponds
to epithelial cell differentiation that permits the
formation of thin air–blood barriers and surfactant
production. The tremendous growth of the capillary
system into the lung parenchyma gives rise to the
concept of ‘canals’ and gives the lungs a spongy
appearance. Arteries and veins develop both in length
and diameter as they follow the growth of the
preacinar airways.

The saccular stage of lung development (24 weeks to
birth) is demarcated by the expansion of the alveolar
spaces. The interstitium between the airspaces contain
the capillary system and the development of a network
of elastic fibers where the postnatal interalveolar
wall will be located. The arterial pathways increase
in length and diameter. It has been shown that the
diameter of the artery is a function of the distance
from the previous branching such that the diameters
are constant at a given distance from the end of the
alveolar tree.6 Arterial growth is faster centrally than
in the periphery. Distally, the number of additional
branches grows exponentially. The intrapulmonary
veins begin to grow the circular muscular layer of
mature vessels during the saccular period. The
function of the lung tissue changes dramatically
with birth but the structure is not radically altered
(Figure 48.2).

560 Doppler ultrasound studies of the fetal pulmonary circulation

Figure 48.2 Color Doppler image of pulmonary vascularity.
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Pulmonary vascular resistance
(impedance)

Fetal pulmonary arterial vascular impedance decreases
significantly during the second half of pregnancy. The
linear decrease in the vascular impedance during the
second trimester and in the beginning of the third
trimester may be related to the growth of the lung and
to the increase in the number of resistance vessels.
During the latter part of the third trimester pulmonary
vascular impedance does not decrease further. In a
cross-sectional study of 100 uncomplicated singleton
pregnancies we evaluated human fetal pulmonary
blood flow by Doppler techniques to analyze the
relationships between proximal and distal pulmonary
arterial blood velocity waveforms and to determine
normal pulmonary arterial vascular impedance and
physiologic parameters in proximal and distal branch
pulmonary arteries. We found that high resistance, high
pressure and low blood flow characterize the fetal
pulmonary circulation throughout pregnancy.7

Using color Doppler to identify and align the vessel
in a position parallel to the pulsed Doppler beam, a
narrow sample volume was placed into the proximal
part of the branch pulmonary artery immediately
after the bifurcation of the main pulmonary artery.
Using color Doppler guidance in a high resolution
magnification imaging mode, distal pulmonary
arteries beyond the first bifurcation of the branch
pulmonary artery were identified and waveforms
were obtained during fetal apnea and in the absence
of fetal body movements (Figure 48.3). Waveforms
were also measured at the aortic and pulmonary valve
levels and at the ductus arteriosus. Proximal left and
right pulmonary artery diameters were measured from
captured real-time images. In each fetus, a sagittal
section right lung length was measured from the tip of
the apex to the base of the lung on the dome of the

diaphragm during fetal apnea, as described by Roberts
and Mitchell.8 Proximal right pulmonary artery
Doppler measurements were obtained successfully
in 98% of cases and proximal left pulmonary artery
Doppler measurements in 96% of cases, respectively.
In the distal pulmonary artery, success rate on the
right side was 88% and on the left side 94%.

During the second half of pregnancy the pulsatility
index (PI) values in both proximal and distal left and
right pulmonary arteries decreased and the systolic
peak velocities and time to peak velocity (TTP)
intervals increased significantly. In the proximal
branch pulmonary arteries, a near linear decrease in
the PI values was detected until 34–35 weeks of
gestation, while in the distal pulmonary arteries, after
31 weeks of gestation there was no significant decrease
in the PI-value. Respectively, peak systolic velocities in
the proximal branch pulmonary arteries increased in
a linear fashion until 30 weeks of gestation and
remained unchanged until term. Proximal and distal
pulmonary arterial TTP-intervals were significantly
shorter at 18–22 weeks of gestation and at term (36–40
weeks) than at the pulmonary valve. The TTP-interval
at the ductus arteriosus was shown to be significantly
longer than at the pulmonary or aortic valves. TTP-
intervals at the aortic valve were significantly longer
than at the pulmonary valve. In this study popula-
tion, the fetal heart rate did not change significantly
during the second half of pregnancy. There were no
significant differences in PI values, peak systolic
velocities, TTP-intervals or pulmonary artery
diameters between right and left proximal and distal
pulmonary arteries. Both proximal right and left
pulmonary arterial diameters, as well as the right lung
length, increased significantly during the second half
of pregnancy, demonstrating a 2.5-fold increase in
their respective measurements.

In the proximal pulmonary arteries the PI-values
and peak systolic velocities were significantly higher

Pulmonary vascular resistance (impedance) 561

Figure 48.3 Site of pulmonary Doppler imaging.
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and TTP-intervals were significantly longer when
compared with the distal pulmonary arteries. The
ratio between the peak systolic velocities in proximal
and distal pulmonary arteries decreased significantly
with advancing gestational age. However, the ratio
between the proximal and distal branch pulmonary
artery PI values did not vary significantly during
the study period. This study demonstrated that
ultrasound techniques may be used to evaluate human
fetal pulmonary circulation as early as 18 weeks of
gestation.

The shape of the proximal branch pulmonary
arterial Doppler velocity waveform profile is unique in
the fetal circulation (Figure 48.4). It is characterized by
rapid initial flow acceleration followed by a very early
and rapid deceleration phase, producing a needle-
like systolic peak followed by a short, but relatively
stable systolic flow segment culminating in a gradual
decay in systolic flow. At the beginning of diastole,
proximal branch pulmonary artery blood flow patterns
demonstrate a short reverse flow interval following
either no or a small amount of diastolic flow. The fetal
branch pulmonary artery Doppler tracing is similar to
that obtained by direct invasive blood flow recordings
in fetal lambs.9 Fetal growth during the second half of
pregnancy is characterized by a 2.5-fold increase in the
lung length, as well as in the diameters of proximal
pulmonary arteries. The significant decrease in the PI
values in both proximal and distal pulmonary arteries
during the study period suggests a significant decrease
in the pulmonary vascular impedance. There is no
difference in changes in the pulmonary vascular
impedance between the right and left lungs during the
second half of pregnancy.

The PI patterns in the distal and proximal
pulmonary arteries during the second half of
pregnancy are different. In the distal pulmonary
arteries the decrease in the PI values reaches the
plateau stage around 31 weeks of gestation, while in
the proximal pulmonary arteries the PI values
decrease in a linear fashion until 34–35 weeks of
gestation. In fetal lambs, a 40-fold increase in the total
number of the fifth and sixth generation vessels and a

fourfold increase in the lung weight characterize the
latter part of gestation.10 The medial width of these
vessels remains unchanged throughout the gestation.
In our study, distal pulmonary arteries represent at
least the third generation vessels, and in these
segments, the linearly decreasing vascular impedance
during the latter part of the second trimester
represents the increase in the number of resistance
vessels. The vascular impedance does not decrease
markedly during the third trimester of pregnancy.

It is assumed that the phenomenon of wave
reflection in a vascular bed is closely related to
impedance. From the heart to the periphery, the
pulsatility of pressure waves progressively increases
while the flow velocity waves decline. This explains
the difference between the proximal and distal branch
pulmonary artery PI values. The forward propagating
waves of pressure and flow demonstrate the same
configuration, but after wave reflection, the retrograde
flow waves are inverted, while the retrograde pressure
waves are not. Wave reflections occur mainly in arterial
system at the level of arterial–arteriolar junctions.11

Vasodilatation decreases the wave reflection and
impedance while increasing flow.12 The changes in
the branch pulmonary arterial vascular impedance are
similar to changes in the fetoplacental vascular
impedance during the same pregnancy period. The
continuing angiogenesis in both the fetoplacental unit
and fetal lung causes diminished wave reflections
associated with progressively declining vascular
impedance. If the angiogenesis or angiomorphology is
abnormal in the fetoplacental unit this vascular
pathology results in increased vascular impedance
associated with enhanced wave reflections (increased
systolic to diastolic ratio).13 We speculate that the
failure of angiogenesis in fetal lungs could cause
similar changes in vascular impedance, increasing the
pulsatility of the Doppler waveform. The plateau
stage, especially in the distal pulmonary artery
vascular impedance during the third trimester, could
be explained by acquired vasoconstriction in the
pulmonary circulation, even though the number of
resistance vessels is increasing in a linear fashion
during this period according to animal studies.14

However, other factors affect the regulation of the
pulmonary circulation. For example, prostaglandin I2
production is increased after lung distention,
distortion or spontaneous ventilation of fetal lungs
without changes in O2 environment producing
pulmonary vasodilatation.15

The changes in the peak systolic velocities
support the concept that during the last trimester, the
decrease in pulmonary vascular impedance reaches
the plateau stage. Fetal lamb studies have revealed
that an increase in the pulmonary vascular resistance
due to hypoxia reduces the magnitude and duration
of the forward flow in pulmonary arteries, while
acetylcholine, which is a potent pulmonary vaso-
dilator, produces a marked increase in the magnitude
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Figure 48.4 Distal pulmonary artery waveforms.
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and duration of systolic flow and reduces or eliminates
backflow.16 However, peak systolic velocities are not
only affected by changes in afterload or vascular
impedance, but also by fetal cardiac contractility, com-
pliance, size of the vessels, and the distance between
the point of measurement and the fetal heart will affect
peak systolic velocities.

TTP-intervals increased significantly from 18 to
22 weeks of gestation to term in all the vessels
examined, while the fetal heart rate was unchanged.
At the pulmonary valve level the TTP-interval was
significantly longer than in the proximal and distal
pulmonary arteries and significantly shorter than in
the aortic valve level and ductus arteriosus. These
findings are partially in agreement with Machado
et al., concerning difference between aortic and
pulmonary TTP-intervals17 and with Choi et al. and
Hata et al. demonstrating significant increases in
aortic, pulmonary and ductal TTP-intervals with
increasing gestation.18,19 Invasive animal studies have
shown significant increase in both mean systemic and
pulmonary arterial pressures with advancing
gestation. Mean pulmonary arterial pressure is higher
than mean systemic pressure throughout gestation.20

These findings parallel significant increases in
cardiac output, peak systolic velocities, vessel size
and by significant decrease in the placental vascular
impedance. The difference in the mean arterial
pressures and TTP-intervals may therefore be
explained by the differences in end organ impedance:
the placenta for the systemic circulation and the lung
parenchyma for the pulmonary circulation. There is a
structural obstruction in the ductus arteriosus that
accelerates outflow into the descending aorta and
increase the PI above that of the main pulmonary
artery.21 We speculate that during the latter part of the
second trimester and in the beginning of the third
trimester, the decrease in the vascular impedance may
be related to the growth of the lung and especially to
the increase in the number of resistance vessels.

During the latter part of the third trimester, the
pulmonary vascular impedance does not decrease
further.

Pulmonary blood flow effects on
fetal combined cardiac output
The human fetal pulmonary circulation has an
important role in the distribution of the cardiac
output.22 The latter part of the second and the
beginning of the third trimester is characterized by a
decrease in the pulmonary vascular resistance and an
increase in the proportion of pulmonary blood flow of
the fetal combined cardiac output. This proportion is
higher in human fetuses than suggested by previous
animal studies. The proportion of blood flow across
the foramen ovale decreases. Later during the last
trimester, the pulmonary vascular resistance increases
again. The proportion of pulmonary blood flow of
the fetal combined cardiac output remains about
20% during this period, and is proportionate to that
of the foramen ovale blood flow. Right ventricular
dominance persists and even increases towards the
end of pregnancy (Figure 48.5).

We studied 63 normal singleton fetuses in uncompli-
cated pregnancies referred for fetal echocardiography
in a cross-sectional manner between 19 and 39 weeks
of gestation (median 28 weeks) to establish the
relative outputs of the left and right ventricles. The
normal distribution of human fetal combined cardiac
output from the left and right ventricles was
determined and the weight-indexed pulmonary (Rpi)
and systemic (Rsi) vascular resistances and the
changes during the second half of pregnancy were
established.

Volumetric blood flow was calculated by using
the formula: Q �fetal heart rate ×valve area ×time
velocity integral. Left ventricular cardiac output
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Figure 48.5 Distribution of fetal cardiac output.
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(LVCO) equals the blood flow through the aortic
valve. Right ventricular cardiac output (RVCO) equals
the blood flow through the pulmonary valve.
Combined cardiac output (CCO) is the sum of LVCO
and RVCO. Total pulmonary artery blood flow (QP)
was calculated by combining right and left pulmonary
artery blood flows. We calculated blood flows across
the aortic and pulmonary valve annuli, right and left
pulmonary arteries and ductus arteriosus. Foramen
ovale blood flow was estimated by the formula
QFO�LVCO −QP.

Biometric weight-indexed pulmonary and systemic
vascular resistances were calculated by using the
formula: Ri�P/Qi, where P is the blood pressure
(mmHg) and Qi is the weight indexed volume blood
flow (ml/min/kg). These indexes were analyzed at 20,
30 and 38 weeks of gestation. Systemic blood flow
(QSi) was calculated by pulmonary volume blood flow
from CCO. The mean transpulmonary pressure
gradient was assumed to be equal to mean systemic
blood pressure. At 20 weeks of gestation human fetal
blood pressure is about 30–35 mmHg.23 At 30 and 38
weeks of gestation fetal blood pressure values were
assumed from values in newborns at the same
gestational age.24

From 20 to 30 weeks of gestation the proportion of
pulmonary blood flow (QP) of the CCO doubled (from
13 to 25%), while the proportion of flow across the
foramen ovale (QFO) decreased by half (from 34 to
18%). After 30 weeks of gestation the proportions of
QP and QFO remained unchanged. At 38 weeks of
gestation, the proportion of RVCO (60%) was higher
than that of LVCO (40%). The proportion of flow
across the ductus arteriosus (QDA) did not change
significantly. The correlation between RVCO
calculated from blood flow across the pulmonary
valve to the combined QDA and QP was excellent. RPi
decreased from 20 to 30 weeks of gestation but
increased from 30 to 38 weeks of gestation. However,
RSi continuously increased from 20 to 38 weeks of
gestation. Thus, the RPi/RSi decreased from 20 to 30
weeks of gestation and later remained unchanged.

The area and TVI of aortic and pulmonary valves,
ductus arteriosus and branch pulmonary arteries
increased significantly with advancing gestational age
as did right and left ventricular stroke volumes.
RVSV/LVSV ratio was greater at term of pregnancy
than at 20 weeks of gestation. Fetal CCO, RVCO and
LVCO increased more than 10-fold from 20 weeks to
term, and QDA, QFO and QP also increased significantly
with advancing gestation. The PV area, RVSV and
RVCO were greater than AV area, LVSV and LVCO.
The ratio between diameters of the pulmonary valve
and the ductus arteriosus increased significantly from
20 weeks of gestation toward the term of pregnancy.
The DA area was always greater than LPA or RPA area,
but the ratio of LPA or RPA to DA area increased
significantly with advancing gestation. There were no
significant differences in the area, TVI or volume

blood flow between right and left pulmonary arteries.
The proportions of QP and QFO of the CCO remained
unchanged from 30 to 38 weeks of gestation.

During the third trimester, the proportion of QP of
the LVCO is about 50% suggesting that the QP con-
tribution to the LVCO increases with advancing
gestation. These measurements concur with previously
published estimates.25 Our results show that the
proportion of QP of the human fetal CCO is clearly
higher than suggested in previously published animal
studies, where the proportion of QP of the CCO was
estimated at less than 10%.26,27

Volume blood flow across the FO is very difficult to
assess directly. The cross-sectional area of the FO is
difficult to calculate accurately because of the shape
and relative size and position of the flap tissue of the
septum primum and the fact that the blood velocity
waveform is multiphasic during the cardiac cycle.28

However, our measurements correlated with
published diameters of the FO and showed linear
increase with advancing gestation.29 In our study, the
QFO increased fourfold, but its proportion of the CCO
decreased by half from 20 weeks to term. At 20 weeks
of gestation it represents about 73% of the LVCO, but
after 30 weeks of gestation its proportion has
decreased to about 50% of the LVCO. In the human
fetus, the QFO has an important role, because highly
oxygenated blood returning from the placenta is
directed via the ductus venosus across the FO to the
left atrium.30 Thus the most oxygenated blood from
the placenta is supplied to the fetal coronary and
cerebral circulations. Our findings suggest that during
the third trimester, the FO becomes relatively
restrictive and therefore unable to increase its
proportion of the CCO. This supports proportional
right ventricular dominance in the human fetus
during the last trimester of pregnancy. After 20 weeks
of gestation, the right ventricular output becomes
dominant. At 38 weeks of gestation RVCO (60%)
significantly exceeds LVCO (40%) as a proportion of
the CCO, which may explain the appearance of
relative RV > LV disproportion seen in late third-
trimester fetuses.

Effects of indomethacin treatment on
pulmonary circulation
Maternally administered indomethacin used as
tocolysis is transferred across the placenta to the
fetus.31 Maternal and fetal serum levels of indo-
methacin are identical after few hours of maternal oral
administration of indomethacin.32 Indomethacin is
known to reduce fetal urine output leading to
decreased amniotic fluid volume.33 Another well-
known effect of indomethacin on the fetus is the
constriction or even occlusion of the ductus
arteriosus.34 It is evident that the prevalence of
indomethacin-induced fetal ductal constriction
increases with advancing gestational age.35,36 These
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fetal side effects of indomethacin are usually
reversible after either reducing the indomethacin dose
or stopping the indomethacin therapy.37 Maternal
indomethacin therapy affects human fetal pulmonary
arterial vascular impedance.38

In a cross-sectional study, we compared Doppler
echocardiographic findings in three groups of fetuses
between 24 and 34 weeks of gestation. Fifty-two
normal fetuses were without maternal medication,
while 33 fetuses without constriction of the ductus
arteriosus, 15 fetuses with mild to moderate and 8
fetuses with severe ductal constriction occlusion
during maternal indomethacin therapy. The indication
for maternal indomethacin therapy was preterm labor;
the daily indomethacin dose varied between 50 and
200 mg. Blood velocity waveforms across the ductus,
aortic and pulmonary valves, and proximal right or left
pulmonary artery were obtained. The constriction of
the ductus arteriosus was defined as mild to moderate
when the pulsatility index of the ductus arteriosus
varied between 1.0 and 1.9. The ductal constriction
was defined as severe if the PI value was less than 1.0.
During the second half of pregnancy normal values for
the PI of the ductus arteriosus are between 1.9 and
3.0.39 Occlusion of the fetal ductus arteriosus was
diagnosed when no blood flow across the ductus
arteriosus could be identified by color, continuous or
pulsed Doppler techniques but tricuspid regurgitation
was identified (Figure 48.6).

Pulsatility indices were measured in the peripheral
pulmonary arteries and left and right ventricular
outflows. Combined cardiac outputs were calculated.
The pulsatility of the peripheral pulmonary arteries
was constantly greater in the indomethacin fetuses
than in the control group. After 26 weeks gestation,
the values in the mild to moderate group were
significantly higher than in the control group. In the
study groups I and II, LVCO, RVCO and CCO were
similar to the control group. In the study group III,
RVCO and CCO were lower than in the control group.
Only LVCO did not differ from the control group.
Human fetal pulmonary arterial vascular impedance
is increased by maternal indomethacin therapy even
without ductal constriction. In the presence of mild to
moderate DC the magnitude of the increase in the

vascular impedance is related to the gestational age.
In the group with severe ductal constriction or
occlusion of DA pulmonary vascular impedance is
similar to the control group. In this group, decreased
RVCO and CCO without significantly increased LVCO
show that these fetuses were unable to redistribute
the cardiac output from the right to the left ventricle.
Interestingly, the newborns with ductal occlusion in
utero did not show any signs of pulmonary hyper-
tension during the neonatal period.

Prostaglandins are potent vasoactive substances,
which have a role in the pulmonary vascular changes
occurring after birth. Prostaglandins D2, E1 and I2
have been shown to be fetal pulmonary vasodilators
in near term animal models.40 Indomethacin, which
is a prostaglandin synthetase inhibitor, may affect
fetal pulmonary function by decreasing lung liquid
production and altering pulmonary hemodynamics.
During rhythmic distention of the lungs in the fetal
lambs, prostaglandin synthetase inhibitors have
been demonstrated to abolish the fourfold decrease
in pulmonary vascular resistance seen without
prostaglandin inhibitors.41,42 However, indomethacin
has not been shown to change the pulmonary
vascular response to increased oxygen tension in fetal
lambs.43 In the presence of indomethacin-induced
ductal constriction in fetal lambs, the smooth muscle
has been found to be significantly increased and
the external diameter decreased in the fifth genera-
tion resistance vessels in the lung tissue compared
to control fetuses.44 Also, in fetal lambs the acute
mechanically induced occlusion of the ductus
arteriosus decreases the total fetal cardiac output by
about 34%.45 We have earlier demonstrated that
pulmonary vascular impedance decreases signifi-
cantly during the second half of pregnancy until
34–35 weeks of gestation and thereafter it remains
unchanged. Likewise, weight-indexed pulmonary
vascular resistance decreases significantly from 20 to
30 weeks of gestation and increases again from 30 to
38 weeks of gestation.22

Maternal indomethacin therapy without constriction
of the fetal ductus arteriosus is associated with higher
PI values in the branch pulmonary arteries than in
the control fetuses. This finding suggests that prosta-
glandins have a role in the regulation of the human
fetal pulmonary circulation. In fetuses with mild to
moderate ductal constriction, the PI values were higher
and the average weekly change in the PI values was
significantly different from the control group. This
suggests that after 27–28 weeks of gestation the human
fetus is able to regulate branch pulmonary arterial
vascular tone in response to increased pulmonary
arterial pressure. In the group with severe constriction
or occlusion of the ductus arteriosus the PI values of
the branch pulmonary arteries were not different from
the control group showing that further increase in the
pulmonary arterial pressure overcomes the regulatory
capacity of the pulmonary circulation. In these fetuses
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Figure 48.6 Ductal constriction with high velocity and
increased diastolic flow.
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right ventricular and combined cardiac outputs were
less than in the control group, while the left ventricular
cardiac output remained similar to the control group
demonstrating that these fetuses were not able to
redistribute the cardiac output from the right to the left
ventricle.

The effects of right ventricular loading
conditions on pulmonary circulation
The equation for ventricular ejection force estimates
the energy transferred from the ventricular myocardial
shortening to work done by accelerating blood into
the circulation. This information can be used for
the assessment of the ventricular systolic function.
Ventricular ejection force does not require estima-
tion of ventricular volumes and is independent of
ventricular configuration. Newton’s second law of
motion defines force as the product of mass and
acceleration: force �mass×acceleration. The mass of
blood accelerated across the aortic and pulmonary
valves over a time interval is calculated by multiplying
the density of blood, which is 1.055, with the cross-
sectional area (CSA) and the TVI at the valve. The
acceleration component is calculated by dividing peak
systolic velocity by the time to peak velocity interval.46

Ventricular ejection force (EFo) is calculated by using
the formula: EFo = (1.055 ×CSA ×TVIac) ×(PSV/TTP).
In adults, a close correlation has been found between
the mean left ventricular ejection force and ejection
fraction suggesting that Doppler echocardiography can
be used for the noninvasive assessment of right and
left ventricular performance. The mean left ventricular
ejection force has been shown to be more sensitive for
the diagnosis of mild to moderate left ventricular
systolic dysfunction than the peak aortic blood
velocity or mean acceleration.47

Human fetal right and left ventricular ejection
forces both increase 10-fold during the second half
of gestation.48,49 There is no significant difference
between the right and left ventricular ejection forces
in utero. Right ventricular performance is modified
by abnormal loading conditions: it is increased by
a chronic volume overload and decreased by an
acute pressure overload. These findings demonstrate
that the human fetal right ventricle is able to adapt
its systolic function when it is facing chronically
increased volume load. Pressure overload against
the right ventricle must be dramatically increased as
in severe ductal constriction or occlusion before the
right ventricular ejection force (RVEF) decreases
demonstrating the capability of the right ventricle to
maintain its systolic performance.50 In growth-
retarded fetuses both ventricular ejection forces are
reduced compared to normal fetuses as related to the
severity of fetal compromise. Animal studies have
suggested that early systolic flow is less affected by
changes in afterload and preload than flow during late
systole.51,52

To determine whether abnormal loading conditions
can modify human fetal right ventricular ejection
force, we studied 73 normal fetuses, 27 fetuses with
hypoplastic left heart syndrome, 14 fetuses with
mild to moderate constriction of the ductus arteriosus
and 7 fetuses with severe constriction or occlusion
of the ductus arteriosus. In the normal and ductal
constriction/occlusion groups, blood velocity wave-
forms were recorded at the level of the aortic
and pulmonary valves, and in the group with hypo-
plastic left heart syndrome (HLHS) at the level of the
pulmonary valve. The ventricular ejection forces
were calculated. In the HLHS group, seven patients
terminated the pregnancy after diagnosis and there
was one stillborn fetus. Except for one newborn, who
had a heart transplant operation, others underwent
three-stage palliative cardiac surgery. All the fetuses
in the HLHS group had a normal karyotype. In the
ductal occlusion or constriction groups there were no
perinatal or neonatal deaths.

In the normal group, right and left ventricular
ejection forces increased and were equal during the
second half of gestation. The average weekly increases
were greater in the hypoplastic left heart syndrome
group than in the normal group. In the group with
mild to moderate ductal constriction, both ventricular
ejection forces were similar to those of the normal
group. The average weekly increase was lower in the
group with severe ductal constriction or occlusion
than in the normal group, but the LVEF did not differ
from that of the normal group. This study showed
that chronic volume overload increases and relatively
acute pressure overload decreases human fetal RVEF.

Increased chronic volume load (HLHS group) was
associated with increased ejection force developed
by the right ventricle. This demonstrates the capacity
of the right ventricle to adapt its systolic performance
and to maintain adequate cardiac output. This also
shows that chronic volume overload the right
ventricular ejection force rises with other parameters
of ventricular size, i.e. mass, end-diastolic volume
and stroke volume. In fetuses with anemia due to red
cell alloimmunization, intravascular transfusion,
which represents acute volume overload transiently,
decreases fetal cardiac output with a recovery to
baseline levels by the day following the correction of
the anemia.53,54 It has been proposed that relative
hyperviscosity secondary to the acute correction of
anemia during the transfusion increases the afterload.
The transient decrease in the cardiac output could also
represent the time period needed for the adaptation of
the ventricles to the acute volume overload.

Severe ductal constriction or occlusion signifi-
cantly decreased right ventricular ejection force,
possibly because of tricuspid regurgitation in this
group. However, right ventricular ejection force
was similar in fetuses with holosystolic tricuspid
regurgitation to those without tricuspid regurgitation.
Rizzo et al.55 showed that in fetal intrauterine growth
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restriction secondary to uteroplacental insufficiency,
both ventricular ejection forces were symmetrically
decreased. A direct relationship was present between
ejection force and umbilical vein pH values, suggest-
ing that decreased ejection force was primarily caused
by myocardial dysfunction. In ductal constriction or
occlusion groups, there were no signs of placental
insufficiency and the growth of the fetuses was
appropriate for gestational age in all cases. Also during
fetal ductal constriction the umbilical artery PI is
similar to or even significantly less than without con-
striction suggesting that fetal ductal constriction and
indomethacin therapy itself are not detrimentally
affecting placental impedance.56,57 It seems that the
human fetus with normal placental function is able
to maintain right ventricular ejection force develop-
ment until there is a dramatic increase in the right
ventricular afterload. This demonstrates the capability
of the right ventricle to maintain its systolic function,
which seems to be disturbed only after the pulmonary
artery diastolic pressure is significantly increased. We
believe that in cases of severe ductal constriction or
occlusion, which develops in a short time interval, the
right ventricular systolic pressure is increased without
myocardial hypertrophy leading to increased systolic
wall tension and myocardial oxygen consumption.
During that period, the FO becomes relatively restrictive
because its fixed dimension and ability to increase
blood flow is limited, which results in a decreased
combined cardiac output.

Effects of maternally administered oxygen on fetal
pulmonary circulation
Maternal hyperoxygenation decreases human fetal
pulmonary arterial vascular impedance and increases
pulmonary blood flow between 31 and 36 weeks of
gestation. Earlier in pregnancy, between 20 and 26
weeks of gestation, maternal hyperoxygenation does
not alter human fetal pulmonary circulation. These
findings show that the reactivity of the human fetal
pulmonary circulation to oxygen develops between
these two study periods and oxygen tension in the
fetus has a role in the regulation of the fetal
pulmonary circulation. Fetal oxygen tension has a
role in the regulation of the pulmonary circulation
and in the distribution of fetal cardiac output during
the latter part of the third trimester when the human
fetal pulmonary arterial bed is under acquired
vasoconstriction, directing right ventricular cardiac
output from the pulmonary circulation to the
systemic circulation. Maternal hyperoxygenation, at
least after 31–36 weeks of gestation, mimics the
changes in the fetal central hemodynamics, which
occur after birth.58

To determine the role of oxygen tension on the
human fetal pulmonary arterial circulation during the
second half of gestation we studied 20 women
between 20 and 26 weeks of gestation and 20 women

between 31 and 36 weeks of gestation with normal
singleton pregnancies. They were randomized to
receive either 60% humidified oxygen or medical
compressed air (room air) by face mask. Fetal aortic
and pulmonary valve, ductus arteriosus, and right,
left and distal pulmonary artery blood velocity
waveforms were obtained by Doppler ultrasound
before, during and after maternal administration of
either 60% oxygen or room air. Left and right
ventricular cardiac outputs, and DA (QDA), RPA and
LPA (QP) volume blood flows were calculated.
Foramen ovale blood flow was estimated. PI values of
DA, RPA, LPA and DPA were calculated. Maternal
hyperoxygenation did not change any of the measured
fetal parameters between 20 and 26 weeks, while
between 31 and 36 weeks the PI values of RPA, LPA
and DPA decreased and the PI of DA increased. QP
increased, and QDA and QFO decreased. LVCO and
RVCO were unchanged. All changes returned to
baseline after maternal hyperoxygenation were dis-
continued. Reactivity of the human fetal pulmonary
circulation to maternal hyperoxygenation increases
with advancing gestation.

The mean increase in the QP was 24.5% and the
mean decrease in the QDA was 17.1% from the
baseline values. One fetus at 36 weeks of gestation
developed a reversal of diastolic blood flow in the DA
during maternal hyperoxygenation (from the aorta to
the pulmonary artery). The estimated QFO remained
stable in groups 1, 2 and 4 during the study period
whereas maternal hyperoxygenation after 30 weeks
gestation decreased foramen ovale blood flow
significantly. The FO blood flow decreases because
the pulmonary volume blood flow increases signifi-
cantly without any change in the LVCO. In fetal
lambs, the FO blood flow decreases by an average of
50% during maternal hyperbaric oxygenation at near
term gestation.59 Both distal and proximal pulmonary
arteries showed a similar decrease in the PI values
during maternal hyperoxygenation suggesting that
both sampling sites gave the same information about
the pulmonary vascular reactivity.

This study supports the concept that in the
human fetus the reactivity of the pulmonary arterial
bed to changes in the fetal oxygen tension develops
after 21–26 weeks of gestation and is detectable
by noninvasive Doppler ultrasound techniques
between 31 and 36 weeks of gestation. This suggest
that human fetal pulmonary circulation is under
acquired vasoconstriction at least after 31–36 weeks
of gestation with blood flow directed from the
pulmonary circulation to the systemic circulation.
The reactivity of the pulmonary arterial circulation to
oxygen with advancing gestation has been explained
by an increasing amount of smooth muscle in small
pulmonary arteries.14 The decrease in the pulmonary
vascular resistance is mainly caused by the release
of endothelium derived nitric oxide, which leads to
vasodilatation of the pulmonary arterial bed.60,61
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The decrease in the pulmonary vascular
impedance and the increase in the pulmonary blood
flow by maternal hyperoxygenation between 31 and
36 weeks of gestation were accompanied by opposite
changes in the fetal ductus arteriosus. The decrease in
the DA PI has been associated with the constriction of
the DA and the increase in the DA PI has been found
in the cases with increased right ventricular cardiac
output.39 This study shows that the changes in the
DA PI may also reflect fetal pulmonary vascular
impedance. The decrease in the pulmonary vascular
impedance directs blood flow from the systemic
circulation to the pulmonary circulation. This mainly
affects the diastolic flow component in the DA by
decreasing it or even reversing the direction of the
blood flow during diastole. This leads to increased PI
in the DA, because the end-diastolic velocity and the
mean velocity during the cardiac cycle decrease. In
normal circumstances, the direction of the blood flow
in the human fetal DA during the diastole is from the
pulmonary artery to the aorta. This study supports
previous animal data that the increase in the
pulmonary blood flow and the decrease in the
pulmonary vascular impedance during maternal
hyperoxygenation are not caused by the constriction
of the ductus arteriosus.7,27,62 In the presence of the
ductal constriction peak systolic, end-diastolic and
mean velocities across the ductus arteriosus are
increased in the human fetus leading to decreased PI
value. These findings agree with those of Burchell
et al. where children and adults with patent ductus
arteriosus and pulmonary hypertension when breathing
of a low oxygen mixture either initiated or increased
the blood flow from the pulmonary artery to the aorta
whereas the breathing of 100% oxygen caused
opposite changes.63

Pulmonary hypoplasia
Pulmonary hypoplasia is a term that describes
lungs that are sufficiently small enough to impede
the exchange of respiratory gases leading to severe
neonatal pulmonary disease or death.64 It occurs
secondarily to other fetal anomalies that restrict
volumetric lung expansion. It can be associated with
mediastinal shift or cardiac malposition. However,
pulmonary hypoplasia is different from pulmonary
agenesis where there is complete absence of a lung
and from pulmonary aplasia where there is absence
of a broncus or bronchiolar pathway as survival is
likely with either of those two malformations. As
gas exchange does not occur in the fetal lung, it is
difficult to prove that fetal lungs may be functionally
hypoplastic. Pulmonary hypoplasia is defined as
incomplete or underdevelopment of lung tissue
present at autopsy as determined by the wet lung
to body weight ratio, reduced alveoli count or by
reduced lung DNA content.65 Fetal detection of

pulmonary hypoplasia is based on ultrasound
imaging techniques based on a reduced chest size for
gestational age. The thoracic to abdominal ratio of
0.89 is relatively constant throughout gestation and a
ratio of less than 0.77 is consistent with pulmonary
hypoplasia.66

The association between pulmonary hypoplasia
and reduced amniotic fluid volume was first observed
in infants with bilateral renal agenesis.67 Abnorma-
lities that result in olighydramnios include renal
agenesis, renal dysplasia and those that restrict
urinary flow into the amniotic sac. Urethral atresia
or stenosis, urethral valve and bladder outlet obstruc-
tions also restrict urinary flow. In pregnancies with
prolonged leakage of amniotic fluid or premature
rupture of the membranes may also be subject to
pulmonary hypoplasia. With these conditions, it has
been proposed that compression or forced flexion
of the fetal trunk secondary to restricted movement.68

It has been shown that fetal lung expansion becomes
restricted within 48h of diminution of amniotic fluid
but that process may be reversed by amnioinfusion.69

A reduction in fetal breathing patterns in patients
with reduced amniotic fluid may also contribute to
pulmonary hypoplasia, although there are conflicting
reports.70–72

Fluid in the fetal thorax either as primary
hydrothorax or from hydrops fetalis is one of the most
common causes of pulmonary hypoplasia with overall
mortality reported at over 50%.73 If fluid is drained
from the chest in fetal hydrothorax by catheter or
needle aspiration, lung growth may be restored.74 Other
‘space occupying lesions’ of the fetal thorax include
cardiomegaly (mitral valve insufficiency associated
with giant left atrium and aortic stenosis, Ebstein’s
anomaly of the tricuspid valve and tricuspid valve
dysplasia), pericardial effusion and neuroblastoma.

The incidence of congenital diaphragmatic hernia
is estimated at 1 in 3000–5000 births. As a result of
incomplete closure of the pleuroperitaneal membranes,
the abdominal contents may enter the thorax and
result in a mediastinal shift. This may effect the
growth of the effected side and the contralateral lung,
and may cause esophageal obstruction resulting in
polyhydramnios. Postnatal survival is approximately
50% depending upon the degree of pulmonary
hypoplasia.75 In the absence of a congenital closure
defect, the diaphragm may be affected by abnormal
development of function as in phrenic nerve agenesis
and Pena–Shokeir syndrome leading to an elevation
or eventration of the dome of the diaphragm.76 Central
neural defects that as associated with absent fetal
breathing movements may also lead to pulmonary
hypoplasia including anencephaly, microcephaly and
encephalocele.77

Congenital cystic adenomatoid malformation (CCAM)
of the lung is a failure of maturation of certain
bronchial structures during the pseudoglandular stage
of development. The lesion is typically unilobar and
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consists of cystic areas that may be identified on
ultrasound. Type I lesions have a single or multiple
large cysts and represent 50% of CCAMs. Type II has
multiple smaller cysts and may be associated with
gastrointestinal or renal anomalies. Type III lesions are
large with cysts often too small to measure and carry a
poor prognosis. When associated with developing
hydrops fetalis, preterm surgical intervention has been
offered.78

Pulmonary hypoplasia is also associated with
skeletal dysplasias because of a narrowed or
constricted fetal thorax.79,80 These anomalies may
include Jeunes syndrome (asphyxiating thoracic
dystrophy), achondrogenesis, achondroplasia, osteo-
genesis imperfecta, thanatophoric dwarfism and
hypophosphasia. Ultrasound measurements of fetal
lung or chest size as a ratio to normal gestational
biometric measurements have been advanced as
predictors of pulmonary hypoplasia.81–84 Yoshimura
et al. analyzed several methods of prediction for
fetal lung hypoplasia, concluding that the lung area
against gestational age and the ratio of the thoracic
circumference to the abdominal circumference were
the most clinically useful.85 Recently, estimates of
lung volumes from three-dimensional ultrasound
have been used in an attempt to estimate lung
maturity and predict hypoplasia.86–89 We and others
believe that a method that evaluates function as well
as relative size may prove to be a more reliable
predictor of post natal pulmonary dysfunction from
pulmonary hypoplasia. Pulmonary blood flow
parameters may be measured by the methods
previously mentioned. We have seen in the fetus later
found to have lethal pulmonary hypoplasia that the
proximal and distal pulmonary artery flow patterns
are reduced in peak velocity while pulsatility indices
are increased. Those patients with space occupying
lesions such as diaphragmatic hernias may have a
blunted or no response to a maternal hyperoxia test
after 32 weeks gestation.90 One of the more easily
obtained waveform patterns recorded during these
studies has been the proximal pulmonary venous
flow, which normally increases significantly with
maternal hyperoxia. Mitchell et al. showed a high
resistance pattern quite different from that of normal
fetuses in the peripheral pulmonary arteries in 10
fetuses with bilateral multicystic dysplastic kidney
disease all of whom died from associated pulmonary
hypoplasia.91 Yoshimura et al. made similar observa-
tions in the proximal pulmonary artery flow patterns
with lethal pulmonary hyperplasia in hydrops
fetalis, thanatophoric dwarfs and Potter syndrome.92

Roth et al. have found an association with lethal
pulmonary hypoplasia with the lack of pulmonary
artery flow patterns with power color Doppler
techniques.93 Chaoui et al. have shown that abnormal
pulmonary artery flow patterns may be seen as early
as 19–23 weeks gestation in fetuses with lung
hypoplasia.94

A test for the prediction of lethal
pulmonary hypoplasia

To determine the predictive accuracy of our test
for neonatal death from pulmonary hypoplasia, we
measured the Doppler changes in fetal pulmonary
artery blood flow in room air and during maternal
hyperoxygenation. Women carrying fetuses with
those congenital anomalies as illustrated above or
with prolonged olighydramnios often associated with
pulmonary hypoplasia were offered participation in
the study as part of a comprehensive fetal echocar-
diogram. Each fetus at ≤30 weeks gestation had the
Doppler blood flow pattern in the first branch of either
the right or the left pulmonary artery measured before
and again during at least 10 min exposure to maternal
breathing of 60% oxygen by mask. An increase in the
relative fetal pulmonary blood flow with oxygen (a
decrease of at least 25% of the PI) was considered
a reactive test. A change of less than 20% in the flow
pattern during maternal hyperoxygenation was a non-
reactive test and suggested pulmonary hypoplasia.
The primary outcome for this study was neonatal
outcome of death from pulmonary hypoplasia. In the
29 pregnancies that met criteria for our study, 14 fetuses
who had a nonreactive hyperoxygenation test, 11 (79%)
died of pulmonary hypoplasia. Of the 15 that had a
reactive hyperoxygenation test, only 1 (7%) died in
the neonatal period. Sensitivity, specificity, positive,
and negative predictive values were 92%, 82%, 79%
and 93%, respectively, with an odds ratio of 51 (95%
CI 4.6–560).95 We have now performed over 100 of
these oxygen challenge tests with excellent results in
sensitivity and specificity.

The oxygen challenge method evaluates fetal
pulmonary function and therefore may prove to be a
more reliable predictor of postnatal pulmonary
dysfunction from pulmonary hypoplasia as compared
to those that evaluate relative anatomic size. Maternal
hyperoxygenation increases fetal pulmonary blood
flow by decreasing pulmonary arterial vascular
impedance. The changes we have observed between
31 and 36 weeks of gestation mimics the changes
in the fetal hemodynamics after birth.15 During
normoxia, when the human fetal pulmonary arterial
bed is under acquired vasoconstriction, right ventri-
cular cardiac output is directed away from the lungs
and into the systemic circulation via the ductus
arteriosus. Increased blood oxygen content decreases
pulmonary vascular resistance and thus increases
pulmonary blood flow in the normal fetus. The reacti-
vity of the pulmonary arterial circulation to oxygen
with advancing gestation has been explained by an
increasing amount of smooth muscle in small pulmo-
nary arteries.14 The decrease in the pulmonary
vascular resistance is mainly caused by the release of
endothelium-derived nitric oxide, which leads to
vasodilatation of the pulmonary arterial bed.60,61
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The method to accurately predict those fetuses who
will die from pulmonary hypoplasia is important for
parental counseling and subsequent decision-making
regarding obstetric and neonatal management. As the
oxygen challenge is an extension of our comprehensive
fetal echocardiogram, we also measure the cardiac
circumference to thoracic circumference ratio (CC/TC)
and the thoracic circumference to the biometric
abdominal circumference ratio (TC/AC) as well as
M-mode measurements of the ventricles in systole and
diastole. These measurements typically show normal
size heart for gestational age, but the CC/TC and TC/AC
are widely divergent relative to the cause of the small
lungs. For example, oligohydramnios may show a
relative cardiomegaly whereas a diaphragmatic hernia
will have a relatively small heart to thoracic size.
Likewise, we have seen exaggerated fetal breathing
movements in fetuses that have lethal pulmonary
hypoplasia and an absence of such movements in
fetuses with long standing oligohydramnios who have
a normal physiologic response to maternal oxygen and
go on to a normal neonatal course. Difficulty in
performing the examination occurs, especially in the
fetus with diaphragmatic hernia, who has hard to
image lungs and who typically increases both its gross
body movements and breathing movements when
exposed to an increased oxygen environment.

Intrauterine growth restricted (IUGR) fetuses with
oligohydramnios can have a negative response to
maternal hyperoxygenation. Those fetuses may present
in extremis with abnormal Doppler measurements in
the MCA, FLUA and DV, suggesting redistribution of

cardiac output by cephalization, placental insuffi-
ciency and congestive heart failure with increased
central venous pressure. The blunted or absent
response to oxygen appears to be an extension of
redistribution of cardiac output as these fetuses, who
were delivered within hours of their oxygen tests, did
reasonably well in the newborn period and were
eventually discharged home (Figures 48.7 and 48.8).

Cystic adenomatoid malformation
Probably the most common lung lesion detected in
utero by ultrasound is cystic adenomatoid malforma-
tion. This appears as an echo bright portion within
a lobe of the lung and maybe associated with large,
small mixed or micro cysts, appearing as a solid mass.
It is characterized by dysplastic or hamartomatous
tissue often mixed with normal tissue and typically
confined to a single lobe. Regression is common, but
when large and/or associated with hydrops it may be
lethal because of pulmonary hypoplasia. As it is likely
to be the result of early maldevelopment of terminal
brochiolar structures, color or power Doppler in the
area of the lesion may show pulmonary arterial flow
around but not into the lesion (Figure 48.9).

Pulmonary sequestration
Pulmonary sequestration is a rare anomaly identified
in utero by a difference in echo density of a particular
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Figure 48.7 Positive change in Doppler flow patterns of pulmonary vascular reactivity with oxygen.

Figure 48.8 Negative change in Doppler flow patterns of pulmonary vascular reactivity with oxygen.
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lobe of the lung. It is seen as either above or below the
diaphragm and is defined as either intrapulmonary or
extrapulmonary depending on its position relative to
the visceral pleura. It may present with mediastinal
shift or cardiac malposition and occasionally with
hydrops from impingement or torsion of the inferior
vena cava. The sequestered lobe receives its blood
supply from the aorta rather than the pulmonary
artery with venous return usually to the right atrium
via the inferior vena cava. The majority of seques-
trations are extrapulmonary and occupy the lower
portion of either hemi-thorax. Color directed pulsed
Doppler may be used to identify the arterial origin
from the descending aorta and thereby differentiate
sequestration from cystic adenomatoid malformation.
Most subdiaphragmatic sequestationas identified
in utero regress and may not require neonatal surgical
resection (Figure 48.10).

Congenital pulmonary blood
flow abnormalities
Observable abnormalities of fetal pulmonary
circulation may be related to structural congenital
heart disease or to thoracic space occupying lesions.
The pulmonary artery should be superior and
anterior to and slightly larger than the aorta in the
four-chamber view of the fetal heart. The pulmonary
artery blood flow is directed toward the fetal left
shoulder and ductus arteriosus. Likewise, the normal
connections of the pulmonary veins are easily
identified from the four-chamber image just as the
LVOT comes into view. Anomalous connection of the
pulmonary veins should be ruled out when major
structural congenital heart defects are identified. By
combining high-resolution ultrasound magnification
with the color flow and narrow sample size pulsed
Doppler techniques we have described, blood flow
connection abnormalities of the veins and arteries
including sequestered lobes of the fetal lung may be

identified. However, hydrothorax, cystic masses and
diaphragmatic hernias may impede pulmonary blood
flow to the extent that the flow may be difficult or
impossible to observe or measure in one or both of the
fetal lungs. Congenital malformations of pulmonary
circulation should be considered in the presence of
other forms of congenital heart disease. Direction
of the fetal ductus arteriosus should be evaluated
with both color and pulsed Doppler when arterial
connection or obstruction is suggested in order to
identify a ductal dependent lesion (Figure 48.11).

Major pulmonary venous abnormalities can
generally be ruled out by imaging the right and left
venous ostia as they connect into the left atrium on
either side of the descending aorta when seen in the
four-chamber view of the heart in a transverse image of
the thorax (Figure 48.12). Exceptions to expect are
when there is visceral heterotaxy when the stomach

Congenital pulmonary blood flow abnormalities 571

Figure 48.9 Cystic adenomatoid malformation.

Figure 48.10 Color Doppler of sequestration flow pattern.

Figure 48.11 Color Doppler of normal pulmonary artery
bifurcation with pulmonary valve atresia and reversed ductus
arteriosus flow pattern.
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and heart may be on opposite sides of the fetus and/or
when there is a common atrium or large atrial septal
defect. Ipsilateral venous connections may be seen
in these diagnoses but may be difficult to identify by
fetal echocardiography. Both partially anomalous and
totally anomalous pulmonary venous connections
are typically associated with a disproportion of right-
sided chambers larger than the left-sided structures.
More obvious is total anomalous pulmonary venous
connection (TAPVC) to the coronary sinus where a
dilated coronary sinus can be identified as an eccentric
line parallel to the mitral valve annulus in the four-
chamber view. However, a dilated coronary sinus
may also be seen with normally connected pulmonary
veins when the left superior vena cava drains into the
coronary sinus behind the lower left corner of the left
atrium. The extra line in the left atrium may also signify
the membrane in cortriatriatum (triatrial heart) where
the common pulmonary venous sack is attached to the
posterior left atrial wall but may drain anomalously
into the right atrium or via restricted fenestrations
into the left atrium. The most common type of TAPVC
is when the common pulmonary venous sac is not
attached to the left atrium but to a vein that ascends to
join the innominate vein which then flows into the
right superior vena cava and right atrium. The form of
TAPVC most likely to become obstructed in the early
newborn period is when the common pulmonary
venous sack is attached to a vein that descends below
the diaphragm and connects to a hepatic venous
structure. Partially anomalous pulmonary venous veins
are difficult to identify as they may enter the right
atrium, coronary sinus, the right or left superior vena
cava, the inferior vena cava or into the azygous venous
system as single attachments with otherwise normally
connecting pulmonary veins. In cases of hypoplastic
left heart syndrome, the pulmonary veins may appear
dilated for gestational age, but may be anomalously
connected and associated with pulmonary venous
stenoses. Stenosis of pulmonary veins may be difficult
to identify in fetal life from ultrasound because of the
relative paucity of pulmonary blood flow. Pulmonary

venous dimensions can usually be measured
successfully after 22 weeks’ gestation. Pulmonary
venous blood flow is best measured with color directed
pulsed Doppler techniques in a lateral approach to the
four-chamber view.

We believe that all fetal ultrasound anatomic
survey examinations should include identification
and relative quantification of the outflow tracts of
the heart. The pulmonary artery should arise above
the anterior right ventricle aiming toward the left
shoulder at the ductus arteriosus, while the aorta
arises centrally from the left ventricle aiming toward
the right shoulder in a 90° crossing fashion relative
to the main pulmonary artery. The ascending aorta
and the main pulmonary artery should be about the
same size. Pulmonary outflow obstructions may not
become obvious on fetal ultrasound until the third
trimester. A form of hypoplastic right heart where
there is pulmonary atresia with intact ventricular
septum may have a normal four-chamber view in the
second trimester and normal sized pulmonary arteries
at birth. In these cases, the pulmonary valve may
acquire more severe obstruction with fetal growth
resulting in a reversal of flow through the ductus
arteriosus. We have seen this in the recipient twin
in twin-to-twin transfusion syndrome as well as
in singleton pregnancies. In these situations, the left
ventricle begins to become disproportionately larger
than the right ventricle during the second trimester as
blood flow patterns change. Color Doppler is useful in
proving a normal pulsed Doppler flow pattern into the
main pulmonary artery. Normally, the forward flow
pattern from the right ventricle into the pulmonary
artery is a hollow envelope rarely exceeding 0.7 m/s.
Pulmonary stenosis can be recognized by a course
spectral flow pattern measuring greater than 1.0
m/min and often associated with tricuspid valve
regurgitation. Pulmonary outflow obstruction should
be considered with presumptive fetal diagnoses of
Ebstein’s malformation of the tricuspid valve, double
outlet right ventricle (DORV), transposition of the
great arteries (d or l-TGA), ventricular septal defect,
tetralogy of Fallot and in cases of early diagnosis of
transient cystic hygroma associated with Noonan’s
syndrome. In those cases with the physiology of
tetralogy of Fallot with pulmonary atresia, color
Doppler is useful in identifying collateral arterial
vessels feeding the lungs from the aorta. It is
important to differentiate this disease from truncus
arteriosus. Collateral vessels can also be seen using
color Doppler in cases of pulmonary sequestration.

We use a team approach of prenatal counseling by
the perinatologist, neonatologist, pediatric cardiologist
and cardiothoracic surgeon for the family of any fetus
with congenital heart disease that may require prenatal
or early neonatal intervention. Any suggestion of a fetal
anomaly of venous or arterial connection or obstruction
must be confirmed after delivery by newborn echocar-
diography or at cardiac catheterization.

572 Doppler ultrasound studies of the fetal pulmonary circulation

Figure 48.12 Color Doppler of normal pulmonary venous
connections.
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49 Uteroplacental and umbilical
circulation: physiologic
changes in pregnancy
A. K. Ertan, H. A. Tanriverdi and W. Schmidt

Doppler sonography in obstetrics is a widely accepted
functional method of examining the uteroplacental
and fetal unit. It is a noninvasive method and became
almost a standard technique in antenatal care. This
method became an important tool for qualifying high-
risk pregnancies. Color Doppler ultrasound represents
blood flow changes as a color image, superimposed
on the real-time ultrasound image being examined.
In this way different vessels of the uteroplacental
circulation can be accurately identified. Also, by
identifying the vessel at a fixed point, e.g. where the
uterine artery crosses the external iliac artery, it is pos-
sible to examine the same point in the circulation.
Endovaginal color Doppler transducers allow easy and
quick visualization of even the smallest vessels in
the uteroplacental and fetal circulation. This, in turn,
has enabled us to build a picture of the physiological
changes in uteroplacental and fetal blood flow before
and during the early stages of pregnancy.1

One of the first steps toward realizing the potential
of Doppler ultrasound is to gain a clear understanding
of the physiological changes that occur in the utero-
placental circulation during normal pregnancy. With
this knowledge, we can obtain a clearer understand-
ing of the pathophysiological changes that occur in
the presence of disease.

Indices
Although measurement of volume flow changes in an
organ would be ideal, in vivo the current methods for
determining true flow are too inaccurate for deriving
meaningful conclusions that can be of clinical value.
Consequently, we rely on indices of resistance and
velocity derived from the flow velocity waveforms
(FVW) of a vessel.

Blood flow velocity in the fetal circulating system
depends on the type of vessel. The arteries always have

a pulsatile pattern (Figure 49.1), whereas veins have
either a pulsatile or a continuous pattern (Figure 49.2).

Analyzing Doppler sonographic FVWs quantita-
tively is more difficult than analyzing them qualita-
tively. Qualitative analysis also overcomes erroneous
measurements in small vessels. There are plenty of
indices for qualitative analysis. The following are the
most frequently used indices:

• systolic/diastolic ratio (S/D ratio, Stuart 1980) 
• resistance index (RI, Pourcelot 1974)
• pulsatility index (PI, Gosling and King 1977).

In analyzing sonographic results and calculating
indices, the following characters are used:

S � temporal peak of maximum frequency
D � end-diastolic maximum frequency
C � temporal average of maximum frequency, Fmean
I � instantaneous spatial average frequency
E � temporal average of spatial average frequency.

Calculations of formulas are as follows (Figure 49.3):

S/D ratio �S/D
RI �(S −D)/S
PI �(S −D)/C

The indices presented above also overcome a very
serious problem involved with the angle between
the ultrasound beam and the direction of blood flow
(insonation angle). These indices are relatively angle
independent and are therefore easily applied in
clinical practice.

In practice, none of the indices is superior to the
other2–4 and any index may be used. Although S/D
ratio is easily calculated, RI is the easiest to interpret.
RI values approach 0 if resistance decreases and 1 if
resistance increases. If end-diastolic flow is absent,
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PI is the only index making evaluation of blood flow
possible, because in this situation S/D will equal to
infinity and RI to 1. The PI is more complex because
it requires the calculation of the mean velocity, but
modern Doppler sonographic devices provide those
values in real time.

Physiologic color Doppler
sonographic changes of the
embryonic and uteroplacental
vessels in early pregnancy
The results of a recent study performed by Ertan
et al.,5 evaluating the uteroplacental and fetal cir-
culation during early pregnancy in non-complicated
pregnancies, showed that vascular impedance to
blood flow in all the examined vessels decreased sig-
nificantly throughout the first gestational trimester.
Resistance to flow was highest in the main uterine
artery and decreased toward the spiral artery. When
the FVW patterns of the arteries under investigation
were analyzed, specific changes were observed. In all
of the cases during early gestational development, an
early diastolic notching was determined in the uterine
arteries. The FVWs of the fetal aorta and umbilical
arteries were similar: until week 10 the arteries were
typically without a diastolic flow. From week 16
onward, diastolic velocities were present in all signals
at the fetal aorta and umbilical arteries.

Changes in uterine artery
circulation in early pregnancy
The uterine artery FVW was characterized by an
early diastolic notch and a gradually increasing flow

576 Uteroplacental and umbilical circulation: physiologic changes in pregnancy

Figure 49.2 Umbilical artery with a pulsatile (upper line) and
umbilical vein with a continuous pattern (lower line).

Figure 49.3 Scheme of the Doppler curve (a). S �systolic,
D �diastolic, C �temporal average of maximum frequency.
Calculation of formulas of the main Doppler sonographic
indices (b.)

Figure 49.1 Doppler sonography of fetal aorta with a pulsatile pattern.
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velocity during early pregnancy. The peak systolic
velocities (PSV) increase, whereas the S/D ratio and
RI decrease progressively during early pregnancy.
The end-diastolic velocity increases progressively.
In all of the cases during early gestational develop-
ment, an early diastolic notching was determined,
but there was a gradually flattening in the depth of
the notch (Figure 49.4). At the third trimester of
pregnancy this notch disappeared. The RI of the
uterine arteries decreased gradually, which means
that the resistance of the arteries lessens during
pregnancy progression.

Changes in umbilical circulation in early pregnancy
The color signal of the umbilical artery was recorded
for the first time at 7 weeks’ gestation.

From week 10 onward it was possible to show the
end-diastolic velocity and from week 16 onward dias-
tolic signals were present in all cases (Figures 49.5
and 49.6). The PSV between weeks 7 and 9 remained
constant and from week 9 onward it increased, while
the S/D ratio and RI decreased progressively during
the first 16 weeks of gestation.

Changes in fetal aorta circulation in early pregnancy
It was possible to record the color signal of the fetal
aorta for the first time at 7 weeks’ gestation. The main
problems in achieving Doppler signals of the aorta
were fetal body movements and trying to make meas-
urements with a correct angle, less than 60°.

The FVW was similar to the umbilical artery. Until
week 10 of gestation the FVW was typically without a
diastolic flow (end-diastolic zero flow). From week 16
onward, diastolic velocities were present in all aortic
signals (Figure 49.7). The PSV increased and the S/D
ratio and RI decreased progressively during the first
16 weeks of gestation.

Physiologic color Doppler sonographic changes of the embryonic and uteroplacental vessels 577

Figure 49.4 Doppler sonography of uterine artery in the first
trimester of pregnancy (7 +6 weeks) with early notch.

Figure 49.5 Doppler velocity waveforms of umbilical artery
(end-diastolic zero flow) and continuous venous blood flow of
umbilical vein in 11+4 weeks of pregnancy.

Figure 49.6 Doppler velocity waveforms of umbilical artery
with an end-diastolic flow (lower line) in 13+4 weeks of
pregnancy.

Figure 49.7 Doppler velocity waveforms of fetal aorta with an
end-diastolic flow in 15+4 weeks of pregnancy.
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Uteroplacental and fetal circulation
after midpregnancy
The maternal side: uterine circulation
The uterine artery is a branch of the internal iliac
artery. It courses along the lateral wall of the pelvis
before crossing the external iliac artery and reaching
the uterus at the level of the cervix. After giving off a
cervical branch, it ascends along the lateral wall of the
body of the uterus in a tortuous manner, before anas-
tomosing with the Fallopian branch of the ovarian
artery. As it passes along the body of the uterus it
gives off the arcuate arteries, which encompass the
uterine body. These in turn give off radial arteries that
penetrate into the inner third of the myometrium,
where they become the basal arteries. The spiral arter-
ies, a continuation of the basal arteries, supply the
endometrium, their coiled form allowing contraction
during menstruation1 (Figure 49.8).

Using transvaginal color Doppler sonography, it is
possible to identify the uterine artery in early preg-
nancy at the level of the cervical os, as it enters the
uterus, and as it ascends into the uterine body (Figure
49.9). It is possible to examine the uterine artery by
the transabdominal approach after 12 weeks’ gesta-
tion, when the uterus becomes an abdominal organ.
The FVWs obtained from the uterine artery do not sig-
nificantly change from when it enters the cervix up to
the point that it reaches the body of the uterus. It is
important to measure at this level, before the uterine
artery enters the uterus and branches into the arcuate
arteries. An arcuate artery can exhibit a relatively low
resistance pattern even when the uterine artery has
high resistance with persistent notching present
(Figure 49.10). It is therefore necessary to ensure that
the uterine artery is examined as it reaches the uterus
at the level of the cervix, if the changes in the uterine
circulation are to be interpreted as a whole. Similarly,
if the sample site is too low on the cervix, the cervical
branch of the uterine artery will be examined; this can
show high resistance when the main uterine artery
waveform is normal.1

Blood flow velocities in the uterine artery depend on
the localization of the placenta and the gestational age.6

If the placenta is laterally located, blood flow velocities
in the ipsilateral uterine artery are more important than
the flow velocities of the contralateral vessel. Differen-
ces between flow velocities of the right and left uterine
arteries are evident in the early stages of pregnancy. But
in the third trimester, the difference between the S/D
ratio of the vessels decreases to 0.3–0.4.2 If an abnormal
flow pattern is observed in the uterine arteries in mid-
pregnancy, it most probably indicates the defective per-
fusion of the fetoplacental unit, which predicts a high
probability of developing pre-eclampsia and/or intra-
uterine growth retardation (IUGR).7

In the early stages of pregnancy end-diastolic flow
velocities in placental arteries are low, but systolic
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Figure 49.8 Power Doppler of arcuate and intraplacental
arteries.

Figure 49.9 Color Doppler sonographic view of the main
uterine artery crossing the iliac artery.

Figure 49.10 Flow in different parts of the uteroplacental
circulation can be measured with color Doppler technology,
here the relatively low resistance pattern of the uteroplacental
arteries.
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flow is evident.2 With trophoblastic invasion and
maturation of the uteroplacental vessels, beyond the
second trimester the high-pressure system is converted
to a low-pressure system, and vascular resistance dec-
lines.8 The biologic variability after the middle of the
second trimester becomes almost stable.

Before 24 weeks’ gestation early diastolic notching,
due to the immature uteroplacental vascular system,
is normally observed. Beyond this gestational age,
persistent early diastolic notching is associated with
pre-eclampsia9–11 (Figures 49.11 and 49.12).

The fetal side: umbilical arteries, fetal aorta and
middle cerebral artery (MCA)

Umbilical arteries
Blood flow velocity in the umbilical arteries increases
with progressive gestational age (Figure 49.13). As a
result, the S/D ratio continuously decreases due to
increasing arterial blood flow. With progressive gesta-
tional age, end-diastolic flow becomes evident during
the whole heart cycle, matching with the previous
longitudinal studies of Fogarty et al.2 and Huneke
et al.,12 as with many cross-sectional studies.13–16

Trudinger et al.17 put forth the following mecha-
nisms to explain this development:

• continuous maturation in placental villi
• continuous widening of placental vessels causing

a continuous decrease in vascular resistance
• continuous increase in fetal cardiac output
• continuous changes in the vessel compliance
• continuous increase in fetal blood pressure.

Especially in the third trimester of pregnancy, depen-
ding on the above factors, normal values become
scattered on nomograms. This scattering is more
prominent in the S/D ratio than the PI. RI is not
affected by the above factors after 28 weeks’ gestation.

Descending fetal aorta
Beside the umbilical arteries, routine Doppler sono-
graphic measurements on the descending fetal aorta
are possible. As the gestational age increases, the S/D
ratio of fetal aorta decreases insignificantly, parallel-
ing the results of Hecher et al.18 The FVW of the fetal
aorta shows a continuous forward stream during the
whole heart cycle, but when compared to the FVW of
the umbilical arteries, the end-diastolic flow is less
than the systolic component. Because of this, the S/D
ratio in the fetal aorta is greater than the S/D ratio in
the umbilical arteries. As pregnancy progresses, the
diameter of the vessel gets wider and as a result
peripheral resistance decreases, and diastolic flow
increases. Nevertheless, this does not cause a signifi-
cant decrease in the S/D ratio in the fetal aorta. RI and
PI are not affected significantly, and show a similar
course as in the umbilical arteries.

Uteroplacental and fetal circulation after midpregnancy 579

Figure 49.11 Normal Doppler FVW of uterine artery in the
third trimester.

Figure 49.12 Pathological waveforms of uterine artery in
29 +3 weeks of pregnancy with IUGR and pre-eclampsia.

Figure 49.13 Blood velocity waveform in umbilical artery in
late pregnancy.
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Middle cerebral artery
The most favorably positioned vessel for Doppler
sonographic examination of the fetal brain perfusion
is the MCA. Biologic variability of vessels perfusing
the fetal brain is excessive due to the fetal activity sta-
tus. As pregnancy progresses, the vascular resistance
decreases.19 During the early stages of pregnancy, end-
diastolic flow velocities in cerebral vessels are weak,
but velocities increase toward the end of gestation.
Hyperactivity of the fetus, increase of intrauterine
pressure (e.g. polyhydramnios) and external pressure
to the fetal head (e.g. by the probe) might erroneously
increase end-diastolic flow velocities.20 Different
investigators have undertaken studies utilizing data
obtained from the umbilical arteries and MCA to
develop indices for evaluation of intrauterine risk.

Dependency of Doppler FVWs
on gestational age
The amount of perfusion in trophoblastic tissue is
related to gestational age. For this reason, in inter-
preting the Doppler sonographic findings, gestational
age should be taken into account as well. In general,
the accepted time for starting Doppler sonographic
examinations is the beginning of the second trimester.
This is the right time to allow for modifications in
antenatal care in a high-risk pregnancy. For specific
conditions, earlier timing of measurements may be
considered.21

The main objective in using fetomaternal Doppler
sonographic nomograms is to improve perinatal out-
come in high-risk pregnancies. The curves presented
below depict normal fetal and maternal Doppler sono-
graphic values standardized according to gestational
age, and can be used in routine practice (Figures
49.14–49.25).

Doppler sonographic nomograms are used for dif-
ferentiation of normal and abnormal blood FVWs,
which helps to determine high-risk pregnancies. By
taking threshold values of pathologic pregnancies into
consideration, nomograms are capable of differentiat-
ing between the normal and the abnormal.22 While
using these nomograms, it must always be kept in
mind that the values on these nomograms should not
be taken as mathematical equations, and that limita-
tions of sensitivity and specificity exist.

Using nomograms in practice
Just like the defense mechanism of peripheral vaso-
constriction in an adult in the face of hemorrhagic
shock, the ‘brain sparing’ mechanism (brain sparing
effect) becomes active in a fetus with hypoxia or
chronic placental insufficiency. As a result of the
brain sparing effect, resistance either in the umbilical
artery or in the fetal descending aorta increases. As a
consequence, Doppler indices related to these vessels
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Figure 49.14 Umbilical artery S/D ratio nomogram.

Figure 49.16 Umbilical artery PI nomogram.

Figure 49.17 Descending fetal aorta S/D ratio nomogram.

Figure 49.15 Umbilical artery RI nomogram.
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Figure 49.18 Descending fetal aorta RI nomogram.

Figure 49.20 Middle cerebral artery S/D ratio nomogram.

Figure 49.21 Middle cerebral artery RI nomogram.

Figure 49.22 Middle cerebral artery PI nomogram.

Figure 49.23 Uterine artery S/D ratio nomogram.Figure 49.19 Descending fetal aorta PI nomogram.

Figure 49.24 Uterine artery RI nomogram.

Figure 49.25 Uterine artery PI nomogram.
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increase. The end-diastolic blood flow increases in
the MCAs by the same effect. Doppler indices for this
vessel decrease consequently.

Some points should be considered while using
Doppler sonographic nomograms:

(1) Among the measurements performed on the
umbilical artery and the fetal descending aorta,
values between the 90th and 95th percentiles
should be considered as borderline and repeat
follow-ups should be planned. Values exceeding
the 95th percentile are considered abnormal.

(2) Doppler values between the 5th and 10th per-
centiles in the MCA should be considered as bor-
derline and repeat follow-ups should be planned.
Values below the fifth percentile are considered
abnormal.

(3) Measurements taken after 24 weeks’ gestation
from the uterine arteries are more valuable. The
early diastolic notching and values exceeding the
95th percentile are considered as abnormal. One
point to remember is that notching by itself pre-
dicts an elevated risk of pre-eclampsia.

Conclusion
In normal pregnancies, uteroplacental flow velocities
become almost stable after the middle second
trimester; meanwhile, fetal blood flow velocities also
alter. With advancing gestational age, the S/D ratio in
the umbilical artery and MCA decreases. Although the
S/D ratio in the descending aorta is almost stable dur-
ing pregnancy, advancing gestational age narrows the
biologic variability of the flow spectrum. Accordingly,
it is recommended to use gestational age-matched
nomograms to define threshold values, and to differ-
entiate and predict pathologic pregnancies.

The key points relating to physiological changes in
the uteroplacental and fetal circulation can be sum-
marized as follows:

(1) The technique of Doppler ultrasound is a non-
invasive method of examining the uteroplacental
and fetal circulation. Color Doppler sonography
allows the uteroplacental and fetal circulation to
be investigated throughout pregnancy.

(2) The main changes in FVW in the fetal and utero-
placental vessels occur in the first trimester of
pregnancy and go on slowly in the remaining
periods. Fetal and uteroplacental velocities
increase gradually during early pregnancy and
velocimetric indices show a progressive decrease
of the uteroplacental resistances. In early preg-
nancy the umbilical artery and fetal aorta FVWs
are initially of high resistance, with absent end-
diastolic flow. Resistance falls rapidly toward the
end of the first trimester; and end-diastolic flow
is usually present by the 16th week of gestation.
Resistance continues to fall throughout the
remainder of the pregnancy.

(3) In normal pregnancy there is a gradual fall in
resistance, an increase in diastolic flow and a
disappearance of the diastolic notch in the uter-
ine artery FVW.

(4) Pre-eclampsia, IUGR and placental abruption
are associated with inadequate placentation/
function, and a relationship exists between these
complications and the failure of physiological
change in the uteroplacental circulation.
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50 Doppler sonography in
high-risk pregnancy
A. K. Ertan, H. A. Tanriverdi and W. Schmidt

One of the main aims of routine antenatal care is to
identify the ‘at risk’ fetus in order to apply clinical
interventions which could result in reduced perinatal
morbidity and mortality.1 Doppler sonography in
obstetrics is a widely accepted functional method of
examining the utero-fetoplacental unit.

Doppler ultrasound is a noninvasive technique
whereby the movement of blood (usually in a ves-
sel) is studied by detecting the change in frequency
of reflected sound. Doppler ultrasound has been
used in obstetrics since 1977 to study the feto-
placental (umbilical) circulation,2 and since the
1980s to study the utero-placental (uterine) circula-
tion3 and fetal circulation.4 Recently, this method
has become an important tool for qualifying high-
risk pregnancies.

Information obtained with Doppler sonography
helps obstetricians in managing patients in situa-
tions like pregnancies complicated by intrauterine
growth restriction (IUGR), Rhesus alloimmuniza-
tion, multiple pregnancies, and anamnestic risk
factors. Examination of the uteroplacental and feto-
maternal circulation by Doppler sonography in the
early second trimester helps predicting pregnancy
complications like preeclampsia, IUGR and perinatal
death.5–13

This chapter aims to introduce Doppler sonographic
examinations in high-risk pregnancies. Doppler blood
flow velocity waveforms (FVWs) of the fetal side
(umbilical artery, descending aorta, and middle cere-
bral artery) are discussed.

The safety of Doppler
ultrasound in obstetrics
The safety of Doppler ultrasound in obstetrics
remains a concern. The data available to date suggest
that diagnostic ultrasound has no adverse effects
on embryogenesis or fetal growth. In addition, ultra-
sonographic scanning has no long-term effects on

cognitive function or noted changes of visual or
hearing functions. However, although B and M mode
scans are safe during pregnancy, color, power and
pulsed Doppler procedures should be performed with
caution due to possible thermal effects. Lastly, a new
method, the three-dimensional technique, was intro-
duced. While there are no studies regarding the safety
of this new technique, the short acquisition time and
the postprocessing analysis may decrease exposure
and thus reduce the risk of possible effects of the
ultrasound waves on fetal development.14

In particular, the use of pulsed Doppler involves
the use of higher intensities compared to diagnostic
ultrasound, and hence may cause significant tissue
heating and thermal effects. However, these thermal
effects depend on the presence of a tissue/air
interface and may therefore not be clinically signifi-
cant in obstetric ultrasound examinations.15 Clearly,
while there is continuing concern regarding the
safety of Doppler ultrasound, it should only be used
in cases of proven value or controlled investigational
circumstances.

Indications of Doppler
sonography in obstetrics
Prospective randomized studies of fetal vessels and
their collective evaluation have shown no benefit of
Doppler sonography in screening the nonselected
population.16 In high-risk pregnancies, however, there
is definitive evidence that the use of Doppler studies
can significantly reduce the number of antenatal
examinations and the number of necessary inductions
of labor and cesarean deliveries for fetal distress.
Doppler sonography reduces the perinatal mortality,
the number of elective deliveries, the incidence of
intrapartum distress, and the occurrence of hypoxic
encephalopathy.17 A definite benefit has been estab-
lished for Doppler sonography in selected cases
(Table 50.1).
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Changes in Doppler sonographic
results during the course of
pregnancy and complicated
pregnancies
During the course of pregnancy and in some specific
pregnancy complications, Doppler sonographic results
of fetomaternal vessels display changing values.
Chronic placental insufficiency is a major research
application for Doppler sonography in high-risk preg-
nancies. Various fetal vessels are examined to deter-
mine/diagnose perinatal problems.

Umbilical artery
It has been shown in a longitudinal, observational
study that Doppler ultrasound of the umbilical artery
(UA) is more helpful than other tests of fetal well-
being (e.g., heart rate variability and biophysical pro-
file score) in distinguishing between the normal small
fetus and the ‘sick’ small fetus.18 However, its exact
role in optimizing management, particularly timing
of delivery, remains unclear, and is currently being
investigated by many study groups. The optimal
timing of delivery in pregnancies complicated by
highly pathological Doppler flow findings is still an
issue to be resolved. The established approach to
resolve this question and to improve the perinatal mor-
bidity and mortality by the use of Doppler examination
is being investigated in multicenter clinical trials,19

e.g., the trial of umbilical and fetal flow in Europe
Group (TRUFFLE-Protocol, unpublished data).

Blood flow velocity in the UA increases with the
advancing gestation. As a result impedance to blood
flow continuously decreases due to increasing arterial
blood flow in the systole and diastole. End-diastolic
velocity is often absent in the first trimester2,20 and
the diastolic component increases with advancing

gestation21 (Figure 50.1). With advancing gestational age
end-diastolic flow becomes evident during the whole
heart cycle (Figure 50.1). This has been proven by previ-
ous longitudinal studies of Fogarty et al.22 and Hünecke
et al.,23 as with many cross-sectional studies.21,24

Trudinger et al.25 explained this phenomenon with
the following mechanisms:

• Continuous maturation in placental villi
• Continuous widening of placental vessels cause a

continuous decrease in vascular resistance
• Continuous increase in fetal cardiac output
• Continuous changes in the vessel compliance
• Continuous increase in fetal blood pressure.

Especially in the third trimester of pregnancy,
depending on the above factors normal values become
scattered on nomograms. This scattering is more
prominent in the S/D ratio than the pulsatility index
(PI). Resistance index is not affected by the above
factors after 28 weeks’ gestation.

FVWs of the UA are slightly different at the abdom-
inal wall and the placental site, with indices higher at
the fetal abdominal wall than the placental inser-
tion.26 The difference, however, is minimal, and there-
fore in clinical practice it is not important to obtain the
FVWs always at the same level. FVWs must always be
obtained during fetal apnea periods because fetal
breathing affects the waveforms.

In case of an abnormal test, clinical experience and
randomized controlled trials showed significant asso-
ciation with an adverse perinatal outcome.

Intrauterine growth restriction
The IUGR fetus is a fetus that does not reach its poten-
tial growth. Environmental factors responsible may be

Table 50.1 Indications for Doppler sonography in
obstetrics

Suspicion of intrauterine growth restriction (IUGR)

Pregnancy-induced hypertension
(PIH)/preeclampsia/eclampsia

Suspicion for a fetal malformation or disease

Multiple pregnancy with discordant growth

Investigation of fetal cardiac anomaly or heart disease

Fetal heat rate abnormalities/arrhythmia

Preexisting maternal diseases with vascular relevance

Prior history of IUGR or intrauterine fetal death

Prior history of PIH/pre-eclampsia/eclampsia
Figure 50.1 Normal flow velocity waveforms of the umbilical
artery in the third trimester.
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due to maternal, uteroplacental and fetal factors.
Many authors have reported on the association
between an abnormal UA Doppler FVW and IUGR. 

Differentiating the fetus with pathologic growth
restriction that is at risk for perinatal complications
from the constitutionally small but healthy fetus has
been an ongoing challenge in obstetrics. Not all
infants whose birth weight is below the 10th per-
centile have been exposed to a pathologic process in
utero; in fact, most small newborns are constitution-
ally small and healthy. Doppler sonography has
become the most important investigation method to
differentiate between these fetuses.

It should be noted that Doppler sonography is
not suitable for the primary diagnosis of fetal growth
restriction, but it provides an excellent adjunctive
method for risk differentiation in suspicious cases.

Pathophysiology of abnormal FVWs
in placental insufficiency27

In the presence of placental insufficiency, there is
greater placental resistance, which is reflected in
a decreased end-diastolic component of the UA
FVWs.28–32 An abnormal UA FVW has an S/D ratio
above the normal range. As their placental insuffi-
ciency worsens, the end-diastolic velocity decreases
(Figure 50.2), then become absent (Figure 50.3), and
finally it is reversed (Figure 50.4). Some fetuses have
decreased end-diastolic velocity that remains con-
stant with advancing gestation and never become
absent or reversed, which may be due to a milder form
of placental insufficiency (Figure 50.2). Pitfalls can be
caused because of, e.g., fetal breathing (Figure 50.5).

Abnormal UA Doppler studies, but not normal
results were found to be associated with lower

Figure 50.2 Abnormal flow velocity waveforms of the
umbilical artery in the third trimester (high resistance index).

Figure 50.3 Absent end-diastolic flow (AEDF) of the umbilical
artery in the third trimester.

Figure 50.4 Reverse flow (RF) of the umbilical artery.

Figure 50.5 Pitfalls in umbilical artery Doppler velocimetry
(fetal breathing).
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arterial and venous pH values, an increased
likelihood of intrapartum fetal distress, more admis-
sions to the neonatal intensive care unit (NICU), and
a higher incidence of respiratory distress in IUGR
fetuses.33 Therefore, intensive antenatal surveillance
in fetuses with suspected IUGR if the UA Doppler
FVWs are normal was not recommended by the
authors. Conflicting data were presented by
McCowan et al.34 They confirmed that abnormal UA
Doppler studies are associated with a poor perinatal
outcome in IUGR fetuses but also concluded that the
perinatal outcome in small for gestational age fetuses
with normal UA Doppler studies is not always benign
(i.e., low ponderal index, postnatal hypoglycemia,
admission to the NICU). Recently, Ertan et al.35

suggested that reversed flow should be seen as a par-
ticular clinical entity with higher incidences of peri-
natal and overall mortality, and severe intrauterine
growth restriction compared to absent end-diastolic
flow (Figures 50.3 and 50.4).

In our clinical experience, when an IUGR fetus
is suspected, the UA, fetal descending aorta (FDA),
and middle cerebral artery (MCA) are the first fetal
vessels to be assessed. The ductus venosus (DV),
umbilical vein, inferior vena cava Doppler examina-
tions are secondary vessels to be examined, only
when an abnormal FVW is detected on the arterial
vessels. Adding serial Doppler evaluation of the UA,
MCA, and DV to IUGR surveillance will enhance the
performance of the biophysical score in the detection
of fetal compromise and therefore optimizing the
timing of intervention.36

Comparison of perinatal outcome
in fetuses with reverse or absent
end-diastolic flow in the umbilical
artery/fetal descending aorta35

An abnormal FVW is a good predictor for poor
perinatal outcome in high-risk pregnancies.37–41 The
absence or reversal of end-diastolic flow in the umbil-
ical artery (UA) and fetal aorta is widely accepted as
an ominous sign of fetal compromise, with a very high
perinatal mortality (35–100%) and morbidity.27,39,42,43

The incidence of absent end-diastolic flow is low,
and of reversed flow it is even lower (reverse
flow/absent end-diastolic flow ratio �1:10).27,42,43

Studies so far analyzed the fetal outcome in reversed
and absent end-diastolic flow cases together as one
clinical entity. The difference between the prognosis
of fetuses with reversed flow and absent end-diastolic
flow is still unknown.

We undertook a study, in which the highly patho-
logic flow profiles, consisting of absent end-diastolic
flow and reverse flow at the UA and fetal aorta were
compared for perinatal outcome. The aim of this

study was to clarify whether reverse flow at the UA
and fetal aorta worsens perinatal outcome more than
absent end-diastolic flow at the same vessels and to
assess the possibility of making predictions about the
further course of pregnancy.

Materials and methods
During a 10-year period 30 cases with reverse flow in
the umbilical artery and/or fetal aorta (group I) were
detected. We selected matched pairs of 30 cases with
absent end-diastolic velocities (group II). The selection
criterion into the groups was an absent or reverse flow
at the time of delivery. Fetal malformations and chro-
mosomal anomalies were excluded from both groups.
For matching of the absent end-diastolic flow group
fetuses to the reversed flow group same gestational
ages, estimated fetal weights and gestational ages at
delivery were stipulated.

Results
Maternal complications were similar in bothgroups.
Intrauterine growth retardation and oligohydramnios
incidences were significantly more common (p < 0.05,
Table 50.2) in the reverse flow group (83% and 70%
versus 73% and 43%).

The median time interval between the registration
of reverse flow and death of fetuses was 2.5 days.
After diagnosis of reverse flow, 11 fetuses (91.7%)
died within a week (three on the same day, two on the
next day, three on the second day, and the remaining
four cases on days 3–8).

Table 50.2 Antenatal complications of the reversed
(n �30) and absent end-diastolic flow cases (n �30)

Type of Reverse Absent 
complication flow, n (%) flow, n (%)

Pregnancy-induced 19 (63.3) 19 (63.3)
hypertension

HELLP syndrome 1 (3.3) 6 (20)

Gestational diabetes 1 (3.3) 2 (6.7)

Fetal Infection 1 (3.3) 0

Abruptio placenta 0 4 (13.3)

Birth weight 1071 ±112 1214 ±82
in g (M ±SD)

Intrauterine growth 25 (83.3) 19 (63.3)
retardation*
(< 5 percentile)

Oligohydramnios* 21 (70) 13 (43.3)

HELLP: hemolysis, elevated liver enzymes, low platelets.

* p < 0.05.

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 587



The mean gestational age at live birth was 31 weeks
in both groups. Of the 18 survivors in group I, 17
(94.4%) were delivered by cesarean section. This was
not significantly different from group II. The main
indication for the cesarean section was fetal distress.
The mean birth weight, 1071 (112 g) vs. 1214 (82 g)
was not statistically different between the groups.

The mean values and the frequency of pathological
Apgar scores (7) at 1, 5, and 10 min, the arterial cord
blood pH values, and the mean values of umbilical
arterial PO2, PCO2 and HCO3 were not different among
the groups.

All the fetuses with absent and reversed end-
diastolic flow were admitted to the NICU, and there
was no difference in the duration of NICU treatment
required. The rates (83% vs. 86%, respectively, for
groups I and II) and duration of mechanical ventila-
tion were not different among the groups.

Neonatal cerebral hemorrhage occurred more often
in group I, but without statistical significance (27.8%
vs. 17.2%). Neonatal morbidity (Table 50.3) included
infections, hyaline membrane syndrome, icterus, and
anemia and shock lung, without statistical difference
between the groups. Only hypocalcemia was found
more often in group I (p < 0.05).

There was a significantly higher overall and peri-
natal mortality in the reversed end-diastolic flow
group (53% and 27%) as compared to the absent end-
diastolic flow group (10% and 7%) (p < 0.05).

Discussion
Reverse flow in umbilical velocimetry is associated
with dismal perinatal outcome. Perinatal mortality
ranges from 35% to 100%, and postnatal morbidity
is significant.37,43–45 The above presented study35

confirmed the adverse fetal outcome in fetuses with
reversed end-diastolic flow in the UA and/or fetal
aorta with a high overall mortality (53.3%) and peri-
natal mortality (26.8%).

Because of the low incidences of reverse flow
cases, most authors have studied the effect of both
reverse flow and absent end-diastolic flow velocity,
often referred to an ‘ARED-flow’, on the fetal outcome
together as one entity.46 Reverse flow was considered
to be the last phenomenon preceding fetal death.37,47,48

Absent or reversed end-diastolic flow in the UA
or fetal aorta, is closely associated with intrauterine
growth retardation due to uteroplacental insuffi-
ciency and higher rates of pre-eclampsia.39,40,43 On the
other hand, fetuses with intrauterine growth retarda-
tion have a high risk of developing absent or reversed
end-diastolic flow.44

These fetuses with reverse flow had a very high
incidence of oligohydramnios, intrauterine growth
retardation and maternal pregnancy induced hyper-
tension. Therefore, pregnant women with these com-
plications should be evaluated with Doppler
sonography to detect the compromised fetuses.

Several authors found an increasing association
between reversed flow of the umbilical artery and the
rate of fetal malformations, especially congenital
heart anomalies, ranging from 12% to 50%.43,49 These
malformations of fetuses were associated with a low
growth potential, not only for the fetus (intrauterine
growth retardation) but also for the placenta, regard-
less of whether the placenta/neonatal weight was nor-
mal or below normal.39 For a better understanding of
this correlation, an additional study of subgroups
with fetal malformations including more cases would
be required.49

A close association between the reversed flow and
neonatal cerebral hemorrhage has been reported.44

The inappropriate autoregulation of the cerebral
blood flow which is induced by extreme prematurity
is the major risk factor for intracerebral hemorrhage.50

Normal fetal blood velocity values are considered
reassuring and are generally believed to characterize
a normal fetal oxygenation.51 Absent or reversed end-
diastolic flow velocity in the UA is associated with
fetal hypoxia.47,52,53 Although normal results of blood-
gas analysis from umbilical vessels were observed
in some cases with reversed or absent end-diastolic
flow velocities, infants with this severe Doppler flow
pathologies are at a high risk for neonatal asphyxia.51

It was further suggested that fetuses with reverse flow
should immediately be delivered after diagnosis.48

‘Once the diastolic component of umbilical artery
flow velocity waveforms becomes absent or reversed,
the fetus is in a state of hypoxia and acidosis, and fetal
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Table 50.3 Perinatal and neonatal parameters of the
reverse (n �18) and absent end-diastolic (n �29) flow
cases (live-born)

Reverse Absent
flow, n (%) end-diastolic

flow, n (%)

5 Apgar ≤7 7 (39) 13 (45)

pH ≤7.2 6 (33) 9 (31)

Cerebral 5 (27.8) 5 (17.2)
hemorrhage

Infections 8 (44.4) 8 (27.6)

Anemia 8 (44.4) 9 (31.0)

Hypocalcemia* 3 (16.7) 0

Hyaline 12 (67) 19 (66)
membrane
syndrome

Icterus 8 (44.4) 12 (41.4)

Shock lung 3 (16.7) 2 (6.9)

Lung emphysema 2 (11.1) 0

Retinopathy 1 (5.6) 3 (10.4)

Muscle hypotony 1 (5.6) 3 (10.4)

* p < 0.05.
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death is impending’.49 Our results showed almost the
same frequency of neonatal acidosis in 33% (pH ≤7.2)
in the reverse flow group, compared to 31% in cases
with absent end-diastolic flow velocities. As signifi-
cant reduction in the proportion of villous tissue
occupied by the peripheral villi in pregnancies with
absent or reversed end-diastolic flow was well docu-
mented previously,54,55 in our presented cases the
higher intrauterine death rates in the reverse flow
group denotes an extreme placental insufficiency.

The incidence of infection, hyaline membrane
syndrome and icterus was not influenced by reverse
or absent end-diastolic flow. The incidence of anemia
and shock lung was especially high, and hypocalcemia
occurred statistically more frequent in the neonates with
reversed end-diastolic flow. There was no difference in
NICU admission and mechanical ventilation rates and
duration of NICU stay. The overall neonatal morbidity
was not significantly different between the groups. This
suggests that both highly pathological Doppler findings
are affecting the surviving neonates adversely. However,
the higher rates of intrauterine and neonatal deaths in
the reversed flow cases should be noticed.

The highly pathological Doppler findings (absent
and reverse end-diastolic flow) of the umbilical artery
and fetal aorta, which are attributable to severe impair-
ment of placental circulation, and represent compro-
mised fetal condition with high incidence of perinatal
and neonatal mortality. In our opinion, the finding of a
reverse flow spectrum of the umbilical arteries or fetal
aorta should be accepted as a more abnormal Doppler
finding, compared to absent end-diastolic flow. If
absent or reversed end-diastolic flow is detected, a very
close antenatal follow-up is advised and delivery
should be considered if biophysical parameters and
venous Doppler indices become abnormal.

Chromosomal abnormalities
It was shown that absent end-diastolic flow in the UA
is associated with chromosomal abnormalities like tri-
somies, triploidies, or chromosomal deletions.56

Setting out from the point that structural anomalies
are more frequent in fetuses with chromosomal aber-
rations, the authors recommended a rapid acquisition
of a karyotype in fetuses with congenital anomalies
and an absent end-diastolic flow in the UA.35

Impact on perinatal consequences
Abnormal UA FVWs are associated in IUGR fetuses
with one of the following outcomes: early delivery,
reduced birth weight, oligohydramnios, NICU admis-
sion, and prolonged hospital stay.27,57 In a meta-
analysis it was shown that the use of UA Doppler
sonography in pregnancies complicated by IUGR
reduces perinatal mortality up to 38% and improves
perinatal outcome.17 A review consisting of 7000

high-risk pregnancies58 found that Doppler ultrasound
was associated with a trend toward reduction in
perinatal death especially in pregnancies complicated
with pre-eclampsia or IUGR. The Doppler ultrasound
use was also associated with fewer inductions of labor
and fewer hospital admissions, without reports of
adverse perinatal effects. The reviewers concluded that
the use of Doppler ultrasound in high-risk pregnancies
is likely to reduce perinatal mortality.

Neonatal intraventricular
hemorrhage
Fetal status as well as neonatal complications of pre-
maturity in IUGR both contribute to adverse perinatal
outcome and increase the risk for the development of
intraventricular hemorrhage (IVH). Data suggest that
absent and reversed end-diastolic flow in the UA
early in gestation carries a high risk of subsequent
neonatal IVH.59 However, this observation is not inde-
pendent of other perinatal variables: prematurity and
difficult births remain the most important determi-
nants of this complication.

Neuromotor outcome
Valcomonico et al.57 evaluated the association of UA
Doppler velocimetry with long-term neuromotor out-
come in IUGR fetuses with normal (n �17), reduced
(n �23), and absent or reversed (n �31) UA end-
diastolic flow. The infants who survived the neonatal
period were observed for a mean of 18 months. Their
postural, sensorial, and cognitive functions were eval-
uated at 3, 6, 9, 12, and 18 months of age. Although,
due to a small number of cases the results did not
reach statistical significance, the incidence of perma-
nent neurological sequelae increased as the UA end-
diastolic flow decreased (35% with absent or reversed
flow, 12% with reduced flow, and 0% with normal
flow). Recently, in another study60 23 IUGR fetuses
with absent or reversed UA end-diastolic flow were
matched with fetuses with appropriate growth. All
children were followed for 6 years, and intellectual
development, neuromotoric development was signifi-
cantly diminished in fetuses with abnormal FVWs.
Only social development was not impaired in fetuses
with abnormal UA FVWs. Similar results were previ-
ously published by our working group too.38,61

Intrapartum studies
A review of intrapartum UA Doppler velocimetry for
adverse perinatal outcome gave disappointing results.62

Out of 2700 pregnancies, which were evaluated for
the intrapartum use of Doppler velocimetry, the
technique proved to be a poor predictor for outcome

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 589



590 Doppler sonography in high-risk pregnancy

measures like low Apgar scores, intrapartum fetal
heart rate abnormalities, umbilical arterial acidosis,
and cesarean section for fetal distress.

Umbilical artery Doppler ultrasound in
unselected patients
Theoretically, the use of routine UA Doppler ultrasound
in unselected or low-risk pregnancies would be to
detect those pregnancies in which there has been fail-
ure to establish or maintain the normal low-resistance
umbilical and uterine circulations (a pathological
process leading to placental dysfunction and associ-
ated with intrauterine growth retardation and pre-
eclampsia), before there is clinical evidence of fetal
compromise. In practice, observational and longitudi-
nal studies of Doppler ultrasound in unselected or
low-risk pregnancies have raised doubts about its
application as a routine screening test, and authors
have cautioned against its introduction into obstetric
practice without supportive evidence from randomized
trials.63–65 The relatively low incidence of significant,
poor perinatal outcomes in low-risk and unselected
populations presents a challenge in evaluating the clin-
ical effectiveness of routine UA Doppler ultrasound, as
large numbers are required to test the hypothesis.

Multiple gestation
The S/D ratio of twins at the UA is in agreement with
singleton pregnancies in the third trimester.66 Twins
with an abnormal UA FVW tend to be born earlier,
have a higher perinatal mortality and morbidity, and
have more frequent structural anomalies than fetuses
without abnormal Doppler results.67

In cases of twin–twin transfusion syndrome, a poor
placental implantation site, or chromosomal anom-
alies discordant growth between the twins may occur.
This is a very high-risk situation, with high perinatal
mortality and morbidity. The diagnosis is made
mainly by ultrasound biometry. The best predictor for
diagnosis of discordant twins appears to be the pres-
ence of either a difference in the UA S/D ratio greater
than 15% or a different estimated fetal weight greater
than 15%.68 Recently, it has been reported that abnor-
mal UA velocimetry can be observed in small twins
more often in monochorionic than dichorionic
twins.69 Doppler ultrasound abnormalities of the UA
in either twin are associated with poor perinatal out-
come in twin–twin transfusion syndrome.

The biophysical profile and
multivessel Doppler ultrasound
in IUGR
Biophysical profile scoring (BPS) and Doppler surveil-
lance are the primary methods for fetal assessment in
IUGR. As placental insufficiency worsens, the fetus

adapts by progressive compensation. Previously it has
been suggested that the sequential changes in arterial
and venous flow occur before some biophysical para-
meters (fetal tonus, movement, breathing, amniotic
fluid volume, and nonstress test) decline.70,71 Baschat
et al.36 evaluated whether multivessel Doppler parame-
ters (UA, UV, MCA, DV, and inferior vena cava) precede
biophysical fetal parameters in fetuses with severe
IUGR. They found that combining multivessel Doppler
and composite BPS will provide significant early warn-
ing and a definitive indication for action in the man-
agement of severe IUGR, and suggested that delivery
timing may be based on this new gold standard.

Fetal descending aorta
Besides the UA, routine Doppler sonographic examina-
tion at the descending fetal aorta is possible. FVWs
of the FDA are usually recorded at the level of the
diaphragm. In fact, FVWs at the level of the diaphragm
and distally to the origin of the renal arteries are differ-
ent.72 Normal blood FVWs in the FDA is highly pul-
satile, with a minimal diastolic component (Figure 50.6).
The descending part of the aorta provides perfusion to
the fetal abdominal organs, umbilical–placental circula-
tion, and lower extremities. The flow velocity waveform
of the FDA shows a continuous forward stream during
the whole heart cycle, but when compared to the FVW
of the UA, the end-diastolic flow is less than the systolic
component. Due to this reason the S/D ratio in the fetal
aorta goes further than the S/D ratio in the UA. As preg-
nancy advances, the fetal aortic diameter gets wider,
which decreases peripheral resistance and increases
diastolic flow component. Nevertheless, this does not
cause a significant S/D ratio decrease in the FDA.73

Resistance and pulsatility indices (RI and PI, respec-
tively) in the last trimester are also not affected signifi-
cantly, and show a similar course as in the UA.

Figure 50.6 Normal flow velocity waveforms of the fetal
descending aorta in the third trimester.
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Increased placental impedance combined with
redistribution of blood flow from nonvital to vital
organs may result in changes in the aortic FVWs. An
elevated S/D ratio, RI and PI (Figure 50.7) is associ-
ated with both IUGR and adverse perinatal outcomes,
such as severe growth restriction, necrotizing entero-
colitis, fetal distress, and perinatal mortality.74–81

Absent end-diastolic flow at the FDA is also a predic-
tor of fetal heart rate abnormalities (Figure 50.8). It
was shown that absent flow in the FDA was detected
8 days prior to the onset of decelerations at fetal heart
rate monitoring.78 The sensitivity and specificity of
absent end-diastolic flow in the FDA for prediction of
IUGR with fetal heart rate abnormalities are 85% and
80%, respectively.80,81

Abnormal FVWs of the FDA were also evaluated
for intellectual function and minor neurological dys-
function.38,61,82,83 At 7 years of age, verbal and global
performances as well as neurological examination
were significantly better in the fetuses with normal
aortic FVWs.

Albeit most of the studies showed Doppler
velocimetry abnormalities of the FDA is a predictive
test for the onset of decompensation due to placental
insufficiency in the IUGR fetuses (Figures 50.8 and
50.9), it cannot be recommended as a screening or
diagnostic test for IUGR in an unselected obstetric
population.84

Middle cerebral artery
The circle of Willis is composed anteriorly of the ante-
rior cerebral arteries (branches of the internal carotid
artery that are interconnected by the anterior commu-
nicating artery) and posteriorly of the two posterior
cerebral arteries (branches of the basilar artery that are
interconnected on either side with internal carotid
artery by the posterior communicating artery).85 These
two trunks and the MCA, another branch of the inter-
nal carotid artery, supply the hemispheres on each
side (Figure 50.10). All of the defined arteries have dif-
ferent FVWs, therefore, it is important to know which
artery is being examined during clinical practice.86

The most favorably positioned vessel for Doppler
sonographic examination of fetal brain perfusion is
the MCA. As the pregnancy advances, the vascular
resistance in the MCA decreases (Figure 50.11),87 and
the Doppler indices change. During the early stages of
pregnancy, end-diastolic flow velocities in cerebral
vessels are small or absent, but velocities increase
towards the end of gestation. In the normal developing
fetus, the brain is an area of low vascular impedance
and receives continuous forward flow throughout the
cardiac cycle. IUGR due to placental insufficiency is
likely to be caused by redistribution of fetal blood
flow in favor of the fetal brain and ‘stress organs’, at
the expense of less essential organs such as subcuta-
neous tissue, kidneys, and liver. Finally, the already

Figure 50.7 Abnormal flow velocity waveforms of the fetal
descending aorta in the third trimester (high resistance index).

Figure 50.8 Absent end-diastolic flow (AEDF) of the fetal
descending aorta (FDA) in the third trimester.

Figure 50.9 Reverse flow (RF) in the fetal descending aorta.
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low resistance to blood flow in the brain drops further
to enhance brain circulation (Figure 50.12). This
results in increased end-diastolic velocities, and a
decrease in the S/D ratio of the MCA (‘brain sparing
effect’).88

Abnormalities of the UA flow correlated with fetal
compromise better than intracerebral artery blood
flow impairment. This suggests that high placental
impedance precedes the onset of the ‘brain sparing
effect’. In a study, in which 576 high-risk pregnancies
were evaluated for the UA and MCA velocimetry,
neither test was able to predict adverse perinatal out-
come in the normal growing fetus.89 Results showed
that simultaneous assessment of UA and MCA
velocimetry in IUGR fetuses did not improve the peri-
natal outcome. When the UA velocimetry was normal,
the MCA velocimetry did not improve the prediction
of IUGR or adverse perinatal outcome. However,
when the velocimetric values of both arteries were
abnormal, the risk of being growth restricted and
having an adverse perinatal outcome was doubled.

It has been reported that the MCA PI is below the
normal range when pO2 is reduced.90 Maximum
reduction in PI is reached when the fetal pO2 is 2–4
standard deviations below normal for gestation. When
the oxygen deficit becomes greater, there is a ten-
dency for the MCA PI to rise; this presumably reflects
the prefinal stage due to development of brain edema
(Figure 50.13).

Hyperactivity of the fetus, increase of intrauterine
pressure (e.g., polyhydramnios), and external pres-
sure to the fetal head (e.g., by the probe) might
erroneously increase end-diastolic flow velocities in
the MCA.91 Different investigators have undertaken
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Figure 50.10 Circle of Willis and middle cerebral artery
visualized with color Doppler.

Figure 50.11 Normal flow velocity waveforms of the middle
cerebral artery in the third trimester.

Figure 50.12 Abnormal flow velocity waveforms of the middle
cerebral artery in the third trimester (‘brain sparing effect’).

Figure 50.13 Low end-diastolic flow (‘normal PI’) after the
brain sparing effect (‘decentralization’) this presumably reflects
the preterminal stage due to development of brain edema.
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studies – utilizing data obtained from the UA and
MCA – to develop indices for evaluation of intrauter-
ine risk.85

Prediction of fetal hemoglobin
in red cell alloimmunization
Fetal anemia caused by red cell alloimmunization
can be detected noninvasively by Doppler ultrasound
on the basis of an increase in the peak systolic veloc-
ity in the MCA.92,93 Although there is no strong corre-
lation between these two parameters when the fetus
is nonanemic, the correlation becomes stronger as the
hemoglobin levels decrease.93 Prospective evaluation
of the MCA peak systolic velocity to detect fetuses at
risk for anemia in red cell alloimmunization showed
that 90 of the 125 anticipated invasive procedures
could be avoided.94

In anemic fetuses, change in hematocrit leads to a
corresponding alteration in blood viscosity and to an
impaired release of oxygen to the tissues. Increased
cardiac output and vasodilatation are the main mech-
anisms by which the fetus attempts to maintain the
oxygen and metabolic equilibrium in various organs.
It is likely that when the fetus is nonanemic or
mildly anemic, there are only minor or insignificant
hemodynamic changes. Therefore, the blood velocity
does not change. When the fetus becomes more
anemic, various mechanisms compensate to maintain
the oxygen and metabolic equilibrium in the various
organs. The MCA peak systolic velocity changes
proportionally to the hemoglobin deficiency.

Doppler measurements appear to be valuable for
estimating hemoglobin concentration in fetuses at risk
for anemia. Doppler sonography of the MCA has the
potential to decrease the need for invasive testing
(amniocentesis, cordocentesis) and its potential risks.95

Fetal venous circulation
In recent years research on the fetomaternal cir-
culation has focused more on the venous side of
the fetal circulation. Physiologically, blood flow
velocities in the umbilical vein (UV) and the portal
circulation are steady and nonpulsatile. However, it
has been shown that both fetal body and breathing
movements can interrupt the FVWs. In a recent
review, it was concluded that several pathologic con-
ditions such as non-immune hydrops, severe IUGR,
and cardiac arrhythmias also result in an abnormal,
pulsatile venous blood flow.96 However, the relation-
ship between fetal venous blood flow patterns and
imminent fetal asphyxia or fetal death is still
unknown. Recently, studies on venous circulation in
the fetal brain97 and pulmonary venous circulation

in the diagnosis of pulmonary hypoplasia were per-
formed.98 Venous Doppler also has applications in
several other disorders (Table 50.4).

An understanding of the fetal venous circulation
provides a platform for the clinical management of
perinatal problems, especially timing of delivery in
high-risk pregnancies, a subject that is dealt with later
in this section.

Summary
Doppler ultrasound is a noninvasive technique that is
commonly used in high-risk pregnancies. Examination
of fetomaternal vessels using Doppler sonography has
been subject of intensive investigation in recent years.
However, to date, randomized controlled trials were
able to establish only limited clinical value of Doppler
velocimetry to improve perinatal outcome in high-
risk situations. Umbilical artery, fetal descending
aorta and middle cerebral artery Doppler velocimetric
studies are acceptable tools in the diagnosis and man-
agement of intrauterine growth restricted fetuses, and
in the reduction of perinatal mortality in high-risk
pregnancies. The majority of severely compromised
fetuses also show pathological venous velocimetry,
which might give valuable clinical information for
surveillance in high-risk pregnancies and their opti-
mal perinatal management. In addition, Doppler
sonography might have a role in predicting long-term
neuromotor outcome. Large-scale randomized con-
trolled trials are needed to establish the clinical utility
of Doppler ultrasound in obstetrics.
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Table 50.4 Indications for fetal venous Doppler
sonography

Fetal arrhythmias

Suspected twin-twin transfusion syndrome

Nonimmune hydrops fetalis (NIHF)

Suspected stenosis in the cardiac outflow tract

Congenital heart disease

Severe centralization of the fetal circulation (brain sparing)

Suspicious fetal heart rate tracings

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 593



594 Doppler sonography in high-risk pregnancy

1. Ertan AK, Tanriverdi HA, Schmidt W. Doppler sonography in
obstetrics. In Kurjak A, Chervenak FA, eds. Donald School
Textbook of Ultrasound in Obstetrics and Gynecology. New
Delhi, India: Jaypee Brothers, 2003;395–421.

2. FitzGerald DE, Drumm JE. Non-invasive measurement of human
fetal circulation using ultrasound: A new method. Br Med J
1977;2:1450–1.

3. Campbell S, Diaz-Recasens J, Griffin DR et al. New Doppler tech-
nique for assessing uteroplacental blood flow. Lancet 1983;1:
675–7.

4. Eik-Nes SH, Marsal K, Brubakk AO, Kristofferson K, Ulstein M.
Ultrasonic measurement of human fetal blood flow. J Biomed Eng
1982;4:28–36.

5. Bower S, Schuchter K, Campbell S. Doppler ultrasound screening
as part of routine antenatal scanning: prediction of pre-eclampsia
and intrauterine growth retardation. Br J Obstet Gynaecol 1993;
100:989–94.

6. Caforio L, Testa AC, Mastromarino C et al. Predictive value of
uterine artery velocimetry at midgestation in low- and high-risk
populations: A new perspective. Fetal Diagn.Ther 1999;14:
201–5.

7. Campbell S, Pearce JM, Hackett G, Cohen-Overbeek T,
Hernandez C. Qualitative assessment of uteroplacental blood
flow: Early screening test for high-risk pregnancies. Obstet
Gynecol 1986;68:649–53.

8. Harrington K, Cooper D, Lees C, Hecher K, Campbell S. Doppler
ultrasound of the uterine arteries: the importance of bilateral
notching in the prediction of pre-eclampsia, placental abruption
or delivery of a small-for-gestational-age baby. Ultrasound Obstet
Gynecol 1996;7:182–8.

9. Harrington K, Goldfrad C, Carpenter RG, Campbell S.
Transvaginal uterine and umbilical artery Doppler examination of
12–16 weeks and the subsequent development of pre-eclampsia
and intrauterine growth retardation. Ultrasound Obstet Gynecol
1997;9:94–100.

10. Irion O, Masse J, Forest JC, Moutquin JM. Prediction of
pre-eclampsia, low birthweight for gestation and prematurity by
uterine artery blood flow velocity waveforms analysis in low risk
nulliparous women. Br J Obstet Gynaecol 1998;105:422–9.

11. Hoffmann H, Chaoui R, Bollmann R, Bayer H. Potential clinical
application of Doppler ultrasound in obstetrics. Zentralbl Gynakol
1989;111:1277–84.

12. Trudinger BJ, Giles WB, Cook CM. Uteroplacental blood flow
velocity–time waveforms in normal and complicated pregnancy.
Br J Obstet Gynaecol 1985;92:39–45.

13. Zimmermann P, Eirio V, Koskinen J, Kujansuu E, Ranta T. Doppler
assessment of the uterine and uteroplacental circulation in the
second trimester in pregnancies at high risk for pre-eclampsia
and/or intrauterine growth retardation: Comparison and correla-
tion between different Doppler parameters. Ultrasound Obstet
Gynecol 1997;9:330–8.

14. Hershkovitz R, Sheiner E, Mazor M. Ultrasound in obstetrics:
a review of safety. Eur J Obstet Gynecol Reprod Biol 2002;
101:15–18.

15. Barnett S, Kossoff G, Edwards M. Is diagnostic ultrasound safe?
Current international consensus on the thermal mechanism. Med
J Aust 1994;160:33–7.

16. Schneider KT. [Doppler ultrasound: patient safety and incorpora-
tion of the method into clinical management]. Gynakol
Geburtshilfliche Rundsch 1993;33(Suppl 1):113–15.

17. Alfirevic Z, Neilson JP. Doppler ultrasonography in high-risk
pregnancies: Systematic review with meta-analysis. Am J Obstet
Gynecol 1995;172:1379–87.

18. Soothill PW, Ajayi RA, Campbell S, Nicolaides KH. Prediction of
morbidity in small and normally grown fetuses by fetal heart rate
variability, biophysical profile score and umbilical artery Doppler
studies. Br J Obstet Gynaecol 1993;100:742–5.

19. Romero R, Kalache K, Kadar N. Timing the delivery of the preterm
severely growth-restricted fetus: venous Doppler, cardiotocogra-
phy or the biophysical profile? Ultrasound Obstet Gynecol 2002;
19:118–21.

20. Stuart B, Drumm J, FitzGerald DE, Duignan NM. Fetal blood
velocity waveforms in normal pregnancy. Br J Obstet Gynaecol
1980;87:780–5.

21. Thompson RS, Trudinger BJ, Cook CM. Doppler ultrasound wave-
form indices: A/B ratio, pulsatility index and Pourcelot ratio. Br J
Obstet Gynaecol 1988;95:581–8.

22. Fogarty P, Beattie B, Harper A, Dornan J. Continuous wave
Doppler flow velocity waveforms from the umbilical artery in nor-
mal pregnancy. J Perinat Med 1990;18:51–7.

23. Huneke B, Holst A, Schroder HJ, Carstensen MH. Normal values
for relative Doppler indices. A/B ratio, resistance index and pul-
satility index of the uterine artery and umbilical artery in normal
pregnancy. A longitudinal study. Geburtshilfe Frauenheilkd 1995;
55:616–22.

24. Schulman H, Fleischer A, Stern W, Farmakides G, Jagani N,
Blattner P. Umbilical velocity wave ratios in human pregnancy.
Am J Obstet Gynecol 1984;148:985–90.

25. Trudinger BJ, Giles WB, Cook CM, Bombardieri J, Collins L. Fetal
umbilical artery flow velocity waveforms and placental resistance:
Clinical significance. Br J Obstet Gynaecol 1985;92:23–30.

26. Maulik D, Yarlagadda AP, Youngblood JP, Willoughby L. Com-
ponents of variability of umbilical arterial Doppler velocimetry – A
prospective analysis. Am J Obstet Gynecol 1989;160:1406–9.

27. Ertan A, Hendrik H, Schmidt W. Hochpathologische Doppler-
Flow-Befunde und perinatale Auffälligkeiten. In Schmidt W,
Kurjak A, eds. Farbdopplersonographie in Gynäkologie und
Geburtshilfe. Stuttgart: Thieme Verlag, 2000;177–87.

28. Fleischer A, Schulman H, Farmakides G, Bracero L, Blattner P,
Randolph G. Umbilical artery velocity waveforms and intrauterine
growth retardation. Am J Obstet Gynecol 1985;151:502–5.

29. Devoe LD, Gardner P, Dear C, Faircloth D. The significance
of increasing umbilical artery systolic–diastolic ratios in third-
trimester pregnancy. Obstet Gynecol 1992;80:684–7.

30. Rochelson B, Schulman H, Farmakides G et al. The significance
of absent end-diastolic velocity in umbilical artery velocity
waveforms. Am J Obstet Gynecol 1987;156:1213–18.

31. Trudinger BJ, Cook CM, Giles WB et al. Fetal umbilical artery
velocity waveforms and subsequent neonatal outcome. Br J Obstet
Gynaecol 1991;98:378–84.

32. Gudmundsson S, Marsal K. Umbilical and uteroplacental blood
flow velocity waveforms in pregnancies with fetal growth retarda-
tion. Eur J Obstet Gynecol Reprod Biol 1988;27:187–96.

33. Baschat AA, Weiner CP. Umbilical artery Doppler screening for
detection of the small fetus in need of antepartum surveillance.
Am J Obstet Gynecol 2000;182:154–8.

34. McCowan LM, Harding JE, Stewart AW. Umbilical artery Doppler
studies in small for gestational age babies reflect disease severity.
Br J Obstet Gynaecol 2000;107:916–25.

35. Ertan AK, He JP, Tanriverdi HA, Hendrik HJ, Limbach H, Schmidt
W. Comparison of perinatal outcome in fetuses with reverse or
absent enddiastolic flow in the umbilical artery/fetal descending
aorta. J Perinat Med 2003;31:307–12.

36. Baschat AA, Gembruch U, Harman CR. The sequence of
changes in Doppler and biophysical parameters as severe fetal
growth restriction worsens. Ultrasound Obstet Gynecol 2001;18:
571–7.

37. Brar H, Platt L. Reverse enddiastolic flow velocity on umbilical
artery velocimetry in high-risk pregnancy: An ominous finding
with adverse pregnancy outcome. Am J Obstet Gynecol 1988;
159:559–61.

38. Ertan A, Jost W, Hendrik H, Lauer S, Uhrmacher S, Schmidt W.
Perinatal events and neuromotoric development of children with
zero flow in the fetal vessels during the last trimester. In Cosmi
EVDRG, ed. 2nd World Congress of Perinatal Medicine. Bologna:
Monduzzi Editore Spa, 1993;1049–52.

39. Jacobson S, Imhof R, Manning N et al. The value of Doppler
assessment of the uteroplacental circulation in predicting
preeclampsia or intrauterine growth retardation. Am J Obstet
Gynecol 1990;162:110–14.

40. Trudinger B, Cook C, Giles W, Connelly A, Thompson R.
Umbilical artery flow velocity waveforms in high-risk pregnancy.
Randomized controlled trial. Lancet 1987;8526:188–90.

41. Marsal K. Rational use of Doppler ultrasound in perinatal medi-
cine. J Perinat Med 1994;22:463–74.

42. Rühle W, Ertan A, Gnirs J, Schmidt W. Dopplersonographie in der
Geburtshilfe-Beitrag zum Verständnis des “Reverse Flow” in der
Arteria umbilicalis. Ultraschall Med 1991;12:134–8.

REFERENCES

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 594



43. Schmidt W, Rühle W, Ertan A, Boos R, Gnirs J. Doppler-
sonographische-Perinatologische Daten bei Fällen mit enddiastolis-
chem Block bzw. Reverse Flow. Geburts Frauenheilkd 1991;51:
288–92.

44. Karsdorp V, Vugt J, Van Geijin H et al. Clinical significance of
absent or reversed enddiastolic velocity waveforms in umbilical
artery. Lancet 1994;344:1664–8.

45. Zelop C, Richardson D, Heffner L. Abnormal umbilical artery
Doppler velocimetry in structurally normal singleton fetuses.
Obstet Gynecol 1996;87:434–8.

46. Montenegro N, Santos F, Tavares E, Matias A, Barros H, Leite L.
Outcome of 88 pregnancies with absent or reversed enddiastolic
blood flow (ARED flow) in the umbilical arteries. Eur J Obstet
Gynecol Reprod Biol 1998;79:43–6.

47. Illyes M, Gati I. Reversed flow in the human fetal descending aorta
as a sign of severe fetal asphyxia preceding intrauterine deaths.
J Clin Ultrasound 1988;16:403–7.

48. Woo J, Liang S, Lo R. Significance of an absent or reversed enddi-
astolic flow in Doppler umbilical artery waveforms. J Ultrasound
Med 1987;6:291–7.

49. Hsieh F, Chang F, Ko T, Chen H, Chen Y. Umbilical artery flow
velocity waveforms in fetuses dying with congenital anomalies.
Br J Obstet Gynecol 1988;95:478–82.

50. Weindling A, Wilkinson A, Cook J, Calvert S, Fox T, Rochefort M.
Perinatal events which precede periventricular hemorrhage and
leukomalacia in the newborn. Br J Obstet Gynecol 1985;92:
1218–23.

51. Bilardo C, Nicolaides K, Campbell S. Doppler measurements of
fetal and uteroplacental circulations: relationship with umbilical
venous blood gas measured at cordocentesis. Am J Obstet
Gynecol 1990;162:115–20.

52. Gudmundsson S, Dubiel M. Doppler velocimetry in the evalua-
tion of fetal hypoxia. J Perinat Med 2001;29:399–407.

53. Campbell S, Vyas S, Nicolaides K. Doppler investigation of the
fetal circulation. J Perinat Med 1991;19:21–6.

54. Biagiotti R, Sgambati E, Brizzi E. Placental morphometry in preg-
nancies complicated by intrauterine growth retardation with absent or
reversed end diastolic flow in the umbilical artery. Ital J Anat
Embryol 1999;104:201–7.

55. Kingdom J, Huppertz B, Seaward G, Kaufmann P. Development of
the placental villous tree and its consequences for fetal growth.
Eur J Obstet Gynecol Reprod Biol 2000;92:35–43.

56. Rizzo G, Pietropolli A, Capponi A, Arduini D, Romanini C.
Chromosomal abnormalities in fetuses with absent end-diastolic
velocity in umbilical artery: Analysis of risk factors for an abnor-
mal karyotype. Am J Obstet Gynecol 1994;171:827–31.

57. Valcamonico A, Danti L, Frusca T et al. Absent end-diastolic
velocity in umbilical artery: Risk of neonatal morbidity and brain
damage. Am J Obstet Gynecol 1994;170:796–801.

58. Neilson JP, Alfirevic Z. Doppler ultrasound for fetal assessment
in high risk pregnancies. Cochrane Database Syst Rev 2000,
CD000073.

59. Baschat AA, Gembruch U, Viscardi RM, Gortner L, Harman CR.
Antenatal prediction of intraventricular hemorrhage in fetal
growth restriction: What is the role of Doppler? Ultrasound Obstet
Gynecol 2002;19:334–9.

60. Wienerroither H, Steiner H, Tomaselli J, Lobendanz M, Thun-
Hohenstein L. Intrauterine blood flow and long-term intellectual, neu-
rologic, and social development. Obstet Gynecol 2001;97:449–53.

61. Ertan AK, Jost W, Mink D, Schmidt W. Neuromotoric development
of children after AED-flow during pregnancy. In Kurjak A, Latin V,
Rippmann E, eds. Advances in the Pathophysiology of Pregnancy.
Milan: CIC Edizioni Internazionali, 1995;55–62.

62. Farrell T, Chien PF, Gordon A. Intrapartum umbilical artery
Doppler velocimetry as a predictor of adverse perinatal outcome:
A systematic review. Br J Obstet Gynaecol 1999;106:783–92.

63. Sijmons EA, Reuwer PJ, van Beek E, Bruinse HW. The validity of
screening for small-for-gestational-age and low-weight-for-length
infants by Doppler ultrasound. Br J Obstet Gynaecol 1989;96:
557–61.

64. Beattie RB, Dornan JC. Antenatal screening for intrauterine growth
retardation with umbilical artery Doppler ultrasonography. Br
Med J 1989;298:631–5.

65. Goffinet F, Paris-Llado J, Nisand I, Breart G. Umbilical artery
Doppler velocimetry in unselected and low risk pregnancies: A
review of randomised controlled trials. Br J Obstet Gynaecol
1997;104:425–30.

66. Giles WB, Trudinger BJ, Cook CM, Connelly A. Umbilical artery
flow velocity waveforms and twin pregnancy outcome. Obstet
Gynecol 1988;72:894–7.

67. Gaziano EP, Knox H, Ferrera B, Brandt DG, Calvin SE, Knox GE.
Is it time to reassess the risk for the growth-retarded fetus with nor-
mal Doppler velocimetry of the umbilical artery? Am J Obstet
Gynecol 1994;170:1734–41.

68. Divon MY, Girz BA, Sklar A, Guidetti DA, Langer O. Discordant
twins – A prospective study of the diagnostic value of real-time
ultrasonography combined with umbilical artery velocimetry.
Am J Obstet Gynecol 1989;161:757–60.

69. Gaziano E, Gaziano C, Brandt D. Doppler velocimetry deter-
mined redistribution of fetal blood flow: correlation with growth
restriction in diamniotic monochorionic and dizygotic twins.
Am J Obstet Gynecol 1998;178:1359–67.

70. Hecher K, Campbell S, Doyle P, Harrington K, Nicolaides K.
Assessment of fetal compromise by Doppler ultrasound investiga-
tion of the fetal circulation. Arterial, intracardiac, and venous
blood flow velocity studies. Circulation 1995;91:129–38.

71. Senat MV, Schwarzler P, Alcais A, Ville Y. Longitudinal changes in
the ductus venosus, cerebral transverse sinus and cardiotocogram
in fetal growth restriction. Ultrasound Obstet Gynecol 2000;
16:19–24.

72. Lingman G, Marsal K. Fetal central blood circulation in the third
trimester of normal pregnancy – A longitudinal study. I. Aortic and
umbilical blood flow. Early Hum Dev 1986;13:137–50.

73. Hecher K, Spernol R, Szalay S, Stettner H, Ertl U. Reference val-
ues for the pulsatility index and the resistance index of blood flow
curves of the umbilical artery and fetal aorta in the 3rd trimester.
Ultraschall Med 1989;10:226–9.

74. Soothill PW, Nicolaides KH, Bilardo K, Hackett GA, Campbell S.
Utero-placental blood velocity resistance index and umbilical
venous pO2, pCO2, pH, lactate and erythroblast count in growth-
retarded fetuses. Fetal Ther 1986;1:176–9.

75. Jouppila P, Kirkinen P. Blood velocity waveforms of the fetal aorta
in normal and hypertensive pregnancies. Obstet Gynecol 1986;
67:856–60.

76. Laurin J, Lingman G, Marsal K, Persson PH. Fetal blood flow in
pregnancies complicated by intrauterine growth retardation.
Obstet Gynecol 1987;69:895–902.

77. Hackett GA, Campbell S, Gamsu H, Cohen-Overbeek T, Pearce
JM. Doppler studies in the growth retarded fetus and prediction
of neonatal necrotising enterocolitis, haemorrhage, and neonatal
morbidity. Br Med J (Clin Res Ed) 1987;294:13–16.

78. Arabin B, Siebert M, Jimenez E, Saling E. Obstetrical characteris-
tics of a loss of end-diastolic velocities in the fetal aorta and/or
umbilical artery using Doppler ultrasound. Gynecol Obstet Invest
1988;25:173–80.

79. Tonge HM, Wladimiroff JW, Noordam MJ, van Kooten C. Blood
flow velocity waveforms in the descending fetal aorta: comparison
between normal and growth-retarded pregnancies. Obstet Gynecol
1986;67:851–5.

80. Bonatz G, Schulz V, Weisner D, Jonat W. Fetal heart rate (FHR)
pathology in labor related to preceding Doppler sonographic
results of the umbilical artery and fetal aorta in appropriate and
small for gestational age babies. A longitudinal analysis. J Perinat
Med 1997;25:440–6.

81. Marsal K, Laurin J, Lindblad A, Lingman G. Blood flow in the fetal
descending aorta. Semin Perinatol 1987;11:322–34.

82. Ley D, Tideman E, Laurin J. Abnormal fetal aortic velocity wave-
form and intellectual function at 7 years of age. Ultrasound Obstet
Gynecol 1996;8:160–5.

83. Ley D, Laurin J, Bjerre M, Marsal K. Abnormal fetal aortic velocity
waveform and minor neurological dysfunction at 7 years of age.
Ultrasound Obstet Gynecol 1996;8:152–9.

84. Divon MY, Ferber A. Doppler evaluation of the fetus. Clin Obstet
Gynecol 2002;45:1015–25.

85. Mari G, Detti L. Doppler ultrasound application to fetal medicine.
In: Fleischer A, Manning F, Jeanty P, Romero R, eds. Sonography
in Obstetrics and Gynecology (Principles and Practice). New York:
McGraw Hill, 2001;247–83.

86. Mari G, Moise KJ Jr, Deter RL, Kirshon B, Carpenter RJ Jr, Huhta JC.
Doppler assessment of the pulsatility index in the cerebral circula-
tion of the human fetus. Am J Obstet Gynecol 1989;160:698–703.

87. Vetter K. The significance of Doppler blood flow measurement in
recognizing placental insufficiency. Arch Gynecol Obstet 1988;
244(Suppl):S12–18.

References 595

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 595



596 Doppler sonography in high-risk pregnancy

88. Arabin B, Bergmann PL, Saling E. Simultaneous assessment of
blood flow velocity waveforms in uteroplacental vessels, the
umbilical artery, the fetal aorta and the fetal common carotid
artery. Fetal Ther 1987;2:17–26.

89. Strigini FA, De Luca G, Lencioni G, Scida P, Giusti G, Genazzani
AR. Middle cerebral artery velocimetry: Different clinical rele-
vance depending on umbilical velocimetry. Obstet Gynecol
1997;90:953–7.

90. Sepulveda W, Shennan AH, Peek MJ. Reverse end-diastolic flow
in the middle cerebral artery: an agonal pattern in the human
fetus. Am J Obstet Gynecol 1996;174:1645–7.

91. Vyas S, Nicolaides KH, Bower S, Campbell S. Middle cerebral
artery flow velocity waveforms in fetal hypoxaemia. Br J Obstet
Gynaecol 1990;97:797–803.

92. Mari G, Adrignolo A, Abuhamad AZ et al. Diagnosis of fetal
anemia with Doppler ultrasound in the pregnancy complicated by
maternal blood group immunization. Ultrasound Obstet Gynecol
1995;5:400–5.

93. Mari G, Deter RL, Carpenter RL et al. Noninvasive diagnosis by
Doppler ultrasonography of fetal anemia due to maternal red-cell

alloimmunization. Collaborative Group for Doppler Assessment of
the Blood Velocity in Anemic Fetuses. N Engl.J Med 2000;342:9–14.

94. Zimmerman R, Carpenter RJ Jr., Durig P, Mari G. Longitudinal
measurement of peak systolic velocity in the fetal middle cerebral
artery for monitoring pregnancies complicated by red cell alloim-
munisation: a prospective multicentre trial with intention-to-treat.
Br J Obstet Gynaecol 2002;109:746–52.

95. Mari G, Detti L, Oz U, Zimmerman R, Duerig P, Stefos T. Accurate
prediction of fetal hemoglobin by Doppler ultrasonography.
Obstet Gynecol 2002;99:589–93.

96. Huisman TW. Doppler assessment of the fetal venous system.
Semin Perinatol 2001;25:21–31.

97. Laurichesse-Delmas H, Grimaud O, Moscoso G, Ville Y. Color
Doppler study of the venous circulation in the fetal brain and
hemodynamic study of the cerebral transverse sinus. Ultrasound
Obstet Gynecol 1999;13:34–42.

98. Yoshimura S, Masuzaki H, Miura K, Muta K, Gotoh H, Ishimaru T.
Diagnosis of fetal pulmonary hypoplasia by measurement of
blood flow velocity waveforms of pulmonary arteries with
Doppler ultrasonography. Am J Obstet Gynecol 1999;180:441–6.

Kurjak-50.qxd  5/9/2006  12:14 PM  Page 596



51 Effect of exercise on
fetoplacental Doppler flow
H. A. Tanriverdi, A. K. Ertan and W. Schmidt

The effects of maternal exercise
on placental bed blood flow
Sustained bouts of maternal exercise have both acute
and chronic effects on placental bed blood flow.
During exercise, blood flow is diverted away from the
viscera to the exercising muscle and skin.1 The magni-
tude of the reduction in flow is directly proportional
to the exercise intensity and the muscle mass used
(which varies with the type of exercise), and with com-
mon types of exercise performed at usual exercise
intensities, the reduction usually exceeds 50%. This
exercise-induced decrease in visceral flow persists
throughout pregnancy but, in late pregnancy, the mag-
nitude of the decrease is blunted in women who con-
tinue to exercise regularly.2–4 Once the exercise ceases,
flow rapidly returns to normal. Thus, during a routine
exercise session both glucose and oxygen delivery to
the placental site are acutely reduced and the magni-
tude of the decrease varies with exercise type and
intensity, maternal fitness and the time point in preg-
nancy when the exercise is carried out.4,5

However, women who perform weight-bearing
exercise regularly during pregnancy augment the
pregnancy-associated increases in plasma volume,
intervillous space blood volume, placental volume
and cardiac output.5,6 The fact that regular weight-
bearing exercise augments the changes in these
parameters by between 10% and 50% also suggests
that it increases the rate of placental bed blood flow
at rest. If this inference is correct, then exercise train-
ing during pregnancy should actually increase the
glucose and oxygen delivery to the placental site
throughout mid- and late pregnancy.

The main concern about exercise in pregnancy is
that reduced uterine blood flow may cause hypoxia in
the fetus.7 Recent studies using Doppler ultrasono-
graphy found an increase in the systolic/diastolic (S/D)
ratio of uterine circulation, indicating an increase in
resistance of the main vessels that supply the uterus.8,9

Although uteroplacental blood flow may decrease
with exercise, compensatory mechanisms may exist

to ensure adequate fetal oxygenation. In studying
ewes, Chandler reported an increase in uterine extrac-
tion of oxygen that occurred with the decreased uter-
ine blood flow after maternal exercise.10 Curet et al.
reported altered distribution of uterine blood flow in
favor of the placenta in ewes.11

Complicated pregnancies
and exercise
Two worrisome antenatal complications of pregnancy
are intrauterine growth restriction (IUGR) and preterm
labor. Strenuous exercise in pregnancy has been
assessed and is not harmful to the mother or the fetus
in healthy women if it is of limited duration. Heavy
work or exercise also does not appear to increase the
risk of a preterm delivery or IUGR in women at low
risk for an adverse pregnancy outcome.12

The influence of exercise during pregnancy and
its effect on birth weight and pregnancy outcome
remains uncertain. The most recent technical bulletin
from the American College of Obstetricians and
Gynecologists (ACOG)13 suggests that lower birth
weights are observed among vigorously exercising
women, but there is no information linking exercise
with an adverse outcome of the fetus. The effect of
maternal exercise on prenatal complications is also
unknown. A recent review from the Cochrane database
was unable to demonstrate important benefits or risks
to the mother or fetus with exercise in pregnancy.12

Small patient numbers or failure to take into
consideration the confounding variables in larger
samples hampers the studies assessing exercise with
birth weight and pregnancy outcome. Because the
labor force is composed of more working women,
many who exercise at conception and continue
during pregnancy, the impact of exercise on preg-
nancy outcome in working women is very important.
Influences of exercise, stress and occupation on preg-
nancy outcome are difficult to examine because of
confounding variables not taken into account in large

597

Kurjak-51.qxd  5/13/2006  11:57 AM  Page 597



investigations and the lack of an adequate sample size
in smaller studies.

As physical stress is relatively easy to standardize,
several groups have studied changes in pregnant
women as a result of sporting exertion, particularly the
measurable physiological changes in the organisms of
the mother and child. Although using different types
of exercise – produced by ergometer, treadmill and
running tests – all authors came to the conclusion that
light and medium physical exercise has no significant
adverse effect on the mother or the fetus.14–16

Doppler flow measurements of the fetoplacental
unit after physical exercise of the mother have been
performed with varying results by several inves-
tigators.16–30 Only one study compared Doppler flow
in uncomplicated and complicated pregnancies
after physical exercise of the mother.31 In this study
Hackett et al. studied 34 women (12 uncomplicated
and the other 22 complicated by hypertension, IUGR
fetus or both) in the third trimester of singleton preg-
nancies. The patients underwent a bicycle exercise
test during which pulsed Doppler sonographic assess-
ment of the uteroplacental circulation was per-
formed. Exercise appeared to increase the pulsatility
of the uteroplacental Doppler waveform in all cases.
The changes in the waveforms were more exaggerated
in the complicated pregnancies, particularly when the
resting waveform had been abnormal. These changes
indicate an increase in uteroplacental vascular resist-
ance with exercise, suggesting a deleterious effect of
physical exertion in the third trimester, particularly in
the presence of hypertension or IUGR fetus.

The effect of physical exertion on the fetoplacental
unit in pregnancies complicated by IUGR or hyper-
tensive disorders is of special clinical interest,
because these fetuses are known to be at risk for
long-term neurological morbidity.

Doppler sonographic examination during exercise in
complicated pregnancies: Own results
We conducted a study including measurements of
the fetal aorta, fetal middle cerebral artery, umbilical
artery and uteroplacental vessels in appropriate-for-
gestational-age (AGA) and IUGR fetuses to investigate
changes of the fetoplacental unit after defined maternal
exercise in the third trimester of pregnancy.

Materials and methods: A total of 33 pregnant
women with AGA fetuses and 10 patients with IUGR
fetuses in the third trimester were examined. Multiple
pregnancies, cases with maternal renal disease, mater-
nal diabetes, maternal cardiovascular pathology other
than hypertension and fetuses with chromosomal or
structural anomalies were excluded from the evalua-
tion. IUGR was defined as a fetal abdominal circum-
ference < 5th percentile for the gestational age of our
reference ranges.33

The exercise period began with an acclimatization
period of 3 min (30 W), followed by 10 min of moderate

exertion (1.25 W/kg body weight for each woman). A
bicycle ergometer from Mijnhardt (Mijnhardt-Jäger b.v.,
Bunnik, The Netherlands) was used.

Immediately after the exercise period, Doppler
flow measurements were performed. The test period
was 35 min. In the IUGR group fetal heart rate (FHR)
monitoring was performed for an additional 15 min
before and after the exercise.

Doppler flow recordings of the umbilical arteries,
fetal aorta, middle cerebral and uterine arteries were
performed. During all Doppler examinations the
patients were positioned semirecumbent to avoid
‘vena cava syndrome’.

Doppler flow velocity waveforms were obtained
from a free-floating central part of the umbilical artery
in the absence of body movements, fetal breathing or
cardiac arrhythmia with the sample volume covering
the whole vessel. Care was taken to keep the inso-
nation angle in the umbilical artery at a minimum.
The fetal aorta was localized in its abdominal part at
the origin of the renal arteries. The angle between
ultrasound beam and fetal aorta was kept below 55��.
The middle cerebral artery was visualized at about
1 cm of its origin in the circle of Willis in an axial
view. The insonation angle in the middle cerebral
artery was always below 15��. Care was taken to mini-
mize fetal head compression, because this is known to
influence the flow velocity waveforms of the middle
cerebral arteries.

For uterine artery Doppler, the transducer was
placed in the right or left lower part of the abdomen.
Color Doppler imaging was used to localize the main
uterine artery cranial to the crossing of the external
iliac artery. The examination was repeated on the
opposite side. The insonation angle was kept below
55�� at the uterine arteries.

Abnormal umbilical, uterine and fetal aorta
Doppler results were those > 2 standard deviations
(SD) above the mean for gestational age of our local
reference ranges.34 Fetal brain sparing was supposed
when the RI was < 2 SD below the mean of our local
reference ranges for the middle cerebral artery.34

Glucose and lactate levels were measured in capil-
lary blood samples taken from the finger pad before
and after exercise (‘Monotest-Lactat in Halbmicro-
Technik’, Boehringer Mannheim). The pulse and
blood pressure of the mother were automatically reg-
istered at 3-min intervals during the test (Dinamap,
Critikon, Tampa, FL, USA).

Results
Normal pregnancies
The mean performance on the bicycle ergometer was
79 W (±11 W). Gestational age at delivery was 40.0
weeks (±8 days). The mean birth weight was 3270 g
(0383 g).

Mode of delivery: Twenty-four (73%) women deliv-
ered vaginal spontaneously, one (3%) vaginal operative
and eight (24%) by cesarean section.
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Doppler flow results of normal pregnancies (n �33)
(Table 51.1)
Umbilical artery: The observed RI was within the
normal range before and after exertion. However,
in four (12%) fetuses the measurements reached the
threshold range after exercise.

Fetal aorta: The mean RI before exercise was 4.9
(±1.3). In eight (24%) fetuses the RI was at the thresh-
old range (between 0.83 and 0.86) and in one (3%)
fetus at the pathological range (> 0.86). A significant
increase in the RI was determined following exertion
(P < 0.01). However, the mean value did not reach
the pathological level. An increase in the RI of the
aorta shortly after exertion was observed in 21 (63%)
fetuses [in 5 (24%) within the threshold range, in 16
(76%) in the pathological range].

Middle cerebral artery: Before exercise, RI was in
the normal range in all cases. A significant reduction
in the RI was determined shortly after the exertion
phase (P < 0.01). Twenty minutes after exertion, the
results were almost the same as the baseline records.

Uterine artery: The observed RI was within the
normal range before and after exertion.

Fetal heart rate: The FHR remained nearly
unchanged before and after exertion (Figure 51.1). In
one case fetal bradycardia (lasting approximately
2 min at the end of the exertion phase) was observed.
This patient developed pre-eclampsia in the last
2 weeks of pregnancy.

Maternal parameters: The maternal blood pressure
and the maternal heart rate increased during the exer-
tion phase but returned to the initial values at the end
of the test.

The maternal glucose levels decreased by 21%
(P < 0.001) after exercise, while the lactate values
increased almost twofold from 14.6 to 27.6 mg%
(P < 0.001).

IUGR pregnancies
The mean performance on the bicycle ergometer
was 68 W (±10 W). Gestational age at delivery was
37.6 weeks (±19 days). The mean birth weight was
2065 g (±526 g).

Mode of delivery: Five (50%) women delivered
vaginal spontaneously and five (50%) by cesarean
section.

Doppler flow results of IUGR pregnancies
(n �10) (Table 51.2)
Umbilical artery: In three (30%) fetuses the baseline
value was in the threshold and in another three
(30%) fetuses it was pathological. After exercise the
RI was in the threshold range in one (10%) fetus and
pathological in four (40%) fetuses.

The RI in the umbilical artery was pathologic in
three fetuses already before exercise. This had a
marked influence on the mean RI value, because of
the very small sample size. Thus, the calculated mean
values of all measurements were in the pathological
range from the beginning. After exclusion of these
three cases, the RI became normal and no significant
changes in the RI of umbilical arteries occurred
during the test.

Fetal aorta: RI before exercise was within the
pathological range in three (30%) fetuses and in two
(20%) fetuses within the threshold range. The RI
following exertion increased significantly (P < 0.05).

Doppler values of four (40%), five (50%) and six
(60%) fetuses were within the pathological range,
respectively, for measurements after exertion between
1 and 6 min, 7 and 12 min and 13 and 18 min.

The mean values of fetal aortic RI values in IUGR
fetuses were higher than in AGA fetuses (P < 0.05).
In contrast to the AGA group, in the IUGR group all
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Table 51.1 Changes of RI during exercise in AGA pregnancies (n �33)

RI (mean ±SD)

Before exertion
After exertion

(baseline) 1–6 min 7–12 min 13–18 min

Fetal aorta 0.8 ±0.21 0.82 ±0.29 0.81 ±0.22 0.82±0.26
P value < 0.01 ns < 0.05

Middle cerebral artery 0.82±0.48 0.77 ±0.32 0.84 ±0.54 0.83 ±0.41
P value < 0.01 ns ns

Umbilical artery 0.62±0.12 0.6±0.12 0.62 ±0.12 0.62±0.1
P value ns ns ns

Uterine artery 0.44±0.15 0.41±0.1 0.44 ±0.12 0.44±0.1
P value ns ns ns

RI, resistance index; ns, difference not significant; SD, standard deviation
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RI values after exercise were within the threshold
or the pathologic range and did not return to normal
values after exercise.

Middle cerebral artery: The RI revealed a stepwise
reduction until 7–12 min after exertion (P < 0.05) and
made a ‘plateau’ until 13–18 min after exertion. In six
(60%) fetuses, the RI following exertion was lower
than the baseline values.

In growth-retarded fetuses, the RI returned to normal
levels more slowly than in AGA fetuses. In contrast
to AGA fetuses, at the end, RI in IUGR fetuses remained
well below the values registered at baseline (P < 0.05).

Uterine artery: There were no significant changes
in RI of the uterine vessels during the test.

Fetal heart rate: The FHRs before and after exercise
remained unchanged (Figure 51.1).

Maternal parameters: Maternal blood pressure
and heart rate increased during exercise but regained
normal values rapidly after exercise. The maternal
glucose levels decreased about 24% (P < 0.001),
while the lactate concentrations doubled from 11.6 to
24.2 mg% (P < 0.001).

Discussion
This study reports Doppler flow measurements of the
placental vascular bed, the fetal aorta, umbilical
artery together with the fetal cerebral arteries in the

600 Effect of exercise on fetoplacental Doppler flow

Figure 51.1 Fetal heart rate during the test period (mean ±SD) in AGA (squares) and in IUGR (circles) pregnancies.

Table 51.2 Changes of RI during exercise in IUGR pregnancies (n �10)

RI (mean ±SD)

Before exertion
After exertion

(baseline) 1–6 min 7–12 min 13–18 min

Fetal aorta 0.85±0.37 0.87±0.42 0.89±0.51 0.89±0.51
P value <0.05 <0.05 <0.05

Middle cerebral artery 0.8±0.38 0.77±0.29 0.74±0.11 0.76±0.33
P value <0.05 <0.05 <0.05

Umbilical artery 0.82±0.82 0.83±0.81 0.84±0.72 0.77±0.39
P value ns ns ns

Umbilical artery (without extremes) 0.64±0.11 0.66±0.18 0.64±0.09 0.69±0.17
P value ns ns ns

Uterine artery 0.41±0.19 0.52±0.2 0.47±0.12 0.47±0.07
P value ns ns ns

RI, Resistance index; ns, difference not significant; SD, standard deviation

Kurjak-51.qxd  5/9/2006  12:12 PM  Page 600



human AGA and IUGR fetus after physical exercise of
the mother.

There are conflicting data regarding the question of
uteroplacental supply during and after physical exer-
cise by the mother in uneventful pregnancies and
pregnancies at risk. The main hypothesis for guiding
this study was that maternal exercise has both acute
and chronic effects on placental bed blood flow.
During the exercise, maternal blood flow is diverted
away from the viscera to the exercising muscle and
skin (fetoplacental blood steal effect). The magnitude
of the reduction in flow is directly proportional to the
exercise intensity and the muscle mass used (which
varies with the type of exercise), and with common
types of exercise performed at the usual exercise
intensities, the reduction usually exceeds 50%. This
exercise-induced decrease in visceral flow persists
throughout pregnancy.35

The present Doppler flow results of the fetal aorta
and fetal middle cerebral arteries in normal pregnan-
cies showed significant differences before and after
exertion. The RI in the aorta increased following exer-
tion and remained higher for a considerable time
(approximately 20 min), although the findings did not
become pathological. In IUGR fetuses, the increase of
the RI in the fetal aorta was more important with
resistance indices being in the pathological range
during the time period of the test.

The RI in the cerebral artery reduced significantly
following exercise and returned very quickly approx-
imately to its initial value in AGA fetuses. In IUGR
cases, reduction of the RI could be observed until the
end of the test without return to pretest values, thus
indicating an initially decreased fetal cerebral circula-
tion in IUGR cases after maternal exercise. RI of the
placental vascular bed and the umbilical arteries
remained unchanged throughout the test period. In
three cases of IUGR, we found elevated RI values in
the umbilical artery prior to maternal exercise. After
exclusion of those cases, RI values in the umbilical
artery were in the physiological range during the test
in AGA and IUGR fetuses. These findings are in good
accordance with the results reported in the litera-
ture.30,36–41 Furthermore, FHR remained unchanged
after maternal exercise in AGA and IUGR fetuses. This
is partly in accordance with previous studies.30,42–47

Differences in study protocols might account for these
differences.

The presented results support evidence of fetal
cerebral vasodilatation leading to redistribution of
fetal blood volume to the cerebrum as a physiologic
answer after moderate maternal exercise during the
third trimester of pregnancy. In IUGR fetuses, cere-
bral vasodilatation (brain sparing phenomenon)
lasted longer than in AGA fetuses and did not
return to initial levels during the test period, point-
ing toward an altered fetal oxygenation under these
circumstances. Furthermore, our results suggest
that maternal exercise does not significantly alter

uterine and umbilical perfusion in AGA and IUGR
pregnancies suggesting absence of change in the
uterine vascular bed resistance.

Other studies concerned with
Doppler sonography during
exercise in pregnant women
In 1956, Morris et al.48 already studied changes in
uterine circulation following physical exertion by the
mothers. The authors found a statistically significant
lengthening of the uterine clearance half-time of
NaCl and hence a reduction in circulation during
exertion.48 At rest, in contrast, the clearance half-time
was shorter and uterine circulation improved. The
main point critical to the results of this study was that
during the examination procedure the patient rested
in a supine position, thus inducing possible vena cava
occlusion syndrome.

Several investigators reported unchanged utero-
placental blood flow and umbilical perfusion after
bicycle stress test in the third trimester.30,49–52 Morrow
et al. found higher resistance indices in the uterine
arteries and elevated fetal heart rates after exercise by
the mother in the third trimester. The RI in the umbil-
ical artery, however, was unaltered.53 Erkkola et al.
demonstrated in a series of uncomplicated pregnan-
cies an increase in RI of the uterine arteries and the
maternal blood pressure after exercise, whereas no
change in the RI occurred in the umbilical artery. Of
note, the FHR increased significantly after exercise.54

The predictive value of maternal aerobic exercise
for pregnancy-induced hypertension was studied by
Hume et al. in a small series.55 Pre-eclampsia devel-
oped in four patients with RI values being elevated
in the umbilical artery after recovery in these four
patients. It was concluded that aerobic exercise of
the mother might be a valuable tool in predicting
hypertensive pregnancy complications.55 On the
other hand, decreased umbilical artery RI values were
reported after maternal exercise in the third trimester,
thus indicating an improved placental circulation
following exercise in healthy women.28

Hackett et al.56 performed a bicycle exercise test in
34 women in the third trimester. Twelve pregnancies
were uncomplicated, whereas 22 of the cases were
complicated by small-for-gestational-age fetuses or
maternal hypertension. Increase in pulsatility indices
was more prominent in complicated pregnancies
than in uncomplicated gestations, thus indicating an
important reduction of uteroplacental blood flow by
maternal exercise in complicated pregnancies.56 In
a more recent study, a fetal cerebral vasodilatation
with decrease in umbilical resistance induced by sub-
maximal maternal dynamic exercise was reported.
FHR remained unchanged in this study.18
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Conclusions
(1) In healthy pregnant women without obstetric or

medical complications, the benefits of exercise
seem to outweigh the risks. Therefore, pregnant
women should continue to exercise, provided care-
ful guidelines are followed. However, pregnant
women may have to modify their exercise regi-
mens because of the physiologic changes associ-
ated with pregnancy. Although lower birth weights
are noted among offspring of women who exercise
during pregnancy, these birth weights are still
within normal ranges. Currently, there are no data
to confirm that exercise during pregnancy has dele-
terious effects on the fetus.

(2) Maternal exercise does not significantly alter uter-
ine and umbilical perfusion in AGA and IUGR
pregnancies suggesting absence of change in the
uterine vascular bed resistance. However, sub-
maximal maternal exercise was followed by a
fetal cerebral vasodilatation and an increase
of resistance in the fetal aorta, which was more
evident in IUGR fetuses. This might be due to
a slight fetal hemoglobin desaturation in those
cases. These findings underline the need of close
antenatal surveillance of IUGR fetuses by Doppler
flow measurements in order to detect circulatory
deterioration in those fetuses and to reduce long-
term morbidity. This is an important and relevant
task of modern perinatal medicine.

Appendix
Guidelines for exercise during pregnancy
The ACOG has published a set of guidelines for exer-
cise during pregnancy and the postpartum period.
The most recent ACOG guidelines are listed in Table
51.3. These recommendations are made for women
who do not have any additional risk factors for
adverse maternal or perinatal outcome.13

Contraindications to exercise
According to ACOG13 conditions that should be con-
sidered, contraindications to exercise during preg-
nancy include the following:

Absolute contraindications to aerobic exercise during
pregnancy

• Hemodynamically significant heart disease
• Restrictive lung disease
• Incompetent cervix/cerclage
• Multiple gestation at risk for premature labor
• Persistent second- or third-trimester bleeding
• Placenta previa after 26 weeks of gestation
• Premature labor during the current pregnancy
• Ruptured membranes
• Pre-eclampsia/pregnancy-induced hypertension

Relative contraindications to aerobic exercise
during pregnancy

• Severe anemia
• Unevaluated maternal cardiac arrhythmia
• Chronic bronchitis
• Poorly controlled type 1 diabetes
• Extreme morbid obesity
• Extreme underweight (body mass index < 12)
• History of extremely sedentary lifestyle
• IUGR in current pregnancy
• Poorly controlled hypertension
• Orthopedic limitations
• Poorly controlled seizure disorder
• Poorly controlled hyperthyroidism
• Heavy smoker

Warning signs to terminate exercise while pregnant

• Vaginal bleeding
• Dyspnea prior to exertion
• Dizziness
• Headache
• Chest pain
• Muscle weakness
• Calf pain or swelling (need to rule out throm-

bophlebitis)

602 Effect of exercise on fetoplacental Doppler flow

Table 51.3 American College of Obstetricians and
Gynecologists’ guidelines for exercise during
pregnancy and postpartum

1. Regular exercise (at least three times per week) is
preferable to intermittent activity

2. Avoid exercise in the supine position after the first
trimester. This position is associated with decreased
cardiac output in most pregnant women, causing a
decreased distribution of blood to splanchnic beds
including the uterus

3. Pregnant women should stop exercising when fatigued
and not exercise to exhaustion

4. Non-weight-bearing exercises such as cycling or
swimming will minimize the risk of injury and facilitate
the continuation of exercise during pregnancy

5. Adequate diet should be ensured

6. Avoid types of exercise in which loss of balance
could be detrimental to maternal or fetal well-being,
especially in the third trimester. Further, any type
of exercise involving the potential for even mild
abdominal trauma should be avoided

7. Adequate hydration, appropriate clothing and optimal
environmental surroundings during exercise should be
ensured

8. The physiologic and morphologic changes of
pregnancy persist 4–6 weeks postpartum. Thus,
prepregnancy exercise routines should be resumed
gradually based on a woman’s physical capability

Kurjak-51.qxd  5/9/2006  12:12 PM  Page 602



• Preterm labor
• Decreased fetal movement
• Amniotic fluid leakage

Conclusions and recommendations of ACOG for
exercise during pregnancy13

• Recreational and competitive athletes with uncom-
plicated pregnancies can remain active during
pregnancy and should modify their usual exercise
routines as medically indicated. The information
on strenuous exercise is scarce; however, women
who engage in such activities require close medical
supervision.

• Previously inactive women and those with med-
ical or obstetric complications should be evaluated

before recommendations for physical activity
during pregnancy are made. Exercise during preg-
nancy may provide additional health benefits to
women with gestational diabetes.

• A physically active woman with a history of or
risk for preterm labor or fetal growth restriction
should be advised to reduce her activity in the
second and third trimesters.
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52 Doppler velocimetry in
intrauterine growth restriction:
a practical clinical approach
G. P. Mandruzzato, Y. J. Meir and G. Maso

Introduction
Intrauterine growth restriction (IUGR) according to
the current definition is that of a fetus that fails to
reach its potential growth. The term IUGR should
only be used with regard to the fetus, while small for
gestational age (SGA) should be used only with regard
to the newborn.1 This distinction must be kept in
mind very clearly. It is true that perinatal mortality
and morbidity are significantly increased in cases pre-
senting a birth weight less than the 10th percentile for
gestational age (therefore defined as SGA) and also
less than the 15th percentile.2 However, it has been
shown that symptoms of hypoxemia are observable in
cases presenting a birth weight greater than the 50th
percentile, but showing a restriction of growth by
ultrasound biometry during fetal life, with the same
frequency as in SGA newborns.3 IUGR can be associ-
ated to many conditions (malformations, karyotype
aberrations, infections, maternal diseases), but the
most frequent and most dangerous complications are
represented by chronic fetal hypoxemia. This is the
consequence of obliterative placental vasculopathy,
which reduces the maternal–fetal supply first of nutri-
ents and later on of oxygen. This ominous condition
is encountered in about 30% of IUGR fetuses and is
the cause of poor perinatal outcome (intrauterine
death or damage, acute hypoxemia in labor, neonatal
death and morbidity early and late as well). Moreover,
it has been postulated that IUGR can also be responsi-
ble for diseases occurring in adult life.

Chronic fetal hypoxemia induces changes in many
fetal vital functions (hemodynamics, heart activity,
fetal movements and behavior, amniotic fluid
turnover) and one of the first to be observed is blood
flow redistribution. As Doppler technology enables
us to study these changes in a non-invasive way, it
has become a fundamental tool for assessing the fetal

oxygenation and the fetal response to hypoxemia,
thus becoming a useful guide in the clinical manage-
ment of IUGR fetuses.

Characteristics of Doppler
velocity waveform
The Doppler velocity waveform (DVWF) reflects the
velocities of blood during a cardiac cycle. The so-
called ‘angle-independent parameters’ are commonly
used for studying the characteristics of the DVWF.
The velocities of the systolic phase are compared to
that of the diastolic one according to different formu-
las. The simplest is the systolic/diastolic (S/D) ratio
obtained by dividing the two. The resistance index
(RI) is obtained by dividing the systolic velocity for
the systolic minus the diastolic. Probably, the most
comprehensive parameter is the pulsatility index (PI)
because it takes into consideration not only systolic
and diastolic velocities but also the mean of the veloc-
ities. However, the characteristics of the DVWF, and
hence the different parameters, are mainly influenced
by the diastolic phase, reflecting the peripheral resist-
ance downstream the explored segment of the vessels,
especially in the case of investigations performed on
arteries. When the peripheral resistance is markedly
increased, the forward blood flow may be absent or
also reverted. These particular patterns of the DVWF
are called absent/reverse end diastolic (ARED) flow.
After the introduction of the color flow mapping
(CFM) technique, it is possible to identify very tiny
vessels and vascular structures also, which can be
sampled by the Doppler technique. Hence, it is possi-
ble to build a map of fetal hemodynamic patterns in
normally evolving pregnancies and in those affected
by hypoxemia as well.
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Fetal and umbilical hemodynamics
in normal pregnancies
In case of normally evolving pregnancy, Doppler
investigation on somatic and cerebral fetal arteries
(FA) shows a fairly constant pattern of the DVWF,
indicating an almost stable peripheral resistance or
a small progressive reduction. Using the same tech-
nology on the umbilical arteries (UA), a significant
progressive reduction of peripheral resistance can be
observed possibly related to the increasing need of
nutrients and oxygen by the growing fetus.

The main objects of investigation are UA and fetal
thoracic descending aorta. With the progress of ultra-
sound imaging technology and the use of CFM, allow-
ing identification and sampling of even tiny vessels,
many other arteries like cerebral (internal carotid and
middle and anterior cerebral), renal, mesenteric, adrenal,
splenic, iliac aortic arch and coronary have been studied.

As a consequence, a very comprehensive overview
of the fetal physiologic hemodynamics has been
obtained, which is the fundamental basis for studying
and understanding the possible changes occurring in
pathologic pregnancies.

Arterial Doppler changes
in hypoxemic IUGR
As already mentioned, the most frequent and severe
complication of IUGR is represented by the chronic
fetal hypoxemia, which is a consequence of the placen-
tal obliterative vasculopathy. With Doppler technology,
it is possible to study the hemodynamic changes occur-
ring in this condition in UA and those occurring in FA.

The first step of the fetal adaptation to hypoxemia
is represented by blood flow redistribution inducing
vasoconstriction in the somatic arteries and vasodi-
latation in the cerebral arteries. This phenomenon
is called ‘brain sparing effect’ and is finalized to
preserve sufficient oxygenation to the central nervous
system. It has been postulated that such a ‘sparing
effect’ occurs also at the level of the adrenal and
coronary arteries. Therefore, peripheral resistance is
increased in the somatic and splanchnic arteries and
reduced in the cerebral arteries.

When placental obliterative vasculopathy occurs,
the peripheral resistance is also increased in UA.
It has been shown that PI elevation is proportional
to the obliteration of the placental vascular bed.4

From the clinical point of view, it is possible
to assess both the cause (UA) and the effect (FA) of
hypoxemia using Doppler investigation.

Doppler patterns of IUGR
Doppler study on UA and fetal thoracic descending
aorta has been performed in 653 IUGR fetuses. In all

the cases, gestational age has been established on the
basis of ultrasonic biometry carried out in early preg-
nancy [by measuring the crown–rump length (CRL)]
and not later than 20 weeks of gestation (by measur-
ing the biparietal diameter). IUGR has been diagnosed
if the fetal biometry (abdominal circumference)
showed a deviation of more than 2 weeks in the
expected curve of growth that has been established in
our institute. Cases presenting fetal abnormalities
(anatomical and/or chromosomal) have been excluded
from this study. After IUGR recognition, Doppler
investigation is done at weekly or minor intervals,
depending on the severity of the growth restriction
and the maternal clinical conditions by measuring
the PI values. Cases presenting PI values greater than
the second standard deviation are considered abnor-
mal. Fetal biometry has been performed weekly if
severe restriction was observed and/or abnormal PI
was present, and at 14-day intervals in cases pre-
senting normal Doppler values. Computer-assisted
cardiotochography (CTG) according to the Oxford
System 8002 has been performed for monitoring fetal
conditions.

The IUGR cases have been divided into four groups
according to the characteristics of the Doppler pat-
terns. In the first group, 71 cases presenting ARED
flow have been included (10.8%). In the second
group, the cases (n �64, 9.8%) presenting abnormal PI
(over the second SD) in both vascular districts are col-
lected. In the third group are the cases (n �85, 13%)
presenting abnormal PI only in the aorta while still
depicting normal values in the UA. The fourth group
is represented by cases showing normal PI values in
both aorta and UA (n �433, 66.3%).

The prevalence of fetal distress (FD) has been cal-
culated for each group. FD has been diagnosed on the
basis of short-term variation (ST) below 3 ms in preg-
nancy and on the basis of the presence of late deceler-
ations or bradycardia and/or fetal acidemia on the fetal
blood sample during labor, requiring cesarean deliv-
ery. Overall, the prevalence of FD was 31% but with a
statistically significant difference in the four groups.

FD has been observed in 100% of the cases in the
first group. This prevalence is reduced to 74% in the
second group and even more, 33%, in the third. In
the fourth group this figure is 12%.

Sensitivity and specificity of Doppler for predict-
ing FD has been calculated separately for FA and UA.
The sensitivity is 62.69 for FA and 35.18 for UA. The
specificity is 81.56 for FA and 96.71 for UA. The
reason for the difference depends on the pathophysi-
ological background of the hemodynamic changes
of the two vascular districts. Fetal vessel changes, as
in the aorta, represent the adaptation to hypoxemia
while UA changes are the consequence of increased
peripheral resistance provoked by placental oblitera-
tive vasculopathy.

Practically, by studying hemodynamics in UA we
can assess the cause of chronic fetal hypoxemia,
whereas by studying the fetal vessels we can assess
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the phenomenon of fetal adaptation to the reduced
oxygen supply.

As already discussed, it has been shown that PI val-
ues are proportional to the obliteration of the placental
vascular bed, but evidence has also shown that DVWF
becomes altered only when at least 60% of the placen-
tal vascular bed is obliterated5 and oxygen supply to
the fetus is strongly reduced. Hence, the specificity of
PI in UA is much higher than that observed in FA.

Therefore, according to the Doppler patterns, the
first group (ARED) represents a condition of restric-
tion of oxygen supply to the fetus inducing a severe
hypoxemia. Unfavorable perinatal outcome (death or
handicaps in survivors) has been observed only in
this group. The second and third groups represent
a condition of reduced oxygen supply and fetal adap-
tation and possible FD. The fourth group represents
IUGR fetuses not affected by chronic hypoxemia.

The clinical consequences can be indicated as
follows:

Group 1: Timing of prompt delivery should be taken
into consideration.

Groups 2 and 3: Close surveillance and timing of the
delivery according to fetal monitoring and maternal
corticosteroids administration if gestational age is lower
than 34 weeks. Vaginal delivery after spontaneous onset
of labor is possible in about 50% of the cases.

Group 4: Clinical and instrumental control at weekly
or 14-day intervals. In the majority of cases, vaginal
delivery after spontaneous onset of labor occurs.

Particular attention should be paid to IUGR cases
when ARED flow is observed. This hemodynamic
condition is encountered in about 10% of IUGR fetuses,
and is usually associated with a low gestational age,
with a mean of 30 weeks.

As the outcome is largely different in the case of
end-diastolic flow absent (EDFA) as compared to reverse
flow (RF), being better in the first condition, the charac-
teristics of the management should be different. In fact,
it has been shown that perinatal mortality and handicap
rates are significantly higher in the case of RF.6

Conclusions
IUGR can be associated with many fetal adverse condi-
tions (malformations, chromosomal aberrations, infec-
tions) but the most important cause of both restriction
of growth and poor perinatal outcome is represented
by chronic fetal hypoxemia (CFH). This condition is
the consequence of placental obliterative vasculopathy,
which affects the maternal–fetal supply of nutrients
first and later on of oxygen. As a consequence, hemo-
dynamic changes occur in UA and FA as well. These
modifications are easily observable with Doppler tech-
nology by analyzing the characteristics of the DVWF.

As CFH occurs in about 30% of IUGR, therefore
requiring close control and possibly active management,
the crucial point, after IUGR recognition, is represented
by the identification or the exclusion of CFH. By study-
ing DVWF on UA and FA, it is possible to assess the
characteristics of the blood flow from the mother to the
fetus and to monitor the aspects of the fetal adaptation if
CFH is present. Fetal thoracic descending aorta is easy
to identify and sample by using pulsed Doppler.

According to the DVWF patterns and PI values, it
is possible to distinguish the IUGR fetuses affected by
CFH from those that are not. As a consequence, the
characteristics of the control can be differentiated.

Moreover, if CFH is present, it is possible to monitor
its evolution by obtaining information about clinical
practical validity, in order to optimize the management
and the timing of the delivery if necessary.
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53 Doppler evaluation of the
fetal venous system
G. Maso, G. Conoscenti and G. P. Mandruzzato

Introduction
Fetal blood flow measurements have become an
important tool in the surveillance of high-risk preg-
nancies. There is a vast amount of literature on umbil-
ical arteries and the fetal arterial system, but fetal
venous circulation has only recently been evaluated.

The introduction of high-resolution ultrasono-
graphy, combined with color Doppler imaging (CDI),
offered a breakthrough in the study of the fetal venous
system, considerably enhancing our understanding in
normal physiologic conditions, as well as in abnormal
circumstances.

This review will focus on the embryologic,
anatomic and physiologic characteristics of fetal
venous circulation. The knowledge of the develop-
ment and physiology represents the basis to under-
stand the structural anomalies and the hemodynamic
changes that occur in the venous district in patholog-
ical conditions.

Embryology of the fetal
venous system
In a 4-week embryo, three pairs of veins are found.
The vitelline veins run from the yolk sac to the sinus
venosus via liver sinusoid, and are connected to each
other via anastomoses around the duodenum. The
umbilical veins (UVs) transport oxygenated blood
from the chorion to the sinus venous, bypassing the
liver. They merge with the cardinal veins, the third
pair of embryonic veins, which originate from the
body of the embryo and open into the right and left
horns of the sinus venosus of the primitive heart.

The fetal liver and its development in the septum
transversus play an important role in modifying
the primitive vitelline and UVs into their final mor-
phology. With the rapid growth of the liver, the UVs
connect with the liver sinusoids. The asymmetric
development of the heart and the rotation of the
intestinal tract cause a major change in the venosus

circulation by forming a single venous blood stream
from the left to the right.

In the 6-mm embryo, the complete right UV, the
cranial part of the left UV, the left vitelline vein and
part of the anastomoses obliterate and a new vessel,
the ductus venosus (DV), develops. This is a shunt
vessel between the left UV and the right hepatocardi-
nal channel, which will become the upper inferior
vena cava (IVC). At this stage, all the placental blood
enters the right atrium through the left distal UV,
the DV and the proximal right vitelline vein, which
bypass the liver sinusoids. The upper two anas-
tomoses of the distal vitelline veins fuse to form the
portal vein, whereas the distal anastomoses form the
superior mesenteric and splenic veins and the proxi-
mal parts become the hepatic veins (Figure 53.1).

IVC and superior vena cava (SVC) originate from the
cardinal veins, which form the main drainage system
of the embryo’s body (Figure 53.2). The anterior and
posterior cardinal veins drain the cranial and caudal
parts of the body of the embryo, respectively. The
left brachiocephalic vein is formed during the eighth
week from the right anterior and the right common car-
dinal veins, through left to right anastomoses, whereas
the left anterior cardinal vein disappears. Azygos and
hemiazygos veins originate from the upper portion of
the division of the supracardinal veins, whereas the
caudal part becomes the caudal part of the IVC.1–4

Anatomy of the fetal venous system
Two venous systems can be identified within the fetal
liver: an afferent system, or umbilical–portal system,
taking blood from the placenta and the gut to the liver,
and an efferent system, provided by the hepatic veins,
taking blood from the liver to the heart (Figure 53.3).
The DV shunts oxygenated blood from the umbilical–
portal system directly to the heart.

In the afferent venous system, the UV enters the
abdomen within the falciform ligament, ascending
steeply toward the liver and runs along its surface in
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the cephalad direction. It then joins a confluence
of vessels termed the portal sinus. This is a wide
L-shaped vessel at the distal part of the UV, connect-
ing the right and left intrahepatic portal veins. These
perfuse the right and left hepatic lobes, respectively.
There are two main left intrahepatic portal veins
(superior and inferior). The right intrahepatic portal
vein shows a more abundant branching pattern. The
vein originating from the confluence of the splenic
and superior mesenteric veins outside the liver repre-
sents the extrahepatic portal vein.

The DV originates from the portal sinus as the
latter turns at an almost right angle into the right lobe
of the liver. The diameter of the DV is approximately
one-third that of the UV. This is a branchless, hour-
glass-shaped vessel ascending in the direction of the
diaphragm, which joins distally with the hepatic left
vein and the IVC, just proximal to the entrance into
the right atrium (Figure 53.4). The existence of a
‘sphincter’ that regulates the blood flow through the
DV to the heart has been postulated, and it has been

assumed that the control of this anatomic structure
is dependent on the concentration of oxygen.

The efferent system is represented by a number of
vessels arising from the right and left hepatic lobes
(right, middle and left hepatic veins), which drains into
the subdiaphragmatic vestibulum. The hepatic veins,
DV and IVC open into the subdiaphragmatic vestibu-
lum, an inverted funnel-shaped vascular space just
below the diaphragm, ending at the right atrium.3–5

Physiology of the fetal venous system
The anatomical relationship in the hepatic afferent
venous system supports the well-established concept
that oxygenated blood flow from the placenta is dis-
tributed through the UV to the portal sinus, which
supplies the left and right intrahepatic portal veins
and the DV. Deoxygenated blood from the extrahep-
atic portal veins is diverted almost exclusively to the
right hepatic lobe. The alignment of UV and DV,

Physiology of the fetal venous system 609

Figure 53.1 Embryology of umbilical, portal and hepatic venous systems. Reprinted from Hoffstetter et al.2 with permission.
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although not in anatomical continuity for the inter-
posed portal sinus, favors the preferential streaming
of oxygenated blood to the DV and consequently to
the heart (Figures 53.3 and 53.4). Approximately 50%
of the UV blood flow enters the DV and accounts for
98% of the blood flow through the DV. The portal
blood is mainly directed to the right lobe of the liver.

As far as the vessels of the efferent venous system
are concerned, it is possible to observe that the right
hepatic vein runs parallel to the IVC, whereas the left
and middle hepatic veins run parallel to the DV. It has
been postulated that this spatial rearrangement is the
consequence of distribution of more oxygenated
blood flow. The left hepatic lobe, in fact, is primarily
supplied with the blood flow from the UV via the left
portal vein.

Moreover, it has been shown that there is streamlin-
ing of blood flow within the thoracic IVC: blood from
the DV and the left hepatic vein flows in the dorsal

and leftward part, whereas blood from the right lobe,
the distal IVC and the right hepatic lobe flows in
the ventral and rightward stream part of IVC. The
ventral and rightward stream, together with blood
from SVC, is directed to the right atrium and through
the tricuspid valve into the right ventricle, ejected
into the main pulmonary artery and shunted, via duc-
tus arteriosus, into the descending aorta. The dorsal
and leftward stream is directed toward the foramen
ovale, thereby delivering well-oxygenated blood flow
directly to the left heart and, via ascending aorta, to
the myocardium and the brain.3,6,7

Normal Doppler findings
The application of high-resolution and color Doppler
ultrasonography has allowed the structural and func-
tional evaluation of the fetal venous system.

610 Doppler evaluation of the fetal venous system

Figure 53.2 Embryology of inferior and superior vena cavae. Reprinted from Hoffstetter et al.2 with permission.
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During sonography, the UV can be detected in a
sagittal or transverse section of the abdomen. In the
transverse section, it curves toward the right-hand
side of the upper abdomen (Figure 53.5).

The DV can be visualized in its full length in a
midsagittal longitudinal section of the trunk or in
an oblique transverse section through the upper
abdomen. Its origin from the UV can be found where
CDI indicates higher velocities compared with the
flow in UV, and sometimes this produces an aliasing
effect. The blood flow velocities accelerate due to the
narrow lumen of the DV, the maximum inner width
of the narrowest portion being 2 mm (Figures 53.6
and 53.7).

Normal Doppler findings 611

Figure 53.3 Representation of fetal umbilical and hepatic
venous system. The arrows indicate the direction of flow. The
colors show the degree of oxygenation (red, high; purple,
medium; blue, low). FO, foramen ovale; RA, right atrium; DV,
ductus venous; UV, umbilical vein; HV, hepatic veins; IVC,
inferior vena cava; PS, portal sinus; LPV, left portal vein; RPV,
right portal vein; EPV, extrahepatic portal vein; GB, gallbladder.
Reprinted from Mavrides et al.5 with permission.

Figure 53.4 Sagittal view of the fetal venous system. RA, right
atrium; DV, ductus venous; UV, umbilical vein; HV, hepatic
veins; IVC, inferior vena cava; P, portal system; SVC, superior
vena cava.

Figure 53.5 Transverse view of the fetal abdomen. The UV
curves toward the right-hand side.

Figure 53.6 Midsagittal view of the fetal upper abdomen.
DV and hepatic vein merge into the IVC forming the
subdiaphragamatic infundibulum, a funnel-shaped vascular
space just below the diaphragm, ending into the right atrium.

Figure 53.7 Midsagittal section of the fetal trunk: DV is
visualized in its full length arising from the UV. The CDI
indicates higher velocities compared with the flow in the UV:
aliasing effect is present.
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The IVC could be well evaluated either in the
longitudinal or coronal section; it runs anterior, to the
right of and nearly parallel to the descending aorta
(Figure 53.8).

The hepatic veins can be visualized either in a
transverse scan section through the upper abdomen
or in a sagittal–coronal section through the hepatic
lobes (Figure 53.9).

The typical waveform for blood flow in the
venous vessels, excluding the UV and portal
veins, consists of three phases related to the cardiac
cycle (Figure 53.10). The highest pressure gradient
between the venous vessel and the right atrium
occurs during ventricular systole (S), resulting in
the fastest blood flow velocities forward from the
fetal heart. Early diastole (peak D) with opening of
the atrio-ventricular valves and passive early filling

of the ventricles (peak E of the biphasic atrio-
ventricular flow waveform) is associated with a
second forward peak flow. The lowest velocities (a)
in fetal venous vessels can be observed during the
atrial contraction of the late diastole (peak A of the
biphasic atrio-ventricular flow waveform).

The DV flow pattern is characterized by a triphasic
forward flow (Figure 53.11): it is directed toward the
heart through the whole cardiac cycle. Even in early
pregnancy, there is no retrograde flow during atrial
contraction.

In the IVC and hepatic veins (Figures 53.12 and
53.13), a physiological reverse flow during atrial con-
traction is observed. The percentage of reverse flow in
the IVC decreases with advancing gestational age.

As for the site of sampling, it is of vital importance
in the evaluation of the fetal venous system.

612 Doppler evaluation of the fetal venous system

Figure 53.8 Coronal plane of the upper abdomen: the IVC
runs anterior, to the right of and nearly parallel to the descending
aorta.

Figure 53.9 Coronal section through the right hepatic lobe.
The right hepatic vein and IVC merge into the subdiaphragmatic
infundibulum.

Figure 53.10 Doppler waveform patterns in the DV, HV and IVC, and their relationship with the cardiac cycle (AV, atrioventricular
valves; S, systole; D, early diastole). A physiologic reverse flow is evident in IVC/HV during atrial contraction (a). With permission
from Hecher K. The fetal venous circulation. In Harrington K, Campbell S, eds. A Colour Atlas of Doppler Ultrasonography in
Obstetrics, 71–9.
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It has been shown that the highest velocities of
the DV are at the inlet, immediately above the UV,
relative to the outlet into the IVC. It has been estab-
lished that the inlet part of the DV should be evalu-
ated for Doppler waveform analysis.

As for the IVC, large standard deviations for
various Doppler waveform variables and a mixture
of overlapping signals from different bloodstreams
have been shown at the subdiaphragmatic venous
infundibulum. It has been established that the site of
sampling is between the renal vein and the DV: this
is the place of the highest reproducibility.6–9

More than 10 different angle-independent indices
of the IVC and the DV have been proposed and ref-
erence ranges have been compiled (Figure 53.14).

‘Pulsatility index for veins’ and ‘Peak velocity index
for vein’ are now commonly used for the highest
correlation with adverse outcome variables, such as
fetal acidemia and perinatal mortality.9–11 Even if flow
volume and absolute velocity measurements can be
evaluated, it has been demonstrated to have higher
inaccuracy and intraobserver variation compared to
qualitative ratios. This is mainly due to vulnerable
errors of the evaluation of vessel diameter measure-
ments and unreliable or high angle of insonation.

The mean and peak velocities increase signifi-
cantly in venous vessels with advancing gestational
age. The highest and lowest velocities are found in
the DV and the right hepatic vein, respectively.
Conversely, the angle-independent indices decrease

Normal Doppler findings 613

Figure 53.11 Triphasic forward Doppler flow waveform in
the DV. It is directed toward the heart through the whole cardiac
cycle. A nadir of forward flow is observed during atrial
contraction.

Figure 53.12 Doppler flow waveforms in the HV: a
physiological slight reversal flow is recorded during atrial
contraction (a).

Figure 53.13 Doppler flow waveforms in the IVC: a physiolog-
ical slight reversal flow is recorded during atrial contraction (a).

Figure 53.14 Angle-independent indices reported in the
literature for the IVC and the DV. S, systole; D, diastole; A, atrial
contraction; TVI, time velocity integral; PV, peak velocity; PLI,
preload index; PVIV, peak velocity index for vein; PIV, pulsatility
index for vein.
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during gestation and this is consistent with a reduction
in cardiac afterload because of the decrease in placen-
tal resistance. It may also reflect increased ventricular
compliance. The reduction in cardiac afterload causes
a decrease in end-diastolic ventricular pressure and
therefore an increase in venous blood flow velocity
toward the heart during atrial contraction.10,11

As shown for arterial Doppler evaluation, from a
methodological point of view, it is essential to avoid
measurements during fetal breathing movements.
Changes in intrathoracic pressure during breathing
movements have significant effects on Doppler wave-
forms. Inward movement of the abdominal wall
during inspiration is accompanied by an increase of
blood flow velocities, whereas a decrease in velocities
is evident during expiration. As the shape of Doppler
waveforms shows changes during the breathing move-
ments, indices or velocity ratios should be evaluated
during fetal apnea (Figures 53.15 and 53.16).6,7,12

The easiest vessel to investigate is the UV. Reference
ranges for quantitative UV blood flow has been also
compiled, according to the following formulae: UV
volume flow (ml/min)�time averaged velocity (mm/s)×
cross-sectional vessel area (mm2); UV absolute flow
(ml/min) �vessel cross-sectional area (mm2) ×mean
velocity ×60. However, methodological differences in
blood flow study have limited the quantitative evalua-
tion of the UV in clinical practice. Qualitative analysis
of the UV waveform in normal conditions shows a
continuous forward flow without pulsations after the
first trimester (Figure 53.17). Mild sinusoidal pulsa-
tions synchronous with the fetal heart rate (FHR) have
been described in some normal fetuses between 34 and
38 weeks and during fetal breathing movements
(20% of the cases in the free-loop portion). These have
to be distinguished from the pathological pulsations
in cases of severe fetal compromise and nonimmune
hydrops6,13–15 (Figure 53.18).
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Figure 53.15 Doppler flow waveforms during breathing
movements in the DV.

Figure 53.16 Doppler flow waveforms during breathing
movements in the IVC.

Figure 53.17 Qualitative analysis of the UV waveform: a
physiologic continuous forward flow without pulsations is
observed after the first trimester.

Figure 53.18 Umbilical vein pulsations with notches
synchronous with atrial contractions. Diphasic pulsations due to
the increased central venous pressure and/or opening of the DV
may be secondary to congestive heart failure or imminent fetal
hypoxemia/acidemia.
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Structural anomalies
of the fetal venous system

A brief review of the embryologic landmarks was
given in order to understand the fetal venous system
structural anomalies (see section ‘Embryology of the
fetal venous system’.

The abnormal development of fetal venous vessels
may be related to either of two different pathogenesis:
the primary failure to transform or to form the critical
anastomoses and the secondary occlusion of an already
transformed system.

Four major groups of anomalies can be identified
on the basis of the etiology (primary or secondary),
the vessel involved and the embryologic precursor
(Table 53.1): (A) abnormal connection of the cardinal
veins; (B) abnormalities of the UV; (C) abnormalities
of the vitelline veins; and (D) anomalous pulmonary
venous connection (not discussed in this chapter).

Anomalies of the fetal venous system may be also
classified simply considering either (1) the abnormal-
ities of the caval venous system or (2) the anomalies
of umbilical, portal and hepatic veins. The abnormal
connections of the cardinal veins are part of the
heterotaxy syndromes.

An interrupted or absent IVC with azygos vein
continuation or the persistence of the left SVC are
the result of primary failure to create the anastomoses
in embryologic period and may be a sign of cardios-
plenic syndromes.

The anatomical correlations of aorta to the IVC
and the spine, and the venous connections to the atria
are very helpful to diagnose left and right atrial
isomerisms. In situs solitus, the aorta is located to the
left of the spine, whereas in situs inversus the loca-
tion is reversed. In right isomerism, the aorta and the
IVC are on the same side of the spine, either right or
left. Aplasia of the spleen should be a sign of right iso-
merism. In left isomerism, the aorta runs medial to the
spine, the IVC is not identified and the azygos vein

runs dorsal and lateral to the aorta, either on the right-
hand side or on the left-hand side. In this subtype of
heterotaxy syndrome, multiple spleens are usually
present. A situs ambiguus is a common finding in
both types of isomerism: the stomach can be in a left,
right or medial position. Also, the position of the liver
can be variable.2–4,6,16,17

Abnormalities of the IVC and the SVC are often
associated with major impairments of the develop-
ment of the heart, intestinal tract and body symmetry,
influencing significantly the prognosis.2–4,6 The anom-
alies of the umbilical veins represent the major and
most common group of structural anomalies of the
fetal venous system.

Primary failure to form the critical anastomoses
results in an aberrant vessel that shunts the blood
flow from the placenta to the systemic veins. This
spectrum of anomalies may involve the iliac vein,
the IVC or the SVC, or the direct connection with the
right atrium. Agenesis of the DV is a common feature
of these groups of anomalies. Two forms may be
identified. The first one is represented by the direct
connection of the UV with the systemic venous cir-
culation, bypassing the liver. This is often associated
with Noonan syndrome, pleural effusion and hydrops.
The second form includes cases in which the UV is
adequately connected with the portal vein, but fails
to establish a communication with the persistent
proximal part of the right vitelline vein. The result
is a prolonged hypoperfusion of the liver that may
lead to portal hypertension.2–4,17–19

Partial failure to form critical anastomoses in left
and right veins is quite common. Persistence of the
right umbilical vein (PRUV) is the most common
anomaly observed. Three types may be identified:
(1) the intrahepatic form (the UV is connected with the
right portal vein instead of the left portal vein); (2) the
RUV is connected directly to the iliac vein, the IVC or
the right atrium; (3) both the UVs persist.16,17

The first type is commonly identified as an iso-
lated finding, and is considered a benign variant,
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Table 53.1 Classification of the fetal venous system anomalies (from Fasouliotis et al.3)

A. Cardinal veins
a. Complex malformations, heterotaxic syndrome
b. Isolated malformation

B. Umbilical veins
a. Primary failure to create critical anastomoses

– Complete: abnormal connection of UV (venosus shunts) into iliac vein, IVC, SVC and right atrium
– Partial: persistence of right umbilical vein (PRUV) with or without DV

b. Secondary occlusion

C. Vitelline veins
a. Primary failure to create critical anastomoses

– Complete agenesis of portal system
– Partial agenesis of right or left portal branch (portosystemic shunt)

D. Anomalous pulmonary venous connection (total or partial)
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whereas the other two are often associated with
complex structural anomalies, especially cardiac
malformations, or signs of congestive heart failure.

The pathophysiologic mechanisms of PRUV, pri-
mary or secondary, seem to be related to occlusion
by thromboembolic events arising from the placenta.
Teratogenic agents have been advocated as inducing
primary failure of the critical anastomoses.

The anomalies of the vitelline veins are extremely
rare and only a few cases have been reported in prena-
tal literature. Primary failure to form the critical anas-
tomoses may lead to complete agenesis of the portal
system or to partial agenesis of the right or left portal
vein. In the complete form, enterohepatic circulation
is shunted systemically.

Partial forms of absence of the portal system
might represent a more benign form of vitelline veins’
abnormalities.2–4

Venous system Doppler and
fetal diseases
UV pulsations with moderate to severe notches syn-
chronous with atrial contraction have been described
as an ominous sign. They are associated with various
fetal pathological conditions such as nonimmune
hydrops (NIH), fetal arrhythmia, fetal congestive heart
failure, placental anomalies, fetal growth restriction
(FGR), absent/reverse end-diastolic flow (ARED) in
the umbilical artery (UA) and abnormal FHR patterns.

Different pathophysiological mechanisms may lead
to UV pulsations. Single pulsation, caused by changes
in forward flow from the placenta, might be related
to ARED flow in the UA during diastole or bradi-
cardia, umbilical cord occlusion and true knot on the
cord during systole. Diphasic pulsations, because of
increased central venous pressure and/or opening of
the DV, can be secondary to congestive heart failure or
imminent fetal hypoxemia/acidemia (Figure 53.18).20

NIHF is a severe clinical condition of varying etiolo-
gies with poor prognosis. Differentiating between NIHF
caused by congestive heart failure and other noncar-
diac causes is essential to formulate a prognosis.

In the presence of NIHF and umbilical pulsations,
the right ventricular shortening fraction is significantly
decreased, and abnormal venous return to the heart is
consistent with decreased cardiac output, leading to
congestive heart failure and poor fetal outcome.

Structural heart diseases involving ventricular out-
flow, with or without hydrops, are frequently associ-
ated with abnormal venous blood flow. Altered pump
function with increased workload causes a decrease
or even reversal of blood flow during atrial contrac-
tion. In cases with tricuspid regurgitation, increased
reversed phase in the IVC is frequently associated to
fetal hydrops. Increased central venous pressure due
to regurgitant flow into the atrium can cause hydrops,
which implies poor prognosis.

The diagnosis of the different types of fetal
arrhythmias is possible by simultaneous waveform
recordings from abdominal aorta and IVC. High-
velocity reverse flow due to increased right pressure
is found either in atrial contraction against a closed
tricuspid valve, or in tricuspid regurgitation. The
first occurs during premature atrial contraction with
complete atrioventricular block, and the second
during premature ventricular contraction.

Premature beats of supraventricular or ventricular
origin can be differentiated depending on the charac-
teristic differences in blood flow velocity waveforms
of the venous vessels (IVC) during atrial contraction.
During premature beats of atrial origin an exaggerated
reverse flow is recorded earlier than expected during
the heart cycle. In cases of premature beats of ventric-
ular origin, the reverse flow is evident at the moment
of end diastole, with a typical lag pattern in blood
flow velocity after ventricular premature beat.6–20

Venous Doppler analysis is also essential to
manage supraventricular tachycardia. From the obser-
vation of venous flow patterns (IVC, DV), it is possible
to delay antiarrhythmic treatment if the heart rate
is below 210 beats/min. Above this critical heart rate
frequency, an abnormal monophasic forward flow is
observed in the DV and the IVC. This pattern is related
to direct impediment of diastolic filling, causing ele-
vation of atrial and venous pressures. Due to the pres-
ence of a parallel fetal flow circuitry, the increase of
the left atrial pressure leads to right side congestive
heart failure and ventricular dysfunction.6,21,22

Fetuses with intrauterine growth restriction (IUGR)
are usually delivered on the basis of abnormal results
of nonstress tests such as FHR monitoring, biophysical
profile or the presence of maternal pathological con-
ditions. Although the introduction of arterial Doppler
ultrasound evaluation has resulted in a significant
decrease in perinatal mortality and morbidity, the
transition between adaptation and decompensation
because of fetal hypoxemia/acidemia is difficult to
identify accurately.

The decision regarding the optimal timing of deliv-
ery, to avoid iatrogenic delivery of a mild affected pre-
mature neonate before irreversible asphyxia-related
damage, is still a dilemma. The arterial multivessel
evaluation (umbilical artery, descending aorta, middle
cerebral artery) is commonly used in clinical practice
to assess fetal well-being in high-risk pregnancy. How-
ever, this assessment has a limited value in determin-
ing the time of delivery.6,23–28

Although maximal decrease in vascular cerebral
resistance has been found to precede the onset of late
decelerations by an average of 2 weeks, it has been
unsuitable to monitor IUGR fetuses closely during
the last 2 weeks preceding the occurrence of acute
distress or intrauterine death.

The Doppler study of the fetal venous blood flow
in the IVC and the DV and other venous vessels
(sinus trasversus, right hepatic vein) have raised new
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expectations by investigating fetal hemodynamic
changes more accurately.

Two mechanisms can be considered for the onset
of abnormal venous Doppler waveform: the increase
of right ventricular afterload and myocardial failure.
As long as the fetus is able to compensate for reduced
placental supply by redistribution, preferential
myocardial oxygenation delays the development of
right heart failure, despite an increasing afterload.
Progressive changes in fetal venous circulation may
indicate failure of the compensatory mechanism and
herald the development of right heart failure due to
myocardial hypoxemia.6,9,10

It has been shown that the evaluation of Doppler
venous waveforms are correlated to computerized
analysis of FHR monitoring: reverse flow in DV is
significantly correlated with values of short-term
variation below 3.5 ms, ominous sign of hypoxemia/
acidemia29,30 (Figure 53.19).

Recent studies are focusing on the role of fetal
venous Doppler evaluation, combined or integrated
with other methods of fetal surveillance, such as bio-
physical profile and computerized cardiotocography,
in the timing of delivery and the physiopathological
sequence of the deterioration. Besides promising
results, it has not been yet assessed as to what is the
best method for timing the delivery of preterm severe
IUGR fetuses.30–32

The widely held view that, in any case, venous
Doppler abnormalities would precede deterioration of
biophysical parameters has not been observed.

Ferrazzi et al.30 reported that more than 50% of the
fetuses delivered because of an abnormal FHR pattern
did not have venous Doppler abnormalities.

Hecher et al.31 observed that among fetuses born
before 32 weeks of gestation, persistent abnormalities

in FHR tracings preceded the occurrence of an
abnormal DV pulsatility index in about 53% of the
cases; simultaneous anomalies were detected in 5%
of the cases.

Muller et al.27 found that absent/reverse flow in the
DV in a group of cases with umbilical artery ARED
flow was significantly predictive of poor outcome.
Delivery was indicated by non-reassuring status
defined as either cardiotocographic (CTG) pathologi-
cal pattern or when suspicious FHR traces were asso-
ciated with absence or reversal in DV flow during
atrial contraction. However, it is not indicated as to
how many cases of normal DV Doppler flow wave-
forms were delivered for an abnormal CTG pattern.

Baschat et al.32 reported that the deterioration of
arterial/venous parameters occurred before an abnor-
mal biophysical profile within 24 h in the majority of
the cases.

These data show that hemodynamic changes of
blood flow and decompensation, as detected by an
abnormal FHR trace, biophysical profile or venous
Doppler, are widely variable among fetuses and do
not follow a predictable physiopathological cascade.
It has been postulated that many variables have to be
considered in the clinical practice. It has been shown
that gestational age has a significant impact on the
predictive value of venous Doppler for the timing of
delivery. Moreover, in managing cases of severe
preterm IUGR, the high risks involved in the sequelae
of prematurity have to be considered.33

Probably, the combination of Doppler evaluation of
the fetal circulation, to assess cardiac function, and
biophysical parameters/computerized CTG, to assess
central nervous system involvement, should allow
more precise information about the pathophysiology
and assessment of fetal growth restriction. A multi-
center randomized clinical trial should be addressed
to assess what is the best method of monitoring and
timing the delivery of severe premature growth
restricted fetuses; two ongoing trials, GRIT (Growth
Restriction Intervention Trial) and TRUFFLE (Trial of
Umbilical and Fetal Flow in Europe) studies, might
clarify this issue.33–35

Conclusions
In recent years, high-resolution sonography, com-
bined with CDI, has advanced our ability to investi-
gate the fetal venous system. These noninvasive
techniques have enhanced our understanding of the
fetal venous circulation in physiologic conditions and
provide us the possibility to evaluate circulatory
changes in abnormal circumstances.

From the literature, it can be speculated that fetal
venous Doppler may be a helpful diagnostic tool and
may influence the management of fetal diseases such as
cardiovascular pathologies, hydrops and fetal growth
restriction.

Conclusions 617

Figure 53.19 Abnormal DV waveform: reversal flow during
atrial contraction is the consequence of increased end-diastolic
pressure.
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As for the latter condition, the longitudinal Doppler
analysis of fetal arterial and venous districts provides us
essential information about the progressive deterioration
that occurs in chronic hypoxemia. Even though abnor-
mal venous Doppler has a high likelihood of perinatal

mortality/morbidity, further studies are needed to clarify
the role of fetal venous Doppler in the timing of delivery.
The understanding of the variables that affect the phys-
iopathological changes in severely compromised fetuses
should provide us this crucial information.
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54 Molecular background of
parturition: lessons from
knockout models
T. Kimura, K. Ogita, T. Tsutsui, K. Shimoya,

M. Koyama and Y. Murata

Introduction
Parturition, which is the last step of new life inside
the mother’s body, is considered to be the result of
multiple biochemical and physiological steps. For
example, during the first 9 months of human gesta-
tion, the uterus is in a quiescent state, and unres-
ponsive to contractile stimuli (phase 0). After this
prelude to parturition, the uterus should prepare for
labor (phase 1). During labor, the uterus contracts to
dilate the cervix and to force the fetus through the
birth canal (phase 2). After the final process of labor,
the uterus involutes to normal size (phase 3).1 The
beginning of parturition can be considered as a transi-
tion from phase 0 and phase 1, which is undetectable
clinically. The initiation of labor is the transition from
phase 1 to phase 2, which is determined clinically by
the onset of regular and painful uterine contractions
leading to cervical dilatation and descent of the fetal
presenting part.

During phase 0 and phase 1, various endocrine and
immunological factors should control uterine function
for it to maintain quiescence and to prepare for labor.
During phases 2 and 3, stimulating molecules for uter-
ine smooth muscle contraction and molecules related
to uterine contractile systems must play a crucial role
(Figure 54.1). Several papers have appeared that des-
cribe up- and down-regulation of these molecules,
although few of them told us how critical these func-
tions were for maintenance of pregnancy, as well as
initiation and progress of parturition in vivo. The
biggest advantage in using the knockout mouse model
is to elucidate the actual function of these molecules
in vivo by disrupting the specific gene responsible for
the phenotype. In some cases, natural human disease
caused by the gene deletion/mutation would also give
us a clue for elucidating the function of the genes and
substrates in parturition. This chapter will focus on

the reproductive phenotypes of gene-targeted mice
or human genetic diseases in which genes that
were deleted are suspected of having functions for
reproduction.

Endocrine system
A drastic change in the endocrine milieu occurs during
pregnancy. For example, plasma estrogen concentra-
tions at term of pregnancy are over 1000-fold of those
in the non-pregnant period. Steroid hormones play a
crucial role in the development of reproductive organs.
Most of the knockout mouse models related to steroid-
genesis showed underdeveloped sexual organs and
infertility, which were inadequate for analysis of par-
turition. Some peptide hormones are mainly secreted
from the brain, and they modulate the functions of
the peripheral organs. The peptide hormone oxytocin,
which directly activates uterine contractilities, will be
discussed later.

Steroid hormones

Estrogen and its receptors
In the endocrine system, steroid hormones (estrogens,
progestagens, glucocorticoids and androgens) and their
receptors have been considered to be involved in the
regulation of parturition. Near term of pregnancy, the
concentrations of circulating estrogens are drastically
elevated. In humans at near term of pregnancy, there
is more than a 100-fold increase of plasma estrogen
concentrations. High concentrations of estrogens
are believed to enhance uterine sensitivity and to
induce labor-stimulating molecules. As most of the
estrogens are synthesized by aromatase (P450arom,
cyp19) in the placenta of near term in human and
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higher primates, the antenatal histories of the
aromatase-deficient patients are of great interest.
Among the 16 cases reported, all appeared to be
born at term with labor.2–7 The gestational courses of
two cases were precisely described. In one case, the
mother suffered from progressive virilization during
pregnancy7 and in the other case the mother was
administered tocolytic reagent for several weeks.2 In
both cases, labor occurred spontaneously at term and
the mothers delivered their babies vaginally. Maternal
estradiol and estriol concentrations near term were
< 3% and < 1%, respectively. These results from a
natural ‘knockout’ human model indicated that
extremely high amounts of estrogens during the third
trimester are not necessary for the process of human
parturition. Aromatase knockout (ArKO) female mice
were completely infertile because of a hypoplastic
uterus and ovary.8 Adult male and female ArKO mice
had higher concentrations of testosterone and andros-
tendione, the precursors of estrogens. Concentrations
of these androgens during the fetal and neonatal peri-
ods were not evaluated.

The estrogen effect is mediated by two distinct
nuclear receptors, namely estrogen receptor (ER) α and
ERβ. Female ERα knockout mice showed a hypoplas-
tic uterus and were completely infertile.9 Although
they were infertile and implantation did not occur,
decidualization could be induced with mechanical
stimulation by progesterone dependent manner.10 On
the other hand, female ERβ knockout mice possessed
a hormonally responsive uterus and grossly normal
ovaries, and they were subfertile in terms of the fre-
quency and size of the litters. Their parturition was
not disturbed. The nature of this subfertility was
caused by ovarian dysfunction.11 ERα is necessary for
the development and function of the uterus and
ovary; however, ERβ appears to play a role that is
more limiting on the ovary.

Progesterone and its receptors
In rodents, progesterone withdrawal is the most
important trigger for parturition. As progesterone is
the fundamental precursor of all other steroidgenesis,
it is impossible to down-regulate progesterone syn-
thesis without disturbing other steroidgenesis by
specific gene disruption. There are two progesterone
receptor (PR) isoforms, PR-A and PR-B. It is hypothe-
sized that PR-B acts in a competitive manner to PR-A
function. PR-A knockout female mice revealed exten-
sive abnormalities, including anovulation, defective
sexual behavior, a hypertrophic uterus and underde-
veloped mammary glands, which led to infertility.12

PR-B knockout female mice were fertile and sustained
normal parturition at term.13

Glucocorticoid and its receptor
In sheep, up-regulation of fetal glucocorticoid trig-
gers their parturition.14 In mice, glucocorticoid recep-
tor (GR) knockout caused severe respiratory failure
after birth, and more than 80% of GR −/−pups died.
The impaired feedback loop of the hypothalamo–
pituitary–adrenal axis led to higher plasma corti-
costerone concentrations (approximately 2.5-fold) in
GR−/−and GR +/− neonates. After mating GR +/−
male and GR +/−female, 75% of pups are expected
to have higher glucocorticoid concentrations in
utero. However, there were no observations of
preterm birth or other parturition failure in these
cases, as well as in GR +/−or GR−/−pregnant
females.15 These observations reveal that knockout
mouse models involving estrogen, progestagen and
glucocorticoid systems are unsuitable for the study
of parturition. The natural human model (fetuses
suffering from aromatase deficiency) suggests that
extremely high concentrations of estrogens in the
third trimester are not necessary for maintenance of
pregnancy and initiation of labor. To elucidate the
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Figure 54.1 Various molecules have been reported to regulate four phases during pregnancy and postpartum. In phase 0, uterine
smooth muscle should maintain quiescence even under severe distention and stretching by the conceptus. Transition from phase 0
to phase 1 is clinically undetectable, albeit this is the true initiation of parturition. Once phase 1 begins, the process to delivery is
irreversible. Transition from phase 1 to phase 2 can be recognized as the onset of labor; however the attempt to stop labor at this
point could already be impossible, as discussed in a lot of papers on tocolysis. Modified from Cunningham et al.1
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function of estrogens, progesterone and glucocorticoid
in parturition using the gene-targeting mice model,
development of a novel tissue- and phase-specific
gene-targeting strategy such as the Cre-loxP plus
Tet-Off system should be mandatory.

Androgens
Androgens may also play an important role in
parturition. Infusion of androstendione into pregnant
rhesus monkeys increased uterine contractility,
maternal plasma estradiol and oxytocin concentra-
tions, as well as fibronectin in the amniotic fluid,
and then induced preterm birth.16 In humans, there
were two reports of mothers with P450 aromatase
deficiency and a mother with congenital adrenal
hyperplasia caused by mutant P450 oxidoreductase.
In both studies, the mothers suffered from virilization
with hyperandrogenism in their antenatal periods.7,17

However, these mothers did not experience preterm
birth. Therefore, excess of circulating androgens, the
high levels of which caused virilization in adult
women, might have no effect on human parturition.
The most potent form of androgens is dehydrotestos-
terone, which is converted from testosterone by
steroid 5α-reductases. There are two isoforms of the
enzyme, type 1 and type 2. Steroid 5α-reductase type
2 mutation in humans and mice causes male pseudo-
hermaphroditism, characterized by normal internal
genitalia but with external genitalia resembling those
of the female. Steroid 5α-reductase type 1 knockout
(5αR1-null) mice showed normal reproductive behav-
ior in both male and female, and the female became
pregnant normally. However, approximately 70% of
pregnant 5αR1-null mice failed to undergo delivery
at term.18 These mutant mice showed normal luteal
regression, withdrawal of circulating progesterone
and normal uterine contractility to oxytocin and pro-
staglandin (PG) F2α

. Administration of antiprogestin
RU 486 or ovariectomy recovered parturition in 5αR1-
null mice. Steroid 5α-reductase type 1 localized in the
endometrial epithelium and cervical epithelium.
Progesterone and 20α-hydoxyprogesterone concentra-
tions in uterine tissue were higher in 5αR1-null mice
at term of pregnancy. The cervix of 5αR1-null mice
failed to ripen at term and relaxin administration pre-
vented their parturition defect by enhancing cervical
ripening.19 These observations suggest that parturi-
tion defect in 5αR1-null mice was caused by local
aberrant progesterone metabolism, rather than systemic
androgen metabolism.

Peptide hormones

Corticotrpin-releasing hormone (CRH)
In primate and human pregnancy, the placenta
produces a large amount of CRH. McLean et al.20

reported that CRH may act as a ‘placental clock’, i.e.
serum concentration of CRH could predict preterm
birth or timing of labor in humans. CRH was shown
to potentiate both oxytocin- and PGF2α

-induced

myometrial activity;21,22 however, the actual function
of CRH in the pregnant uterus is still unclear. In
rodents, the placenta does not produce CRH. The CRH-
deficient mouse might not be a good model for testing
placental CRH function; however, it could still help to
understand the function of the fetal hypothalamo–
pituitary–adrenal axis at parturition, as Liggins sug-
gested.14 CRH −/−mice born from CRH +/−female
mated with CRH +/−male grew normally and were
fertile without glucocorticoid replacement. CRH −/−
female mated with CRH −/−male delivered their
pups between 19 and 20 days of gestation, although
the authors did not compare the date with that of
wild-type mothers. The CRH −/−pups born from
CRH −/−dams died because of severe lung dysplasia,
and maternal glucocorticoid substitution rescued the
pups.23 These observations indicated that both fetal
and maternal hypothalamo–pituitary–adrenal axes do
not play a crucial role in mouse parturition. However,
maternal glucocorticoid administration helps fetal
lung maturation similar to humans’ clinical settings
for the preterm baby.

Relaxin and its receptor
Relaxin is a polypeptide hormone composed of two
amino-acid chains as a member of the insulin family.
Relaxin has been believed to promote maturation of
the uterine cervix at parturition. Recent meta-analysis
of recombinant or porcine relaxin administration to
pregnant women indicated that there was a reduc-
tion in the risk of the cervix remaining unfavorable
or unchanged with induction, with relaxin adminis-
tration. However, the cesarean rate was similar.24

Relaxin-null mutant mice have been developed, and
they were fully fertile. Some of the relaxin-null preg-
nant females had protracted labor, although the mean
gestational period was similar to that of the wild type.
Relaxin-null dams exhibited normal nursing behav-
ior, and the pups could not suckle milk from the
breast because of underdevelopment of the nipples.25

In pregnant relaxin-null mice, decrease of collagen con-
tent was not observed in the nipples and vagina.
Increase of water content in pubic symphysis was
smaller than that observed in wild-type mice, sug-
gesting that the female reproductive tract and nipples
were harder than in the wild-type mice.26 In relaxin-
null mice, myometrial oxytocin receptor and ERa
expressions in late pregnancy (day 18.5) were attenu-
ated.27 LGR7, which was at first cloned as an orphan
receptor with structural homology to gonadotrophin
and thyrotrophin receptors, was proved as a receptor
for relaxin.28 LGR7 knockout female mice exhibited
normal fertility, but some of the pups (approximately
15%) died at parturition. Protracted delivery was also
observed in LGR7-null mice. Length of the gestation
period was similar to that of wild-type mice.
Underdevelopment of the nipple was also observed.29

On the whole, relaxin plays a role in the preparation
for parturition, although it is not a critical factor for
completion of birth.

Endocrine system 623
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Growth hormone receptor (GHR)
The GH/insulin-like growth factor 1 system exerts
direct and indirect effects on gonadal function and
the reproductive system. However, the phenotypes
on parturition for GH-deficient patients are not
well documented. In mice, female reproduction of
GHR/GH binding protein-deficient (GHR-KO) mice
was precisely investigated. GHR-KO mice had fewer
numbers of ovulatory follicles and corpola lutea.
When they became pregnant, GHR-KO mice con-
ceived fewer pups, and the pups were smaller. On
the other hand, their placentas were larger than those
of wild-type mice. The date of parturition was
delayed by 1 day; however, the mechanism of this
delay was not characterized.30,31

Gonadotrophin receptors
There are two dominant gonadotrophin receptors,
namely follicle-stimulating hormone receptor (FSHR)
and luteinizing hormone/chorionic gonadotrophin
receptor (LH/CGR). FSHR-null mice showed infertil-
ity due to hypoestrogenism. FSHR +/−mice revealed
age-dependent reproductive deficits and developed
unilateral uterine masses.32 LH/CGR-null female mice
showed a hypoplastic uterus and ovary. Follicular
growth beyond the antral stage was arrested. Replace-
ment therapy with estradiol and progesterone rescued
the hypoplastic uterus completely, although female
mice were infertile.33 In humans, activation and inac-
tivation mutants of FSHR and LHR were reported.
Similar phenotypes to knockout mice were reported
in both patients having inactivating FSHR and
LH/CGR mutations.34 It has been shown that LH/CGR
is expressed in the human uterus. A very preliminary
experiment suggests that administration of human
CG to the patients of preterm labor might decrease
the incidence of birth.35 If the patients with LH/CGR
inactivation mutation are conceived by oocyte dona-
tion–in vitro fertilization–embryo transfer program,
the clinical course of their pregnancy could reveal the
importance of uterine LH/CGR functions on mainte-
nance of pregnancy and parturition.

Immunological system
There is an idea that parturition resembles ‘rejection
of conceptus as a semiallograft’ from the mother.
However, if maternal immune recognition were crucial
for parturition, neither strained mice nor severe com-
bined immunodeficiency mice would deliver their
pups. Classical T-cell-mediated adapted immunity does
not seem to play a significant role in preterm labor and
term parturition in humans and mice, because the
duration of gestation does not decrease in proportion
to the number of previous deliveries. There are various
reports suggesting the relation between physiological
or pathological parturition and cytokines, chemokines,
growth factors and their receptors. We suspect these

phenomena reflect that the reproductive system
may employ inflammation reaction for maternal adap-
tation or modulation to maintain pregnancy and/or
parturition.

Interleukins (ILs)

IL-1 and its receptor
IL-1 is one of the central modulators of immune
reaction/inflammation. Systemic administration of
IL-1 can induce preterm birth in mice,36 and pretreat-
ment of IL-1 receptor antagonist prevents this IL-1-
induced preterm labor.37 Knockout model mice
disrupting the IL-1 system (IL-1β-null mice,38 IL-1β

converting enzyme-null mice,39 IL-1 type 1 receptor-
null mice40) were fully fertile. In IL-1β type 1 receptor-
null mice, litter size was significantly smaller than
in wild-type mice.41 Intracervical or intrauterine chal-
lenge of lipopolysaccharides or heat-killed Ecshericia
coli is considered as a model for intrauterine infection.
Preterm delivery could be induced in both IL-1β-null42

and IL-1 type 1 receptor-null pregnant mice43 by the
intrauterine infection model. The challenge to deliv-
ery periods was similar to that observed in wild-type
mice. Up-regulation of IL-1-induced cytokine/growth
factors [IL-6, tumor necrosis factor (TNF) a, interferon
(IFN) γ ] and constitutive nuclear factor κB p65 protein
expression were attenuated in IL-1β-null mice.44 These
data suggest that the intrauterine infection-induced
preterm birth in the murine model does not require the
maternal IL-1 signaling system.

Interleukin 6
IL-6 has numerous biologic activities, including
induction of acute-phase proteins, regulation of
hematopoiesis and terminal differentiation of B-cells.
Various reports indicated the induction of IL-6
in chorioamnionitis/intrauterine infection, which
causes preterm labor.45,46 IL-6-null mice were fully
fertile and there was no disturbance in parturition.47

Signal transduction of IL-6 is mediated by the
gp130 protein, a subunit signal transducer molecule
of the dimeric IL-6 receptor and also a subunit of
the receptors for leukemia inhibitory factor, onco-
statin M, IL-11, ciliary neurotrophic factor and car-
diotrophin 1. gp-130-null mice were lethal in utero,
due to hypoplastic myocardium and impaired
hematopoiesis.48 Administration of exogenous IL-6 to
wild-type pregnant mice did not lead to preterm birth.
Intrauterine bacterial inoculation into IL-6-null preg-
nant mice induced preterm birth, at a rate similar to
that in wild-type mice.49 These observations revealed
that IL-6 is neither necessary nor sufficient for the
murine intrauterine infection preterm birth model.

Other interleukins and their receptors
IL-8 is considered to play an important role in cervi-
cal ripening before and during labor in the human
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uterus (reviewed by Kelly50). However, mice lacking
IL-8 receptor homolog revealed a normal phenotype
on their reproduction.51 IL-2 receptor γ chain is
shared for multiple cytokine receptors for IL-2, IL-4,
IL-7, IL-9 and IL-15. Mice lacking the IL-2 receptor
γ chain gene had an irregular estrous cycle; however,
they were fertile. Interestingly, IL-2 receptor γ chain-
null mice lacked uterine natural killer cells (uNK
cells) on day 13 of gestation, but their parturition,
litter size and body weight of offspring were similar
to those of wild-type mice.52 IL-15-null mice, which
lack natural killer differentiation in lymphoid tissue,
also had no uNK cells.53 Their course of pregnancy
and parturition was not disturbed. uNK cells are a
major cellular component of decidua, and have been
considered to play an important role in limiting nor-
mal trophoblast invasion and in immunological mod-
ulation of the fetal–maternal interface (e.g. reviewed
by Croy et al.54). The course of pregnancy observed in
uNK cells-deficient mice raised a big question about
the functional significance of these cells.

IL-10 inhibits proliferation and cytokine synthesis
in type 1 T-cells and can induce immunological
non-responsiveness or anergy, acting preferably for
Th1/Th2 balance hypothesis during pregnancy.
However, IL-10-null mice conceived with larger num-
bers of implantation sites, heavier weight of pups and
similar duration of gestation. There was no tendency
to increase resorption of the fetus during pregnancy
and preterm birth.55

TNF-α was implicated in the etiology of preterm
birth. Amniotic fluid levels of TNF-α were elevated in
patients with preterm labor or intrauterine infection.
Recently, a relation between polymorphism in the
promoter region of the TNF-α gene and preterm rup-
ture of membrane56 or bacterial vaginosis57 has been
reported. TNF-α-null mice were fully fertile.58 There
are two types of TNF receptors, and TNF receptor
type 1-null mice showed early senescence and poor
fertility, due to ovarian dysfunction.59 However, these
experimental models showed normal parturition
process, although the number of pups was apparently
smaller in TNF receptor type 1-null mice.59

Innate immune system
The innate immune system, which recognizes non-
specific pathogen-derived molecules by toll-like
receptors (TLRs), causes an inflammatory response
including production of various cytokines and metal-
loproteinases. A unique target molecule for each TLR
has been determined. For example, TLR-2 recognizes
di- and tripalmitoylated peptides, TLR-3 recognizes
double-strand RNAs, and TLR-4 recognizes the
lipid-A component of lipopolysaccharides. Myeloid
differentiation factor 88 (MyD88), the downstream
adapter molecule, plays a crucial role in signal trans-
duction from TLRs to inflammation reaction. These
molecules are expressed in the placenta,60 and one

genetic polymorphism for TLR-4 (Asp 299 Gly) resulting
in decreased receptor function may associate with a
predisposition to preterm birth in humans.61 Various
knockout mice had already established for TLRs and
MyD88, and all of them were healthy and fertile
(reviewed by Kaisho and Akira62). Knockout mice of
the molecules related to the innate immune system
might provide useful models with which to analyze
susceptibility to preterm birth resulting from infection.

Molecules stimulate/modulate
uterine contractility
Oxytocin and its receptor
Oxytocin is one of the most potent uterotonic
agents identified and is widely used in routine clini-
cal settings for augmentation and induction of labor.
Oxytocin has also been considered essential for
milk let-down during lactation. Oxytocin is synthe-
sized not only in the hypothalamic paraventricular
and supraoptic nuclei, but also in the pregnant uter-
ine endometrium63 and fetal membrane.64 As the
oxytocin receptor up-regulation is observed in term
myometrium65 as well as in term deciduas,66 oxytocin
may act by both endocrine and paracrine manner
to promote labor. Oxytocin-null mice were pro-
duced67,68 and they were fully fertile and able to
deliver litters at term. Their milk ejection reflex was
severely disturbed, leading to the death of the pups
by starvation. If the pups had been nursing, they
would have survived. It was speculated that endoge-
nous Arg8-vasopressin compensated the oxytocin
action, because the dissociation constants of Arg8-
vasopressin and oxytocin to oxytocin receptor are
similar. However, the physiological responsiveness
of oxytocin receptor to Arg8-vasopressin was 1/10–1/
100 of the oxytocin responses,69,70 meaning that a
pharmacological dose of vasopressin is required to
induce physiological uterine contraction. Therefore,
this hypothesis is unlikely. Oxytocin-null male
mice showed social amnesia (less developed social
memory) and aggression,71,72 although their sexual
behavior appeared to be normal.

In mice, initiation of labor is primarily deter-
mined by luteolysis, and corpus luteum expresses the
oxytocin receptor. Continuous infusion of oxytocin
to wild-type or oxytocin-null mice revealed that oxy-
tocin can either delay labor at low doses or initiate
preterm labor at high doses. A low dose of oxytocin
prevented luteolysis and retarded progesterone
withdrawal. The dose required to prevent luteolysis
was lower in oxytocin-null mice than in wild-type
mice, probably due to up-regulation of the oxytocin
receptor in corpus luteum of oxytocin-null mice.73

In wild-type and oxytocin-null mice, contrary to
the up-regulation of the oxytocin receptor in term
myometriun, the receptor in corpus luteum was
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down-regulated at term of pregnancy, which led to
luteolysis and initiation of labor. The substances that
compensate contractile activity of oxytocin should be
further elucidated.

There was a report that the oxytocin receptor knock-
out mice were lethal (personal communication).74

However, Nishimori’s group successfully developed
oxytocin receptor-null mice, and their phenotype on
parturition appeared to be similar to that of oxytocin-
null mice (Takayanagi et al.,74a in preparation). Further
investigations of their phenotype with regard to repro-
duction, parturition and behavior are ongoing.

PGs and their receptors
PGs are synthesized from arachidonic acid, which is
mainly released from cell membrane phospholipids
by the activity of cytosolic phosholipase A2. The
arachidonic acid is then converted to PGH2, which is
the precursor for other PGs, prostacyclin (PGI2) and
thromboxane (TX) A2, via the action of cyclooxygenase
(COX) 1 or COX-2. Then, specific PG isomerases/
synthetases convert PGH2 to the specific forms. PGs
are widely synthesized and distributed in the body.
Particularly around parturition, they are synthesized
and secreted from the placenta, fetal membrane and
uterine myometrium. Numerous reports have indi-
cated an up-regulation of PGE2 and PGF2α

(or other
PGs) and modulation of their receptors around partu-
rition (reviewed by Olson et al.74).

Cytosolic phospholipase A2-α (cPLA2-α)
cPLA2-α preferentially hydrolyses fatty acids and
lysophosholipids to provide precursors for PGs and
platelet activating factor. cPLA2-α-null females could
not deliver between day 18.5 and day 20.5; instead,
they delivered a smaller number of live pups at days
21.5–22.5, and the offspring did not survive.75,76

Cesarian section at term was able to yield viable
neonates. Administration of a progesterone antagonist
RU486 was able to rescue parturition defect of cPLA2-
α-null mice and restore the pups’ viability. These
observations suggest that the parturition defect of
cPLA2-α-null mice was caused mainly by the defect of
luteal regression, rather than by the shortage of PGs
as uterine-stimulating substrates.

Cyclooxygenases
COX-1 carries out ‘house keeping’ functions such as
cytoprotection of stomach mucosa, platelet aggrega-
tion and regulation of blood flow. COX-1 is expressed
in many cell types and, in general, it shows constitu-
tive activity. COX-1-null female mice showed normal
fertility, but their parturition was delayed, leading
to neonatal death. Bolus administration of PGF2α

at
day 19.5 resulted in labor within 24 h and restored
the pups’ viability.77 In wild-type mice, they showed
up-regulation of COX-1 and oxytocin receptor in the
uterus near term of pregnancy, and induction of both
molecules was diminished in COX-1-null mice.

Double knockout of COX-1 and oxytocin restored
their parturition at term.77 This observation supported
the idea that oxytocin acts as a luteosupportive factor
to corpus luteum in pregnant mice.73 Uterine PGF2α

production at term was impaired in both COX-1-null
and COX-1/oxytocin-null mice, and uterine PGF2α

concentrations were very low in both types of mice. It
is very interesting to know which molecule compen-
sates the uterotonic function after luteolysis, with a
smaller amount of PGF2α

and without oxytocin in
COX-1/oxytocin-null mice.

COX-2-null mice showed severe renal pathology
(dysplasia) and female infertility.78,79 The uterus of
COX-2-null mice could not decidualize after typical
pseudopregnant stimuli, and showed implantation
failure when wild-type fertilized eggs were trans-
ferred.80 Pharmacological inhibition of COX-2 by
selective COX-2 inhibitor (celecoxib) in COX-1-null
mice induced complete implantation failure, suggest-
ing that COX-2 is necessary for preparation of uterine
receptivity.81 The actual function of COX-2 in murine
parturition cannot be analyzed by gene-targeting models.
Administration of lipopolysaccharides induced
preterm birth in COX-1-null mice, with induction of
COX-2 messenger RNA (mRNA) and PGF2α

in the
uterus. Selective COX-2 inhibitor was more potent to
inhibit lipopolysaccharide-induced preterm birth
than selective COX-1 inhibitor. These pharmacologi-
cal studies using COX-1-null mice suggested that
COX-2 plays a pivotal role when preterm birth is
induced by infection.82

Membrane prostaglandin receptors
After the first molecular cloning of the receptor for
TXA2, the receptors for prostaglandin prostanoids
have been cloned by homology screening. They are
classified as the G-protein-linked rhodopsin receptor
family with seven transmembrane domains (reviewed
by Nasumiya et al.83). Specific receptors for PGD2,
TXA2, PGI2, PGE2 and PGF2α

have been cloned and are
referred to as DP, TP, IP, EP and FP, respectively. There
are four subtypes for EP (EP1–EP4). Several isoforms
of EP1, EP3, FP and TP have also been reported. PGF2α

action is mediated by FP, which is coupled with
G-protein, leading to the increase of intracellular
calcium [Ca2+]i concentration and stimulation of
myometrial contraction. The action of PGE2 is more
complex. Activation of EP1, EP3A and EP3D leads to
elevation of [Ca2+]I, whereas EP2 and EP4 activate
adenylate cyclase, which leads to myometrial relax-
ation. In the myometrium, it has been reported that
there is up-regulation of EP2 and suppression of
FP during pregnancy84 and increase of FP, EP3 and
suppression of EP285 at the onset of labor. As cyclic
adenosine monophosphate induces uterine muscle
relaxation and elevation of [Ca2+]i activates the uterus,
these observations are reasonable for maintenance
of uterine quiescence and stimulation of parturition
during the course of pregnancy.
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Mice lacking EP1, EP2 and EP3 genes are healthy
and fertile. In EP3-null mice, febrile response induced
by IL-1β was attenuated.86 Most of the EP4-null mice
died due to a persistent ductus arteriosus. Less than
5% of the EP4-null mice survived and they were
fertile.87,88 No authors have mentioned precisely the
course of parturition of EP-deficient mice.

In contrast, mice lacking FP gene were fertile, but
females could not deliver pups at term. This pro-
longed pregnancy caused degeneration of the placenta
and intrauterine fetal death. By cesarian section, the
fetus could be rescued; however, administration of
PGF2α

or oxytocin at term was not effective to induce
labor. Up-regulation of the oxytocin receptor in the
uterus at term was abolished. Oophorectomy on day
19 recovered the parturition process of FP-null mice,
and they delivered pups normally. Oophorectomy
also restored the oxytocin receptor up-regulation
in the pregnant uterus at term.89 In FP-null nice,
induction of COX-2 in the uterus on day 20 was
totally abolished. On the other hand, COX-1 in the
uterus was up-regulated on day 17 and decreased at
the time of parturition in wild-type mice; however,
this decline of COX-1 level was also disturbed in
FP-null mice. Induction of uterine connexin (Cx)
43 mRNA was abolished in FP-null mice. After
oophorectomy on day 19, COX-2 up-regulation, COX-
1 down-regulation and Cx43 up-regulation at the time
of spontaneous labor normalized to the wild-type
level. Administration of exogenous progesterone after
oophrectomy in FP-null mice inhibited parturition.
Treatment of FP-null mice with COX-non-selective
or COX-2 selective inhibitors after oophrectomy also
prolonged the time from oophrectomy to delivery.90,91

These findings suggest that progesterone withdrawal
is the critical factor to determine the onset of mouse
parturition, and COX-2-derived prostaglandins com-
pensate the uterine stimulative activity, although
there is no FP in the myometrium.

Nuclear prostaglandin receptors
Recently, the existence of specific prostaglandin trans-
porters, which mediate influx of PGs into the cells, has
been demonstrated. Moreover, trafficking of COX-2 to
nuclear envelope was also determined. These data sug-
gest the existence of specific nuclear receptors for PGs
(reviewed by Helliwell et al.92). Peroxisome proliferator
activated receptors (PPARs) are putative targets for the
nuclear action of PGs and other eicosanoids.

It has been shown that PPARγ preferentially binds
to 15d-PGJ2, the final metabolites of PGD2. As human
gestational tissues contain PGD synthases and PGD2 in
amniotic fluid,93 the function of PPARγ in the pregnant
uterus is of great interest. PPARγ is also considered as
a target molecule of thiazolidinedione drugs, which
are widely used as insulin sensitizers. PPARγ-null
mice were lethal in utero, due to defects in placental
vascularization.94 Using Cre-loxP recombination system,
conditional PPARγ knockout mice were obtained. Female

mice, in which the PPARγ gene was conditionally
deleted in epithelial cells, T- and B-cells and ovary
cells, showed impaired fertility with smaller litter size.
In this mouse strain, uterine PPARγ was intact and
parturition was not disturbed.95

PPARδ-null mice also showed high (approximately
90%) embryonic lethality. The connections between
placenta and decidua were abnormally loose. The
labyrinth was smaller; however, the vascular structure
was fully developed, different from the placentas
observed in PPARγ-null mice.96 PGI2 was considered
as a mediator for embryo implantation,97 and PGI2 is
revealed as one of the natural ligands for PPARδ.98

In contrast to these observations, surviving PPARδ-null
mice were generally healthy and fertile, albeit they
displayed more than a 60% reduction in adipose mass.
PPARα-null mice showed normal fertility.99 Taken
together, PPARs (especially PPARγ and PPARδ) play an
important role during placentation. Their function in
parturition has not been determined from knockout
mice models, although several of their natural ligands
(various eicosanoids and unsaturated fatty acids) were
detected in gestational tissues during pregnancy.

Connexins
Cxs are the protein subunits of intracellular gap
junction channels. In mammals, there are at least 15
Cx family genes. Among them, Cx43 is up-regulated
in pregnant myometrium at term and this induction
is considered to ensure the coordinate contraction of
uterine smooth muscle during labor to produce expul-
sive force effectively. Mice lacking Cx43 died postna-
tally because of congenital obstruction of the right
ventricular outflow.100 Another subtype of Cxs, Cx32
or Cx40 genes, were ‘knocked in’ into the Cx43-null
mice to elucidate the functional specificity of Cxs.
Both Cx43-null heterozygous Cx32 and heterozygous
Cx40 knock-in mice (−/Cx32 and −/Cx40, respec-
tively) could deliver their pups, suggesting that these
molecules are possibly compatible in uterine function
at parturition. Cx43-null heterozygous Cx32 knock-in
dams failed to nurse their pups, due to impairment of
milk ejection.101 These model mice could not indicate
the necessity of gap junction in term myometrium for
regulation of uterine contraction.

Ion channels
Ion channels are necessary for proper electrophysio-
logical responses of the excitatory organs (nerves,
muscles, etc.); however, few reports are available
about their gene-targeting model and reproduction. SK
channels are potassium selective, voltage independent
and activated by increases of [Ca2+]i, which occur
during an action potential and induce repolarization
of membrane potential. There are three subtypes
of SK channels. A tetracyclin-based genetic switch
sequence was introduced into the 5′-flanking of mouse
SK3 gene. Administration of doxycyclin to the mouse
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abolished the SK3 gene transcription effectively. On
the other hand, homozygous mutant shows over-
expression of SK3 gene and protein (approximately
threefold). The phenotype after down-regulation by
doxycyclin was almost negligible. On the other hand,
the homozygous female showed protracted labor and
the majority (7/10) of the pups died during parturition
in utero. In adult mice, the respiratory response during
hypoxic attack was abnormal; they could not increase
their respiratory rate and apnea occurred. Doxycyclin
administration, which abolished the SK3 expression,
rescued these phenotypes.102 Overexpression of Ca2+-
activated K+ channel affected the uterine contractility
most severely at parturition.

Nitric oxide synthases (NOS)
Nitric oxide may play an important role in the regula-
tion of myometrial relaxation and cervical ripening.
Three major isoforms of NOS, viz. neuronal NOS
(nNOS), endothelial NOS (eNOS) and inducible
NOS (iNOS), are expressed in the non-pregnant and
the pregnant uterus. Knockout mice of these three
NOSs were reported to be fertile and there were no
abnormalities on their parturition.103–105 Calcitonin
gene-related peptide (CGRP) inhibits the contractile
activities of smooth muscles. CGRP-induced vascular
smooth muscle relaxation was mediated by nitric
oxide. CGRP also inhibited KCl-induced contraction
in uterine myometrium. However, this inhibition
was observed in all nNOS-null, eNOS-null and iNOS-
null mice models equivalently to the wild-type
mouse.106 These observations suggest that the nitric
oxide–NOS system may not be necessary to ensure
myometrial relaxation during pregnancy, although
there is a possibility that the another type of NOS
could compensate the function of the targeted NOS.

Conclusion
Since our first review of the knockout mouse model
and parturition,107 various gene-targeting model mice
have been produced. Especially after finishing the
human genome project in 2002 and the near comple-
tion of the mouse genome project, knockout mice are
the ultimate strategy to investigate genes of unknown
functions. All of the observations listed here and
in other reviews108,109 indicate that a few deficient
genes, which are conventionally considered as a very
important factor to regulate parturition, successfully
disturbed their parturition. Moreover, in most of the
knockout mice whose parturition was intruded, the
process of luteolysis rather than the uterotrophic or
uterotonic action was actually impaired (Figure 54.2).
Gene targeting of the endocrine system often resulted
in infertility, because of the hypoplastic reproductive
system. Most of the gene-targeting mice related to the
immune system and the substrates related to uterine

contraction could successfully deliver their pups.
Conventional uterotonic pathways such as oxytocin
and the prostaglandin system could be preserved by
redundant manner except for the function of the tar-
geted molecule concerned with luteolysis. Some
interesting knowledge could be obtained from human
diseases from gene mutations, such as fetal aromatase
deficiency. We clinicians should observe precisely the
course of pregnancy and parturition in patients who
are suffering from genetic disorders, even when they
showed normal sequence.

For the future, an unexpected phenotype can be
obtained from double- or triple-gene knockout mice.
A good example was reported by Embree-Ku and
Boekelheide,110 indicating that absence both of p53
and FasL genes in female mice led to dystocia. Further
analysis should be done to determine the unex-
pected pathway from these apoptosis-related genes to
uterine contraction at parturition. Using the available
resources of knockout model mice, we could further
analyze the mechanism of parturition with some phys-
iological and/or pharmacological manipulation. We
also expect to find novel strategies against preterm birth
through these experimental models, which is still a
leading cause of mortality and morbidity of the infant.
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55 Mechanism of human
uterine contraction
T. Kawarabayashi and Y. Inoue

Introduction
The uterus is one of the smooth muscle organs that
carry out their physiological roles through contractile
activities that are tonic and/or phasic contractions,
which vary according to the function of each organ.
The contractile activities are characterized by three
elements (amplitude, duration and frequency), and
their combinations determine the type of motility. On
the other hand, the arrangement of the smooth muscle
bundles, which are composed of smooth muscle
cells, determines the direction of the force. The
contractile properties of smooth muscle organs are
generally correlated with the electrical activity of
the plasma membrane; however, the influence of elec-
trical activity varies from organ to organ. Some mus-
cles do not generate action potentials, while others
produce active responses. As for the relationship
between action potential and contraction, it can be
said that the pattern, duration and frequency of action
potentials determine the pattern of contractions
including each duration and frequency. Moreover, dif-
ferences in electrical properties might be expected to
correlate with the different mechanisms by which
bioactive substances and drugs affect the activity of
each smooth muscle organ. Therefore, various types
of smooth muscles can be classified according to their
excitability. For example, stomach and trachea are
classified as poorly excitable muscles, and vas defer-
ens and ureter as quiescent, but highly excitable
muscles. As for the myometrium, it is placed in the
group of spontaneously active and readily excitable
muscles like the tenia of cecum, intestine and portal
vein. The contractility of this muscle group is greatly
influenced by changes in electrical activity. However,
one of the most important roles of the uterus is to
retain a fetus by suppressing contractility until such
time as adequate fetal growth can be achieved, and
then to expel the fetus by rhythmic contraction.
Long-term and short-term control mechanisms are
essential to achieve this dual role. The activity of
the myometrium is highly influenced by hormonal

conditions to keep the fetus in utero, and a variety of
stimulants (oxytocin, prostaglandins, catecholamines,
etc.) that promote expulsion of the fetus. The course
of pregnancy and parturition vary between different
species, and myometrial functions would be expected
to show similar variation. In the human, a periodicity
consisting of 1 min of contraction and a few minutes
of relaxation is essential for both mother and fetus.
The mother can perform pushing efforts during the
contraction phase, and the fetus can recover from the
hypoxic state during the relaxation phase. This perio-
dicity probably determines the fundamental charac-
teristics of human uterine contractility.

Electrical activity in the
human myometrium
Few studies have recorded the intracellular electrical
activity of the human myometrium, though there
have been many studies on the electrophysiological
properties of animal myometrium. In 1971, Nakajima
reported intracellular action potential of human
isthmic myometrium using a microelectrode. His
description was limited to the mean resting poten-
tial (−46.4 mV), and the configuration of the action
potential (plateau type). In 1982, therefore, we initi-
ated electrophysiological experiments in human
myometrium using the single sucrose-gap method.
The specimens consisted of small strips of pregnant
human isthmic myometrium dissected from the lower
uterine segment at the time of term cesarean section
with patients under epidural anesthesia under
informed consent, prior to the administration of
oxytosis. This material can be easily and consistently
obtained from the human uterus without complica-
tions. We used the single sucrose-gap method to make
a simultaneous record of spontaneous electrical and
mechanical activity; this is the most stable method for
recording long-term activities.
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Passive electrical properties

Resting membrane potential
The resting membrane potential of a spontaneously
active smooth muscle, such as intestine and myome-
trium, is lower than that of a non-spontaneously
active smooth muscle. In these muscles, the resting
potential is defined as the maximum polarization
between action potentials recorded by the micro-
electrode method. If the tissue shows bursts of
spontaneous activity, the value obtained during the
quiescent period is taken as the membrane potential.
In pregnant human myometrium, it is easier to meas-
ure the resting membrane potential because of the
long-lasting quiescent period, since the frequency
of the action potential is very low in comparison
with that of the rat. However, it is obvious that many
factors, such as faulty impalement, deficiencies in
the microelectrodes, tip potentials of the microelec-
trodes, stretching of the tissue, bathing temperature
and so on affect the membrane potential. Therefore,
it is difficult to compare the date reported by differ-
ent investigators even for the same tissue. The actual
value of the resting membrane potential in term-
pregnant human myometrium is about −46 to
−50 mV,1,2 and this is compatible with the values in
term-pregnant rat myometrium.3,4 Even in isolated
pregnant human myometrial cells dissected from the
incisional edge of the lower uterine segment at the
time of cesarean delivery, the mean resting membrane
potential is −49.4 mV, the same as in intact tissue.5

The resting membrane potential of the myome-
trium is highly influenced by external potassium and
sodium in animals. In the rat, when potassium is
increased from the normal concentration (5.9 mM in
Krebs solution), the membrane gradually depolarizes.6

On the other hand, when sodium is decreased, the
membrane depolarizes and contracture develops in
pregnant mouse7 and rat6 myometrium. It is consid-
ered that the contracture produced by sodium removal
is largely calcium dependent, and that an increase
in calcium conductance, secondary to membrane
depolarization and sodium–calcium exchange, is
involved in the calcium-dependent contracture.8 In
myometrium of pregnant woman, the resting mem-
brane potential is primarily influenced by the perme-
ability for potassium ion, but sodium permeability
also has an important role.2

Length constant
We can obtain the electrical response of pregnant
human myometrium evoked by various intensities of
stimulation recorded at three different distances from
the stimulating partition. The amplitudes of the elec-
trotonic potentials show outward rectification. Linear
relations between the applied inward current intensi-
ties and the amplitudes of the electrotonic potential
were seen at more than three places. There was a
long–linear relationship between spatial decay of the

electrotonic potential produced at a given current
intensity and the distances from the partition. This
indicates an exponential decay of the electrotonic
potential along the tissue. The length constant
describes the efficiency with which a current will
spread through the tissue. This content is significant
in determining the propagation of action potentials
through the tissue. The mean value of the length
constant was 1.0 ±0.1 mm, which was the distance
at which the electronic potential decayed to 1/e. This
value is shorter than that measured in the longitudinal
muscle of term-pregnant rat myometrium (2.9 mm),3

but is similar to that observed in the circular muscle of
midpregnant rat myometrium (1.02 mm).9

Membrane time constant
The membrane time constant is calculated from the
relationship between the time to reach the half ampli-
tude of the electrotonic potential at a steady sate and
the distance between the recording electrode and the
stimulating electrode. The slope of the line represents
the relationship of τm/2λ, where τm and λ are the time
constant of the membrane and the length constant of
the tissue, respectively. The time constant is used as
an indicator of membrane resistance. An increase in
membrane permeability can therefore be measured
as a decrease in τm. The time constant of pregnant
human myometrium is 396 ±46 ms2; this value is
larger than that of the pregnant rats (180–228 ms).3,10

Effect of the reproductive state on
passive electrical properties
The cells of the myometrium are spindle-shaped,
ranging in size from 2 to 10 µm in diameter, and from
200 to 600 µm in length, depending on the species
and hormonal state of the individual. The muscle
cells are largest during the later stages of pregnancy,
primarily because of the stimulatory influence of
the sex steroids and the muscle distention caused
by fetal growth.11 Measurements of longitudinal
muscle cells isolated from the uteri of 21-day preg-
nant rats (delivering day), showed an average size
of 232 ±74 ×16.2 ±7.0 µm.12 Hormones, especially
estrogen, and muscle distention also affect the electri-
cal properties of the myometrium.13 In rat, the resting
membrane potential gradually depolarizes (from −43
to −36 mV in circular, −45 to −41 mV in longitudinal
muscle), and there is a progressive increase in the
length constant (from 2.5 to 2.9 mm in longitudinal
muscle) and time constant (from 180 to 228 ms in
longitudinal muscle) throughout pregnancy and
delivery.3,4 Thus, a spontaneous action potential is
more easily generated and propagated through the
myometrium as pregnancy progresses. The overall
excitability of the myometrium in late pregnancy cul-
minates in the initiation and progress of labor. The
same may occur in human myometrium, though this
has not been verified because of the difficulty in
obtaining early and midpregnancy myometrium.
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Active electrical properties

Action potentials
In a small animal with a bicornuate uterus, such as
the rat or mouse, the myometrium consists of a well-
defined outer longitudinal layer and an inner circular
layer separated by an extensive vascular plexus; the
electrophysiological characteristics of each muscle
are different. The predominant types of action poten-
tials in rat uteri at midpregnancy are spike in the lon-
gitudinal muscle and plateau in the circular muscle.14

In human myometrium, it is difficult to dissect the
longitudinal and circular muscle and therefore diffi-
cult to distinguish the action potentials characteristic
of these two layers. However, spike- and plateau-
type action potentials can be distinguished from the
pattern of traces using the microelectrode method2

and single sucrose-gap method.15 Plateau potentials
are more frequently observed, but these do not allow
the prediction of whether the pattern of action poten-
tials will be spike or plateau type before the onset of
spontaneous activity. However, all contractions are
well synchronized with the action potential, and even
a single spike effectively triggers a small contraction;
the tension does not revert to the resting level but is
summated to a fused tetanus if the intervals between
spikes are short enough. The amplitude of the con-
traction depends on the frequency of the spike poten-
tials. In the plateau-type, the initial spike triggers
the contraction, and the duration of the contraction
is considerably prolonged in proportion to the plateau
duration, though the amplitude is not greatly
increased.15

The configuration of spontaneous action potentials
in human myometrium is very similar to the pattern
observed in rats; however, the time courses are remark-
ably different (about 10 s in rat vs. 60 s in human).
The duration of both plateau-type and spike-type
action potentials gradually decreases and finally dis-
appears in excess calcium (7 mM) and calcium-free
solutions, as well as with application of the calcium
antagonist, diltiazem.16 Moreover, superfusion with
sodium-deficient (15.5 mM) and calcium-free solution
increases the amplitude of the electrotonic potential
and inhibits any active response, in comparison with
the responses in the calcium-free solution.2 Calcium
ions can therefore be considered to play an essential
role in constituting the action potential, and sodium
ions influence the generation of the action potential.9

Pacemaker potentials
Myometrium is a spontaneously active and highly
excitable muscle. Most of the uterine muscles show
spontaneous rhythmic action potentials, which arise
in pacemaker cells, and are transmitted over the organ
as a whole. As in other visceral smooth muscles and
the heart, uterine pacemaker activity is characterized
by a slow depolarization of the muscle cell membrane
culminating in generation of the action potential.

As the pacemaker cells are not localized to a specific
area of the myometrium, these cells can only be rec-
ognized by the pattern of electrical activity. It is said
that all uterine muscle cells are capable of becoming
pacemakers.17 The frequency of pacemaker activity
determines the rate of contraction. In pregnant rat
myometrium, the slow depolarization is associated
with a gradual increase in membrane resistance, pre-
sumably due to a reduction in potassium conduc-
tance, as judged from the increase in amplitude of the
electrotonic potential recorded from a single cell.3 It is
also possible that the slow depolarization results from
an increase in sodium permeability, since the pace-
maker potential is dependent on the presence of
sodium in the external environment and is unaffec-
ted by the removal of calcium.18 Recently, we found
hyperpolarization (below −60 mV) -activated inward
currents (Ih) in circular but not in longitudinal muscle
in pregnant rat uterus under voltage–clamp condi-
tions. Since Ih is activated at the resting membrane
potential, it is likely that this current contributes
spontaneous activity in circular muscle cells of rats
in late pregnancy.19

The pacemaker potential is also observed in
pregnant human myometrium. The membrane poten-
tial gradually depolarizes and the action potential
is ultimately evoked. Though steady current pulses
are applied, evoked potentials are not regular and
the pattern gradually changes in accordance with
the periodicity of the membrane. The pacemaker
potential is greatly influenced by temperature; the
frequency of spontaneous contractions increased
markedly, but their duration decreased when temper-
ature of the bathing fluid was increased from 26�C to
39�C. External magnesium ion suppresses the gradient
of the pacemaker potential and the duration of each
action potential.20–22

Ion channels in the human myometrium
Calcium channels. It is well known that contractions
of the myometrium are related to an increase in the
concentration of intracellular free calcium ion, and it
is also known that a large difference in calcium
concentrations exists between the extracellular fluid
(∼10–3M) and intracellular cytosol (∼10–7M). There-
fore, calcium influx from the extracellular space into
the cytosol is very important in regulating myometrial
contractility. Two types of channels for calcium influx
have been suggested.23 One is a potential-sensitive
calcium channel that opens when the membrane
depolarizes and is normally responsible for the action
potential. The other type is a receptor-operated channel,
which is controlled or operated by a receptor for a
stimulant substance. Nowadays, it is well known that
voltage-dependent calcium channels (VDCC) represent
the major machinery for intracellular calcium
mobilization and two types of VDCC, L (long-lasting)-
type (dihydropyridine-sensitive) and T (transient)-
type, are identified. Therefore, we evaluated the
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difference in the expression of mRNA of two types
of calcium channels between the longitudinal and
circular muscle layers of rat myometrium during
pregnancy. Changes in the expression of mRNA
encoding L-type (α1C) and T-type (α1G, α1H and α1I)
calcium channels in longitudinal and circular muscle
cells of the rat myometrium were examined using a
comparative kinetic RT/PCR method. During the
course of pregnancy, α1C mRNA expression showed
an N-shaped change in longitudinal muscle, but
simply increased after midpregnancy in circular
muscles. The mRNAs for α1G and α1H, but not that
for α1I, were expressed in both longitudinal and
circular muscles. In longitudinal muscle, the change
in α1H mRNA was similar to that in α1C mRNA during
gestation, but the expression of α1G mRNA changed
significantly only at term (day 22). In circular muscle,
a1H mRNA expression was stable at any stage during
pregnancy, but α1G mRNA significantly increased on
day 15 and at term. No relationship was observed
between VDCC mRNA expressions and either
proliferation or hypertrophy of circular muscle during
pregnancy. These results suggest that the expression
levels of L-type channels change dynamically and
may contribute directly to the regulation of cell
excitability and that the T-subtype that increases
during pregnancy differs between longitudinal and
circular muscle cells.24

In pregnant human myometrium, two different
types of VDCC have been observed at the single-
channel level using the patch clamp technique,2

and the inward calcium current was characterized by
activation and inactivation properties.25 One of these
had a single-channel conductance of 12 pS, and was
only activated by depolarizing pulses from a holding
potential of −100 mV; this channel was inactivated
at a holding potential of 60 mV. The second type had
a single-channel conductance of 29 pS activated by
depolarizing pulses from a holding potential of −60
mV. Summate currents also showed different time
courses for current relaxation, i.e. the 12 pS calcium
channel (transient type: T-type) was rapidly inacti-
vated, whereas the 29 pS calcium channel (long-
lasting type: L-type) was slowly inactivated. The
majority of the 12 pS calcium channels are likely to be
inactivated at a normal resting potential of about
−50 mV, as indicated by the experiments that used
the whole-cell voltage–clamp technique.2 The phys-
iological importance of the L-type current must be
related to the formation of plateau potential, judging
from its higher threshold potential and slower
inactivation. Activation of the T-type calcium channel
may be responsible for the spike component, and it
may trigger activation of the long-lasting-type calcium
channel. Recently, three types of T-type channel a1
subunits, α1G (Cav3.1), α1H (Cav3.2) and α1I (Cav3.3),
have been cloned and we examined the electrophysi-
ological characteristics of three cloned human α1H
isoforms of the T-type calcium channel Cav3.2

expressed in pregnant human uterus. Then, our
results suggested that molecular-structure variation
within the III-IV linker influenced the voltage
dependence of activation and inactivation, and
kinetics. Although the role of T-type calcium chan-
nels in uterus remains unknown, changes in the uter-
ine expression of these α1H isoforms may influence
the physiological function during pregnancy.24

Sodium channels. Sodium ions may play an important
role in generating the pacemaker potential and the
action potential in uterine muscle. In the longitudinal
muscle layer of pregnant rat myometrium, a fast
sodium channel current (tetrodotoxin sensitive) was
recorded from freshly isolated single cells using
whole-cell voltage–clamp technique, and it was
suggested that the fast sodium channel current might
play a role in cell-to-cell conduction and possibly in
regulation of spontaneous electrical activity.26

In cultured cells obtained from pregnant human
myometrium, a large voltage-activated inward current
was identified as sodium channel conductance by
the following criteria: (1) removal of sodium from
the bath eliminated the current; (2) the current was
blocked by the sodium-channel-blocking agent,
tetrodotoxin and (3) the current was observed in the
absence of calcium.27 The sodium current was large
(maximal inward current 7.2 µA/cm2) and of short
duration (decayed within 10 ms); the onset of activa-
tion was −40 mV, with a peak inward current at
−10 mV. Steady-state voltage inactivation of this chan-
nel showed half-maximal inactivation at −67 mV, indi-
cating that this channel is largely inactivated at normal
resting potentials. The sodium currents do not appear
to contribute to the rising phase of the action potential
in human myocytes.27 Further study is required to clar-
ify the physiological role of sodium channels.

Potassium channels. The potassium channels are
involved in terminating action potentials and in
returning the membrane potential to its resting level.
Furthermore, the resting potential is primarily set
by the permeability to potassium ion, and changes
in the membrane potential can affect the initiation of
the action potential and, hence, contraction. In the
myometrium of pregnant women, it is believed that
the changes in potassium permeability primarily
affect the resting potential,2 and that this might be
involved in the action of catecholamine β2-agonist
and the effect of high calcium on the duration of
action potentials.16,20 Though a single-channel
potassium current has not yet been recorded from
the human myometrium, several studies of potas-
sium current obtained from the myometrial cells of
experimental animals by the patch–clamp technique
have been reported.28–30 It has been suggested that
calcium-activated potassium channels, which are
controlled by intracellular calcium, are not activated
by calmodulin, but rather that calcium binds directly
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to the gating site for channel activation.29 Furthermore,
three potassium currents (fast, intermediate and
slow) are found in rat myometrium; the fast current
is predominant in cells from estrus rats, whereas
intermediate current is more frequent in cells from
diestrus rats. In addition, norepinephrine potentiates
the fast current and reduces the intermediate current.30

Using rat or pig myometrial potassium channels
incorporated into lipid bilayers, it has been shown
that myometrial β–adrenergic receptors may be
coupled to a guanosine tri phosphate (GTP)-dependent
protein that can directly gate calcium-activated
potassium channels.31 Current research is directed at
understanding the mechanisms of potassium channels
through the molecular biological technique. One of
the most conspicuous channels is the high (big)-
conductance potassium channel, BK channel. It has
a large single-channel conductance of around 250 pS
and is a calcium-activated channel (KCa). A major
role for BKCa channels is likely to be the restoration of
resting conditions following an action potential. Thus,
the calcium influx and depolarization occurring
during the action potential in smooth muscle would
both contribute to an increase in the probability of
opening of BKCa channels resulting in repolarization
of the membrane. This would decrease the probabil-
ity of opening of the VDCC and in this way reduce
excitability and facilitate relaxation.32 As for human
myometrium, it is reported that the mRNA for BKCa
channels is abundant in human myometrium.33 As the
other potassium channels, delayed rectifier potassium
channel,34,35 transient A-type potassium channel2 and
ATP-sensitive potassium channel (KATP)36 are reported.

Effect of the reproductive state on
active electrical properties
Near the end of pregnancy the circular muscle
activities of the rat uterus exhibit characteristic
changes that are a prerequisite for normal delivery.
These changes consist of a progressive alteration in the
configuration of action potentials from a single, plateau
type in early and midpregnancy to a repetitive train
discharge at term.4,37 The action potentials cause brief,
irregular contractions during early and midpregnancy
and regular contractions of longer duration at term.
Furthermore, uterine volume (muscle stretching) and
circulating estrogens may be more important than the
fetoplacental unit in the evolution of circular muscle
activity in the pregnant rat.13 The protein synthesis
inhibitor, cycloheximide, can suppress the evolution of
activity and delay parturition.38 The action potential of
longitudinal muscle exhibits a burst discharge of spikes
and the pattern does not change throughout pregnancy.
However, estradiol hyperpolarizes the membrane and a
burst of spikes is generated from sustained depolariza-
tion. Progesterone, by contrast, slightly hyperpolarizes
the membrane and typical burst discharges occur with-
out sustained depolarization. Simultaneous treatment
with progesterone and estradiol produces a plateau

potential.3 Although sex steroids affect membrane
properties, the changes that occur during pregnancy
cannot be explained by the action of such hormones.
There is only one report that describes the electrical
activity of human myometrium in early pregnancy.15

The action potential is composed of long plateau
potential or abortive spikes superimposed on the long
plateau. The duration tends to be longer than in-term
pregnancy.

Relationship between electrical
activity and contraction
Contraction of the myometrium is related to the
concentration of intracellular free calcium ion; the
increase in intracellular calcium might arise from an
influx of calcium from the extracellular space, the
translocation of calcium ions in or near the cell mem-
brane and/or the release of calcium from internal
stores. Myometrium of pregnant women usually gen-
erates spontaneous action potentials and extracellular
calcium might enter the cell through the calcium
channels during these action potentials. In our
sucrose-gap experiments, contractions were always
synchronized with the corresponding action poten-
tials. Therefore, the amount of calcium that enters
during the action potential is sufficient to activate
the contractile mechanism and to release additional
calcium from internal stores, thereby amplifying
the transmembrane signals.39 On the other hand, the
periodicity of 1-min contraction and a few minutes
of relaxation is essential for the mother and fetus
during the stress of parturition. A long and hyper-
tonic contraction decreases uteroplacental blood
flow, causes fetal hypoxia, and small contractions
cannot expel the fetus further. The myometrium has
a spontaneous periodicity and thereby generates action
potentials and contractions of appropriate duration.
Under physiological conditions, the contractility of
the uterus is regulated by changing the electrical activ-
ity. It might be very easy to regulate the frequency,
duration and probably amplitude of spontaneous con-
tractions evoked by each action potential by changing
the resting membrane potential.

In obstetric practice both periodic contractions and
sufficient periods of relaxation are the most important
factors for the well-being of the fetus and the progress
of delivery. Considering these fundamental character-
istics of the human uterine contraction, relaxation
mechanisms are essential for the fetus and the mother,
and should be better understood along with the stim-
ulation of the contractions. A reduction in intracellu-
lar calcium is essential for relaxation. Currently, two
pathways are speculated for the myometrium to lower
the intracellular calcium ions to produce relaxation.
One is a calcium pump in the plasma membrane or
the membrane of the sarcoplasmic reticulum, and the
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other is a sodium–calcium exchange mechanism that
is an antiporter present in the plasma membrane
carrying sodium in one direction and calcium in the
other. In the myometrium of pregnant women, we sug-
gested the presence of the sodium–calcium exchange
mechanism and the specific inhibitory effect of mag-
nesium ion. This mechanism might prevent the long
tonic contractions, to protect the fetus from hypoxia
during pregnancy and parturition.40

Propagation of excitation
In the human uterus, the resting tonus maintains uter-
ine shape and fetal position. Resting tonus is main-
tained by random activation of the myometrium by
action potentials. However, well-coordinated contrac-
tion is essential for the successful expulsion of the
fetus after the onset of labor. In order to achieve this
coordination, many myometrial cells have to contract
at the same time, and local contractions obtained by
the coordination of the cells have to be synchronized
over the whole of the uterus as parturition progresses.
Since small muscle strips of myometrium of pregnant
women exhibit spontaneous periodicity with 1-min
contraction and a few minutes relaxation, this perio-
dicity may facilitate coordinated contraction. In our
clinical study, the qualitative characteristics of uter-
ine contractions in labor were evaluated by a double-
guard-ring tocodynamometer attached to the fundus
and the caudal part of the uterus. The synchronizing
ratio of two contraction waves was significantly
higher in the active phase than in the latent phase
of labor, and nearly regular upward or downward
observed in each case.41 Furthermore, the percentages
of both concurrent and synchronous contractions
were higher than those of Braxton Hichs contractions,
and both values increased significantly between 5 and
6 cm of cervical dilation.42 On the other hand, small
contraction waves (30 s or less duration of each wave)
recorded by a guard-ring tocodynamometer were
observed in 7.5% of the cardiotocographs examined,
and the rate of small-wave appearance in each
gestational week tended to decrease gradually as the
pregnancy progressed. This was not observed after
41 weeks of gestation and was frequently observed in
cases of effective β2-stimulant intravenous infusion
for the treatment of preterm labor.43 The synchroniz-
ing ratio of peaks of small contraction waves was
almost the same as the ratio in the active phase of
labor.41 Thus, synchronization of local contractions
results in the effective contractions of human parturi-
tion. However, the uterus does not have any specific
conduction pathways for excitation. Instead, the
action potential spreads into the surrounding cells
in three dimensions in accordance with their cable-
like properties. The length constant of the membrane
gradually increases throughout pregnancy in the rat,
as described earlier, and the conduction velocity of

the action potential in longitudinal preparations of
pregnant rat myometrium increases from 9.2 cm/s
at late pregnancy to 10.5 cm/s during delivery.44 Gap
junctions, which are assumed to be the structure
involved in electrical and chemical communication
between cells, increase during parturition and dis-
appear after delivery in experimental animals.45 This
structure is observed in human myometrium from
women in preterm labor.46 These changes may
contribute to the propagation of excitation during
parturition.

Effects of ions and drugs on
electrical activity and contraction
Calcium
Extracellular calcium has been shown to play an
important role in the activation of smooth muscle and
the amplitude of the tension can be related to the
external calcium concentration and, consequently, to
the calcium influx in pregnant rat myometrium.47,48

Moreover, the inward calcium current may affect
potassium conductance during the plateau potential
in the circular muscle of pregnant rat myometrium,
and the potassium conductance provides the plateau
duration, and consequently the duration of the con-
traction.49 In myometrium of pregnant women, spon-
taneous contraction is strongly affected by external
calcium; 2.5 mM calcium in Krebs solution is the most
efficient concentration in terms of frequency, ampli-
tude and duration of whole contractions. Both excess
calcium and low calcium suppresses the generation of
spontaneous contraction; however, the mechanism of
these two types of suppression may differ. Calcium
ions may play dual roles in the electrical activity of
the myometrium: an excitatory role in action potential
and an inhibitory role accomplished by membrane
stabilization and calcium-mediated potassium activa-
tion. Therefore, the effects of excess calcium on spon-
taneous contractions may depend on the balance of
excitatory and inhibitory effects. If the increase of
calcium influx during the action potential is predom-
inant, the amplitude of the contraction will increase;
however, the contraction will be diminished if
the generation of action potentials is suppressed by
membrane stabilization and activation of the outward
potassium current. In contrast, low calcium may
decrease the influx of calcium and consequently sup-
press the contraction, since both the amplitude and
the duration of contraction are generally decreased in
low-calcium solution.16,22

Magnesium
Magnesium sulfate has been used as a tocolytic agent
to prevent preterm labor. The effect of magnesium on
the spontaneous electrical and mechanical activities
of the circular muscle of term pregnant rat uterus
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suggests that the effect is largely due to suppression
of the plateau potential.50 According to the whole-
cell voltage–clamp method on freshly isolated single
pregnant rat myometrial cells, magnesium inhibits
the calcium current, affecting mainly the transient
component.51 In myometrium of pregnant women,
frequency, amplitude and duration of spontaneous
contractions all decrease with increases in external
magnesium; the frequency change is the most signifi-
cant.22 Magnesium ion suppresses the gradient of
pacemaker potential, and consequently the frequency
of contraction.20

Oxytocin
The initiation of either term or preterm labor is con-
sidered to be a final common phenomenon induced
by augmented uterine contractions, regardless of the
incipient cause. And it is well known that oxytocin
plays an important role in the initiation of labor in
both term and preterm parturients. However, a satis-
factory direct comparison of the functional roles of
oxytocin in term and preterm labor had not been
elucidated. We had demonstrated that the inhibitory
effects of both peptidyl and non-peptidyl oxytocin
antagonists on spontaneous uterine contractions of
pregnant rats became greater as the pregnancy pro-
gressed. This change was accompanied by a signi-
ficant increase in myometrial oxytocin receptor
density.52 Then, we made a direct comparison of the
functional roles of oxytocin in term and preterm labor
in rats. First, we determined the myometrial oxytocin
receptor density and maternal plasma concentrations
of oxytocin and progesterone on gestational days 18,
20 and 22 (morning) and at the onset of delivery (day
22 afternoon) in rats with labor at term and at the
onset of delivery (day 20 afternoon) in rats in preterm
labor induced by the combined use of bilateral ovar-
iectomy and estradiol injection. We also evaluated
the effects of a non-peptidyl oxytocin antagonist on
the initiation of both term and preterm labor. Conse-
quently, the number of tritiated oxytocin-binding sites
in myometrial membranes rapidly increased on gesta-
tional day 22 (morning). Plasma progesterone level
decreased in an inverse fashion. A rapid increase in
circulating oxytocin concentration was observed at
the onset of delivery, and both the plasma oxytocin
concentration and the receptor density had the same
values in rats with preterm labor as in rats with term
labor. The oxytocin antagonist delayed the initiation
of labor in rats with term and preterm labor in a dose-
dependent manner.53

On the other hand, the direct effect of oxytocin on
spontaneous electrical and mechanical activities in
myometrium of pregnant women has been investi-
gated using the single sucrose-gap method.54 Oxytocin
potentiates spontaneous contractions by enhancing the
plateau part of action potentials; the spike-type config-
uration becomes plateau. This potentiation depends on

the external calcium concentration, and the effects on
frequency and amplitude of contractions may vary. In
our microelectrode experiments, two types of sponta-
neous action potentials were seen in the myometrium
of pregnant women; a long plateau and a spike-like
action potential. With no change in the resting mem-
brane potential, low concentrations of oxytocin evoked
an action potential with plateau phase, increased the
amplitude and duration of the plateau potential or
increased the frequency of generation of action poten-
tials. Oxytocin also lowered the threshold for evoking
an action potential. Higher concentrations depolarized
the membrane with an associated reduction in mem-
brane resistance.55 Oxytocin evokes action potentials
and contractions in high frequency; the duration of
the action potential is short and the contraction is
small in the presence of diltiazem (calcium antagonist).
The results of the potassium contracture experiment
also suggest that oxytocin evokes a contracture in the
absence of an action potential by releasing calcium
from intracellular storage sites.

This possibility is supported by another study meas-
uring intracellular calcium using Fura-2 in isolated
cells of pregnant rat myometrium.12 Then, we exam-
ined the changes in responsiveness of freshly isolated
longitudinal muscle cells from rat uterus to oxytocin
during gestation by measuring contractility as well
as intracellular free calcium concentration. We have
demonstrated the pregnant stage-dependent contrac-
tion of freshly isolated myometrial cells in response to
an extracellular hormone, oxytocin, in Ca2+-containing
medium. The oxytocin effect appeared to be through
oxytocin receptor since the effect could be blocked
by a specific oxytocin antagonist. The magnitude
of the contraction of the isolated cells in response
to extracellular oxytocin was in the order of 21-
day �18-day > 15-day pregnant rat longitudinal
muscle cells. In a concentration-dependent manner,
oxytocin elicited a rapid increase in intracellular
calcium ion of longitudinal muscle cells isolated from
different stages of the pregnant rat uterus, especially at
the term of pregnancy. The time (4–5 s) required to
reach a maximum increase in intracellular calcium ion
of the isolated longitudinal muscle cells in response to
oxytocin was the shortest among all previously
reported studies. The results also indicated that the
freshly prepared longitudinal muscle cells maintained
their functional calcium signaling system. The order of
the responsiveness of the isolated longitudinal muscle
cells to oxytocin was 21-day�18-day> 15-day pregnant
rats in terms of rate, affinity and magnitude. Oxytocin
appears to transmit its signal mainly through stimulat-
ing a voltage-dependent and/or receptor-operated non-
selective calcium channel. However, the possibility
that a part of the oxytocin action occurs through stim-
ulating the release of calcium from intracellular store
sites of longitudinal muscle still remains.56

The excitatory effect of oxytocin is modified by
external magnesium ion in the myometrium of
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pregnant women. Relatively high magnesium (2.4 mM)
suppresses the spontaneous activities; however, oxy-
tocin enhances the contractions and the plateau part
of action potentials to a greater extent than does the
magnesium-free solution. In the potassium contrac-
ture experiment, the oxytocin-induced contracture
during the tonic phase is potentiated by magnesium.
Magnesium may potentiate the excitatory effect of
oxytocin at superficial sites of the plasma membrane,
allowing the possibility of intracellular action.57 The
interaction between calcium and magnesium is prob-
ably very significant in the regulation of the action of
oxytocin on uterine contractility.

It is obvious that oxytocin is involved in the
initiation and progress of labor in many species and
also plays an important role in lactation. From
another point of view about the initiation of labor and
lactation, we clarified the possibility that oxytocin
might modulate oxytocin neurons in the paraventric-
ular nuclei of female rats throughout pregnancy
and parturition. Our results show that the firing rates
of paraventricular neurons in virgin and pregnant
rats decreased in activity; however, the neurons of
delivering and lactating rats exhibited excitatory
responses. This excitation reversed to inhibition again
after the lactating period ended. It is suggested that
negative feedback by oxytocin in virgin and pregnant
rats might reverse to positive feedback in delivering
and lactating animals as a result of changes in hor-
monal conditions. This reverse might be closely related
to the initiation of delivery.58

Catecholamines
The effects of catecholamines on the myometrium
differ among animal species, and even in the same
animal, depending on the hormonal status of the
individual and each muscle layer. For example, in
a rat at midpregnancy longitudinal muscle possesses
mainly β-adrenoceptors, while circular muscle has
a-adrenoceptors.14 However, in late gestation, activa-
tion of the a-adrenoceptors occurs in the longitudinal
muscle, while the circular muscle switches from α- to
β-adrenoceptor dominance.59

In the myometrium of pregnant women, noradren-
aline always exhibits α-excitatory action at 1012–
106g/ml; however, β -inhibition of β2-stimulant is also
observed.20 It is suggested on the basis of animal stud-
ies that activation of a-receptors in the longitudinal
muscle is mainly mediated by slow depolarization
of the membrane (due to an increase in chloride
conductance), which leads to an increase in spike
frequency; in the circular muscle, it is mediated by
prolongation of the plateau of action potentials (due
to an increase in calcium conductance). β -Action of
the myometrium also includes membrane hyperpolar-
ization due to an increase in potassium conductance
and an increase in cyclic adenosine monophosphate
(cAMP) production underlies the suppression of

spontaneous contraction.60 Catecholamine action may
fundamentally affect uterine contractility during
pregnancy and parturition.

In obstetric practice, adrenergic β2-stimulants
have been widely used as tocolytic agents to prevent
preterm delivery. However, commercially available
tocolytic agents often have severe adverse effects
(such as tachycardia, tremor of the hands and lung
edema) because they simultaneously exert weak a
and β1 effects on the cardiovascular system. Another
concern about β2-stimulants as tocolytic agents is that
their tocolytic effect is inconsistent among patients
and the so-called myometrial desensitization phe-
nomenon in which the recurrence of contractions
might be related to a decrease in cAMP production.61

Recently, we produced a new β2-stimulant (KUR-
1246) with a higher selectivity for uterine β2-receptors
(and thus weaker side effects).62 Then, we performed
the experiment to evaluate the usefulness of this
new β2-adrenergic stimulant as a tocolytic agent and
to clarify the mechanisms that underlay the diverse
inhibitory effects of β2-stimulants that were seen in
human myometria in vitro. Consequently, KUR-1246
was approximately 80 times and 7 times more selec-
tive for β2-receptors than isoproterenol and ritodrine,
respectively. The inhibitory effect of KUR-1246 was as
strong as the inhibitory effect of the conventional β2-
adrenergic stimulants. A wide range of inhibitory
effects was observed, even when high concentrations
of isoproterenol or KUR-1246 were applied. There
was a correlation between the degree to which isopro-
terenol suppressed contractions and the number of
[3H]dihydroaloprenolol-binding sites on the mem-
brane in each muscle strip. These results suggest that
KUR-1246 should be a very useful β2-adrenergic stim-
ulant for use as a tocolytic agent because of its high
selectivity for the β2-receptor and its potent inhibitory
effect. The diversity of the inhibitory effects that
are induced by β2-stimulants is at least partly due to
the differences in β2-receptor density among term-
pregnant human myometria (Sakakibara et al., 2002).

Other drugs
There are a few studies on the electrophysiological
action of other drugs on the human myometrium.
Prostaglandin F2α

(PGF2α
) and methylergometrine

maleate (methergin) potentiate the plateau part of the
action potential and contraction of the myometrium
of pregnant women.63,64 The action of methergin is
not inhibited by phentolamine (an α-blocker). Plateau
enhancement may be the main effect. Both oxytocin
and PGF2α

potentiated the spontaneous contractions
by affecting the plateau part of action potentials;
spike-type configurations became plateaus. However,
high dosages of both the drugs were required to
obtain consistent excitatory effects in vitro. In obstet-
ric practice, on the other hand, uterine contractions
can be induced by low doses of these drugs. The
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pharmacological application of oxytocin or PGF2α

might only play a triggering role in uterine contrac-
tions at induction or augmentation of labor, and com-
plex interactions might be involved in the initiation
and potentiation of contractions in vivo.63

Conclusion
The myometrium has spontaneously active and highly
excitable membrane with many voltage-dependent ion
channels. Contractility of the myometrium is regulated
by the electrical activity of this membrane. The main
external controlling factors are sex steroid hormones.
The balance of estrogen and progesterone, and the
changes during the course of the menstrual cycle,

pregnancy and parturition, changes the resting
membrane potential, the pattern of action potentials
and the effects of drugs, such as catecholamines and
oxytocin. Hormones also affect the conduction of exci-
tation and produce morphological changes of cell size.
All of these changes lead to synchronized contractions
that are effective in expulsion of the fetus. It is partic-
ularly important for the fetus that the periodicity of the
phasic contractions is strictly maintained.
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56 Animal studies of fetal
maturation
N. Shinozuka

Introduction
In the field of perinatal research, we investigate a
continuously growing organism that is adjusting and
developing its vital functions from womb to extrauter-
ine life.1 In clinical terms ‘the matured fetus’ is a fetus
that has reached a certain stage of functional growth and
development, where it obtains an ability to live outside
the womb alone. In a fetal physiological study, unlike
in others, we must emphasize this special feature of the
fetus. The following must be taken into account in fetal
studies: fetal status continuously changes as pregnancy
progresses. The gestational age is an important factor in
development. The environment of the fetus is affected
by both maternal and fetal factors. The fetus responds to
the insults from outside with a variety of reactions.
Glucocorticoids play an important role in development
and maturation throughout the fetal life.2–5 Thus, when
we study a fetal physiological response at a certain ges-
tational age, the result means the degree of the develop-
mental or maturational stage of the fetus.

The respiratory, cardiovascular and neurological func-
tions are the major functions that support life. The devel-
opment of lung function was described in another
section. The following issues related to studies in fetal
cardiovascular and neurological maturation are outlined:

1. Animal studies in fetal physiology. Methodology
using chronic animal model.

2. Animal studies in normal developmental and
maturational course of cardiovascular function.

3. Chronic fetal stressed model to study fetal reac-
tion for investigating maturation.

Animal studies in fetal physiology.
Methodology using chronic
animal model
For a clinician in perinatal medicine, the major con-
cern in animal studies could be the interpretation of
the results to human fetal physiology. Dynamic

changes in fetal developmental course, namely matu-
ration, have been the targets for our research.

The chronic fetal study, which is a more complicated
and invasive method compared with acute model, is an
essential procedure for animal experiments for investi-
gating ‘maturation’. A lot of basic research has been car-
ried out to establish a chronic state animal model of the
fetus. At the beginning of fetal physiological research,
an acute fetal preparation procedure had been used.6–8

From the 1960s, a sheep fetal preparation procedure has
been applied for the chronic study model. In the 1970s
and the 1980s, this methodology of fetal chronic prepa-
ration, namely ‘unanesthetized fetus in utero’,9–12 was
established as the standard procedure for investigating
fetal physiology.13–17 No objection could be raised that
an ideal animal model for perinatal research purposes
should be a non-human primate model, such as a
baboon or a rhesus monkey. However, a non-human pri-
mate fetal study requires a lot of complicated systems
such as a special cage, a tether system to connect cables
and catheters for maintaining preparation, special
animal care and so on, and, above all, a great deal of
expense. In contrast, when we consider the availability
of pregnant ewes, the total cost, ease of animal care, sur-
gical preparation and management, the advantage of the
sheep chronic experiment is clear even if the physio-
logical difference between species is taken into account.
Thus, fetal preparation using pregnant ewes has been a
widely approved basic procedure for investigating fetal
physiology.

The chronic preparation of the sheep fetus
The term of the fetal sheep is around 145–150 days
of gestation (dGA). Birth weight at term is around
4.0–4.5 kg in the Rambouillet–Columbia sheep.
Depending on the study protocol, the fetal prepara-
tion is usually done at around 100–125 dGA. The size
of sheep fetus is appropriate for surgical preparation
(approximately 2.0 kg at around 110 dGA).

The techniques have been described in detail else-
where, and only a brief outline of the procedure is
given in this section.18–22

Basic Aspects of Fetal Development and Fetal Anomaly

Kurjak-56.qxd  5/13/2006  12:00 PM  Page 643



644 Animal studies of fetal maturation

Usually, ewes mated on only a single occasion and
carrying a fetus of known gestational age are used for
experiments. The gestational age is counted from the
mating period and confirmed by ultrasound later. Prior
to the surgery, the ewe is housed in a metabolic stall in
a room with controlled light/dark cycles. Surgery is
performed under halothane general anesthesia.

The uterus is exposed through a midline abdomi-
nal incision. Hysterotomy is performed and fetuses
are fixed with several catheters and electrodes. The
polyvinyl vascular catheters are placed via the carotid
artery and jugular vein and/or femoral artery and
vein. An amniotic cavity catheter is also placed. For
recording fetal biophysical and neurological activi-
ties, several electrodes are attached. For recording
an electrocardiogram, usually the steel electrodes are
placed at the chest wall. For exploring fetal neurolog-
ical activity the electorocorticogram (ECoG) elec-
trodes using stainless wires terminating in metal pins
or screws are placed bilaterally through the fetal cranial
frontal bone to touch the dura mater. The ECoG signals
are characteristically low voltage, low frequency and
noisy bioelectric signals. To obtain high-quality ECoG
signals, some techniques such as application of sealed
cables (e.g., coaxial cables), placement of an indifferent
and a ground electrode are required. For recording
myometrial activities (uterine contraction) several
wire electrodes are sewn to the myometrium. Following
surgical preparation of the ewe and fetus, all fetal
catheters and leads are grouped to exit the lateral
abdominal wall of the ewe at a single point. Surgical
closure is accomplished in layers. During and the
days following surgery, antibiotics are given to the
ewe and the fetus.

Maintenance
A heparin solution (10 units/ml of physiological
saline) was continuously infused at a rate around 0.5
ml/h into each vascular catheter to ensure that it
remained open. Fetal condition, i.e., its well-being, is
usually checked by using fetal arterial blood gas data.
Other fetal biophysical data such as ECoG or fetal
heart rate (FHR) are also the parameters for assessing
fetal well-being.

Data acquisition
The biological signals have been recorded using analog
recording charts. In recent years, all data are usually
recorded by means of computer-assisted data acquisi-
tion systems (DAS) that are equipped with biological
amps, frequency filters, analog to top digital converters
and so on. Fetal blood pressure is measured using the
pressure transducer and the actual fetal pressure values
are calibrated by amniotic cavity pressure. All data are
stored digitally for further analysis. Sheep experiments
are shown in Figures 56.1 and 56.2.

Studies in normal developmental
and maturational course of
cardiovascular function
The conceptual schema of fetal maturation with ges-
tational age is shown in Figure 56.3. The degree of
functional maturation must be represented as an
exponential growth curve as reported for the variation
in cortisol level with gestational age4,23 (Figure 56.4).
Basic research on sheep experiments suggests that the

Figure 56.1 The sheep experiments. Several catheters and electrodes are fixed to the fetus.
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fetal organic maturation is accelerated around 120
dGA.24–30 Although the developmental stage of 120
dGA, which means 80% development, does not
simply translate to that of 32 weeks for the human
fetus, the process of functional development and mat-
uration should be similar.

Cardiovascular maturation
In the sheep fetus during late gestation, arterial blood
pressure (BP) increases steadily and fetal heart rate
(FHR) deceases steadily.26,27,30–32 Typical changes in
fetal blood pressure and heart rate with gestational
age in sheep are shown in Figure 56.5. It has been

assumed that the BP increase during the end of gesta-
tion is a result of both an increase in cardiac output
and a rise in peripheral vascular resistance; whereas
the decrease in FHR has been attributed to the baro-
reflex function as a result of increased BP. The barore-
flex is induced by increased parasympathetic function
via the vagus on basal FHR.

It has been shown that influences of sympathetic
and parasympathetic activity on baseline FHR in the
sheep fetus. The hormones that have stimulatory
effects on the fetal cardiovascular system increase
with gestational age.26,27,30–32 The roles of the fetal
endocrine, autonomic nerve system and baroreflex
control on the fetal cardiovascular system have not

Figure 56.2 Example of a data acquisition system. The biological signals from the fetus are recorded digitally to the computer aided
system for further analysis.

Figure 56.3 The conceptual schema of fetal maturation
with gestational age. Example of sheep (term at around 145–150
dGA). Figure 56.4 The cortisol level at fetal sheep plasma.

Studies in normal developmental and maturational course of cardiovascular function 645
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yet been characterized. In clinical medicine, FHR
monitoring is an important procedure for fetal man-
agement. However, to understand the physiological
meaning of FHR, we must consider the biophysical
background factors, i.e., the degree of development,
gestational age, intrauterine environment and so on.

Previous animal studies have reported the specifi-
cation of fetal cardiovascular developments as fol-
lows: (1) Cardiac output increased in proportion to
fetal gestational age and fetal weight.33–35 (2) The
cardiac output in the fetus is controlled almost solely
by alteration of the heart rate.34,36 (3) The fetal heart
operates near the upper limit of the Frank–Starling
curve.37,38 (4) The fetal heart has a limited ability
to change stroke volume (inotropic action).33–35

(5) Baroreflex has been shown to operate in late gesta-
tion and plays an important role in regulating variabil-
ity of arterial pressure and heart rate.26,39 For these
reasons, the ontogenic changes in baroreflex function in
fetal cardiovascular maturation must be characterized.
In this section, study related to the ontogenic changes in
baroreflex function in fetal sheep is introduced.

Study design
1. Ontogenic changes on baroreflex function:

Twenty fetal sheep were fitted with instruments
and the following baroreflex protocol was carried
from 110 to 140m dGA with 5-day interval.

2. Cardiovascular changes on steroid administra-
tion to the fetus: Starting at 133 ± 1 dGA, saline
(control group, CNTL) or betamethasone (Beta)
was administered to the fetal jugular vein at a
rate of 10 µg/h over the next 48 h. Betamethasone
infusion was started at 18:00 hours. Baroreflex
protocol was carried out after 40 h of Beta
infusion.

Baroreflex study protocol40,41

Since baroreflex has been shown to play an important
role during late gestation in sheep, many studies have
been reported on the control of the fetal circulation.
Several methods have been used for evoking the baro-
reflex response of the fetus. The sensitivity of the
baroreflex response elicited depends on the method
used. We used sodium nitroprusside (SNP) for induc-
ing hypotension and phenylephrine (PE) for inducing
hypertension. SNP is known to act as a vasodilator of
both arterial and venous vessels, resulting in reduced
peripheral vascular resistance and venous return.42 PE
acts as an alpha agonist that increases the force of con-
traction and vascular smooth muscle contraction,
increases peripheral resistance and reduces heart rate
by vagal reflex.43 The baroreflex function was ana-
lyzed by adding both hypotension and hypertension
trial data with the mathematical model of logistic pro-
cedure.44 The detailed procedure is as follows:

1. Hypotension: After 1 h basal recording, SNP
(10 µg/ml) was infused intravenously to the
fetus at 0.1–6.4 ml/min with 2 min interval at
each increment. Infusion was stopped when fetal
blood pressure (FBP) had decreased by 30% or
FHR fell below 100 bpm or arrhythmia appeared.
Fetal arterial blood samples were taken at –5 min,
end of infusion and + 10 min.

2. Hypertension: After at least 1 h of recovery period
from the above hypotension experiment, fetuses
received PE (25µg/ml) intravenously at 0.1–1.6 ml/
min with 2 min interval at each increment, until
FBP increased 30% or FHR fell below 100 bpm or
arrhythmia appeared. Fetal arterial blood samples
were taken at – 5 min, end of infusion and +10 min.

FBP and electrocardiogram (EKG) data were
recorded with DAS at 250 Hz sampling rate. Mean

Figure 56.5 Mean fetal arterial blood pressure (MAP) and fetal heart rate (FHR). MAP increased from 110 to 140 days gestation
(dGA), whereas FHR decreased steadily from 110 to 140 dGA. bpm: beats/min).
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arterial pressure (MAP) and R–R interval from EKG
signals were used for later analysis. The baroreflex
function was analyzed using the logistic model shown
in Figure 56.6.44

Ontogenic changes in baroreflex function

Hypotension induced by SNP

An initial baroreflex action during hypotension induced
by SNP was to increase FHR (shortening of R–R interval)
against dropping FBP due to vasodilatation. Increase in
FHR by FBP fall is a sympathetic activity.

Compensatory tachycardia was reversed as SNP
dosage increased. This phenomenon is not clear until
115 dGA, is distinguished at 120 dGA and is most

ominous at 135 dGA. This breakdown bradycardia is
assumed to be caused by decreased volume in venous
return and vagal activity. The difference in response
to SNP infusion at each gestational age suggests a
developmental degree and a balance between sympa-
thetic and parasympathetic control of cardiac function.
However, since cardiac output is defined by stroke
volume and heart rate, the factor of inotropic function,
even if it is limited, must be taken into consideration.
The significant difference in response between 135 and
145 dGA must be caused by the inotropic function.
Moreover, this result suggests that 135 dGA is the most
critical period of baroreflex development. The vagal
reflex is most sensitive and the breakdown bradycardia
is easily induced (Figure 56.7).

Figure 56.6 Mathematical model in analyzing baroreflex response. Using a logistic model, maximum gain, saturation and threshold
are assessed as indices of baroreflex function.

Figure 56.7 Hypotension by SNP. Open circle shows baseline (starting point). Initial reaction of SNP infusion is increase in FHR
(shortening of R–R interval) against FBP fall. Compensatory tachycardia was reversed as SNP dosage increased. Then, the breakdown
bradycardia caused by decreased volume in venous return and vagal activity appeared. This phenomenon of breakdown bradycardia
appeared after 120 dGA and is most ominous at 135 dGA.

Studies in normal developmental and maturational course of cardiovascular function 647

Kurjak-56.qxd  5/9/2006  12:29 PM  Page 647



648 Animal studies of fetal maturation

Hypertension induced by PE
During PE-induced hypertension trial, R–R interval
increased linearly according to FBP rise. PE acts mainly
as an alpha agonist, and heart rate fall is induced by
vagal reflex. The difference in baroreflex slope might
be a result of the activity and sensitivity in pressure of
the vagal function. Significantly higher FBP achieved
against similar FHR at slope saturation during late ges-
tation suggests the development of cardiac contractility
function and this must also be considered.

Analysis of baroreflex function (ontogenic study)
The baroreflex curve was studied using the data
obtained from SNP-induced hypotension and PE-
induced hypertension (Figure 56.8). When we look at
the speculation in range and slope of baroreflex
curves at each gestational age, the character of matu-
rational course is clear. A summary of the develop-
mental changes in baroreflex function are shown in
Figure 56.9. Two critical points at 115–120 and
135–140 dGA were distinguished in baroreflex devel-
opment. Significant changes in maximum gain were
observed at 135–140 dGA, in saturation at both
115–120 and 135–140 dGA, and in thresholds at
115–120 dGA. As stated above, these critical points
at maturational course might be caused by the degree
of developmental activity, sensitivity, and balance
between sympathetic and parasympathetic nerves,
peripheral vessel activity, as well as the inotropic
action (contractility of the heart).

Effect of gulcocorticoids on cardiovascular function
Previous studies showed that glucocorticoid adminis-
tration to the sheep fetus increases both FBP and

femoral vascular resistance. However, precise effects
of cardiovascular baroreflex response to glucocorti-
coids have not yet been clarified. An example of stud-
ies on betamethasone effect on the fetal baroreflex
function at 135 dGA is shown.

FBP and FHR changes on betamethasone infusion
FBP showed a constant increase after betamethasone
(Beta) infusion to the fetuses. In the Beta group, FBP
was statistically higher after 7 h of infusion compared
with the baseline FBP of the past 24 h before infusion.
FBP was also statistically higher in the Beta group after
8 h of infusion compared with the control (CNTL)
group. In contrast to the fetuses in CNTL, which showed
nominal 24 h variation in FHR, Beta fetuses showed sig-
nificant decrease in FHR after betemethasone infusion.
FHR fall in Beta fetuses from 5 to 9 h after infusion was
significant compared to the baseline FHR of the past
24 h before infusion. FHR from 5 to 12 h after infusion
in Beta fetuses was significantly lower compared with
CNTL fetuses (Figure 56.10). After 12 h of infusion, FHR
in Beta fetuses gradually recovered to the baseline FHR
level. No statistical difference was found after 24 h of
infusion between Beta and CNTL fetuses.

Baroreflex function at 40 h after Beta administration
Beta fetuses showed a much wider range of FBP
change with relatively narrower range of FHR change.
Namely, the baroreflex curve shifted to the right and
the handling range was expanded. All parameters of
baroreflex function were significantly altered by
betamethasone (Figure 56.11).

Recent studies have reported an elevation of FBP
after infusion of glucocorticoids directly to the

Figure 56.8 Ontogenic changes in baroreflex curve. The apparent difference in range and slope of baroreflex curves at each
gestational age is found.
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Figure 56.9 Summary of ontogenic changes in baroreflex function. Two critical points of 115–120 and 135–140 dGA were found
in baroreflex development. Significant changes in max gain at 135–140 dGA, in saturation at both 115–120 and 135–140 dGA, and
thresholds at 115–120 dGA. ** Difference at saturation figure. *p < 0.05.

Figure 56.10 Changes in MAP and FBP by betamethasone administration on fetus. Starting at 133 ± 1 dGA, saline (control group:
CNTL) or betamethasone (Beta,) was administered to the fetal vein at a rate of 10 µg/h over the next 48 h. Hourly fetal blood pressure
(FBP), fetal heat rate (FHR) in the control group (CNTL) and betamethasone-treated (Beta) fetuses. Values shown are means ± SEM for
every hour. Time 0 was settled at the beginning of vehicle or betamethasone infusion. Filled bar represents hours of darkness
(21:00–07:00 hours). Shadowed bar represents the infusion periods.
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650 Animal studies of fetal maturation

fetus.45–49 The mechanisms producing an increase in
FBP during betamethasone infusion have been dis-
cussed in terms of mediation of an increase in fetal
total peripheral vascular resistance and/or fetal car-
diac output.45–49

Betamethasone may accelerate fetal cardiovascular
maturation. Chronological FHR changes in Beta fetuses
suggest that there are at least two steps of process ware
involved in cardiovascular alterations induced by
betamethasone. Initial cardiovascular response to
increased FBP and significant decrease in FHR in the
first 12 h of betamethasone infusion might be caused by
basic baroreflex response to the rise in FBP. The second
step of FHR recovery against FBP rise may be mainly
caused by resetting of the baroreflex response including
sympathetic and parasympathetic autonomic nervous
activity. In addition, at this stage, changes in cardiac
output by betamethasone must be taken into account.
The newborn lamb’s heart has the ability to alter the
inotropic state. Thus, near-term fetus must have the
ability to use inotropic action of the heart, even if it is
limited, and the magnitude of the inotropic ability
would indicate the degree of maturation of the fetal heart
function. Another study using betamethasone-treated
fetuses showed that fetal femoral blood flow and femoral
vascular resistance tend to recover at the end of 48 h
after betamethasone infusion.46–49 Therefore, the second
step cardiovascular alteration is also mediated by
betamethasone administration to the fetuses.

The above results suggest that there are several
important periods of gestational age in the course of
cardiovascular maturation and that the process of
maturation is mediated and modified by glucocorti-
coids. One of the major current concepts of program-
ming cardiovascular system states that the precise
timing and sequence of maturational events during
fetal life are fundamental to normal development.

Chronic fetal stressed model
to study fetal reaction for
investigating maturation
From a clinical viewpoint, the major interest in fetal
physiology has been fetal hypoxia. A lot of studies
have been carried out to clarify the variety of reac-
tions of the fetus to acute hypoxia insult in utero.
Much knowledge related to biophysical background
in perinatal medicine such as deceleration in heart
rate monitoring, behavioral state alterations and so on
have been obtained from animal experiments. Recent
epidemiological studies, as Baker stated,68–70 indicate
that an adverse intrauterine environment affects fetal
physiological development and may be the origin of
later disease. Hence much attention has been focused
on the fetal environment in the womb. Do the chronic
changes in environment, in other words, the chronic
stress to the fetus really alter the fetal maturational
course and beyond? Restricted maternal nutrition
has been shown to have an apparent effect on fetal
cardiovascular function. Animal studies in rats and
sheep have demonstrated hypertensive offspring
induced by maternal nutrient restriction and differ-
ences in fetal growth were associated with changes in
cardiovascular control.

Several chronic stressed fetal models have been
reported. As an altered fetal environment model, pro-
longed hypoxia in chronic sheep studies50–55 has
demonstrated long- and short-term effects on fetal
cardiovascular function. A long-term fetal placental
embolization model56–58 has demonstrated that umbil-
ical blood flow and heart rate pattern alterations cause
hypertension and myocardial hypertrophy. A
repeated cord occlusion model59,60 has reported the
response alteration in hormonal and cardiovascular

Figure 56.11 Baroreflex changes by betamethasone. Significant changes in each parameters of baroreflex function are found. The
curve shifted to the right and expanded the range of handling.
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responses. However, a few studies have been reported
related to the experimental model of long-term envi-
ronmental alteration/stress to the fetus.

In this section we introduce a long-term light stres-
sed fetal model by means of increased uterine activity
of oxytocin (LTOT model).

LTOT model41,61–63

Myometrial contractures are characterized by long-
lasting low amplitude myometrial contractility occur-
ring throughout pregnancy in sheep. Contractures
induce a fall in fetal arterial oxygen pressure (PO2), a
decrease in uterine blood flow, and also produce
mechanical stress to the fetus by compression. A pre-
vious study has shown that oxytocin (OT) induced
contractures in late gestation sheep altered fetal pitu-
itary-adrenal61,62 functions and might accelerate neuro-
logical development as revealed by the ECoG voltage
amplitude.64,65 Since fetal hypothalamic-pituitary-
adrenal axis plays an important role in ovine parturi-
tion, this kind of neuroendocrine alteration by
increased myometrial contractures should be associ-
ated with alteration of physiologic function. We
hypothesized that long-term increased myometrial con-
tracture frequency, namely long-term frequent light
stress to the fetus, would alter fetal physiological devel-
opment and fetal responses to acute stress episodes. We
therefore exposed pregnant sheep with repeated pulses
of oxytocin from 96 to 131 dGA. OT dose did not cross
the ovine placenta, therefore no direct effects of OT on
the fetus are responsible for any fetal changes.66

The LTOT protocol is shown in Figure 56.12. Ewes
received ether saline (control group: CNTL), or oxytocin
(600 µU/kg/min; long-term oxytocin group: LTOT) infu-
sions into the maternal jugular vein at 0.033 ml/min as
5 min pulses starting at 96 dGA. Oxytocin pulse infu-
sion was stopped 1 day before fetal surgery and recom-
menced 2 days after fetal surgery. By this procedure of
oxytocin pulses, myometrial contracture frequency
increased by slightly over 100% ewes in LTOT com-
pared with CNTL ewes (Table 56.1).

Using the LTOT model, the following issues were
studied:

1. Hormonal environment (cortisol and ACTH)
2. Blood and arterial blood gas environment
3. Response to acute fetal hypoxemia (1 h) induced

by administering nitrogen to the ewe through
131 ± 1 dGA

4. Ontogenic cardiovascular changes and baroreflex
alteration

5. Behavioral alterations

Hormonal environment
Basal fetal plasma ACTH and cortisol values obtained
during the study period are presented in Figure 56.13.
There were no significant differences in ACTH and
cortisol values between CNTL and LTOT. However,
cortisol/ACTH ratios (ng/pg) were significantly lower
in LTOT at 128–132 dGA (CNTL, 0.13 ± 0.02, 0.24 ±
0.09, 0.21 ± 0.08; LTOT, 0.06 ± 0.03, 0.08 ± 0.04, 0.08 ±
0.04). Cortisol is higher at 140 dGA in both CNTL and
LTOT groups.

Blood and arterial blood gas environment
Fetal arterial blood gas values are summarized in
Table 56.2. PO2 was lower in LTOT at 126–135 dGA
and O2 content was higher in LTOT at 131–140 dGA.

Figure 56.12 LTOT protocol. Ewes received ether saline (control group: CNTL) or oxytocin (600 µU/kg/min; long-term oxytocin
group: LTOT) infusions into maternal jugular vein at 0.033 ml/min as 5-min pulses starting at 96 dGA. Oxytocin pulse infusion was
stopped 1 day before fetal surgery and recommenced 2 days after fetal surgery.

Table 56.1 Effect of oxytocin pulses (LTOT) or
vehicle control (CNTL) on the number of contractures
per hour

CNTL LTOT

126–130 dGA 1.35 ± 0.13* 3.34 ± 0.06*
131–135 dGA 1.45 ± 0.09* 3.21 ± 0.07*
136–140 dGA 1.52 ± 0.13* 3.13 ± 0.06*

Contracture frequency was counted every day and averaged in each
animal to obtain representative values for each period.

Mean ± SEM, * p < 0.01.

Chronic fetal stressed model to study fetal reaction for investigating maturation 651
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Response to acute fetal hypoxemia
Acute fetal hypoxemia insult was induced at 131 ± 1
dGA by administering nitrogen to the ewe through a
tracheal tube for 1 h, beginning at the start of oxytocin
or saline pulse. Maternal and fetal arterial blood
samples (0.5 ml) were taken at – 60, – 15, – 5, 5, 10, 20,
30, 40, 60 and 120 min. Blood samples were measured
using a blood gas analyzer. Oxygen saturation (%)
and hemoglobin (µg/dl) were measured with a hemo-
ximeter. O2 content (ml/dl) was calculated from the
hemoglobin (Hb), O2 saturation and PO2 values.

Fetal PO2 was significantly lower and O2 content
was significantly higher in LTOT at baseline. No dif-
ference was found in maternal blood gas and pH val-
ues at baseline (Table 56.3). At the end of 60 min
hypoxemia, fetal pH, O2 saturation, O2 content were
significantly higher in LTOT, although PO2 did
not differ between the two groups (Table 56.4). At
120 min (60 min after acute hypoxemia insult),
blood gas values in both groups returned to normal
value and no difference was found between the two
groups (Table 56.5).

Figure 56.13 Fetal plasma ACTH and cortisol concentrations in CNTL (�) and LTOT (�). Mean ± SEM, a: p < 0.05 compared with
128–138 dGA.

Table 56.2 Arterial blood gas values of CNTL and LTOT during study period

CNTL LTOT

126–130 dGA pH 7.36 ± 0.001 7.36 ± 0.001
PCO2 (mmHg) 47.3 ± 0.23 48.6 ± 0.09
PO2 (mmHg) 24.3 ± 0.09* 22.4 ± 0.17*
Hb (µg/dl) 10.8 ± 0.07 11.1± 0.07
O2 sat. (%) 64.5 ± 0.33 62.9 ± 0.37
O2 content (ml/dl) 9.3 ± 0.05 9.5 ± 0.05

131–135 dGA pH 7.35 ± 0.001 7.35 ± 0.001
PCO2 (mmHg) 47.5 ± 0.23 49.9 ± 0.09
PO2 (mmHg) 22.4 ± 0.09* 20.6 ± 0.18*
Hb (µg/dl) 11.3 ± 0.07 12.2 ± 0.07
O2 sat. (%) 57.2 ± 0.33 59.2 ± 0.38
O2 content (ml/dl) 8.6 ± 0.05* 9.8 ± 0.05*

136–140 dGA pH 7.34 ± 0.001 7.35 ± 0.001
PCO2 (mmHg) 48.7 ± 0.28 48.5 ± 0.16
PO2 (mmHg) 20.9 ± 0.06 20.1± 0.21
Hb (µg/dl) 12.6 ± 0.07 13.1± 0.12
O2 sat. (%) 52.7 ± 0.49 55 ± 0.34
O2 content (ml/dl) 8.7 ± 0.07* 9.6 ± 0.05*

Blood samples were taken at 9:00–10:00 every day. Data were averaged in each animal to obtain representative values for each period.

Mean ± SEM, *p < 0.05 CNTL vs. LTOT.
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Relationship between maternal and fetal PO2 and
O2 content showed lower PO2 but higher O2 content at
the same maternal oxygen delivery in LTOT. Linear
model analysis showed statistically significant LTOT
effect (p < 0.001; Figure 56.14).

O2 content at PO2 was significantly higher in LTOT
and O2 saturation at PO2, which expressed an O2 dis-
sociation curve, was obviously shifted to the left
in LTOT (Figure 56.15). Linear model analysis proved
that the model of the same slope with different
intercepts – whether or not of LTOT – was the best fit-
ting model and the effect of LTOT was statistically
significant (p < 0.001).

During hypoxemia and recovery period, fetal pH
tended to shift higher and its variability was less in
LTOT compared with CNTL (pH variability expressed
as coefficient of variation (CV): CNTL, 0.33 ± 0.15;
LTOT, 0.12 ± 0.06, mean ± SD, p < 0.05) (Figure 56.16).

Ontogenic cadiovascular changes
and baroreflex alteration
FBP was significantly higher from 126 to 128 dGA in
the fetuses of LTOT ewes compared with the fetuses
of CNTL. FHR was significantly lower in the fetuses of
LTOT from 126 to 131 dGA (Figure 56.17). The slope
of daily FBP changes (CNTL, 0.76 ± 0.21; LTOT, 0.27 ±

Table 56.3 Baseline fetal and maternal blood gas data (mean ±± SD)

CNTL LTOT

Fetus
pH 7.359 ± 0.015 7.363 ± 0.014 N.S.
PCO2 (mmHg) 47.4 ± 5.6 48.8 ± 4.2 N.S.
PO2 (mmHg) 23.6 ± 2.8 21.8 ± 2.3 p < 0.05
Hb (g/dl) 11.3 ± 1.3 12.0 ± 1.5 N.S.
Sat O2 (%) 60.0 ± 6.5 60.2 ± 5.4 N.S.
O2 content (ml/dl) 8.9 ± 0.8 9.8 ± 1.2 p < 0.05

Mother
pH 7.476 ± 0.026 7.465 ± 0.021 N.S.
PCO2 (mmHg) 34.8 ± 3.5 33.8 ± 4.4 N.S.
PO2 (mmHg) 108.5 ± 12.8 117.4 ± 11.2 N.S.
Hb (g/dl) 10.4 ± 1.8 9.8 ± 1.2 N.S.
Sat O2 (%) 96.6 ± 2.3 97.7 ± 2.4 N.S.
O2 content (ml/dl) 13.7 ± 2.2 12.8 ± 1.6 N.S.

Table 56.4 Fetal blood gas data at the end of 60 min acute hypoxemia (mean ±± SD)

Fetus CNTL LTOT

pH 7.355 ± 0.029 7.384 ± 0.006 p < 0.05
PCO2 (mmHg) 42.3 ± 1.3 42.2 ± 3.1 N.S.
PO2 (mmHg) 14.1 ± 1.0 14.3 ± 2.8 N.S.
Hb (g/dl) 11.7 ± 1.5 11.3 ± 2.1 N.S.
Sat. O2 (%) 29.4 ± 3.8 38.7 ± 7.2 p < 0.05
O2 content (ml/dl) 4.6 ± 0.7 5.8 ± 1.1 p < 0.05

Table 56.5 Fetal blood gas data at 120 min (60 min after acute hypoxemia insult) (mean ±± SD)

Fetus CNTL LTOT

pH 7.355 ± 0.018 7.372 ± 0.012 N.S.
PCO2 (mmHg) 47.6 ± 2.6 46.6 ± 1.8 N.S.
PO2 (mmHg) 21.1 ± 2.8 20.8 ± 2.3 N.S.
Hb (g/dl) 11.0 ± 0.7 112 ± 1.1 N.S.
Sat. O2 (%) 55.4 ± 10.5 58.0 ± 6.4 N.S.
O2 content (ml/dl) 8.2 ± 1.5 8.8 ± 1.2 N.S.
O2 content (ml/dl) 8.2 ± 1.5 8.8 ± 1.2 N.S.
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Figure 56.14 Fetal and maternal PO2 (A) fetal and maternal O2 content (B) before and during hypoxemia. � CNTL; � LTOT. (a)
Y = 0.12 × X + 0.0092 × X × Z + 8.56 (CNTL Z =+1: dashed line, LTOT Z = −1: straight line, p < 0.001). (b) Y =0.59 ×
X – 0.055 × X × Z – 0.03 (CNTL Z = +1: dashed line; LTOT Z = −1: straight line; P < 0.001).

Figure 56.15 Fetal O2 saturation (a) and fetal O2 content (b) in relation to fetal PO2 before and during hypoxemia. � CNTL; � LTOT.
(a) Y = 3.04 × X – 3.10 × Z – 9.44 (CNTL Z = +1: dashed line; LTOT Z = −1: straight line; p < 0.001). (b)
Y = 0.45 × X – 0.034 × X × Z – 1.16 (CNTL Z = +1: dashed line; LTOT Z = –1: straight line; p < 0.001).
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0.06 mmHg/dGA) and FHR (CNTL, –1.91 ± 0.20;
LTOT, – 0.70 ± 0.41 bpm/dGA) was significantly lower
in LTOT (Figure 56.18).

There was no difference in the fall in FBP at the
end of SNP infusion. FBP dropped by 31–37%.
However, total SNP dosage (adjusted by fetal weight)
required to produce this fall in FBP was significantly
higher in LTOT (CNTL, 21.1 ± 3.7; LTOT, 34.7 ± 4.6
µg/kg). Initially, the fetus tries to compensate for
the fall in FBP by increasing the FHR. In contrast,
CNTL fetuses tend to show early breakdown of
compensatory reaction and fall into bradycadia. The
breakdown point to fall into bradycardia was signi-
ficantly different between CNTL and LTOT (CNTL,
41.6 ± 0.6bpm, 328 ± 10 ms; LTOT, 38.7 ± 1.4 bpm,
328 ± 16 msec) (Figure 56.18). PO2 and O2 saturation
values were significantly lower at the end of SNP infu-
sion in CNTL. No difference was found in blood gas
during the experiment in LTOT fetuses (Table 56.6).
ACTH and cortisol responses to hypotension showed
attenuated response (Figure 56.19). However, no dif-
ferences were found in cortisol/ACTH ratios (ng/pg)
between CNTL and LTOT groups.

The baroreflex curve was shifted to the right and
showed a mature pattern in LTOT fetuses. Maximum
gain (ms/mmHg) was significantly different between
CNTL and LTOT (CNTL, 24.4 ± 2.7; LTOT, 16.6 ± 2.3)
(Figure 56.20).

Behavioral alterations
ECoG has been used for analyzing fetal neurological
activity. Examples of analog ECoG recording are
shown in Figure 56.21. ECoG activity represents basic

Figure 56.16 Fetal pH values before and during acute
hypoxemia. � CNTL; � LTOT.

Figure 56.17 Ontogenic changes in FBP and FHR in CNTL and
LTOT. CNTL (�) and LTOR (�), mean ± SEM; p < 0.05 compared
with CNTL.

Figure 56.18 Hypotension by SNP. The breakdown point to
fall into bradycardia was significantly different between CNTL
and LTOT iCNTL, 41.6 ± 0.6 bpm, 328 ± 10 ms; LTOT,
38.7 ± 1.4 bpm, 328 ± 16 ms LTOT fetus showed resistive
reaction to hypotension insults.
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Table 56.6 Arterial blood gas values of CNTL and LTOT during SNP-induced hypotension

CNTL LTOT

Baseline (–5 min) pH 7.34 ± 0.002 7.33 ± 0.01
PCO2 (mmHg) 48.4 ± 3.4 49.2 ± 1.1
PO2 (mmHg) 22.6 ± 1.4 21.1 ± 1.9
Hb (µg/dl) 12.0 ± 0.5 12.6 ± 0.8
O2 sat. (%) 58.7 ± 3.2 57.9 ± 4.4
O2 content (ml/dl) 9.4 ± 0.3 9.5 ± 0.5

End of infusion pH 7.34 ± 0.005 7.34 ± 0.01
PCO2 (mmHg) 50.9 ± 0.8 50.5 ± 1.2
PO2 (mmHg) 18.9 ± 1.3* 21.2 ± 2.0
Hb (µg/dl) 12.1 ± 1.1 12.8 ± 1.2
O2 sat. (%) 46.3 ± 2.3 49.6 ± 5.3
O2 content (ml/dl) 7.59 ± 0.9* 8.3 ± 0.7

+10 min pH 7.34 ± 0.003 7.34 ± 0.01
PCO2 (mmHg) 50.1 ± 0.5 47.0 ± 1.4
PO2 (mmHg) 21.1 ± 1.5 22.9 ± 2.0
Hb (µg/dl) 12.3 ± 1.1 12.3 ± 0.9
O2 sat (%) 54.1 ± 4.6 55.4 ± 6.2
O2 content (ml/dl) 8.8 ± 0.6 8.9 ± 0.7

Mean ± SEM, * p < 0.05 compared with baseline (–5 min).

Figure 56.19 ACTH and cortisol response during SNP infusion. CNTL (�) and LTOT (�). Mean ± SEM; (a) p < 0.05 compared with
base line; (b) p < 0.05 CNTL vs. LTOT.

Figure 56.20 Baroreflex alteration by LTOT.
Baroreflex curve was shifted to the right and showed
mature pattern in LTOT fetuses.
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behavioral rhythm; little is known about diurnal
variation of ECoG pattern. Characteristic ECoG pat-
terns have been discussed with alternation between
low-voltage fast-activity (LV) state and high-voltage
slow-activity (HV) state. As pregnancy progresses the

amplitude increases and the difference between the
HV and LV states becomes clear.

The ECoG characteristic changes were analyzed by
means of ECoG power spectral distribution analysis.
Three-hour raw ECoG data sampled at 250 Hz were

Figure 56.21 Typical ECoG recording at 110, 125 and 135 dGA.

Figure 56.22 ECoG spectral edge frequency at each gestational age. ECoG power spectra analysis by calculation spectral edge
frequency distribution showed apparent distinction between low- and high-frequency peaks in LTOT (Figure 56.2). In LTOT, high
spectral edge frequency was statistically higher in LTOT at 126–140 dGA and low frequency was statistically lower at 126 and 130
dGA. Difference of the HV and LV peaks.

Chronic fetal stressed model to study fetal reaction for investigating maturation 657
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analyzed using conventional fast Fourier transform
(frequency resolution at 0.04 Hz, range 0–41.6 Hz).
Spectral edge frequency (90%) was calculated. Three-
hour data (recorded at 10:00–14:00) at 126, 130, 135,
140 dGA were studied (Figure 56.22). ECoG power
spectra analysis by calculation spectral edge fre-
quency distribution73,74 showed apparent distinction
between low- and high-frequency peaks in LTOT
(Figure 56.22). In LTOT, high spectral edge frequency
was statistically higher in LTOT at 126–140 dGA and
low frequency was statistically lower at 126 and 130
dGA. The mature pattern in ECoG spectra was found
in LTOT fetus.

In addition, HV–LV ECoG cyclicity analysis21 was
done using the following procedures: (1) denoising by
wavelet transform filtering; (2) HV–LV ECoG cyclicity

by periodogram analysis. Hourly peak cycle and cycle
were calculated by using period gram. Daily data at
130, 135 and 140 dGA were studied (Figure 56.23).
Peak HV–LV cycle frequency in CNTL was changed to
lower values by gestational age whereas that in LTOT
was already low at 130 dGA and no difference was
found by gestational age. Peak HV–LV cycle frequency
was statistically lower in LTOT at 130 and 135 dGA.

FBP and FHR in each HV and LV state at 130 and 140
dGA are shown in Figure 56.24. Mean FBP was signif-
icantly higher and FHR was significantly lower in both
HV and LV states in LTOT compared with CNTL.

FHR was increased in HV state from 130 dGA. Both
FBP and FHR were increased in HV state at 140 dGA.
The difference in state characteristics becomes appar-
ent by plotting on one chart. The difference between
LV and HV states with respect to FBP and FHR in
CNTL and LTOT is summarized in Figure 56.25. The
pattern of cardiovascular changes in behavioral state
is shifted to the right in LTOT fetus suggests accelera-
tion of maturation in LTOT.

In the LTOT studies, no difference was found at
necropsy in body weight, organ weight and placenta
between CNTL and LTOT.

What happens on long-term light
stress to the fetus?
A single contracture produced in response to a
single pulse of OT administered to the pregnant ewe
in late gestation stimulates the release of fetal ACTH.
A longer period of fetal exposure to contractures at
an earlier stage of maturation altered the sensitivity
of the fetal adrenal to ACTH both under basal and
following exposure to hypoxemia, hypotension and

Figure 56.23 Peak HV–LV cycle frequency (cycle/hr) at 130,
135, 140 dGA CNTL � and LTOT � Mean ± SEM *p < 0.05.

Figure 56.24 FBP and FHR in HV and LV states at 130 and
140 dGA.

Figure 56.25 LV and HV state difference in FBP and FHR
in CNTL and LTOT. The pattern of cardiovascular changes in
behavioral state is shifted to the right in LTOT fetus suggesting
acceleration of maturation in LTOT.
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hypertension. In the LTOT study, fetal PO2 was lower
and O2 content higher in LTOT fetuses than in CNTL
fetuses. This finding indicates that LTOT fetuses were
not hypoxemic. They adapted to repeated mild stress
and developed compensatory mechanisms by altering
oxygenation accompanied by a shift of the oxygen dis-
sociation curve to the left.

We also found an alteration in cardiovascular onto-
genic change and baroreceptor response in LTOT
fetuses. The baroreflex curve in LTOT showed a right
shift and mature pattern as indicated in previous
ontogenic studies. From the results obtained, we
speculate that LTOT fetuses have more ability of
isotropic function than CNTL fetuses. Fetal cardiovas-
cular maturation during the final month of pregnancy
is characterized by a rise in FBP and a fall in FHR.
Higher FBP and lower FHR in LTOT fetuses compared
with gestation matched controls suggest an accelera-
tion of fetal cardiovascular maturation.

ECoG is one of the main indices of fetal neurologi-
cal function. Biological variation is dependent upon
behavioral states in late gestation. Difference in FBP
and FHR in each HV–LV state indicates the degree of
state maturation. The alteration of ontogenic changes
in the relationship of FBP and FHR to fetal ECoG
states (HV/LV states) following LTOT suggests an
acceleration of fetal neurological maturation.67,68

Considering all results, we speculate that the altered
intrauterine environment induced by increased uterine
contracture activity accelerates endocrinological,
neurological and functional maturation either by
altered fetal oxygenation, glucocorticoid activity and/
or physical stimulation of the fetus.

Fetal maturation, adaptation
or adjustment by various
stresses to the fetus
From the above-mentioned animal studies, a hypothe-
sis arises that any stress to the fetus, environmental or
congenital, could induce an acceleration of functional

maturation. Initial compensatory response of the fetus
to the environmental stress would be the acceleration
of the maturation process.

An adequate stress such as uterine contracture
must be a necessary factor for fetal stimulation. For
the clinician, not only the gestational age but the mat-
urational age also must be a desirable index to assess
fetal well-being. Further basic research is required to
answer these questions.

There is currently much interest in the effects of
the quality of the intrauterine environment. Recent
epidemiological studies indicate that an adverse
intrauterine environment affects fetal physiological
development and may be at the origin of later adult
disease.18,69–72 Restricted maternal nutrition has been
shown to have an apparent effect on fetal cardiovascu-
lar function. Animal studies have demonstrated that
hypertensive offspring is induced by maternal nutrient
restriction and differences in fetal growth were associ-
ated with changes in cardiovascular control. Barker’s
hypothesis,69,70 shows that fetal origins of adult disease
is an important keyword in perinatal biomedical sci-
ence. This concept has been called fetal programming,
which means that an early environmental stimulation
changes the developmental course and induces later
physiological alteration. The environmental interac-
tions in early development lead to changes in the phys-
iological and physical phenotype of the developing
embryo or fetus in expectation of future advantage in a
particular predicted adult environment. The word ‘pro-
gramming’ sounds as if the biological process is com-
manded and coded. Gluckman and Hanson use the
term ‘predictive adaptive responses’ (PARs) to describe
environmental responses.71

In the period before birth, environmental factors
play an important role in the biological process of
fetal maturation and some aspects of future life is pos-
sibly defined. By studying fetal maturation and its
alteration by environmental stimulation, we can learn
about the future process in development and
health.18,71,72 For these reasons, much attention should
be paid to the investigation of fetal physiology and
biomedical sciences.
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57 Basic background of
congenital anomalies: NTD
K. Fujimori and A. Sato

Introduction
Neural tube defects (NTDs) are the second most
common class of congenital anomalies after cardiac
defects. A worldwide incidence of isolated (i.e. non-
syndromic) NTDs is 1.4–2.0 per 1000 live births.1

They can also occur as part of a genetic syndrome
or constellation of abnormalities. They are a major cause
of stillbirth, neonatal and infant death, and lifelong
severe handicap. Anencephaly accounts for one half
of all cases of NTDs and is incompatible with life.
With treatment, 80–90% of infants with isolated spina
bifida survive with varying degrees of handicap.
Factors that influence eventual neurological function
include the size and location of the defect, trauma to
exposed neural tissue, timing of surgical closure,
degree of associated ventriculomegaly, and occur-
rence of complication such as infection. It is well
known that NTDs are among the few preventable birth
defects. Preconceptional counseling and folic acid
supplementation are very important.

Embryology and types of NTDs
The neural folds in the brain and spinal cord regions
fuse in the midline, converting the neural tube by
days 26–28 of embryonic life (Figure 57.1).2 Recent
data indicate that closure occurs in separate regions
that then fuse.3 Clinical data suggest five possible
closure sites. NTDs likely result from either failure
of closure in one or more sites, or failure of two sites
to meet. Neural tube closure is normally complete by
the end of the fourth week after conception (6 weeks
after the last menstrual period), a time when many
women do not yet realize they are pregnant.

The most common types of NTDs are listed in
Table 57.1.4 Anencephaly is the most severe defect, in
which the forebrain, meninges, vault of the skull, and
scalp all fail to form. It is lethal, resulting in stillbirth
or early neonatal demise. Spina bifida involves failure
of fusion of the caudal portion of the neural tube,
usually of three to five contiguous vertebrae and Figure 57.1
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spinal cord or meninges or both exposed to amniotic
fluid. Meningocele is the protrusion of the meninges
and cerebrospinal fluid into a sac covered by epithe-
lium. Myleomeningocele is most common and
involves serious defects that include the spinal cord,
nerve roots, meninges, and cerebrospinal fluid. It
occurs mostly in the lumbar area. As meninges or
neural tissue plus meninges are exposed to the amni-
otic fluid and eventually to the environment, neural
tissue is damaged, causing the structures supplied by
the damaged nerves to be dysfunctional. Lesions in
the lumbosacral area can lead to paraplegia and lack
of bowel or bladder control. The level of the lesion is
usually reflected in the severity of the clinical deficit,
with higher lesions having more pronounced deficits.

Open defects are often associated with ventricu-
lomegaly or hydrocephaly as a result of a block to
cerebrospinal fluid circulation. The increased intracra-
nial pressure may cause pressure atrophy of the devel-
oping brain, although neurological dysfunction cannot
be reliably estimated from the thickness of the com-
pressed cortical mantle. Rachischisis describes the
situation in which none of the vertebral arches fuse,
and the entire spine is open. This condition is gener-
ally incompatible with life.

Etiology
Many risk factors of NTDs are known, including
family history, exposure to certain environmental
agents, genetic syndromes, and racial or ethnic groups.
Main and Mennuti presented the recognized causes of
neural tube defects, as listed in Table 57.2.5

Family history is the most important risk factor for
NTDs. Because they are multifactorial in inheritance,
the risk to a first-degree relative is approximately
2–3%. While this is lower than the risk of autosomal
dominant or recessive disorder, it is 20–30 times

higher than the risk of NTDs in the general popula-
tion. The level of risk is directly related to the number
of affected relatives and their degree of relatedness
of the fetus.6,7 However, only 5% of NTDs occur in
families with a positive family history.8 More than
90% occur in families with no prior history.9

Exposure to certain environmental agents has been
implicated in NTD formation. Exposure must occur
during the first 28 days of gestation when the neural
tube is developing. Hyperglycemia from insulin-
dependent diabetes increases the risk of NTD.9

Although this may inhibit fetal glycolysis, functional
deficiency of arachidonic acid or myoinositol in the
developing embryo, or alterations in the yolk sac,10 the
exact mechanism is unknown. Hyperthermia (high
maternal body temperature) during neural tube for-
mation has also been implicated in causing defects.
Maternal fever and sauna baths have both been
reported to increase the relative risk up to sixfold.11

Anticonvulsants, most notably valproic acid and
carbamazepine, induce NTDs. Especially, fetuses
exposed to valproic acid in the first trimester have a
1–2% risk of spina bifida.12 This is because valproic
acid acts as an antagonist and impairs folate absorp-
tion. Aminopterin and isotretinoin also have been
associated with anencephaly or encephalocele.

Some inherited syndromes known to include
NTDs are Meckel–Gruber, Roberts SC phocomelia,
Jarco–Levin, and Harde syndrome, as well as trisomy
13, trisomy 18, and triploidy. These autosomal reces-
sive diseases have 25% recurrence risk, and trisomies
13 and 18 and triploidy have a 1% recurrence risk.13

Cloacal extrophy and sacrococcygeal teratoma may be
associated with spina bifida, and amniotic bands may
cause spina bifida or anencephaly.13

Some geographic regions and racial or ethnic groups
are associated with NTDs. The UK has the highest fre-
quency of NTDs, with an incidence of almost 1% com-
pared with 0.2% in the USA.14

Neural Tube Defect Malformation

Cranial
Anencephaly Failure of fusion of cephalic portion of neural folds; absence of all or

part of brain, neurocranium, and skin
Exencephaly Failure of scalp and skull formation; exteriorization of abnormally formed brain
Encephalocele Failure of skull formation; extrusion of brain tissue into membranous sac
Iniencephaly Defect of cervical and upper thoracic vertebrae; abnormally formed brain tissue

and extreme retroflexion of upper spine
Spinal

Spina bifida Failure of fusion of caudal portion of neural tube, usually of 3–5 contiguous vertebrae; 
spinal cord or meninges or both exposed to amniotic fluid

Meningocele Failure of fusion of caudal portion of neural tube; meninges exposed
Meningomyelocele Failure of fusion of caudal portion of neural tube; meninges and neural tissue exposed
Myeloschisis Failure of fusion of caudal portion of neural tube; flattened mass of neural tissue exposed
Holorachischisis Failure of fusion of vertebral arches; entire spinal cord exposed
Craniorachischisis Co-existing anencephaly and rachischisis

Table 57.1 Neural tube defect pathophysiology
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China, Egypt, and India also have a very high
incidence of NTDs. The reasons for these high inci-
dences are considered to be related to both the
ethnic (genetic) background of the inhabitants and the
environmental influences, such as diet. For example,
Sikhs living in India have more than twice the inci-
dence of NTDs as Sikhs living in Canada.7

Certain ethnic and racial groups also appear to be at
high risk. For example, a study using population-based
data from California found that incidence of NTDs
of Hispanic women was higher than Caucasian women
(1.12 vs. 0.96 per 1000). African-American and Asian
women were at low risk (0.75 and 0.75 per 1000).15

Several investigators reported that obese women had
a two- to threefold risk for NTDs as well as other anom-
alies.16–18 Subsequently, Shaw et al. found a significant
twofold increased incidence of NTDs in women whose
body mass index (BMI) was 30 or higher.19,20

Although there is no firm evidence that influenza
virus causes congenital malformation,21 Lynberg et al.
reported in a case–control study that children born to
women with influenza early in pregnancy had a three-
fold risk of NTDs. This may be related to be associated
with hyperthermia.22

The most important environmental influence in
NTDs formation appears to be related to the dietary
intake of folic acid, because pregnancies complicated
by a fetal NTD have lower maternal plasma levels of
folate than pregnancies that are unaffected. Recently, a

specific gene defect associated with folic acid metabo-
lism has been implicated. A thermolabile variant of
5,10-methylenetetrahydrofolate reductase (MTHFR)
has the mutation 677CT, which results in a substitu-
tion of valine for alanine. This variant enzyme has
reduced activity leading to altered homocysteine
metabolism. Hyperhomocystinemia increases the risk
for fetal NTDs, atherosclerosis, thromboembolism, and
recurrent miscarriage.23 Several studies have shown
that parents who have had a pregnancy complicated
by an NTD and their affected offspring are more likely
to carry a mutation in the gene encoding the enzyme
MTHFR than the unaffected population. For example,
in The Netherlands, 14–16% of mothers, 10–15% of
fathers, and 13–18% of children with spina bifida
are homozygous for the MTHFR mutation compared
with 5% of the general population.24–26 Other muta-
tions in this enzyme with similar effects also have been
reported.26 Therefore, it seems possible that folic acid
supplementation helps to overcome the effects of this
enzyme mutation, resulting in more normal levels of
homocysteine and adequate production of methionine.
The Medical Research Council Vitamin Study Research
Group published the results of a large, prospective, ran-
domized, double-blind study of folic acid supplemen-
tation conducted at 33 centers in seven countries.27

The results showed that folic acid supplementation
reduced NTD recurrences by 70%.27 Czeizel and
Dudas subsequently showed that periconceptional

Multifactorial  inheritance—anencephaly, meningomyelocele, meningocele, and encephalocele 
Single mutant genes

Meckel syndrome—autosomal recessive (phenotype includes occipital encephalocele and rarely anencephaly)
Median-cleft face syndrome—possible autosomal dominant (phenotype includes anterior encephalocele)
Robert syndrome—autosomal recessive (phenotype includes anterior encephalocele)
Syndrome of anterior sacral meningomyelocele and anal stenosis—dominant, either autosomal or X-linked
Jarco-Levin syndrome—autosomal recessive (phenotype includes meningomyelocele)
HARDE syndrome—autosomal recessive (phenotype includes encephalocele)

Chromosome abnormalities
13 trisomy
18 trisomy
Triploidy
Other abnormalities, such as unbalanced translocation and ring chromosome

Probably hereditary, but mode of transmission not established
Syndrome of occipital encephalocele, myopia, and retinal dysplasia
Anterior encephalocele among Bantus and Thais

Teratogens
Valproic acid (phenotype includes spina bifida)
Aminopterin/amethopterin (phenotype includes anencephaly and encephalocele)
Thalidomide (phenotype includes, rarely, anencephaly and meningomyelocele)

Maternal predisposing factors
Diabetes mellitus (anencephaly more frequent than spina bifida)

Specific phenotypes, but without known cause
Syndrome of craniofacial and limb defects secondary to aberrant tissue bands (phenotype includes multiple encephaloceles)
Cloacal exstrophy (phenotype includes myelocystocele)
Sacrococcygeal teratoma (phenotype includes meningomyelocele)

Table 57.2 Recognized causes of neural tube defects
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folic acid supplementation decreased the risk of first
occurrence of an NTD.28 But, folic acid supplemen-
tation does not prevent all cases, other unknown genes
or factors are presumed to cause some cases. Recently,
Rothenberg et al. showed that autoantibodies against
folate receptors were present in sera from women
whose pregnancies are complicated by an NTD. They
hypothesized that autoantibodies against folate recep-
tors in women could be associated with pregnancy
complicated by an NTD.29

Diagnosis
Alpha-fetoprotein
Prior to the late 1970s, there was no way to identify
NTDs during pregnancy, but then it was discovered
that amniotic fluid and maternal serum alpha-
fetoprotein (MSAFP) was a marker for pregnancy of
NTDs. AFP is a fetal-specific globulin similar to albu-
min in molecular weight and is synthesized early in
gestation by the yolk sac and subsequently by the
gastrointestinal tract and fetal liver. The kidney and
placenta also produce trace amounts of AFP. The level
of fetal plasma AFP peaks between 10 and 13 weeks
of gestation and declines exponentially from 14 to
32 weeks and then more sharply until term. AFP
enters the fetal urine and is excreted into the amniotic
fluid. Peak levels of amniotic fluid AFP (AFAFP) are
reached between 12 and 14 weeks of gestation, decline
between 10% and 15% per week during the second
trimester, and are almost non-detectable at term.30 AFP
passes into the maternal circulation by diffusion
across the placental membranes and may also be trans-
ported via the placental circulation.31 AFP levels in
maternal plasma or serum rise above non-pregnant
levels as early as the seventh week of gestation.
Although maternal serum levels are significantly
lower than amniotic fluid levels, these increase during
gestation.32 When there is a fetal abnormality such as
an opening uncovered by epithelium in the body or a
number of other problems, then the maternal AFP
serum levels are increased. Brock and Sutcliffe
showed that amniotic fluid AFP levels were much
higher in pregnancies complicated by fetal anen-
cephaly.33 Subsequently, Brock et al. demonstrated
that maternal serum AFP levels were also elevated in
affected pregnancies.34 The first large prospective
trial for maternal serum AFP screening was the UK
Collaborate Study on Alpha-fetoprotein in Relation to
Neural Tube Defects.35 Subsequently, other investiga-
tors confirmed the effect of screening for NTDs.36–38

Maternal serum AFP (MSAFP) screening for NTDs
is ideally performed between 16 and 18 weeks of ges-
tation. MSAFP is measured in nanograms per liter
and reported as a multiple of median (MoM) of the
unaffected population. MoM is used because AFP levels
do not follow a Gaussian distribution, and because it
aids in comparison of results from different laboratories

and populations. Cutoffs between 2.0 and 2.5 MoM
(for most laboratories) as upper limits indicate an
increased risk for a fetal NTD of other structural
anomaly (and warrants further evaluation). It is con-
sidered that the detection rates are almost 100% for
anencephaly and 85–92% for open spina bifida, with
a false-positive rate between 2% and 5%.39 A number
of factors can influence the interpretation of an
MSAFP value. The most important factor for efficient
MSAFP screening is the accuracy of the gestational
age determination. Consequently, a first-trimester
ultrasound (especially measurement of crown–rump
length, CRL) is the preferable means of documenting
gestational age, and femur length and biparietal diam-
eter should be measured to confirm gestational age for
AFP screening. Maternal weight affects the MSAFP
concentration. The heavier the women, the lower the
MSAFP value as a result of dilution in the larger
blood volume. Maternal ethnicity may also alter the
interpretation of an MSAFP level, because black
women have a 10–15% higher MSAFP than non-
blacks.40 This is important because the incidence
of NTDs in blacks is lower. Pregnant women with
insulin-dependent diabetes mellitus have MSAFP
values that are significantly lower than the non-
diabetic women in the second trimester, which
require adjustments in the interpretation.41,42 This is
critical because there is up to a 10-fold higher fre-
quency of NTDs in the offspring of these patients.
MSAFP must also be altered in multiple gestations.
Because the maternal serum AFP level is approxi-
mately doubled in normal twin pregnancy, different
cutoffs are needed to interpret this test in multiple
gestations. When a 2.5 MoM cutoff in twin pregnancy
is used, 99% of cases of anencephaly and 89% of
open NTDs are detected but generate a 30% false-
positive rate.43 Raising the twin cutoff to 5.0 MoM
decreases the false-positive rate to 3% but also
decreases the detection of anencephaly to 83% and of
open NTDs to 39%. Wapner et al. reported a detection
rate of 50–85% and a false-positive rate of 5% using a
cutoff of 4.5 MoM.44 Because serum screening for fetal
abnormalities in multiple gestation will always be
limited by the inability to confirm which fetus is
affected, many centers do not offer serum screening
in multiple gestation even for NTDs.

Women with MSAFP levels higher than the cutoff
level of 2–2.5 MoM should be referred for genetic coun-
seling and consideration of a diagnostic test. The diag-
nostic test offered to women with a positive MSAFP
test result is genetic amniocentesis. If the AFAFP
level is elevated, an assay is performed to determine
the presence or absence of acetylcholine-esterase.
Acetylcholine-esterase is predominantly neuronally
derived, giving it additional specificity for nervous sys-
tem lesions. Therefore, elevated AFAFP levels together
with the presence of acetylcholine-esterase are consid-
ered diagnostic for a fetal NTD. A combined use AFP
and acetylcholine-esterase identified 100% of cases of
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anencephaly, 100% of cases of open spina bifida, and
20% of ventral wall defects, with a false-positive rate
of 2.2 per 1000 amniocentesis.45 One advantage of
amniocentesis is that amniotic fluid can also be
obtained for determination of the fetal karyotype. In
pregnancies complicated by an elevated MSAFP
level, the incidence of fetal aneuploidy is 0.61% in
ultrasonographically determined normal fetuses and
16% in abnormal fetuses.46,47

Women already known to be at high risk of having
a fetus with an NTD because of a previously affected
pregnancy, a positive family history, medication
exposure, diabetes, or other risk factors can be offered
a diagnostic test directly. Performing a genetic amnio-
centesis in all these women would result in a 98%
detection rate for NTDs and a 100% detection rate
for aneuploidy. However, all high-risk women for
NTDs would undergo amniocentesis unnecessarily.
Although second-trimester amniocentesis is a relatively
safe procedure, it is associated with a post procedure
pregnancy loss rate of approximately 1 in 200.48

Ultrasound
The ultrasound diagnosis of NTDs is based on soft
tissue and bone findings with the recognition of asso-
ciated abnormalities in the skull and brain. The soft
tissue findings include absence of skin covering the
defect and presence of a round sac (Figure 57.2) that
may correspond to a meningocele or myelomeningo-
cele. The bone findings are derived from the vertebral
abnormalities associated with spina bifida.

Spina bifida is associated with a variety of typical
intracranial abnormalities, including ventriculomegaly
(Figure 57.3) and hypoplasia of the posterior fossa
structures. The associated abnormalities include frontal
bone scalloping (lemon sign; Figure 57.4)49 and oblit-
eration of the cisterna magna with either an absent
cerebellum or abnormal anterior curvature of the
cerebellar hemispheres (banana sign; Figure 57.5).49

The fruit signs are very helpful for early diagnosis of
the open spina bifida.

There are three main scanning sections used in
the evaluation of the spine: sagittal, transverse, and
coronal (see Romero et al.,50 pp. 36–43). In the sagittal
section, the normal spine appears as two parallel
lines converging in the sacrum. Sagittal scans are also
useful for evaluating the spinal curvatures of which
exaggeration may be an indirect sign of spina bifida.
In the coronal section, the normal spine appears
as either two or three parallel lines. Spina bifida is
typically characterized by a widening of the two
external lines due to a divergent separation of the
lateral processes of the vertebrae (Figure 57.6). Sagittal
and coronal views are most useful in this evaluation.
In the transverse section, the neural canal appears as a
closed circle. In the presence of a defect, the posterior
laminae are typically absent, and the lateral processes
are set apart (Figure 57.7).51 The presence of a sac is

certainly helpful in the diagnosis of the spinal defect
whereas the absence of a sac can make detection diffi-
cult. This myelomeningocele sac should not be con-
fused for a skin-covered defect. It is a common belief
that indirect signs of spina bifida, such as paralysis of
the lower extremities and bladder distention, can be
useful in the diagnosis of the lesion.

The accuracy in the diagnosis of spina bifida
depends on the experience of the sonographer, the
quality of the equipment, and the amount of time
dedicated to the scan. It is believed that the accuracy
of referral centers should be close to 100%, in large
part due to recognition of associated cranial findings.

Figure 57.2 A sagittal scan of the spine revealing a
meningomyelocele (arrows) overlying a spinal defect.

Figure 57.3 Severe ventriculomegaly in the 30th week of
gestation is present on the transverse view of the head with
meningomyelocele
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Figure 57.4 Axial ultrasound in the fetal head demonstrated
bifrontal deformity of the calvaria (arrows) (lemon sign)

Figure 57.5 Obliteration of the cisterna magna with either
absent cerebellum or abnormal anterior curvature of the
cerebellar hemispheres (banana sign)

The accuracy of routine non-targeted examinations
is uncertain. In the RADIUS (routine antenatal diag-
nostic imaging with ultrasound) trial, in which routine
ultrasound was performed in conjunction with mater-
nal AFP screening, the sensitivity was 80%.52 In a sur-
vey of European centers, Boyd et al. reported overall
sensitivity of 75%, but a large variation between cen-
ters from 33% to 100%.53 In one retrospective study
conducted in Great Britain, the estimated sensitivity
was marginally higher for serum AFP screening,
84–92%, than for ultrasound screening, 70–84%.54 In
all these studies, it is unclear whether the cranial signs
of fetal spina bifida were systematically researched. In
a more recent retrospective multicentric study using
the cranial signs, the sensitivity of ultrasound was
85%.55 Careful scanning of the rest of the fetus should
be performed to exclude associated abnormalities.

Several authors have reported on the accuracy of
the prenatal diagnosis of spina bifida by ultrasound.

Table 57.3 shows the results of the three largest series
available for study (see Romero et al.,50 pp. 36–43).

Regarding the diagnosis of other NTDs using
ultrasound, anencephaly was the first congenital
anomaly identified in utero.56 The diagnosis relies
on the failure to demonstrate the cranial vault. The
anencephalic fetus has a typical frog-like appearance
and usually has a short neck (Figure 57.8). The diag-
nosis can probably be made within 10 weeks of gesta-
tion by transvaginal ultrasound.

Cephalocele is also to be diagnosed by transvaginal
ultrasound within 10 weeks of gestation. Specific

Figure 57.7 Transverse scan of the body of a fetus affected by
a large spinal defect (arrows). The cystic and irregular echoes
arising posteriorly from the defect suggested the presence of
meningomyelocele.

Figure 57.6 Coronal plane demonstrating lateral splaying of
the lateral process with widening of the spinal canal (arrows).
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findings in diagnosis of the cephalocele are to identify
the soft tissue masses from scalp and the skull defect
(Figure 57.9). The helpful findings for differential
diagnosis are: (1) cephaloceles are often associated
with hydrocephaly, (2) brain tissue can be seen in
some cephaloceles, (3) cystic hygromas with multiple
septa are often associated with other signs of hydrops
and have a paracervical origin, and (4) severe scalp
edema can be confused with a cephalocele, but
usually a sagittal scan can identify an intact skull
and the diffuse nature of the condition (see Romero
et al.,50 pp. 36–43).

Route of delivery
NTDs remain controversial as to whether the route of
delivery influences outcome. Theoretically, a vaginal
delivery may be further damaged by the mechanical
forces of labor and by amniotic fluid contamination
of the cerebrospinal fluid because of exposed neural
tissue during labor. In the early 1980s, Chervenak et al.
reported that infants with NTDs delivered by elective
cesarean section (CS) have a better outcome in a small
series of infants.57 However, in a retrospective study

of children with spina bifida, significant differences
in any of several neurologic functions were not noted
regardless of the route of delivery. In the early 1990s,
two papers published conflicting results from large
populations of affected infants. A prospective series
in 1991 by Luthy et al. compared infants with spina
bifida delivered by CS before labor, CS after labor,
and vaginal delivery.58 The level of motor deficit was
assessed for each child as their motor level in relation
to their radiologically determined anatomic level with
degree of deficit and then evaluated across delivery
categories. A significantly greater degree of motor
loss, regardless of the anatomic level of the lesion,
was noted in children delivered after labor, either by
CS or vaginally. The greatest preservation of motor
skills was noted in children delivered by CS before the
onset of labor. In contrast, another review of outcomes
in a similar, relatively large series of infants with NTDs
did not reveal significant differences among routes of
delivery.59 As endpoints, this study assessed neurologic
level and method of community locomotion. Infants
were broadly grouped into functional neurologic

Figure 57.8 Acrania/anencephaly. Transvaginal scan in
coronal plane shows protruding brain (arrows) with absent
calvaria. This has a ‘Mickey mouse’ shape on coronal scans.

Figure 57.9 Encephalocele. Transvaginal scan of cranium
shows large amount of brain protruding posteriorly (thin arrows)
and a bony defect (big arrow).

n Prevalence (%) Sensitivity (%) Specificity (%) PPV NPV

Allen et al. 374 2.1 87 99 87 99
Persson et al. 10,147 0.1 40 100 100 99
Roberts et al. 1261 1.4 30 96 92 99
Roberts et al. 1991 1.7 80 99 80 99

PPV, positive predictive value; NPV, negative predictive value.

Table 57.3 Accuracy of ultrasound in the prenatal diagnosis of spina bifida50
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levels of L2, L3–4, and below L5 levels. Although vagi-
nal delivery initially seemed to be more neurologically
deleterious to breech infants, even this significance
was lost on follow-up of these infants. However, as
breech presentation, resulting from neurologic dys-
function of hydrocephalus with an enlarged head, is
common in pregnancies complicated by fetal spina
bifida, cesarean delivery is standard for the breech
fetus with an NTD.59 The best delivery route for the
vertex fetus remains controversial. No prospective ran-
domized trial of vaginal delivery vs. cesarean delivery
for vertex fetuses with spina bifida has been per-
formed. All studies of vaginal vs. cesarean delivery are
retrospective and all suffer from various biases.58,60,61

Theoretically, cesarean delivery possibly avoids
mechanical trauma and infection of the fetal spine.

As it is still not clear whether or how the method
of delivery significantly affects neurologic outcome in
these infants, the American College of Obstetricians
and Gynecologists recommends that decisions about
the timing and route of delivery should be made indi-
vidually in consultation with personal experience and
knowledge of such complications, which may include
maternal–fetal medicine specialists, neonatologists,
and pediatric neurosurgeons.4

Generally, delivery at term is optimal. However,
rapidly increasing ventriculomegaly may prompt
delivery before term so that a shunting procedure can
be performed.

The fetus with spina bifida should be delivered at
a hospital with neonatal intensive care facilities and
personnel capable of managing the spine defect and
any immediate complications.62 Because individuals
with an NTD are at risk of developing a severe,
potentially life-threatening allergy to latex, clinicians
handling the infant should wear latex-free gloves.63

Fetal surgery (in utero repair)
Isolated open spina bifida often results in perma-
nent neurological damage. Observations are con-
sistent with a two-hit hypothesis in these fetuses. The
first ‘hit’ is the defect itself, and the second comes
from continued exposure to amniotic fluid.64 An
experimental evidence from both animal and human
studies suggests that early gestational repair of open
spina bifida may help preserve neurological function
that might be lost due to in utero mechanical and
chemical trauma. Animal studies involving primates,
rats, and pigs have demonstrated that, compared to an
untreated group, surgical closure successfully pre-
served neurologic function.65–67

Moreover, several investigators theorized that
antenatal closure or coverage of the spine defect
might prevent some of the neurological damage.
Recently, both open surgical closure and laparoscopic
techniques are being evaluated. Harrison’s group, by
using the fetal sheep model, has shown that repair

of induced fetal spine defects prevent tissue damage
and improve neurological function.68 Bruner et al.
described four human fetuses whose open lower
spine defects were covered endoscopically with a
maternal skin graft at 22–24 weeks.69 It was hoped
that this would prevent herniation of the hindbrain
into the foramen magnum with obstruction and ven-
triculomegaly, the Arnold–Chiari malformation. They
also compared 10 fetuses that underwent open surgi-
cal repair at 26–30 weeks with 20 fetuses without
antenatal repair.70 The surgically treated fetuses had a
significantly decreased need for ventriculoperitoneal
shunt placement after delivery. Johnson et al. at the
Children’s Hospital of Philadelphia (CHOP) also sug-
gests that a reversal of the hindbrain herniation and a
decreased incidence of neonatal ventriculoperitoneal
shunting for hydrocephaly can be achieved.71

Open maternal–fetal surgery for NTD was initially
undertaken at four centers in the USA as an inves-
tigative procedure under the guidance of institutional
review boards. Many centers believe the procedure
to be an innovative therapy that should not be ethi-
cally withheld. However, a survey of almost 1000
members of the Society for Maternal–Fetal Medicine
indicated that 56% felt the procedure has still not
been validated.72

Fetal surgical repair of open spina bifida exposes the
mother to the risks of anesthesia, hemorrhage, chorio-
amnionitis and sepsis, thrombosis, tocolytic induced
pulmonary edema, and uterine rupture. Additionally,
preterm labor, preterm premature rupture of mem-
branes, and oligohydramnios may occur in up to 50% of
the patients.73 Because of concerns about the safety and
unproven benefits, fetal surgery for the correction of
open spina bifida should be considered investigational.
This surgery should only be conducted in a collabora-
tive research setting in highly specialized centers.74 The
randomized trial has begun in the face of strong physi-
cian and patient belief that maternal–fetal surgery for
NTD is a proved and beneficial technique. If clinical
outcomes are not improved by the intervention, future
open surgical procedures for this condition should be
abandoned.75 It also remains controversial because spina
bifida is not a lethal defect.

Management
Although recent reports indicate that NTDs in utero
repair may improve neurologic function and reduce
morbidity from hydrocephalus and the Arnold–Chiari
malformation by reversal of the hindbrain herniation
component, the treatment of NTDs has been performed
by postnatal surgical management. Postnatal surgery is
aimed at covering the exposed spinal cord, preventing
infection, and treating hydrocephaly with a ventricular
shunt. Steinbok et al. reported a 91% shunt rate in 101
children after minimum follow-up period of 8.6 years.76

The CHOP published shunt rates among 189 children
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treated for spina bifida between 1983 and 2000.77 One
hundred percent (35/35) of children with thoracic level
lesions received shunts, compared with 88% (100/114)
of children with lumbar lesion and only 68% (27/40) of
children with lesions confined to the sacrum. In
recently treated patients, the upper level of the spina
bifida lesion appears to be a major determinant of the
need for shunt placement. Fewer neurosurgeons are
automatically placing shunts at the same time as the
spinal lesion is closed.

Prevention
The risk of having an NTD pregnancy can be reduced
by raising folic acid consumption around the time of
conception.78–80 But how much folic acid supplemen-
tation is enough to prevent NTDs is still controversial.
Women in Western countries typically have a baseline
folate level of 5 ng/ml (normal range, 6–20 ng/ml).81

The Food and Drug Administration in the USA estab-
lished standard fortifying cereal and grain products
such as cereal, bread, rice, and pasta with folic acid.
By putting 140 µg of folic acid into each 100 g of grain
products, it was established that the folic acid intake
would increase 100 g per day.82 Although women
of reproductive age should be advised to ingest a diet
that includes folate-rich foods, several studies have
shown that diet alone is not effective in increasing
serum folate levels. Therefore, folic acid supplemen-
tation should be encouraged.

The ingestion of supplement 0.2 mg of folic acid
each day would reduce the incidence of NTDs by only
20%.81 These calculations are supported by data from
the US Public Health Service that confirm that since
the grain fortification began the incidence of NTDs in
the USA has decreased by only 19%.83 It is recom-
mended that women of reproductive age take 0.4 mg
of folic acid supplement each day. This would reduce
the incidence of NTDs by 36%. Intake of a 4 mg
supplemental dose is recommended for women with
high risk for an offspring with NTDs. For example, if
previous pregnancy has been complicated by an NTD,
the mother’s intake of folic acid supplement should be
4 mg per day in the next pregnancy, starting at least
4 weeks before conception and continuing through
the first 3 months of pregnancy.84 This would reduce
the incidence of NTDs by 82%. A 5-mg/day supple-
ment dose is predicted to reduce the incidence of
NTDs by 85%.81 Although folic acid is considered
non-toxic even at very high doses and is rapidly
excreted in the urine, there seems to be minimal risk
associated with a high supplementation of 5 mg of folic
acid per day. Supplementation of folic acid could mask
the symptoms of pernicious anemia. However, folic
acid cannot mask the neuropathy typical of this diag-
nosis. Currently, 12% of patients with pernicious ane-
mia present with neuropathy alone.85 With folic acid
supplementation, this proportion may be increased,

but there is no evidence that initiating treatment after
the development of a neuropathy results in irreversible
damage.86

The March of Dimes contracted the Gallop
Organization to conduct a random-digit-detailed tele-
phone survey of a national sample of 2001 women
aged 15–45 years to assess knowledge about folic acid
use.87 Less than one-third of women of childbearing
age consume a daily supplement containing folic
acid. Only 13% of women knew that folic acid helps
prevent birth defects, and only 7% knew that folic acid
should be taken before pregnancy.

Without folic acid supplementation, the empirical
recurrence risk after one affected child is 3–4%, and
after two affected children it is 10%. With supplemen-
tation, the risk after one affected child is less than 1%.14

In humans, the only source of folic acid is the diet,
and absorption occurs primarily in the proximal
jejunum. Before folic acid can be absorbed, it must
be reduced to the monoglutamate form.88 Pancreatic
conjugates within the intestine are responsible for
this process. The activity of conjugate is decreased
by anticonvulsants, oral contraceptives, alcohol, and
sulfa drugs. So, women taking antiepileptic agents
have decreased absorption of folic acid resulting in
folic acid deficiency.89–91

Folic acid supplementation may not decrease the
risk of NTDs in women with high first-trimester blood
glucose levels, or high first-trimester maternal temper-
ature, or in women who take valproic acid. In women
with high glucose levels and high maternal tempera-
ture, the exact mechanism is unknown. First-trimester
valproic acid use results in a 1–2% risk of having a
fetus with spina bifida, but the mechanism may be
different from that of other antiepileptic agents.92

Fetuses with aneuploidy or genetic syndromes may
have NTDs as a result of their specific generic abnor-
mality. These NTDs are not prevented by folic acid.

Prognosis and outcome
About 23% of the estimated NTD pregnancy is
aborted.93,94 Despite aggressive intervention, nearly
14% of all spina bifida neonates do not survive past
5 years of age, with the mortality rate rising to 35% in
those with symptoms of brainstem dysfunction sec-
ondary to the Arnold–Chiari malformation.95 Mothers
who choose to continue the pregnancy must be pre-
pared for a child who needs significant care and may
incur high medical expenses. Unfortunately, many
healthcare professionals have considered that the fetus
with spina bifida would be mentally retarded, never
walk, and suffer bladder and bowel incontinence.
Recently, Mirzai et al. commented that the majority of
children with myelomeningocele could have a normal
IQ and a socially acceptable degree of continence, and
be able to walk.96 The greatest concern is whether the
child with spina bifida will ever walk. In a 25-year
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follow-up of 71 patients treated at birth in an aggressive,
non-selective manner, Bowman et al. observed that
46% of young adults (33/71) ambulated the majority
of the time (75–100%).62 An additional 13% (9/71)
ambulated 25–50% of the time. Forty-one percent
(29/71) ambulated only with the aid of a wheelchair.
When stratified by lesion level, patients with lower
defects were more likely to ambulate the majority of the
time. The next problem of the fetus with spina bifida is
intelligence. Bowman et al. reported that 85% of the 71
young adults followed by their group were attending or
had graduated from high school and/or college, and
63% attended regular classes.62 Forty-five percent were
actively employed, and almost 10% worked as volun-
teers. Most of the 71 patients lived with their parents,
although 11 lived independently and two were mar-
ried. Mirzai et al. noted that 60% of their young adults
had normal IQ and development.96 However, a normal
IQ was seen in 76% without hydrocephaly. McLaurin
et al. reported that 70% of myelomeningocele had a
normal IQ.97 Steinbok et al. observed that 58% of their
cohort attended public school, and were in the appro-
priate grade for their age.76 So, most children with
spina bifida are not mentally retarded. Regarding blad-
der and bowel incontinence, Bowman et al. noted that
85% of their young adults (60/71) used clean intermit-
ted catheterization (CIC), and 90% of them (54/60) per-
formed their own catheterization. For those patients
on CIC, 15% always had urinary continence, 68%
were dry the majority of the time (75–100%), and 7%
were dry 50% of the time. Fifty-two percent of the
young adults reported bowel control the majority of
the time, and 52% reported 100% social bowel conti-
nence.62 Steinbok et al. reported 75% social conti-
nence of urine, defined as the ability to remain dry and
odor-free without the use of a diaper, and 86% social
continence of bowel.76

It should be obvious from these reports that most
affected children will grow into young adults with
normal intelligence, walking, and with social conti-
nence of both bladder and bowel. Bruner and Tulipan
emphasized that, although a small number of affected
children would experience devastating sequelae,
equal number would be apparently normal, and pre-
natal imaging is becoming increasingly sophisticated

in identifying the extent of disease and likely long-
term outcomes.98

Recurrence risk
Several types of NTDs appear to have a unique recur-
rence risk. Hall et al. reported 7.8% recurrence risk
with high spina bifida, 0.7% with low spina bifida,
2.2% with anencephaly, and no increase risk for cran-
iorachischisis, encephalocele, or multiple defects.99

Main and Mennuti reported the estimated incidence
of NTDs based on specific factors in the USA (Table
57.4).5 The common risk factor, family history, varies
with the underling population risk. The recurrence
risk was more than 10 times greater than the rate in
the general population.
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58 Basic background of
congenital anomalies:
congenital heart diseases
and lung diseases
T. Kanzaki

Epidemiology
Congenital heart disease (CHD) is the most common
severe congenital abnormality with an incidence of

about 8.8 in 1000 live births. Epidemiologic studies
that have excluded patent ductus arteriosus in prema-
ture infants have suggested an overall lower incidence
of CHD (3.7 in 1000 live births).

Table 58.1 Comparison of disease seen in infant and fetal series

Diagnosis Brompton (%) NERICP (%) Fetal (%)

Ventricular septal defect 15.4 15.7 5

Complete transposition 10.4 9.9 2

Tetralogy of Fallot 9.9 8.9 3

Coarctation 10.5 7.5 3

HLHS 3.7 7.4 11

Mitral atresia 0 0 5

Critical aortic stenosis 1.1 1.9 4

AVSD 3.9 5.0 17.5

Pulmonary stenosis/atresia 4.9 6.4 5

Atrial septal defect 0.5 2.9 0

TAPVC 3.6 2.6 < 1

Cardiomyopathy 2.7 2.6 4

Tricuspid atresia 4.7 2.6 4

Double-inlet ventricle 4.3 2.4 2

Double-outlet ventricle 3.0 1.5 3

Trunk 2.1 1.4 1.5

Ebstein’s malformation 0 0 7

Tumor 0 0 1

Corrected transposition 0.8 0.9 < 1

Miscellaneous 11.3 10.4 < 1

AVSD, atrioventricular septal defect; Brompton, Royal Brompton Hospital, London; HLHS, hypoplastic left heart syndrome; NERICP, New England
Infant Cardiac Care Program; TAPVC, totally anomalous pulmonary venous connection
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A clear difference in the proportion of individual
anomalies between the fetus and the infant can be seen
in Table 58.1.1 This is because these are all lesions read-
ily detectable during the screening four-chamber scan.
In contrast, the rate of detection of ventricular septal
defects, complete transposion and teratology of Fallot
is lower than in infancy because these lesions are not
readily detectable on routine scan. Nevertheless, CHD
remains the most common severe abnormality in the
newborn. Its prenatal diagnosis allows for better preg-
nancy counseling and improved neonatal outcome.

CHD and chromosomal
abnormalities
Traditionally, the etiology of most congenital heart
defects has been considered multifactorial, with inter-
action between genetic and environmental factors.
Only about 10–15% of all congenital heart defects
have been attributed to known chromosomal abnor-
malities, genetic syndromes, and teratogenic embryo-
pathies. The risk factors for CHD can be grouped into
two main categories, fetal and maternal (Table 58.2).

The frequency of chromosomal abnormalities in
infants with CHD has been estimated as 5–10% from
postnatal data. Some studies have suggested that up to
39% of fetuses with congenital heart defects diagnosed
by fetal echocardiogram at 18–20 weeks’ gestation have
a chromosomal anomaly, although chromosomal anom-
alies account for only 5% of congenital heart defects
in liveborns. This discrepancy is attributed to in utero
losses of aneuploid fetuses.

Cardiac defects tend to be specific common chromo-
somal abnormalities and their associated congenital
cardiac defects (Table 58.3).2 In general, malformations
of the right side of the heart are rarely associated with
karyotypic abnormalities. The diagnosis of transposi-
tion of the great vessels and tricuspid atresia is not usu-
ally associated with chromosomal abnormalities. On the
other hand, atrio-ventricular septal defect, perimembra-
nous ventricular defect, tetralogy of Fallot, double-outlet
right ventricle, and hypoplasitic left heart syndrome are
associated with chromosomal abnormalities.

Table 58.4 is a list of the most common chromosomal
abnormalities and their associated congenital cardiac
defects.2 Data obtained from postnatal studies suggest
that the incidence of cardiac defects is 40–50% in tri-
somy 21, 25–45% in Turner’s syndrome, and more than
90% in trisomies 13 and 18.

Single-gene disorders
associated with CHD
Although the etiology of many syndromes remains
unknown, approximately 3% of congenital heart
defects are attributed to single-gene defects. Table
58.5 is a list of the more common genetic syndromes
of unknown etiology and their associated cardiac and
extracardiac features.3

Table 58.2 Risk factors for CHD

Fetal
Chromosomal abnormalities
Extracardiac anatomic abnormalities
Non-immune hydrops fetalis
Fetal cardiac arrhythmia

Maternal
Family history of CHD
Maternal metabolic disorders
Maternal teratogen exposure

Table 58.3 Congenital heart disease and associated chromosomal abnormalities

Cardiac defect Fetuses, total Aneuploid fetuses Infants, total Aneuploid infants

Atrioventricular septal defect 193 75 186 133

Ventricular septal defect 70 34 542 47

Hypoplastic left heart syndrome 168 10 108 3

Pulmonary atresia/stenosis 61 3 201 1

Transposition of the great arteries 22 0 119 0

Aortic atresia/stenosis 42 2 73 3

Tricuspid atresia 46 2 19 0

Truncus arteriosus 15 2 68 1

Coarctation of aorta 114 33 132 11

Tetralogy of Fallot/
Double-outlet right ventricle 86 19 159 20
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Table 58.5 Single-gene disorders associated with congenital heart defects

Associated cardiac Other anomalies 
Syndrome defects detected prenatally Inheritance

Holt–Oram Septal defect, coarctation Absent thumb, upper-extremity AD, sporadic
of the aorta, HLHS phocomelia, syndactyly

Noonan Septal defect, pulmonary Cystic hygroma, micrognathia AD
stenosis, patent ductus arteriosus

CATCH-22 Conotruncal heart defect Cleft lip, cleft AD
palate, microcephaly

Ellis–van Creveld Atrial septal defect, single atrium Cleft lip, postaxial polydactyly, AR
Dandy–Walker malformation

Treacher–Collins Septal defects, patent Micrognathia AD
ductus arteriosus

Kartagener Dextrocardia Situs inversus, communicating AR
hydrocephalus

Kippel–Feil Ventricular septal defect Sacral agenesis AD, sporadic

Williams Aortic stenosis, septal defects Unilateral renal agenesis, IUGR AD, sporadic

AD, autosomal dominant; AR, autosomal recessive; HLHS, hypoplastic left heart syndrome; IUGR, intrauterine growth retardation

Table 58.6 Empiric estimation of recurrence risk for congenital heart defects

Individual(s) affected

Defect One sibling Two siblings Mother Father

Ventricular septal defect 3 10 6–10 2

Patent ductus arteriosus 3 10 4 2.5

Atrial septal defect 2.5–3.2 8 4–4.5 1.5

Tetralogy of Fallot 2.5 8 2.5 1

Pulmonary stenosis 2 6 4–6.5 1.5

Coarctation of the aorta 2–8 6 2 2

Aortic stenosis 2 6 13–18 3

Transposition of the great vessels 1.5 5

Endocardial cushion defects 3 10

Hypoplastic left heart 2 6

Ebstain anomaly 1 3

Pulmonary atresia 1 3

Table 58.4 Incidence and type of congenital heart disease in chromosomal aneuploidy

Chromosomal Incidence Associated cardiac Common cardiac 
abnormality at live birth abnormality (%) abnormalities

Trisomy 21 1:800 40–50 Atrioventricular septal defect, ventricular septal defect

Trisomy 18 1:8,000 > 90 Ventricular septal defect, double-outlet right ventricle

Trisomy 13 1:20,000 > 80 Ventricular septal defect, atrial septal defect

45,X 1:10,000 25–45 Coarctation of aorta, bicuspid aortic valve
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Recurrence risk
In general, recurrence risk of 1–5% is estimated for the
majority of congenital cardiac abnormalities. For the
majority of cases the exact cause of the congenital heart
defect is unknown, making it difficult to precisely pre-
dict whether the anomaly will occur again in a future
pregnancy. Large population studies of isolated defects

provide the most practical recurrence risks, though
they may not always be applicable and their limitation
should be outlined to the patients. In general, recur-
rence risks are higher in the child of the affected rather
than the siblings, and increase significantly with each
additional affected relative. Affected mothers are also at
a higher risk of having affected offspring than affected
fathers. These data are summarized in Table 58.6.4
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59 Clinical and genetical
approach to skeletal dysplasia
K. Ozono, N. Namba, Y. Miyoshi, K. Wada and T. Michigami

Introduction
Skeletal dysplasias comprise more than 200 diseases
and are not infrequent as a whole. However, each of
the skeletal dysplasias is rather rare and many pedia-
tricians are unfamiliar with the recent advances in
understanding of the pathogenesis and the medical
management of these diseases. Skeletal dysplasias are
clinically important, especially for the neonatologist
since the respiratory complications sometimes result
in neonatal death. Recent advances in the research
on bone and cartilage metabolism have shed light on
the molecular mechanisms of skeletal diseases and
made a great contribution to the management of
patients with skeletal dysplasia.1–3 The identified
genes responsible for skeletal dysplastic diseases are
increasing in number (Table 59.1).4–8 Importantly, sev-
eral new techniques have been developed for diagnosis
and treatment of patients with skeletal dysplasias.

Bone formation or skeletogenesis consists of two
different pathways, membranous bone formation and
enchondral bone formation. The former process is
direct bone formation from mesenchymal cells with-
out a cartilage mold. The skull is the representative
bone formed via membranous bone formation. In
contrast, most bones including long bones and verte-
brae are formed by enchondral bone formation.
Several important factors have been identified as
being involved in this process and some of them are
reviewed in this chapter.1–7 Moreover, the defects of
these factors lead to skeletal dysplastic diseases.

The manifestations of skeletal dysplasia are
numerous. In utero, polyhydroamnios and growth
retardation of fetus is often associated with skeletal
dysplasias. After birth, respiratory difficulty is the
primary issue to be solved in patients with severe
skeletal dysplasias. Characteristic faces and dis-
proportionate short stature are often the hallmarks
of skeletal dysplasias in childhood. Extraskeletal
features including hypoplastic hair, skin legions and

immunological abnormality imply specific skeletal
dysplasia.

The wide variation in phenotypic severity is one of
the features of skeletal dysplasia. Sometimes the
names of diseases are distinct to describe the differ-
ence in phenotype even when the same gene is respon-
sible for the diseases. Such diseases are allelic and
have similar features, although the severity and the
survival rate are quite different. For example, muta-
tions of the FGF receptor 3 (FGFR 3) gene are associ-
ated not only with achondroplasia, the most common
chondrodysplasia, but also with thanatophoric dyspla-
sia and hypochondroplasia.9 Another example is the
case of the defects in the type II collagen gene includ-
ing hypochondrogenesis, spondyloepiphyseal dyspla-
sia, Kniest and Stickler diseases.10

In general, phenotype is severe in patients with
skeletal dysplasias found in the perinatal period, and
long survival is not achieved in many of them mainly
due to respiratory problems. Elucidation of the rela-
tionship between the skeletogenesis and lung devel-
opment may lead to better treatments for severe forms
of skeletal dysplasias.  In contrast, the treatments for
childhood cases of skeletal dysplasias have been
improved such as growth hormone for achondropla-
sia, bisphosphonate for osteogenesis imperfecta and
bone marrow transplantation for malignant osteopet-
rosis. Thus, the opportunity has increased for pedia-
tricians to treat patients with skeletal dysplasia.

In this manuscript, we take an overview of some of
the key players in the enchondral bone formation and
their implication in skeletal diseases. We aim to help
clinicians to manage patients with skeletal dysplasia
with better understanding of the diseases. At first,
molecular mechanisms of the proliferation and differ-
entiation of chondrocytes in growth plate are reviewed.
Then, recent advances in genetics and clinical aspects
are described in several representative skeletal dys-
plastic diseases. Clinical approach to skeletal dysplasia
is mentioned in the last part of the manuscript.

Kurjak-59.qxd  5/13/2006  12:02 PM  Page 678



Introduction 679

Table 59.1 Skeletal dysplasia and its responsible gene

1. FGF receptor or FGF

Achondroplasia FGFR3 (G1138A,C)

Hypochondroplasia FGFR3 (C1659A,G; C1620A)

Thanatophoric dysplasia FGFR3 (I, C742T; II, A1948G)

Pfeiffer syndrome FGFR1 (C755G); FGFR2
(T1036C; G1037A)

Crouzon syndrome FGFR2 (G1037A; T1036C,A;
C1073G, etc.)

Jackson–Weiss syndrome FGFR2

Apert syndrome FGFR2 (C934G; C937G)

Beare–Stevenson cutis FGFR2
gyrata syndrome

Muenke craniosynostosis FGFR3 (C749G)

Hypophosphatemic FGF23
rickets, AD

2. Collagen

Osteogenesis imperfecta COL1A1; COL1A2

Achondrogenesis type II COL2A1

Hypochondrogenesis COL2A1

Spondyloepiphyseal COL2A1
dysplasia

Kniest dysplasia COL2A1

Stickler dysplasia COL2A1; COL11A2

Stickler dysplasia type 2 COL11A1

Spondyloepimetaphyseal COL2A1
dysplasia (Strudwick type)

Multiple epiphyseal COL9A2
dysplasia type 2

Metaphyseal dysplasia COL10A1
(Schmid)

3. Matrix protein

Pseudoachondroplasia COMP

Multiple epiphyseal COMP
dysplasia

Shprintzen–Goldberg FBN1
syndrome

Keutel syndrome MGP

Multiple epiphyseal MATN3
dysplasia

4. Hormone, hormone
receptor, signal transducer

Metaphyseal dysplasia PTH/PTHrP receptor (gain)
(Jansen)

Blomstrand 
chondrodysplasia PTH/PTHrP receptor (loss)

Albright osteodystrophy Gsα

McCune–Albright syndrome Gsα

Vitamin D dependency 1-α-hydroxylase
type I

Table 59.1 Continued

Vitamin D dependency 
type II Vitamin D receptor

Osteoporosis-pseudoglioma LRP5 (loss)

High bone mass LRP5 (gain)

Familial expansile osteolysis TNFRSF11A

Juvenile Paget’s disease OPG

5. Enzyme

Hypophosphatasia TNS alkaline phosphatase

Osteopetrosis Carbonic anhydrase II,
TCIGR1, CLCN7, GL

Pycnodysostosis Cathepsin K

Smith–Lemli–Opitz δ7-sterol reductase
syndrome

Mucopolysaccharidoses Lysosome enzyme
(Hurler, Morquio) 

X-linked recessive Arylsulfatase E
chondrodydplasia punctata

Rhizomelic 
chondrodysplasia punctata PEX7

Coffin–Lowry syndrome RSK-2

Noonan syndrome PTPN11

SEMD Pakistani type PAPSS2

Osteolysis Torg type MMP2

Wolcott–Rallison syndrome EIF2AK3

OLEDAID NEMO

6. Transcription factors

Boston-type craniosynostosis MSX2

Campomelic dysplasia SOX9

Cleidocranial dysplasia CBFA1

Saethre–Chotzen syndrome TWIST

Polysyndactyly type II HOXD-13

Greig syndrome GLI3

Polydactyly type A GLI3

Ulnar-mammary syndrome TBX3

Holt–Oram syndrome TBX5

Townes–Brocks syndrome SALL1

Nail–patella syndrome LMX1B

Tricho-rhino-phalangeal TRPS1
dysplasia type 1

Ellis–van Creveld EVC

EEC syndrome p63

Trichodentooseeous DLX3
syndrome

Leri–Weill dyschondrostosis SHOX

7. Others
Diastrophic dysplasia Sulfate transporter (DTDST)
Achondrogenesis type IB Sulfate transporter (DTDST)
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Development of cartilage and bone
Enchondral bone formation is a multistep process
where chondrocytes proliferate and differentiate step by
step, resulting in layered structure, namely resting, pro-
liferating, hypertrophic and calcifying zones (Figure
59.1).3 After the extracellular matrix is calcified, bone
tissue (primary spongiosa) replaces cartilage. During the
chondrocytic differentiation, the main components of
the matrix are changed from collagen type II to collagen
type I via collagen type X. Recently, many molecules
including SOX9, FGF receptor 3 (FGFR3) and parathy-
roid hormone-related peptide (PTHrP) have been found
to play important roles in the process.1–3 These inte-
grated networks of such bioactive factors tightly control
enchondral bone development in the limb. Moreover,
the genes encoding these molecules are responsible for
several types of skeletal dysplasias. The process of
chondrocytic differentiation is terminated by the death
of hypertrophic chondrocytes, followed by blood vessel
invasion, which promotes replacement of the cartilagi-
nous matrix by the primary spongiosa.

The first step of chondrocytic differentiation or
chondrogenesis is the mesenchymal cell condensation

of undifferentiated progenitor cells. The differentiation
of mesenchymal precursor cells into chondrocytes
requires a transcription factor, Sox9.11,12 Sox9 is a mem-
ber of the Sox family of transcription factors that con-
tain high mobility group (HMG)-box DNA-binding
domain. Sox9 upregulates the expression of character-
istic cartilaginous matrix genes such as collagens type
II, IX, and XI, and aggrecan. In humans, haploinsuffi-
ciency of the Sox9 gene causes campomelic dysplasia
(MIM 114290), which is characterized by deformities of
long bones.13 Most affected neonates die from respira-
tory failure due to hypoplastic tracheal and rib carti-
lage. Interestingly, some XY patients with campomelic
dysplasia exhibit male-to-female sex reversal because
Sox9 is involved not only in chondrogenesis but also in
mammalian sex determination as a downstream regu-
lator of the transcription factor, SRY.

FGFR3, as the other FGFRs, is a membrane bound
protein, consisting of three immunoglobulin-like
domains in the extracellular portions, a transmembrane
domain and two tyrosine kinase domains in the intra-
cellular portion.14 FGFR3 is expressed in the proliferat-
ing chondrocytes. Its ligands, most importantly FGF18,
bind to the FGFR3 and activate the receptor by its
autophosphorylation and the phosphorylation of other
substrate proteins.15 The major signaling pathways of
FGFR3 are thought to be the mitogen activating protein
kinase (MAPK) pathway and the STAT-1 pathway.
These signals mediate the inhibitory effects of FGFs on
the proliferation and differentiation of chondrocytes.

The importance of FGF signaling in skeletal devel-
opment was first revealed with the discovery that a
point mutation in the transmembrane domain of
FGFR3 causes achondroplasia (MIM 100800).14 The
abnormality of the FGFR3 gene is also associated with
hypochondroplasia (MIM 146000), thanotophoric
dysplasia (MIM 187600), and severe achondroplasia
with developmental delay and acanthosis nigricans
(SADDAN) syndrome.16

PTHrP was initially discovered as a causal factor of
humoral hypercalcemia of malignancy.17 However,
gene-targeting experiments have revealed that PTHrP
plays an important role in chondrogenesis via a local
action.18 PTHrP-null mice, for example, exhibit a
severe disorder of enchondral bone formation, char-
acterized by shortened bones and premature matura-
tion and ossification of the cartilaginous tissues.19

Mice lacking the parathyroid hormone (PTH)/PTHrP
receptor exhibit similar phenotypes. PTHrP and PTH,
the latter of which is one of the main regulators of cal-
cium and bone metabolism share the PTH/PTHrP
receptor. Therefore, the PTH/PTHrP receptor medi-
ates both the endocrine actions of PTH and the
auto/paracrine actions of PTHrP. The PTH/PTHrP
receptor is mainly expressed in the transitional zone
between proliferating and hypertrophic cells (i.e., the
prehypertrophic zone) in growth plate. PTHrP regu-
lates the transition from proliferation to differentia-
tion in chondrocytes.

680 Clinical and genetical approach to skeletal dysplasia

Table 59.1 Continued

Atelosteogenesis type 2 Sulfate transporter (DTDST)

Craniometaphseal dysplasia Pyrophosphate transporter
(ANK)

Chondrodysplasia Growth/differentiation
factor-5

(Hunter–Thompson, Grebe) (CDMP-1)

Osteosclerosis SOST

Brachydactyly type C CDMP-1

Camurati–Engelmann TGFB1

SED tarda SEDL (ER-Golgi transport)

Cartilage–hair hypoplasia RMRP

Kenny–Caffey syndrome TBCE (chaperone protein)

Multiple synostosis Noggin
syndrome

Spondylocostal dysostosis DLL3

Brachydacyly A1 IHH

Progressive
pseudorheumatoid
dysplasia WISP3

Brachydacyly B2 ROR2

Dyggve–Melchior–
Clausen dysplasia FLJ90130

Shwachman–Diamond SBDS

Common mutations are described in parentheses.
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Indian hedgehog (Ihh), a member of a family of
proteins that are important for embryonic patterning,
is highly expressed in the prehypertrophic zone and
in the upper hypertrophic chondrocytes.20,21 Actually,
Ihh is secreted by prehypertrophic and early hyper-
trophic chondrocytes. The mice Ihh–/– show abnormal
chondrocytic differentiation and a failure to specify
appendicular perichondrial cells to the osteoblast
lineage.22 Ihh induces the expression of PTHrP and
inhibits differentiation of hypertrophic chondrocytes
followed by the delay of the mineralization of
cartilage matrix. This effect of Ihh on chondrocytic
differentiation is mediated by increasing PTHrP pro-
duction in the growth plate. Because PTHrP keeps
chondrocytes in the proliferative pool and suppresses
Ihh production, PTHrP and Ihh establish a negative-
feedback loop that maintains a balance of chondro-
cyte proliferation and differentiation.22 Ihh is also a
potent stimulator of chondrocyte proliferation, and
conversely an inhibitor of chondrocyte maturation.23

In this sense, Ihh has the positive effect on normal
chondrocyte proliferation in a PTHrP-independent
manner. Heterozygous missense mutations in the Ihh
gene have been recently identified as a cause of auto-
somal dominant form of brachydactyly type A1 (MIM
112500).24 This type of brachydactyly is characterized
by the shortening or the absence of middle phalanges.

Runx2, also called cbfa1, belongs to the Runt
transcription factor family.25–27 Runx2 was initially
discovered as an essential molecule for osteoblast
differentiation.25–27 It has been shown that inactivat-
ing mutations of one allele of the human Runx2
gene cause cleidocranial dysplasia (MIM 119600).25

However, further experiments revealed that Runx2
is also expressed in chondrocytes, and severe delay of
chondrocyte maturation is found in genetically
manipulated mice lacking this factor.28

Hypertrophic chondrocytes are the most charac-
teristic in shape and produce the specific matrix pro-
tein, collagen type X. Then, the matrix is calcified and
replaced by bone tissue. In other words, an avascular
cartilage template is reconstructed into highly vascular-
ized bone tissue. In contrast to immature chondrocytes
which secrete angiogenic inhibitors, hypertrophic
chondrocytes produce angiogenic stimulators such as
vascular endothelial growth factor (VEGF) and FGF,
and become a target for capillary invasion.29 The inva-
sion of blood vessels is critical in the last stage of chon-
drocyte maturation. The mammalian growth plate is
highly hypoxic and expresses the transcription factor
hypoxia-inducible factor 1 (HIF-1), which belongs to
the PAS subfamily of bHLH (basic helix–loop–helix)
transcription factors and is known to induce the VEGF
expression in many tissues and cells.30 HIF-1 is not

Figure 59.1 Enchondral bone formation. Chondrocytes form the layer structure according to the stage of differentiation in growth
plate and eventually cartilage is replaced by bone matrix, primary spongiosa. In the process of the enchondral bone formation,
chondrocytes proliferate and differentiate into hypertrophic chondrocytes, then matrix is calcified. The main matrix proteins which
are underlined are changed from collagen type II to collagen type I via collagen type X. Many molecules including SOX9, PTHrP,
and FGFR3 have been found to play an important role in the process as shown in the figure. FGF, fibroblast growth factor; BMP, bone
morphogenic protein; IGF-1, insulin-like growth factor; Ihh, Indian hedgehog; FGFR3, FGF receptor 3; PTHrP, PTH-related peptide;
ALP, alkaline phosphatase; VEGF, vascular endothelial growth factor; MMP, matrix metaroproteinase; Chm-1, chondromodulin-1.
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sufficient to induce VEGF expression in cartilage or other
factor(s) block the inducible activity of HIF-1 before
the maturation of chondrocytes becomes complete.

The degradation of calcified cartilage matrix is
another important event for enchondral bone forma-
tion. During hypertrophic change, chondrocytes syn-
thesize type X collagen, which is associated with
denaturation and loss of type II collagen resulting
from increased collagenase activity. The transcription
factor Cbfa1 has been shown to regulate expression of
matrix metalloproteinase (MMP) 13 (collagenase-3).31

MMP-9 is also an important enzyme for matrix degra-
dation.32 Remarkably, inactivation of matrix metallo-
proteinase-9 (MMP-9) resulted in bone phenotype
similar to that found in VEGF-knockout mouse, sug-
gesting the involvement of proteinases as well as
VEGF in the processes of vascular invasion in growth
plate and endochondral ossification. Indian hedgehog
plays an important role in skeletal angiogenesis and
calcification of cartilage.33

As described in this section, enchondral bone for-
mation is elaborately regulated by many factors such
as transcription factors, growth factors, enzymes and
matrix proteins. Moreover, the defect in the regulation
leads to dysplastic bone and cartilage formation both
in humans and mice.

Clinical and genetical aspects
of skeletal dysplasias
Skeletal dysplasias associated with FGFR abnormality
The abnormality of FGFR3 gene is associated with
achondroplasia, hypochondroplasia, thanatophoric
dysplasia and the most rare form, SADDAN.14–16

Its cognate ligand remains unclear, but FGF18, 17 and
8 are likely to elicit its signal via binding to the
FGFR3.15 These ligands are produced in the perichon-
drium. The FGF family of proteins consists of at least
23 structurally related polypeptides that play a criti-
cal role in a variety of biological processes. The
FGFRs represent a family of four tyrosine kinase
receptors (FGFR1–4) that bind FGFs with variable
affinity.

Achondroplasia is the most common form of rhi-
zomeric dwarfism with a rate of 1 per 15,000–30,000
births. The disease is inherited in an autosomal dom-
inant manner, but more than 90% of the cases are spo-
radic. Advanced paternal age is reported in sporadic
cases. Its clinical features are short stature caused by
rhizomelic shortening of the limbs, characteristic
faces with frontal bossing and mid-face hypoplasia,
exaggerated lumbar lordosis, and trident hand. As
typical radiologic features, caudal narrowing of the
interpediculate distance, rather than the normal cau-
dal widening, and a notch-like sacroiliac groove are
found in children with achondroplasia. Interestingly,
the same mutation of the FGFR3 gene is the cause of

achondroplasia in almost all patients (G to A transi-
tion at nucleotide 1138).34,35 This mutation causes the
substitution of amino acid 380 (Gly380Arg), and can
be recognized by polymerase chain reaction (PCR) fol-
lowed by digestion with restriction enzyme SfcI. The
same mutation of FGFR3 was also found in Japanese
patients with achondroplasia. The detection of this
mutation is especially helpful in the diagnosis of
neonatal patients with this disease. Other minor
mutations are also reported (G to C at nucleotide 1138
and G to T at nucleotide 1123).

In our experience, some patients with achondropla-
sia are not recognized prenatally even when routine
examination with ultrasonography is undertaken. This
is partly because the disproportion develops more
prominently after birth. In our study in which the rela-
tionship between age and clinical data (height, arm
span and measurements of skeletal radiographs) were
statistically analyzed in 27 achondroplasia patients
with the G380R genotype, the height standard devia-
tion score decreased with age. In making a clinical
diagnosis of achondroplasia in early infancy, it should
be noted that short stature and squared pelvis defor-
mity are not prominent in some cases.36

To treat the short stature of patients with achon-
droplasia, recombinant human growth hormone (GH)
has been administered. First-year response is typi-
cally a 2–3 cm increase in growth velocity in prepu-
bertal children.37 However, the effect of GH treatment
on the final adult height is not conclusive so far. GH
treatment, at least in the prepubertal period, seems to
influence the degree of disproportion. The activating
mutation of FGFR3 promotes apoptosis of chondro-
cytes. Insulin-like growth factor (IGF)-I, which is a
mediator of GH, may reduce apoptosis of chondro-
cytes expressing mutated FGFR3.38 More recently, it
has been reported that c-type natriuretic peptide is
effective to prevent shortening of long bones in the
mice model for achondroplasia.39

Achondroplasia can be associated with respiratory
difficulty in early infancy and childhood, although the
degree of the difficulty is usually not so severe. One
of the respiratory difficulties is manifested as sleep
apnea syndrome.40,41 Although a large-scale study on
sleep apnea syndrome in achondroplasia is lacking, but
approximately 30% of patients with achondroplasia
suffer from sleep apnea syndrome. In a serious situa-
tion, sleep apnea syndrome leads to hypoxia, pul-
monary hypertension, heart failure and sudden death.
The causes of sleep apnea syndrome in achondroplasia
are both obstruction of airway and failure of central
control of respiration. The obstructive sleep apnea is
derived from the small oral cavity with a relatively
large tongue, hypertrophy of tonsilla and adenoid as
well as weakness of trachea. Neurological problems
including hydrocephalus and compression of the
spinal cord due to a small foramen magnum are rela-
tively common in achondrolasia and may cause cen-
tral sleep apnea syndrome. Polysomnography is used
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to make a diagnosis of sleep apnea syndrome. Sympto-
matic patients require tonsillectomy, adenoidectomy
or continuous positive airway pressure therapy.

Thanatophoric dysplasia, a lethal form of dwarfism,
is also caused by mutations of the FGFR3 gene. In
histological analyses, the most characteristic feature
in thanatophoric dysplasia is the protrusion of peri-
chondrium into the growth plate. The growth plate is
irregular and narrow, as in other chondrodysplasias.
An anomaly of the brain (abnormal fissure in the tem-
poral lobe) is also observed. Thanatophoric dysplasia
is divided into two subtypes according to the finding
of the shape of the femur (I, curved femur; II, straight
femur) (Figure 59.2). A cloverleaf-like deformity of
the skull is often associated with type II but may also
be present in type I. The most common mutations in
type I and II of thanatophoric dysplasia were reported
to be Arg248Cys and Lys650Glu, respectively.

Hypochondroplasia is a relatively mild disease,
manifested as short stature. The head is not affected.
The spinal canal narrows in its caudal portion as is true
in achondroplasia. Fingers are short, although hands
are not of the trident type. Asn540Leu is reported to
be the most common mutation found in this disease.

The other form in this family is called SADDAN,
which stands for severe achondroplasia with develop-
mental delay and acanthosis nigricans. The patients
with SADDAN survive infancy without prolonged
life-support measures. The FGFR3 mutation (A1949T,
Lys650Met) occurs at the nucleotide adjacent to the
TD type II (TD2) mutation (A1948G: Lys650Glu) and
results in a different amino acid substitution in the
kinase domain activation loop.

All these disorders are autosomally dominant,
mainly sporadic, and are caused by gain-of-function

mutations, leading to a constitutively active FGFR3.
The degree of activation of FGFR3 correlates well with
the severity of the chondrodysplasia; the mutated
FGFR3 found in thanatophoric dysplasia is the most
activated form. This relationship provides the first
evidence for negative regulation of chondrogenesis by
FGFR3. Several animal models have established that
FGFR3 negatively regulates chondrocyte proliferation.
MAPK is a major downstream effecter of FGFR3 activ-
ity. Indeed, chondrocytes expressing a constitutively
active form of MEK, the MAPK activator, present an
achondroplasia phenotype similar to that observed
with constitutively active FGFR3. Conversely, blockade
of MAPK activation rescues achondroplasia obtained
with constitutively active FGFR3. In addition, it has
been shown that FGFR3 represses chondrocyte prolif-
eration through activation of the transcription factor
STAT1 by a yet unknown mechanism.

Collagenopathy
Type I collagen is the most abundant protein in bone.
This type of collagen is synthesized as the heterotrimer
of procollagens a1(I) and a2(I). Heterozygous mutations
in the two genes for procollagen a1(I) and a2(I).
(COL1A1 and COL1A2) have been found in patients
with osteogenesis imperfecta (MIM 166200, 166210,
166220, 166230).42,43 These mutations cause a change
either in the structure of the protein or in the number
of collagen molecules made. The severe forms of
osteogenesis imperfecta are reported to have a glycine
substitution within the Gly-X-Y amino acid repeat.
Mutated collagens interfere with the formation of col-
lagen fibrils. In contrast, null mutations of COL1A1
cause the mild form of osteogenesis imperfecta.44

Figure 59.2 Two types of thanatophoric dysplasia. Thanatophoric dysplasia types 1 and 2 are characterized by telephone receiver-
like bended femur and straight femur, respectively as x-ray figures are shown in the bottom. Cloverleaf skull is often associated with
type 2 and sometimes with type 1.
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Osteogenesis imperfecta is characterized by low bone
mineral density (BMD) with fragility, and frequent
bone fracture leads to deformity of long bones and
chronic bone pain. It was classified into four forms by
Sillence et al.45: a dominant form with blue sclerae,
type I; a perinatally lethal OI syndrome, type II; a pro-
gressively deforming form with normal sclerae, type
III; and a dominant form with normal sclerae, type IV.
However, type IV is rather heterogeneous and includes
patients with a moderate to severe disease who do not
fit type I or III. Thus, other types of OI (V, VI, and VII)
without identifiable collagen type I mutations have
been recently described.43

There is no curative treatment for osteogenesis
imperfecta. However, the therapy using pamidronate, a
derivative of bisphosphonate, has recently been devel-
oped and has successfully alleviated symptoms in
children with OI. In short, cyclic intravenous admin-
istration of pamidronate improved BMD and reduced
the frequency of bone fracture. However, there are few
studies reporting the outcome measures of bisphos-
phonate therapy in children with OI. Glorieux et al.
observed that in patients with severe osteogenesis
imperfecta aged 3–16 years, intravenous pamidronate
(mean annual dose 6.8 mg/kg) increased lumbar
vertebral BMD by an average of 42% per year.46 The
same group also demonstrated that in children with
OI types III or IV less than 2 years of age, a 12-month
treatment with pamidronate at a mean dose of
12.4 mg/kg increased lumbar vertebral BMD by 86%
to 227%. Recently, Astrom and Soderhall reported
that monthly infusions of pamidronate for 2–9 years
resulted in gradual increase in total body and lumbar
spine bone density in children with OI.47

As another novel treatment for patients with
severe osteogenesis imperfecta, transplantation of bone
marrow cells containing adult mesenchymal stem cells
has been attempted.48 Mesenchymal stem cells can dif-
ferentiate into multiple cell types present in several
tissues, including bone, fat, cartilage, and muscle,
making them ideal candidates for cell-based therapies.
More recently, mesenchymal cell therapy using isolated
mesenchymal stem cells has been reported.49 In the
report, donor marrow-derived mesenchymal cells were
administered to treat six children who had undergone
standard bone marrow transplantation for severe osteo-
genesis imperfecta. Five of six patients showed engraft-
ment in one or more sites, including bone, skin, and
marrow stroma, and had an acceleration of growth
velocity during the first 6 months postinfusion.

Adult stem cells can be used after the ex vivo
genetic manipulation to correct genetical disorders.
For osteogenesis imperfecta, one study in which
adeno-associated viral vectors were used to disrupt
dominant-negative mutant COL1A1 collagen genes
in mesenchymal stem cells from patients with a
severe form of osteogenesis imperfecta was reported.50

It seems that the gene was successfully targeted in
adult human stem cells.

Collagen types II, IX, X and XI are expressed in
the cartilaginous tissue. Collagen type II specific to
cartilage matrix is synthesized as the homotrimer of
collagen a1(II). Mutations in the single gene for type II
procollagen have been found in patients with type II
achondrogenesis (MIM 200610)-hypochondrogenesis,
spondyloepiphyseal dysplasia (MIM 183900), Kniest
dysplasia (MIM 156550) and Stickler (hereditary
arthro-ophthalmopathy) syndrome (MIM 108300).51

The platyspondylic lethal skeletal dysplasias (PLSD),
Torrance type (MIM 151210) was found to be caused
by COL2A1 mutations.52 The platyspondylic lethal
skeletal dysplasias is a heterogeneous group of chon-
drodysplasias characterized by severe platyspondyly
and shortening of limbs. Interestingly, the most com-
mon form of PLSD is thanatophoric dysplasia (TD),
which is caused by mutations in the FGFR3 as
described previously.

Type X collagen is a homotrimeric, short-chain,
nonfibrillar extracellular matrix component. The
expression of type X collagen is restricted to hyper-
trophic chondrocytes. The mutation in the COL10A1
is associated with Schmid metaphyseal chondrodys-
plasia (MIM 156500).53 It is reported that Stickler
syndrome type 2 with a different vitreo-retinal phe-
notype from that of type 1 is caused by a mutation
in the COL11A1 (MIM 604841). Multiple epiphyseal
dysplasia (MIM 132400) is caused by a mutation in
the COL9A1 or the COMP gene.54,55 The COMP gene
is also responsible for pseucoachondroplasia (MIM
177170), which is one of the most frequent skeletal
dysplasias and resembles achondroplasia except for
head and face.55

Other chondrodysplasias
The chondrodysplastic disease, achondrogenesis is
characterized by severely impaired chondrogenesis
with extremely short limbs and narrow thorax, lead-
ing to the perinatal death of patients with this disease.
Fetal hydrops and hydroamnios are also associated
with achondrogenesis. Although achondrogenesis
has been subtyped in several ways, the definition
reported by Borochowitz et al., based on detailed
analyses of clinical, radiological and morphological
studies, seems to have received consensus: type I
(MIM 200600) A (Houston–Harris), IB (Fraccaro) and
type II (Langer–Saldino, MIM 200610). A histological
analysis of cartilaginous tissue is very helpful, espe-
cially to make the diagnosis of achondrogenesis type
IB.56 Achondrogenesis type IB is caused by the muta-
tions of the diastrophic dysplasia (DTDST) gene.57

The DTDST gene encodes a sulfate transporter,
which is required for the synthesis of sulfated proteo-
glycans in cartilage with other name, SLC26A2.58 It is
not surprising that defects of this gene result in a
chondrodysplasia phenotype, although the precise
mechanism whereby the impaired sulfation of proteo-
glycans causes abnormal enchondral ossification
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remains to be elucidated. Several mutations of the
DTDST gene were reported in patients with achon-
drogenesis type IB, the most severe form, atelosteoge-
nesis type II or neonatal osseous dysplasia (MIM
256050), an intermediate form and the mildest form of
the diseases, diastrophic dysplasia (MIM 222600).
The recessive multiple epiphyseal dysplasia (MIM
226900) is also caused by the mutations of DTDST.
Homozygous mutant mice for the gene were charac-
terized by growth retardation, skeletal dysplasia and
joint contractures, thereby recapitulating the essential
aspects of the diastrophic dysplasia phenotype in
humans. The skeletal phenotype included reduced
toluidine blue staining of cartilage, chondrocytes of
irregular size, delay in the formation of the secondary
ossification center and osteoporosis of long bones.

The cartilage hair hypoplasia (CHH, MIM 250250)
or spondylometaphseal dysplasia McKusick type is
characterized by disproportionate short stature,
hypoplastic hair, ligamentous laxity, defective immu-
nity, hypoplastic anemia, and neuronal dysplasia of
the intestine (Hirschsprung disease). CHH was found
to be caused by mutations in the ribonuclease mito-
chondrial RNA processing gene (RMRP).59 The untrans-
lated RMRP gene encodes the RNA component of
a ribonucleoprotein endoribonuclease. Normally the
RNase MRP complex is involved in multiple cellular
and mitochondrial functions.

The difference between the Japanese and other
ethnic groups is remarkable in terms of the mutations
and polymorphisms in RMRP gene. Four novel muta-
tions were reported in two patients with typical
and atypical CHH.60 A patient with typical CHH had
a 17-bp duplication at +3 and a de novo 182G > A,
218A.G. The other patient with atypical CHH had a
17-bp insertion at −20 and a 218A ? G.

The X-linked spondyloepiphyseal dysplasia tarda
(SEDT; MIM 313400) has the features consisting of
disproportionately short trunk, short stature, charac-
teristic radiological findings of the spine (posterior
hump, end plate sclerosis, and disk space narrowing)
and the hips (short and thick femoral necks), and
positive family history. The linkage analyses revealed
that the SEDL gene on the X chromosome is respon-
sible for the disease.61 The SEDL gene product, known
as sedlin is a 140 amino-acid protein with a putative
role in endoplasmic reticulum-to-Golgi transport. How-
ever, function of sedlin in bone and mineral metabo-
lism remains to be characterized.

Leri–Weill dyschondrosteosis (LWD) (OMIM
127300) is caused by the haploinsufficiency of the
short stature homeobox-containing (SHOX) gene.62,63

LWD is an autosomal dominant form of mesomeric
dysplasia first described by Leri and Weill in 1929.
Patients with this condition demonstrate short stature
due to shortening of the lower legs and Madelung
deformity of the forearm. The abnormality of the SHOX
gene also causes Turner skeletal features and a certain
proportion of idiopathic short stature. The SHOX gene

was cloned from the pseudoautosomal region of the sex
chromosome (Xp22 and Yp11.3) and affects the adult
height. It is exclusively expressed in the first and
second pharyngeal arches and in the developing distal
limb bones of the human embryo. The expression of
SHOX is in the hypertrophic zone and less intensely in
the proliferating zone in growth plate. Although the
function of SHOX in growth plate is to be elucidated, it
may be involved in the fusion of growth plate and
affect the growth at the pubertal stage.

Abnormality in PTH/PTHrP receptor or G protein
The family of G protein has many members, and Gsα
is the representative protein which has been shown
to cause bone diseases.64 G protein is a signal effector
molecule, typically forming heterotrimeric guanine
nucleotide-binding proteins. Mutations in Gsα pro-
tein are divided into two groups, gain of function
mutation and loss of function one. McCune–Albright
syndrome and Albright osteodystrophy combined
with pseudohypoparathyroidism are the diseases
caused by these mutations, respectively.65

The PTH/PTHrP receptor is a G protein-coupled
membrane-bound receptor and its best-characterized
second messenger is cAMP. Although cAMP activates
protein kinase A (PKA) as a downstream of PTHrP
receptor, it is still not clear what molecules respon-
sible for delay of chondrocytes maturation serve as
the substrates of PKA. In the growth plate, the
PTH/PTHrP receptor mRNA is expressed in prehy-
pertrophic chondrocytes at higher levels. The critical
role of the PTH/PTHrP receptor in endochondral bone
development is highlighted by the discovery that two
rare forms of chondrodysplasias, Blomstrand lethal
chondrodysplasia (MIM 215045) and Jansen’s meta-
physeal chondrodysplasia (MIM 156400) are caused
by mutations of this receptor. Blomstrand lethal chon-
drodysplasia is caused by inactivating mutations of
the PTH/PTHrP receptor, while the mutated receptors
found in Jansen’s metaphyseal chondrodysplasia
are constitutively active.66,67 The former disease is
characterized by prenatal lethality, premature and
abnormal bone mineralization and ossification, and
shortened limbs. Endochondral bone formation is
markedly advanced in fetuses with Blomstrand chon-
drodysplasia, and the columnar proliferative layer in
the mutant growth plate is virtually absent. The dis-
ease appears to have an autosomal recessive pattern of
inheritance. Jansen’s metaphyseal chondrodysplasia
is an autosomal dominant disorder characterized by
short-limbed dwarfism secondary to severe abnormal-
ities of the growth plate and hypercalcemia. The
laboratory findings in patients with Jansen’s meta-
physeal chondrodysplasia are reminiscent of primary
hyperparathyroidism. According to the original
report, the genomic DNA from 10 JMC patients has
been examined: seven patients had the H223R hetero-
zygous nucleotide exchange, and three patients had
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distinct heterozygous mutations in the PTH/PTHrP
receptor (T410P, T410R, and I458R).

When chondrocytes are forced to express either
PTHrP or an activated form of its receptor, cartilage
maturation is dramatically inhibited and bone forma-
tion delayed. Mice lacking either PTHrP or its recep-
tor, in contrast, exhibit dwarfism of their long bones
due to premature chondrocyte maturation. Therefore,
PTHrP signaling negatively regulates the switch from
a proliferative immature chondrocyte to a postprolif-
erative mature hypertrophic chondrocyte.

More recently, a heterozygous missense mutation
Arg150Cys has been identified in the PTH/PTHrP
receptor gene of two patients with enchondromatosis
or Ollier and Maffucci diseases (MIM 166000). Enchon-
dromas are common benign cartilage tumors of bone
that can occur as solitary lesions or, in enchondromato-
sis, multiple lesions. This type of mutated receptor is
constitutively active in vitro. However, others reported
that no mutations of the PTH/PTHrP receptor gene were
found in patients with enchondromatosis.

Pseudohypoparathyroidism, especially type Ia, is
associated with the loss of function-type mutations in
the Gsa gene (GNAS1).65 In patients with the disease,
no response to PTH is observed in the excretion of
phosphate and cAMP. In contrast to McCune–Albright
syndrome, the mutations are scattered along the entire
gene, including missense mutations and deletions.
This disease is inherited in a dominant fashion, and
the mutation is found in a single allele. Albright hered-
itary osteodystrophy (AHO), which consists of short
stature, shortening of the fourth and fifth metacarpals,
round face, obesity and ectopic calcification is asso-
ciated with pseudohypoparathyroidism type Ia (MIM
103580). Since the GNAS1 gene is an imprinted gene,
the transmission of the disease to the next generation
is characteristic. Maternal transmission of Gsa muta-
tions leads to AHO associated with resistance to para-
thyroid hormone (pseudohypoparathyroidism type Ia),
while paternal transmission leads only to the AHO phe-
notype (pseudopseudohypoparathyroidism). Pseudo-
hypoparathyroidism type Ib (MIM 603233) has the
resistance to PTH only in kidney, and a region respon-
sible for the disease is also associated with the GNAS1
locus. PHP-Ib is caused by heterozygous mutations
disrupting a long-range imprinting control element.
Recently, deletions that remove the differentially
methylated region encompassing exon NESP55 and
exons 3 and 4 of the antisense transcript, those are
located near GNAS1 region. Thus, it is confirmed that
epigenetic defects in the imprinted GNAS1 cluster are
associated with pseudohypoparathyroidism type Ib.68

McCune–Albright syndrome is characterized by
three major symptoms, café au lait pigmentation,
multiple fibrous dysplasia and endocrine disorders
including precocious puberty, hyperthyroidism,
autonomous adrenal hyperplasia and growth hor-
mone secreting pituitary adenoma. This syndrome is
caused by the somatic mutation in the GNAS1 gene,
leading to elevated levels of cyclic AMP in cells. This

gene has a hot spot of mutation at Arg of codon 201
(Arg201His or Arg201Cys).69 Since these mutations
are somatic, mosaicism for a mutation in the GNAS1
gene is found in patients with McCune–Albright syn-
drome. Cells obtained from the lesions with fibrous
dysplasia secreted a significant amount of interleukin
(IL)-6 and exhibited an impaired response of IL-6
secretion to IL-1 in patients with McCune–Albright
syndrome.70 In response to the elevation of cAMP,
IL-6 is produced perhaps through the cAMP response
element of the IL-6 gene promoter. Fibrous dysplasia
is a focal and benign fibrous bone lesion, which is
caused by the activating mutation in the GNAS1 gene.
Hypophosphatemic rickets is sometimes observed
as a complication of McCune–Albright syndrome.
Two hypotheses have been put forward to explain the
pathogenesis of hypophosphatemic rickets associ-
ated with McCune–Albright syndrome. One of them
supposes the hypersensitivity to PTH in the renal
tubules due to the mutation in the GNAS1 gene, based
on the inhibitory effect of PTH via cAMP on phos-
phate transport in the kidney. The other hypothesizes
humoral factor(s) from the bone lesions which
inhibit(s) phosphate reabsorption. In fact, Riminucci
et al. recently reported the elevated plasma FGF-23
levels in patients with McCune–Albright syndrome.71

Hypophosphatasia
Hypophosphatasia (MIM 146300, 171760, 241500,
241510) is characterized by the hypomineralization
of bone associated with the impaired activity of tissue-
nonspecific alkaline phosphatase (TNSALP).72 Hypo-
phosphatasia has diverse phenotypes, and is usually
classified into five subtypes based on the age of onset
and clinical features; perinatal, infantile, childhood,
adult type, and odontohypophosphatasia.73 The
severity of the disease is generally well correlated
with the onset of the disease, except for odontohy-
pophosphatasia, where only the teeth are affected.
The patients with the perinatal type of hypophos-
phatasia almost always die around birth due to
impaired development of the lung and the severe
hypomineralization of their bones. However, the clas-
sification of these subgroups is not definite, and there
is diversity in the phenotype which forms so-called
spectrum. For example, we have previously reported
a patient who achieved long-term survival without
respiratory failure in spite of having fetal onset.74

Since these patients survive longer despite their fetal
onset, we should pay more attention to take care of
them and to genetic counseling. The presence of such
a case may depend on the development of a diagnosis
procedure or on the specificity of the genotype.
However, this benign form of hypophosphatasia
found in the Japanese patients is surmised to be asso-
ciated with a specific mutation, F310L, whose prod-
uct retained approximately 70% of its enzymatic
activity. The relatively high activity of the mutant
enzyme may contribute to this relatively mild form.
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On the other hand, mutations found in the severe
form of the disease do not tend to be associated with
restricted positions, although the three-dimensional
model study showed that most of the severe missense
mutations were localized in crucial domains, such as
the active site.75 Elucidation of the molecular hetero-
geneity underlying hypophosphatasia may contribute
to our understanding of the clinical heterogeneity
observed in hypophosphatasia and the improvement
of treatment, especially in patients with severe forms
of hypophosphatasia.

The patients with the classical perinatal form of
hypophosphatasia almost always die in utero or during
the neonatal period. Therefore, the perinatal form is a
synonym for the lethal form. The second most severe
form, the infantile type of the disease, is still associated
with high mortality because of the impairment of
respiratory function and hypercalcemia.76 The patients
with other types of hypophosphatasia usually do not
suffer from life-threatening complications.

To date, more than a hundred mutations have been
reported in the TNSALP gene in patients with hypo-
phosphatasia, mainly in Caucasians and Japanese.77

However, the mutations are scattered in the whole
coding region, and only a few mutations have been
recognized to occur frequently in the gene. Moreover,
although the relationship between the clinical features
and the mutation of the corresponding gene has also
been analyzed, only a few reports detected the positive
correlation between the mutations and severity.75 The
mutations responsible for mild hypophosphatasia
may not cause a complete loss of ALP function, sug-
gested by several reconstruction experiments in which
mutated ALP activity was examined.

Although hypophosphatasia is usually inherited
in an autosomal recessive manner, autosomal domi-
nant inheritance is also recognized in some families
with the mild form of the disease. Interestingly, the
mutations in these families have been reported to
show the dominant negative effect on the wild-type
ALP activity, as one of the remarkable results of the
recent progress in molecular biology.78

The mechanism for which the defect of ALP activ-
ity causes hypomineralization is not fully understood.
There are three main assumptions for the role of ALP
in mineralization process. First, ALP increases local
phosphate concentration, leading to the acceleration
of mineralization. Second, ALP decreases the concen-
tration of local pyrophosphate, a substrate of ALP and
an inhibitor of mineralization. Finally, ALP controls
gene expression including osteopontin through the
increase in intracellular phosphate concentration and
affects the mineralization.

In patients with the infantile form of hypophos-
phatasia, bone marrow cell transplantation was tried
to avoid the expected poor prognosis.79 The patient
was given T-cell-depleted, haplo-identical marrow
from her healthy sister. Chimerism in peripheral
blood and bone marrow became 100% donor. The
patient survived and some clinical improvement was

observed. More experience with transplantation of
bone marrow or mesenchymal stem cells is necessary
before the cell-based therapy becomes standard as
treatment of severe hypophosphatasia.

Craniometaphyseal dysplasia
Craniometaphyseal dysplasia (MIM 123000) is a
genetic syndrome characterized by the sclerotic
change of cranial and tubular bones that commonly
present at a young age, often with facial abnormali-
ties and otolaryngologic manifestations such as a
conductive hearing loss. Craniometaphyseal dyspla-
sia is defective in ANK, the pyrophosphate trans-
porter.80 Thus, this disease supports the inhibitory
role of pyrophosphate in mineralization.

Diseases with high or low bone mineral density
BMD is determined by both genetic and environmental
factors. The genetical approach has shown that multi-
ple genes have effects on BMD. Recent developments
in molecular genetics and genomics have dramati-
cally increased a power to identify genes which affect
BMD. The sclerosing bone dysplasias can be classified
into two groups such as increased trabecular bone
density (osteosclerosis) and a cortical bone thickening
(hyperostosis). There are several diseases which belong
to sclerosing bone dysplasias, e.g., osteopetrosis,
pycnodysostosis, and osteopoikilosis.

Osteopetrosis characterized by a marked increase
in bone mass is a heterogeneous disorder of the
skeleton in several animal species.81 In humans, the
disease is inherited as either an autosomal dominant
or autosomal recessive trait. The autosomal dominant
form exhibits mild symptoms only in adults (McKusick
MIM 166600). The autosomal recessive form consists
of three types; a mild type (MIM 259710), a lethal type
(MIM 259720) which is rare, and infantile malignant
osteopetrosis (MIM 259700) characterized by severe
symptoms such as diffuse osteosclerosis of all bones,
extramedullary hematopoiesis associated with bone
marrow failure, and sensorineurogenic impairment
in infancy. It is caused by defects in bone resorption
by osteoclasts, resulting in increased bone mass and
narrowing of the bone marrow cavity. Impaired bone
resorption, as seen in the various forms of autosomal
recessive osteopetrosis (MIM 259700), can be due to
mutations in a subunit of the vacuolar H+ pump
(TCIRG1 gene) or to mutations in the chloride channel
CLCN7 gene in humans.82,83 Another form of osteope-
trosis is caused by carbonic anhydrase II deficiency,
and is associated with renal tubular acidosis and
cerebral calcification (MIM 259730).84 Very recently,
mutation in the GL gene, the gene responsible for
spontaneous mouse gray-lethal whose phenotype is a
coat color defect and severe autosomal recessive form
of osteopetrosis, leads to severe recessive osteopetrosis
in humans.85 X-linked recessive anhidrotic ectodermal
dysplasia with immunodeficiency, osteopetrosis, and
lymphoedema (OL-EDA-ID, MIM300301) is caused by
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hypomorphic mutations in NEMO, the regulatory
subunit of the IKK (IkappaB kinase) complex encoded
in the IKBKG gene.86 Germline loss-of-function muta-
tions in IKBKG are lethal in male fetuses.

Hematopoietic stem cell transplantation seems to
be the most effective and rational therapy for malig-
nant osteopetrosis at the moment, because it provides
normal osteoclast precursors.87 However, several
kinds of treatment including high dose of active vita-
min D and long-term therapy with interferon gamma
(IFN-g), also have been reported to be effective.

Cathepsin K has been cloned as an osteoclast-
specific cysteine protease. The abnormalities in this
gene were reported in patients with pycnodysostosis
(MIM 265800).88 The characteristic features of this
disease are disproportionate short stature, front-
occipital prominence, high-arched palate, proptosis, a
pointed nose, and sclerotic bones.

In addition to impaired bone resorption, increased
bone formation can result in sclerosing bone disorders.
Recently, it is reported that the increased TGF-β sig-
naling results in Camurati–Engelmann disease (MIM
131300).89 The increased bone formation in sclerosteo-
sis (SOST MIM 269500)90 and in Van Buchem disease
(MIM 239100) turned out to be due to loss-of-function
mutations of the SOST gene, most likely increasing
bone morphogenetic protein signaling. In addition,
osteoprotegerin and receptor activator of NF kappa B
(RANK), whose gene is TNFRSF11A, are responsi-
ble for juvenile Paget’s disease and familial expansile
osteolysis.91,92

Infantile cortical hyperostosis (Caffey disease,
MIM114000) is characterized by radiological evidence
of cortical hyperostosis, soft tissue swellings, fever,
and irritability.93 Caffey disease was first reported in
1945 by Caffey and Silverman. Its principal features
include acute inflammatory manifestations and the
early onset time, usually in the first year of life. The
cause of the disease remains unclear and the disease
is self-limiting.

Further, it was recently shown that the gene
encoding the low-density lipoprotein receptor related
protein 5 (LRP5) is one of the regulators of peak
bone mass in vertebrates.94 The autosomal recessive
osteoporosis pseudoglioma (OPPG) syndrome (MIM
259770), a disorder causing both skeletal and eye
abnormalities, is due to inactivating mutations in the
LRP5 gene.95 Besides the neonatal blindness, children
with OPPG have a very low bone mass and are very
sensitive to fractures and skeletal deformities. The
disease is not caused by abnormal collagen matrix,
and this differentiates it from the severe osteogenesis
imperfecta, although it shares similar phenotype with
osteogenesis imperfecta. Of interest, obligate carriers
of OPPG mutations show an increased incidence for
osteoporotic fractures, indicating a dominant effect
of this gene on bone mass. Targeted disruption of
the LRP5 gene in mice also produces osteoporosis
postnatally. On the other hand, in a family that

includes phenotypically normal individuals with
exceptionally dense bones (high bone mass MIM
601884), a gain-of-function mutation (G171V) in the
LRP5 gene has been described.96 The same mutation
was found in another kindred with other phenotypic
abnormalities, such as torus palatinus and a wide,
deep mandible in addition to high bone density. LRP5
acts as a coreceptor for Wnt proteins and is expressed
in osteoblasts, where it is required for the osteoblast
proliferation and functions in a Runx2-independent
manner. These findings demonstrate that the LRP5
signaling pathway plays an important role in the reg-
ulation of bone mass in vertebrates.

LRP6 is another coreceptor of canonical Wnt path-
way. Thus, it is interesting whether LRP6 is involved
in bone metabolism, although a human disease caused
by the abnormality of LRP6 has not been identified.
Lrp6-null mice is embryonic lethal and not suitable for
the analysis of bone metabolism. We found that a
novel spontaneous mutation, ringelschwanz (rs) in the
mouse is in the Lrp6 gene.97 While heterozygous rs
animals appear normal, homozygous rs mutants show
malformations in the vertebral column, digits and the
neural tube as in Lrp6-null mutants, these phenotypes
are less severe as compared to those in null mutants.
The rs mutation is regarded as a hypomorphic allele of
Lrp6. The Lrp6 dysfunction in rs leads to a delay in
ossification at birth and to a low bone mass phenotype
in adults. Thus, LRP6 is certainly involved in bone
metabolism as well as LRP5.

Noonan syndrome
Noonan syndrome (MIM 163950) is an autosomal
dominant disorder characterized by a variable pheno-
type comprising proportional short stature, congenital
heart defects, and minor facial anomalies.98 The main
facial findings of Noonan syndrome are hypertelorism
with down-slanting palpebral fissures, ptosis, and low-
set posteriorly angulated ears with a thickened helix.
Cardiovascular diseases including valvular pulmo-
nary stenosis, atrial septal defect, and hypertrophic
cardiomyopathy (HCM) are observed in 50–80% of
patients with Noonan syndrome. Other symptoms are
webbed neck, chest deformity, mild mental retarda-
tion, cryptorchidism, feeding difficulties, bleeding
diathesis, and lymphatic dysplasias. The incidence of
Noonan syndrome is estimated to be between 1/1000
and 1/2500 live births.

Recently, heterozygous missense mutations in the
PTPN11 gene, located on chromosome 12 (12q24), have
been identified in 33–60% of affected familial or spo-
radic cases of Noonan syndrome.99–102 The product of
the PTPN11 gene, SHP-2, is widely expressed in vari-
ous tissues and is involved in several signal transduc-
tion pathways in cooperation with growth factors,
cytokines, and hormones. Thus, mutations in the
PTPN11 gene could cause the wide range of clinical fea-
tures in Noonan syndrome. SHP-2 is composed of two
tandemly arranged src homology 2 domains, N-SH2
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and C-SH2, at the amino terminus, a single central
phosphatase domain (PTP) and a carboxy-terminal tail
(Figure 59.3). In the steady state, N-SH2 domain binds
to PTP domain and suppresses its phosphatase activ-
ity. In contrast, the binding of both domains is loose
and PTP exerts its activity in mutant SHP-2 found in
Noonan syndrome. In other words, gain-of-function
type mutation is found in the PTPN11 gene in patients
with Noonan syndrome. The structure of the PTPN11
gene corresponding to the functional domain structure
of SHP-2 is also depicted in the Figure 59.3. The gene
consists of 15 exons. The frequent mutations are
detected in exons 3, 8, and 13 in the gene.

To date, more than 70 mutations in the PTPN11
gene have been described. Tartaglia et al. reported
patients with PTPN11 mutations were associated with
pulmonary stenosis, while those without PTPN11
mutations were with HCM.103 Two other reports sup-
port the conclusion that HCM is found more fre-
quently in patients with Noonan syndrome without
PTPN11 mutation. However, Sarkozy et al. showed
LEOPARD syndrome (MIM 151100) with HCM was
highly related to the mutations in exon 7 or 12 of the
PTPN11 gene,102 suggesting that HCM could be asso-
ciated with PTPN11 mutations.

As mentioned above, SHP-2 is widely expressed
in various tissues and cell types, and has been impli-
cated in diverse signaling pathways including those
initiated by growth factors, cytokines and hormones.
SHP-2 has compound signaling functions. For
instance, SHP-2 directly interacts with growth factor
and cytokine receptors when its ligand induces rap-
idly tyrosine phosphorylation. It can also interact with
a variety of signaling intermediates such as Grb2, and
Gab1 and 2. As a PTP, SHP-2 is believed to function
by dephosphorylation of its associated signaling mole-
cules, thus diminishing local signals. However, the
ultimate effect of SHP-2 in most signaling pathways
is to enhance the signal transduction, for example,
it activates the Ras-Raf-MAP kinase cascade. In most
circumstances, SHP-2 plays a positive role in trans-
ducing signals relayed from tyrosine kinase-containing
receptors.103

Perinatal period
Skeletal dysplasia, lethal type

The study in the St. John Hospital in Rome reported
14 cases of constitutional osteochondrodysplasias out
of 2120 cases of newborns hospitalized (0.66%).104

Among them, four patients (28.27%) belong to the
group considered by the European Society of Pediatric
Radiology as lethal. Representative lethal types of
skeletal dysplasia and the corresponding causal genes
are described in Table 59.2. The genes responsible
for osteogenesis imperfecta, thanatophoric dysplasia,
and hypophosphatasia are type I collagen gene, FGFR3
gene, and tissue non-specific ALP gene, respectively,
which are essential for the development of cartilage
and bone, as described in the previous section. Other
important molecules in enchondral bone formation
such as SOX9 and PTHrP receptor are also responsible
for lethal type chondrodysplasia. Patients with cam-
pomelic dysplasia caused by SOX9 mutations often
have respiratory difficulties. Other lethal forms of short
limb dwarfism consist of a lethal form of arthrogrypo-
sis multiplex congenita (MIM 108110), platyspondylic
lethal osteochondrodysplasia, short rib syndrome, and
atelosteogenesis. Atelosteogenesis type 2 (AO2) (MIM
256050) is a neonatally lethal chondrodysplasia charac-
terized by severe limb shortening and deficient ossifi-
cation of parts of the skeleton. The disease is caused
by mutations of the DTDST gene and its phenotypic
overlap with nonlethal diastrophic dysplasia. The
heterogeneous group of platyspondylic lethal skeletal
dysplasias (PLSD) originally included thanatophoric
dysplasias (TD1/2: MIM 187600, 187100) as the most
common forms of this condition, as well as TD variants
San Diego type (PLSD-SD: MIM 270230) and Torrance–
Luton type (PLSD-TL: MIM 151210). The FGFR3
gene mutations have been identified in TD1/2 and
PLSD-SD, while PLSD-TL is caused by COL2A1. The
metatropic dysplasia group includes fibrochondrogene-
sis, Schneckenbecken dysplasia, and various forms
metatropic dysplasia.105 The perinatally lethal metat-
ropic group of conditions consists of lethal metatropic
dysplasia (type 2) or hyperchondrogenesis, lethal

Perinatal period 689

Figure 59.3 (modification of figure in Tartaglia et al., Nature Genet 2001) The structure of the PTPN11 gene and functional
domain structure of SHP-2. The gene consists of 15 exons and the function domains of the SHP-2 protein comprise two tandemly
arranged SH2 domains at the N terminus (N-SH2 and C-SH2) followed by a protein tyrosine phosphatase (PTP). The frequent
mutations associated with Noonan syndrome are detected in exons 3, 8, and 13 in the gene.
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hyperplastic metatropic dysplasia (type 1) and fibro-
chondrogenesis. In our experience, osteogenesis
imperfecta and thanatophoric dysplasia were the
most frequent lethal skeletal diseases.

Amnionic fluid
Clinical analysis of patients with skeletal dysplasias,
lethal type revealed several characteristic pheno-
types in each disease. For example, polyhydramnios
is known as one of the features in patients with
congenital anomaly. However, osteogenesis imper-
fecta and thanatophoric dysplasia were quite different
in terms of association with polyhydraminios in our
patients. In 11 patients with osteogenesis imperfecta,
no polyhydramnios was observed. In contrast, nine
out of 11 patients with thanatophoric dysplasia were
complicated with polyhydramnios.

Intrauterine growth retardation
Intrauterine growth retardation (IUGR) is often
observed in fetuses with severe skeletal dysplasia.
Short limb associated with skeletal dysplasia tends
to underestimate the expected body weight of the
fetus. In contrast, hydrops, sometimes associated with
achondrogenesis and thanatophoric dysplasia, affects
the weight. Patients with osteogenesis imperfecta are
often skinny and show IUGR.

Bone age or calcification of bones in the fetus
In the fetus, bone age can be estimated by the number
of calcified bones whose calcification occurred
during the gestational period. They consisted of
talus, os calcis, ishium, os pubis, sternum, vertebral
bodies (coccygeal and fifth sacral), lumbar transverse
processes, proximal epiphysis of tibia, and distal
epiphysis of femur. We previously reported the rela-
tionship between the number of calcified bones and
the gestational week. In hypophosphatasia, achon-
drogenesis and some forms of chondrodyplasia, calci-
fication of bones is extremely delayed. In contrast,
a mild decrease in number or normal development
of calcified bones is observed in patients with osteoge-
nesis imperfecta and thanatophoric dysplasia. These
results suggest the difference in the pathogenesis of
each skeletal dysplasia.

Closing comments
Due to the limitation of length, this review cannot
provide readers a whole picture accounting for the
recent development of investigations on skeletal
dysplasia. Apparently, identification of genes res-
ponsible for skeletal dysplasia contributes to better
understanding of the process in which chondrocytes,
osteoblasts, and osteoclasts proliferate, differentiate,
and interact with each other. Because the opportunity
for the pediatrician to take care of patients with skele-
tal dysplasia has increased, the pediatrician should
understand the biological and developmental aspects
of bone and chondrocytes as well as clinical advance
of treatment of patients with skeletal dysplasia. 
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Table 59.2 Skeletal dysplasia, lethal type and
responsible genes

Disease Gene

Osteogenesis imperfecta type II COLI
Thanatophoric dysplasia FGFR3
Hypophosphatasia lethal type TNSALP
Achondrogenesis COLII
Hypochondrogenesis COLII
Achondrogenesis IB DTDST
Camptomelic dysplasia SOX9
Blomstrand chondrodysplasia PTHR1
Short rib syndrome ?
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Introduction
Human pregnancy represents a semiallograft to the
maternal host.1 However, the semiallogeneic embryo/
fetus is not rejected by the mother. When a donated
embryo is transplanted to a surrogate mother, the fetus
is an allograft to the mother, but the allogeneic fetus
is not rejected by the mother. Pregnancy is thus a
mysterious biological phenomenon. Recent studies
suggest that endometrial (maternal) lymphocytes
play some role in the maintenance of pregnancy via
immune mediators such as cytokines.2 It has been
postulated that tolerance to paternal antigens (Ags)
must be present during pregnancy. Some regulatory
lymphocytes and regulatory cytokines play a very
important role in preventing allograft rejection.
However, these mechanisms are not so rigid. The
absence of these regulatory factors is involved in
multiple implantation failure, pregnancy loss and
pre-eclampsia. The low rate of successful implanta-
tion in humans suggests that the expression of
these cytokines and their biologic signals should be
optimal, precise and synchronized. In recent years,
accumulating evidence has emerged that many fac-
tors, including cytokines, growth factors and maternal
lymphocytes, contribute to the success of embryo
implantation and maintenance of pregnancy.

Unique human leukocyte antigen
(HLA) expression on trophoblasts
The mechanism for maintenance of pregnancy
has been proposed (Table 60.1). Cytotoxic T cells,
which induce rejection, recognize antigeneic peptides
expressed on major histocompatibility (MHC) Ag
class I or class II on target cells. Interestingly, villous
trophoblasts lack MHC class I and class II molecules
on their surface. As a result, villous trophoblasts can-
not be recognized by maternal T cells, resulting in
prevention of rejection.

Natural killer (NK) cells are lymphocytes of the
innate immune system that are involved in the
early defenses against foreign cells.3 NK cell activa-
tion is controlled by a dynamic balance between

complementary and antagonistic pathways. NK cells
express an array of activating cell surface receptors
that can trigger cytolytic programs, as well as cytokine
or chemokine secretion. NK cells also express cell
surface inhibitory receptors that antagonize activat-
ing pathways through protein tyrosine phosphatases.
The classical MHC class I molecules HLA-C and the
non-classical class I molecules HLA-E and HLA-G
interact with inhibitory receptors, such as killer-cell
immunoglobulin-like receptors and CD94/NKG2.
A wide range of MHC class I molecules such as HLA-G
also bind ILT2 and ILT4, which are members of the
immunoglobulin-like transcript (ILT) family. Intere-
stingly, extravillous trophoblasts, which invade the
uterus, express HLA-C, HLA-E and HLA-G.3 Maternal
NK cell-cytotoxic activity is suppressed by inhibitory
receptors resulting in the fetus being protected from
maternal NK cell attack. A unique characteristic of
HLA-G is the generation of multiple spliced variants.
Alternative splicing of the HLA-G messenger RNA
yields different membrane-bound and soluble isoforms.
Interestingly, soluble HLA-G, which is produced
by villous trophoblasts, is an immunosuppressive
molecule inducing apoptosis of activated CD8+ T cells
and down-modulating CD4+ T cell proliferation.4

Table 60.1 Proposed mechanism for maintenance
of pregnancy

Absence of classical MHC class I and class II molecules on
trophoblasts

Expression of HLA-C, HLA-G and HLA-E on trophoblasts

Expression of complement regulatory proteins on
trophoblasts (CD46, CD55 and CD59)

Fas L, Fas receptor system

Immunosuppressive factors [α2 glycoprotein, alpha-
fetoprotein (AFP) and TGF-β]

uNK (CD16–CD56 bright NK cells) [granulated metrial
gland (GMG) cells in mice]

Cytokines (Th2-type cytokines) and hormones

Treg cells (CD4 + CD25 + T cells, Th3, Tr1)

Regulatory NK cells (NK3, NKr1)
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Therefore, soluble HLA-G probably plays a very
important role in the maintenance of pregnancy at the
feto–maternal interface. Soluble HLA-G may also con-
tribute to the control of implantation. It has been
reported that human implantation was strictly related
to soluble HLA-G secretion by preimplantation
embryos.5 Fuzzi et al. reported that after in vitro fer-
tilization or intracytoplasmic sperm injection, only
transfer of embryos secreting HLA-G could lead to
pregnancies. In contrast, no pregnancy occurred after
transfer of soluble HLA-G-negative embryos. Soluble
HLA-G appears to be a key molecule at the time of
implantation, and in early and late placentation.

Expression of complement regulatory
proteins on trophoblasts
Activation of a complement promotes cell lysis medi-
ation by the membrane attack complex. Complements
also bind and attack self tissues, especially in areas
of inflammation. However, cells are protected from
the deleterious effects of complement activation by
complement regulatory proteins such as CD46 (MCP),
CD55 (DAF), CD59 and Crry. Crry, present only
in rodents, regulates the deposition of activated C3
and C4 on the surface of autologous cells. Decreased
expression of complement regulatory molecules
has been found in different inflammatory disorders.
Complement activation is regulated by excessive
expression of complement regulatory proteins on
trophoblasts. However, complement deposition is
recognized at the feto–maternal interface in mis-
carriage cases. Survival of Crry–/– embryos was com-
promised because of complement deposition and
concomitant placental inflammation.6 Interestingly,
breeding with C3–/– mice rescued Crry–/– mice from
lethality, suggesting that the regulation of comple-
ments is critical in fetal control of the maternal
process that mediates tissue damage.6

In humans, antiphospholipid syndrome (APS) is
characterized clinically by fetal loss and thrombosis
and serologically by the presence of auto-antibodies
to lipid-binding protein. Recent data suggested that
complement activation, especially C5a and C5R inter-
action, is necessary for thrombosis of the placental
vasculature.7 APS is generally treated with anticoagu-
lation therapy. Recent studies demonstrated that treat-
ment with heparin prevented complement activation
in vivo and in vitro and protected mice from pregnancy
complications induced by antiphospholipid antibodies.8

These data suggest that inhibition of complement
activation is essential for maintenance of pregnancy.

Fas/Fas ligand (Fas L) system
The Fas/Fas L pathway plays a critical role in promot-
ing apoptosis and regulation of immune responses.

The Fas/Fas L system appears to contribute to the
immune privilege of the maternal–fetal interface. The
maternal decidua and fetal trophoblasts express Fas L,
and expression might prevent trafficking of reactive
maternal cells into the fetal circulation and vice versa.
T cells specific for fetal Ags decrease in an Ag-specific
manner during pregnancy, consistent with clonal dele-
tion in the maternal immune system. Placental tro-
phoblasts that express Fas L can induce Fas-mediated
death of maternally activated T cells, and this clonal
deletion is one mechanism of tolerance to the fetal
allograft.9 The Fas/Fas L system also plays an impor-
tant role in implantation. Embryonic trophoblasts
and maternal decidua produce conticotropin-releasing
hormone (CRH) and CRH induces Fas L expression.10

Female rats treated with a CRH receptor type 1 antago-
nist, antalarmin, showed a marked decrease in implan-
tation sites and live embryos, along with diminished
endometrial Fas L expression. Embryos from mothers
that lacked T cells or from syngeneic matings were not
rejected when the mothers were given antalarmin.11

These data suggest that locally produced CRH promotes
implantation and maintenance of early pregnancy by
killing activated T cells.

Th1/Th2 balance during pregnancy
The blastocyst and maternal endometrium develop
an exquisite dialog during the implantation window.
Successful embryo implantation requires the syn-
chronization of embryo development and uterine
preparation. In mice, this period begins at day 3 and
is completed by day 5 (Figure 60.1). Pseudopregnancy
at day 2 in mice does not represent the receptive
phase for implantation of embryos. Takabatake et al.
reported that in recipient pseudopregnant mice
injected intravenously with splenocytes or culture
supernatant on day 2, blastocyst transfer was per-
formed on day 2.10 The successful implantation rate
was markedly higher in the pregnancy day 4- and day
8-splenocytes-injected groups. They further clarified
that a significant increase in the implantation rate was
observed when pregnancy day 4-CD4+ T cells were
injected into the uterus. These data suggest that CD4+

T cells during early pregnancy could contribute to
changing the implantation window and increase the
chance of implantation.

T cells can be classified into CD4+ T cells and CD8+

T cells by their surface markers (Figure 60.2). CD4+ T
cells are also classified into Th1 cells, which produce
interleukin (IL) 2, interferon (IFN) γ and tumor necro-
sis factor β, and Th2 cells, which produce IL-4, IL-5
and IL-13. Th1 cells are involved in cellular immunity
such as rejection of cytotoxic T cell responses. On the
other hand, Th2 cells are involved in immunoglobu-
lin production. Based on these findings, Wegmann
et al. hypothesized that physiological protection from
maternal rejection is due to a Th2-type response at
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the materno–fetal interface.12 In a mouse model, Th1
cells induced miscarriage and implantation failure.
However, in humans, the peripheral blood Th1/Th2
balance in normal pregnancy is controversial, because
the amplitude of this balance is very small in periph-
eral blood. On the other hand, the Th1/Th2 ratios
in the endometrium or decidua change dramatically
during the menstrual cycle and pregnancy. For
example, it has been reported that the Th1/Th2
ratio was 147.5 during the proliferative phase of
the endometrium, 37.4 during the secretory phase
and 1.3 in early pregnancy deciduas.13 Furthermore,
the numbers and population of Th2 cells are
increased at the decidua basalis compared to those
at the decidua parietalis, suggesting that Th2 cells
accumulate at the implantation site.14

Hill et al. first reported that Th1-type immunity
is present in women with recurrent pregnancy loss,
and Piccinni et al. first reported defective production
of Th2 cytokines by decidual T cells in unexplained
recurrent spontaneous abortions. Michimata et al.
first reported decreased Th2 cells in the decidua
basalis in recurrent spontaneous abortions with nor-
mal embryo, although accumulation of Th2 cells

was observed in the decidua basalis in recurrent
spontaneous abortions with abnormal chromosomal
content.15 These data suggested that accumulation
of Th2 cells at the decidua basalis is important in
maintaining pregnancy.

Regulatory T (Treg) cells
in pregnancy
Recent data demonstrated that immunoregulatory
activity specific for donor alloantigens is enriched in
the CD4+CD25+ Treg cell population (Figure 60.2).
CD4+CD25+ Treg cells play a critical role in peripheral
tolerance, transplantation tolerance and maternal tol-
erance to the fetus. The population of CD4+CD25+

Treg cells increases in iliac lymph nodes, in inguinal
lymph nodes, in the spleen, in decidua and in blood,
and these cells suppress alloreactive proliferation
in vitro.16,17 Alubihare et al. injected 2 × 107 lympho-
cytes or an equal number of cells from a CD25-
depleted cell preparation (CD25–) into BALB/C nu/nu
mice that lacked T cells.16 All recipient BALB/C
nu/nu female mice were mated with C57BL/6 male

Figure 60.1 Implantation window in mice.

Figure 60.2 T cell subsets classified by their surface markers and cytokine profiles.
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mice on the day after adoptive transfer. As a result,
all the fetuses were aborted in allogeneic pregnancy
when CD25– cells were injected, while this treatment
did not induce fetal resorption in syngeneic preg-
nancy. These findings suggest that CD25+ cells, per-
haps CD4+CD25+ T cells, mediate maternal tolerance
to the fetus.

In human pregnancy, CD4+CD25bright Treg cells are
increased in the early pregnancy decidua, but this
elevated CD4+CD25bright Treg cell ratio decreases to a
non-pregnancy level in miscarriage cases.17 Therefore,
CD4+CD25+ Treg cells are crucial to the maintenance
of tolerance in pregnancy. Recently, Polanczyk et al.
reported that estrogen augmented Foxp3 expression,
which is an essential factor for the development of
CD4+CD25+ Treg cells, and that treatment with estrogen
increased the CD4+CD25+ Treg cell number in mice.18

Estrogen might promote maternal tolerance to the fetus
by increasing the number of CD4+CD25+ Treg cells.

Indoleamine 2,3-dioxygenase (IDO)
expression during pregnancy
IDO is an enzyme for tryptophan catabolism and it
is expressed in the blastocysts, syncytiotrophoblasts,
extravillous trophoblasts, macrophages and endome-
trial gland cells. Pharmacologic inhibition of IDO
activity resulted in dramatically decreased rates of
successful allogeneic pregnancy due to maternal
T cell response to fetal alloantigens.19 IDO is a key
immunosuppressive mechanism in normal pregnan-
cies, although IDO-deficient mice can become preg-
nant and do not abort.

Cytotoxic T lymphocyte-associated Ag 4 (CTLA-4)
plays a critical role in peripheral tolerance, and it is
well known that CD4+CD25+ Treg cells express CTLA-
4 on their surfaces. Interestingly, CTLA-4 induces IDO
enzyme activity in dendritic cells and regulates tryp-
tophan catabolism.20 These findings suggest that
decidual CD4+CD25+ Treg cells, which express CTLA-
4 on their surface, interact with dendritic cells. As a
result, these signals enhance IDO activity, resulting in
maintenance of pregnancy. The cross talk between
CD4+CD25+ Treg cells and the IDO enzyme may
induce successful pregnancy.

Cytokine profile in decidual
NK cells
The Th1/Th2 paradigm has been further developed.
T cell subsets that produce the immunoregulatory
cytokines IL-10 and transforming growth factor
(TGF) β have been clarified. Th3 cells predominantly
produce TGF-β, while Tr1 cells predominantly
produce IL-10. They achieve immunoregulation via

their cytokine production. NK cells are also classified
into NK1, NK2, NK3 and NKr1 cells by their cytokine
profiles (Figure 60.3).

It is well known that NK cells are the main
population of lymphocytes in early pregnancy
decidua. NK cells can be classified into CD16+

CD56dim NK cells and CD16–CD56bright NK cells. The
main population of peripheral blood NK cells is
CD16+CD56dim NK cells, whereas the main popula-
tion of endometrial and decidual NK cells is
CD16–CD56bright NK cells. In the peripheral blood of
non-pregnant subjects, IFN-γ-producing CD16+CD56dim

NK cells and CD16–CD56bright NK cells are the main
populations. After pregnancy, the populations of
IL-10-producing NKr1 cells in peripheral blood
CD16+CD56dim NK cells and CD16–CD56bright NK cells
increase, although these populations decrease in
miscarriage cases.21 In the early pregnancy decidua,
the main populations of CD16+CD56dim NK cells
and CD16–CD56bright NK cells are TGF-β-producing
NK3 cells, and NK3 cells in decidua are decreased
in miscarriage cases.21 Decidual CD16–CD56bright NK
cells produce a variety of cytokines such as gran-
ulocyte macrophage colony stimulating factor (GM-
CSF), M-CSF, G-CSF, leukemia inhibitory factor (LIF)
and angiotoietin. M-CSF and GM-CSF induce the
DNA synthesis of trophoblasts, and LIF is an essential
cytokine for implantation. Angiopoietin plays an
important role in angiogenesis. These findings suggest
that NK cells in the decidua play an important role
in the maintenance of pregnancy by regulation of
maternal immune function, placental growth and
angiogenesis at the feto–maternal interface.

Conclusion
The immune environment, including the cytokine
profile or lymphocyte subsets in the endometrium,
clearly changes during implantation and pregnancy.
These dramatic and synchronized changes are present
at the local implantation site. A better understanding
of these sequential events could improve clinicians’
ability to treat disorders related to these processes,
including infertility and early pregnancy loss.

Figure 60.3 NK cell subsets by their cytokine profiles.
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61 Endocrinological aspects
N. Sagawa

The production of steroid and protein hormones by
human trophoblasts is the largest in amount and
diversity among endocrine organs in all mammalians.
A unique and obligatory interrelationship is present
between the hyperestrogenic state of human pregnancy
and the fetal adrenal secretion of a large amount of C19
steroids, which serve as precursors for estrogen synthe-
sis in the placenta. Human syncytiotrophoblast takes
up maternal plasma low-density lipoprotein (LDL) cho-
lesterol as a substrate for progesterone biosynthesis in
the placenta.

The human placenta also synthesizes an enormous
amount of protein and peptide hormones including
human chorionic gonadotropin (hCG), human chori-
onic somatomammotropin (hCS), chorionic adreno-
corticotropin (ACTH), and others.

Steroidogenesis in the
fetoplacental unit
Steroid formation
Estrogen
The placenta is an incomplete steroid-producing
organ. It must rely on precursors reaching it from
the fetal and maternal circulations. The unique inter-
dependence of fetus, placenta, and mother gave rise
to the concept of an integrated fetoplacental–maternal
unit.1 The individual adult steroid-producing glands
are capable of forming progestins, androgens, and
estrogens, but this is not true of the placenta. There
is a constant interplay of fetus, placenta, and mother
to form the bulk of the sex steroids in pregnancy.1

For estrogen formation by the placenta to occur,
precursors must reach it from both the fetal and
maternal compartments, whereas placental proges-
terone formation is accomplished in large part from
circulation of maternal low-density lipoprotein cho-
lesterol.2 In the placenta, cholesterol is first converted
to pregnenolone and then rapidly and efficiently
to progesterone.3 Production of progesterone reaches
approximately 250 mg/day by the end of preg-
nancy, when the circulating levels are on the order
of 130 ng/ml.4 The placenta also produces estrogens

by aromatization of circulating androgens. The major
precursor in placental estrogen formation is dehydro-
epiandrosterone sulfate (DHEA-S), mainly from the
fetal adrenal gland. The abundant sulfatase enzyme
in the placenta converts DHEA-S to free (unconju-
gated) DHEA, when it reaches the placenta. DHEA
is further converted to androstenedione, thereafter to
testosterone, and finally to estrone and 17β-estradiol.
However, the major estrogen formed in the human
pregnancy is neither estrone nor estradiol but another
estrogen, estriol. Estriol is not secreted by the ovary of
non-pregnant women but constitutes more than 90%
of the known estrogen in pregnancy urine. Concen-
trations increase with advancing gestation and
reach 35–45 mg/24 h at term.5 Estriol is also found
in the amniotic fluid and maternal circulation.6 The
concentration of estriol in the maternal circulation
is between 8 and 13 ng/ml at term.7

Estriol is produced by a unique biosynthetic process,
which forms the interdependence of three compart-
ments, fetus, placenta, and mother (Figure 61.1).
Maternal cholesterol is transported as LDL choles-
terol to the placenta. Cholesterol is converted to
pregnenolone in the placenta and fetal adrenal. Fetal
adrenal further metabolizes pregnenolone to dehy-
droepiandrosterone sulfate (DHAS), which is metab-
olized to 16α-hydroxy DHAS by 16α-hydroxylase
in the fetal liver. DHAS and 16α-hydroxy DHAS
are hydrolyzed by placental sulfatase in the placenta
and the resulting DHA is further metabolized to
estrone and estradiol, and 16α-hydroxy DHA to
estriol by placental aromatase. The precursor of
placental estrone and estradiol is derived from both
maternal and fetal adrenals. In contrast, the precur-
sor of estriol, 16α-hydroxy DHAS is predominantly
originated from fetus reflecting fetal adrenal and
liver function. Thus, increase in the maternal plasma
estriol concentration in late pregnancy is the
reflection of total functions and development of fetal
adrenal, fetal liver, and the placenta.

Sulfatase deficiency occurs in male babies at an inci-
dence of 1/15,000 pregnancies, whereby 16α-hydroxy
DHAS is not hydrolyzed and is not further converted
to estriol. The infant with sulfatase deficiency later
develops X-linked ichthyosis.8 Anencephalus-lacking
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pituitary does not secrete ACTH and estriol production
is very low, approximately 10% of the normal fetus.
When the fetus dies in utero the precursor of estriol is
not provided from fetal adrenal and the estriol levels
decline significantly.1 However, changes in the maternal
plasma or urinary estriol levels are too slow and do not
reflect real-time fetal viability. In Down’s syndrome,
maternal plasma unconjugated estriol levels are low,
because the production of precursor of estriol synthesis
in the fetal adrenal is not adequate. Based on this fact,
serum estriol levels in the late first trimester are uti-
lized as one of the serum markers of Down’s syndrome.
Glucocorticoid administration suppresses placental
estrogen synthesis because glucocorticoid suppresses
ACTH secretion in both mother and fetus and conse-
quently decreases DHAS secretion from both maternal
and fetal adrenals.

Progesterone
The placenta is the main source of progesterone in the
maternal plasma.9 The precursor of progesterone syn-
thesis, cholesterol, is predominantly derived from
maternal plasma LDL cholesterol, since cholesterol
synthesizing enzymes are not expressed in the pla-
centa. Thus, progesterone synthesis is dependent on
maternal and placental bioactivities but not on fetal
viability.10 This is the reason why the progesterone
levels in maternal sera do not reflect acute fetal
compromise as compared to that of estrogen. Placenta
does not metabolize progesterone. A major part of
placental progesterone is secreted to fetal circulation
and further metabolized to glucocorticoids such as
cortisol and aldosterone. The rest of the placental
progesterone is secreted to maternal plasma. Plasma
concentration of progesterone in the late first trimester
is approximately 30–40 ng/ml and further increases to
130 ng/ml (secretion: 250 mg/day), which is approxi-
mately 10 times of corpus luteum production. Proges-
terone production in the syncytiotrophoblast during
the early first trimester is still low and is not enough
to maintain the pregnancy. Thus, corpus luteum is
necessary for the maintenance of pregnancy until

6–7 weeks of gestation. Half-life of progesterone is
much more shorter than that of hCG. Therefore,
plasma level of progesterone decreases much earlier
than that of hCG when spontaneous termination of
pregnancy occurs in early pregnancy.

Corticoids
Progesterone produced in the placenta is metabo-
lized to either cortisol or aldosterone because fetal
adrenal lacks 3b-hydroxysteroid dehydrogenase
(3bHSD). Cortisol is further converted to cortisone by
11b-hydroxysteroid dehydrogenase (11bHSD) in the
placenta. Cortisol level in the amniotic fluid increases
as fetus maturate due to cortisol excretion into fetal
urine. Maternal plasma cortisol level increases sec-
ondary to the increase in cortisol binding globulin
(CBG) in maternal plasma. When uteroplacental blood
flow decreases in the pregnant women, complicated
with pre-eclampsia, chronic hypertension or severe
diabetes mellitus, blood flow in the placental inter-
villous space decreases resulting in the diffusion of
placental steroid hormone to the fetus, increase in
the steroid hormone levels in the umbilical cord.
The increased cortisol might accelerate fetal lung
maturation in case of fetal compromise associated
with impaired uteroplacental perfusion.

Biological function of steroid
Estrogens
The functional role of placental estriol in pregnancy
has caused a great deal of speculation. In many bio-
logic systems, estriol is a weak estrogen. Its potency is
approximately 0.01 times of estradiol and 0.1 times of
estrone on a weight basis. However, estriol is reported
to be as effective as other estrogens in one function:
its ability to increase uteroplacental blood flow. There-
fore, this may be a primary function of a large amount
of placental estriol. Its relatively weak estrogenic
function on other organ systems may be beneficial to
specifically increase urteroplacental blood flow.
Although acute administration of estriol is ineffective

Figure 61.1 Estriol biosynthesis in fetoplacental-maternal unit.
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as an estrogen and does not demonstrate extensive
binding to estrogen receptors, prolonged exposure to
estriol does produce estrogen effects and binding
occurs. Estrogens exert their biological effect on blood
flow by stimulating prostaglandin biosynthesis.11

Estradiol stimulates protein synthesis, cell prolif-
eration in the endometrium, myometrium, and mam-
mary gland. It is also involved in the regulation of
vascular permeability and fluid balance. The increase
in blood volume and extracellular fluid volume is
mediated by estrogen. Fetus is also the target of pla-
cental estrogen and its growth and development are
affected by estrogen.

Estrogens are also important for initiation of partu-
rition at an appropriate time. Estrogen stimulates
phospholipid synthesis and turnover, prostaglandin
production and lysosome formation in the uterine
endometrium, and modulates adrenergic mecha-
nisms in uterine myometrium, thereby contributing
to the onset of labor.12

Progesterone
Progesterone induces the secretory endometrium, which
is required for implantation. Progesterone is also
important in maintaining uterine quiescence during
pregnancy by suppressing uterine smooth muscle
contractility.13 It also inhibits prostaglandin synthesis
in the uterus.14 Progesterone has also been proposed
as an essential hormone of mammalian pregnancy
because it inhibits T lymphocyte cell-mediated
responses involved in tissue rejection.15 In this theory,
it is suggested that a high local (intrauterine) concen-
tration of progesterone can effectively block cellular
immune responses to foreign antigens. Therefore,
progesterone has been aptly called the ‘hormone of
pregnancy’ because it appears to be essential for main-
tenance of pregnancy in all mammals examined, and
its presence has been detected in species representing
all classes of vertebrates. The essential nature of prog-
esterone for pregnancy maintenance has been demon-
strated by experiments in which abortion was induced
after the administration of drugs that either inhibit
progesterone synthesis or compete with progesterone
for receptor binding or the administration of proges-
terone antibodies. The specificity of the abortifacient
effect was demonstrated by the concurrent administra-
tion of progesterone in some of those experiments.

Human chorionic gonadotropin
hCG is the earliest product of the cells that form the
embryo, representing the first signal of the embryo
even prior to implantation.16 hCG is a glycoprotein of
heterodimer with molecular weight of 36.7 kDa. It is
composed of two subunits, a 92-amino acid α-subunit
and a 145-amino acid β-subunit. The α-subunit is
homologous to thyroid-stimulating hormone (THS),
luteinizing hormone (LH), and follicle-stimulating

hormone (FSH). The α-subunit gene is localized to
chromosome 6. The β-subunit is similar to LH and
the β-subunit gene is located on chromosome 19,
fairly close to the LH-β gene. In contrast to LH, hCG
contains sialic acid residues, which account for its
half-life (24 h) being longer than that of LH (2 h).

Clinically, hCG can be detected in either the serum or
urine 7–8 days after fertilization and is the earliest bio-
chemical marker for pregnancy. Studies during in vitro
fertilization cycle suggest that embryos expressed hCG
mRNA as early as the eight-cell stage but that intact hCG
was not present until 8 days after egg retrieval. The
increase in hCG levels between days 5 and 9 after ovum
collection is principally due to free β-hCG production,
while by day 22 most of the circulating hCG is in the
dimmer form. After implantation, hCG is produced
principally by the syncytiotrophoblast layer of chori-
onic villi and is secreted into the intervillous space.
Cytotrophoblasts also can produce hCG.

These observations are in accordance with the
in vitro studies that suggest dimmer hCG synthesis is
controlled in a two-phase manner through a supply of
subunits. In contrast to LH secretion in the pituitary
gland, hCG is secreted constitutively as subunits
are available, and it is not stored in secretory granules
as in the case of pituitary LH.17 The immature syncy-
tiotrophoblast produces free β-hCG subunit while the
ability to produce the α-subunit by cytotrophoblast
appears to lag by several days.18 As the trophoblast
matures, the ratio of α-subunit to β-subunit reaches
a 1:1 ratio, and the hCG concentration reaches a
peak value of 100,000 mIU/ml around 9–10 weeks of
pregnancy. The placenta produces more α-subunits
as gestation advances, and the ratio of α-subunit to
hCG is approximately 10:1 at term.19

The doubling time of serum hCG levels during
early gestation is approximately 30 h.20 The hCG
doubling time has been utilized as a clinical marker
to differentiate normal from abnormal pregnancies
such as ectopic pregnancy or spontaneous abor-
tions. When vaginal ultrasonography cannot detect
the intrauterine gestational sac even after the hCG
levels reach 1100–1500 mIU/ml, an ectopic preg-
nancy is strongly suggested. On the other hand, higher
hCG levels suggest the presence of molar pregnancy or
multiple gestations.

The major biologic function of hCG during early
pregnancy is to rescue the corpus luteum from its
premature demise while maintaining progesterone
production. Until the luteal-placental shift in
progesterone synthesis occurs at the seventh week of
pregnancy, hCG is required for rescue and mainte-
nance of the corpus luteum. This is supported by the
report that immunoneutralization of hCG results in
early pregnancy failure.21 In the explant experiment
with first-trimester chorionic tissue, intermittent
administration of gonadotropin-releasing hormone
(GnRH) enhanced the pulsatile secretion of hCG from
the explant tissue, implicating placental GnRH as a

Human chorionic gonadotropin 701

Kurjak-61.qxd  5/9/2006  12:25 PM  Page 701



paracrine regulator of hCG secretion.22 When preg-
nancy is not established, the corpus luteum is prepro-
grammed to undergo luteolysis. hCG also stimulates
the production of estradiol, 17-hydroxyprogesterone
and other peptides, such as relaxin and inhibin from
corpus luteum.

Ovarian progesterone is essential for maintenance
of early pregnancy. When progesterone action is
blocked with a competitive progesterone antagonist,
such as mifepristone (RU 486), pregnancy is termi-
nated. Removal of corpus luteum before, but not after
the seventh week of gestation resulted in subsequent
abortion.23,24 Removal of corpus luteum after the
ninth week of pregnancy had little or no influence on
the pregnancy. Thus, progesterone supplementation is
required when corpus luteum function is compromised
prior to the ninth to tenth weeks of pregnancy. During
later pregnancy, progesterone production in the pla-
centa is sufficient for the maintenance of pregnancy.

hCS, human placental
lactogen (hPL)
hCS was initially isolated in 1962 as hPL.25 hCS
has structural similarity to both pituitary human
growth hormone (hGH) and prolactin (PRL). hCS is
composed of 191 amino acids with a molecular
weight of approximately 22 kDa and contains two
disulfide bonds. It shares up to 96% homology with
hGH and 67% homology with PRL.26,27 hCS and hGH
genes locate on the same portion of chromosome 17,
which consists of five genes, two coding for hGH and
three coding for hCS.28 hCS is produced only in the
syncytiotrophoblast and at a constant rate throughout
gestation.29,30 Consequently, serum hCS concentration
correlates well with placental mass and viability. At
term, the placenta produces hCS approximately
1–4 g/day and maternal serum hCS levels range from
5 to 15 µg/ml.

Despite the large amount of production during
pregnancy, the physiological function of hCS has
not been fully clarified. hCS has been suggested to
have a major metabolic effect on the mother to ensure
that the nutritional demands of the fetus are met,
functioning as a growth hormone of pregnancy.31

During pregnancy, maternal plasma glucose levels
are decreased, plasma free fatty acids (FFAs) are
increased, and insulin secretion is increased with
resistance to endogenous insulin as a consequence
of the GH-like and contra-insulin effects of hCS.
Peripheral glucose uptake is suppressed in the mother
but it crosses the placenta freely by a facilitated diffu-
sion mechanism. Amino acids are transported across
the placenta by an active transport mechanism against
the concentration gradient. Transplacental passage
of fatty acids is slow. Consequently, when the mother
is in the unfed or starved state, glucose should be
reserved largely for the fetus and free fatty acids

would be used preferentially by the mother. Insulin
and other protein hormones do not cross the placenta.

Regulation of placental secretion of hCS is poorly
understood. Factors that regulate pituitary GH secre-
tion are not effective in placenta. Although hCS has
structural homology to hGH and PRL, it does not have
growth promoting or lactogenic activity in humans.31

There are several case reports on the healthy newborn
from hCS-deficient pregnancy.32,33 Thus, it is possible
that hCS is not essential for pregnancy but may serve
as an evolutionary redundancy for pituitary GH and
PRL. However, it remains to be clarified whether preg-
nancies without hCS production would have a good
outcome even in the state of nutritional deprivation.

Other placental protein hormones
Chorionic ACTH
A protein similar to pituitary ACTH has been
isolated from the placenta. ACTH, lipotropin, and
β-endorphin are recovered from the placental extract,
presumably from the same or similar 31-kDa precur-
sor proopiomelanocortin (POMC).34 It is also reported
that ACTH is secreted from dispersed placental
cells.35 Dexamethasone treatment does not alter the
production of ACTH in the placenta.

The physiological significance of placental ACTH
is unclear. ACTH plasma levels during pregnancy
are lower than in non-pregnant women; nonetheless,
the concentration increases as gestation advances.36

Placenta secretes ACTH into both maternal and
fetal circulations, but it does not cross the placenta.
The administration of dexamethasone to pregnant
women does not suppress urinary free cortisol levels
as effectively as it does in men or non-pregnant
women. Corticotropin-releasing hormone stimulates
the synthesis and release of ACTH from chorionic
tissue in vitro.37

Parathyroid hormone-related protein (PTH-rP)
and other protein hormones
PTH-rP is synthesized in various tissues including
the pregnant uterus, myometrium, endometrium, and
placenta. The rate of PTH secretion by the adult
parathyroid is modulated by plasma Ca2+ concentra-
tion. PTH-rP secretion from the placenta is regulated
by calcium concentration.38

Relaxin is also expressed in the human placenta.39

Relaxin is synthesized as a single 105-amino acid pre-
prorelaxin which is cleaved to form two chains A
and B. Relaxin is structurally similar to insulin and
nerve growth factors. Relaxin acts on myometrial
smooth muscle to stimulate adenylate cyclase and to
promote uterine relaxation.

The placenta produces chorionic thyrotropin, but
its biological significance in normal human pregnancy
is yet to be clarified.
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Growth hormone-variant (hGH-V) is expressed in
the placenta but not in the pituitary.40 The gene is
located in the growth hormone–prolactin gene cluster.
The variant of hGH, sometimes referred to as placen-
tal growth hormone, is a 191-amino acid protein
that differs in 15 amino acids from hGH. hGH-V is
synthesized in the placenta, presumably in the syncy-
tiotrophoblasts. hGH-V is present in the maternal
plasma by 21–26 weeks of pregnancy, increases in
concentration to about 36 weeks of pregnancy, and
remains relatively constant thereafter. The maternal
plasma levels of hGH-V correlate well with those of
insulin-like growth factor-1. Secretion of hGH-V
from trophoblast is inhibited by glucose in a dose-
dependent manner.41 The biological activity of
hGH-V is similar to that of hCS.

Hypothalamic-like releasing
hormones
Gonadotropin-releasing hormone (GnRH)
Placenta secretes a relatively large amount of GnRH.42

GnRH is present only in the cytotrophoblast but not in
the syncytiotrophoblast. Placental GnRH is suggested
to act as an hCG-releasing hormone.43 First-trimester
chorionic tissue secretes hCG in response to GnRH
much more than that of term placenta.44 The receptor
for GnRH is expressed in both cytotrophoblast and
syncytiotrophoblast. Trophoblast secretes inhibin
and activin and regulates GnRH production in a
paracrine manner. Human placenta can also synthe-
size thyrotropin-releasing hormone (TRH) in vitro.45,46

Corticotropin-releasing hormone (CRH)
The same CRH gene expressed in hypothalamic
tissues is also expressed in the trophoblast, amnion,
chorion leave, and decidua. Plasma levels of CRH in
non-pregnant women are 15 pg/ml. Maternal plasma
CRH levels increase to 250 pg/ml at early third
trimester, and to 1000 pg/ml abruptly during the last
5–6 weeks of pregnancy.47 After onset of labor, mater-
nal plasma CRH levels increase further about two- to
threefold.48 The biological function of uterine CRH
including placental CRH is not clear yet. Receptors for
CRH are present in many tissues including fetal adre-
nal, placenta, and myometrium. Only a very small
amount of placental CRH can enter fetal circulation,
suggesting a relatively insignificant role in fetal adre-
nal steroidogenesis. A large amount of CRH is secreted
into maternal circulation; however, there is also a large
amount of CRH-binding protein in maternal plasma.
The bound form of CRH is biologically inactive and
targeted for degradation. The possible biological func-
tion of placental CRH is the relaxation of both uterine
and vascular smooth muscles and immunosuppres-
sion. The physiological reverse of CRH function, the
induction of myometrial contraction (i.e. the initiation

of parturition by CRH), has been proposed.49 CRH
increases prostaglandin synthesis in placenta, amnion,
chorion leave, and decidua.50 In the hypothalamus,
glucocorticoids inhibit CRH release; however, in the
trophoblast, glucocorticoids do stimulate the expres-
sion of the CRH gene, two- to threefold increases in
CRH mRNA, and protein expression after treatment of
human trophoblast in culture.51 Thus, in the placenta,
a positive feedback loop of CRH, ACTH, and glucocor-
ticoids is proposed.37

Growth hormone-releasing hormone (GHRH)
The mRNA for GHRH has been identified in the
human placenta.52 The biological function of placen-
tal GHRH is not known.

Other placental peptide hormones
Neuropeptide Y (NPY)
NPY, a 36-amino acid peptide, is originally isolated in
the brain. It also is present in sympathetic neurons
innervating the cardiovascular, respiratory, gastroin-
testinal, and genitourinary systems. NPY is also
expressed in the placenta and localized in cytotro-
phoblasts.48 Receptors for NPY are also present in the
placenta, which secrete CRH by stimulation with NPY.

Inhibin and activin
Inhibin is a glycoprotein hormone that acts on the
pituitary and inhibits FSH release. Inhibin is a het-
erodimer with dissimilar α- and β-subunits. The
inhibin β-subunit is composed of one of two distinct
peptides, βA or βB. Activin is closely related to
inhibin and is formed by the combination of two β-
subunits. This peptide hormone is produced by vari-
ous tissues including testis, granulosa cells of the
ovary, and corpus luteum. The placenta can produce
inhibin α-, βA-, and βB-subunits at the maximal rate
at term.53,54 Placental inhibin, in conjunction with a
large amount of sex steroid hormones produced in the
placenta, may serve to inhibit FSH secretion and
thereby block ovulation during pregnancy. Serum
activin levels decline rapidly after delivery.55

Receptors for activin are present in the placenta and
amnion. Inhibin may act via GnRH to regulate hCG
production in the placenta.53

Natriuretic peptides
Atrial natriuretic peptide (ANP), a 28-amino acid
peptide, is predominantly produced in the atrial
myocytes, but is also produced in the placental tro-
phoblast.56 Brain natriuretic peptide (BNP), predomi-
nantly produced in the heart, is also secreted from
amnion cells.57 These natriuretic peptides induce
natriuresis, diuresis, and relaxation of smooth muscle.
The receptors for natriuretic peptides are also expressed
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in the human placenta as well as in the myometrium,
suggesting a possible role of ANP and BNP in uterine
relaxation during pregnancy.58

Leptin
Maternal insulin sensitivity is regulated by various
factors including placenta-derived hormones
(Figure 62.2). Several placenta-derived hormones,
such as prolactin, hCS or hPL, and steroid hor-
mones, have been considered to decrease insulin sen-
sitivity.59 Placental production of these hormones
is increased in accordance with the increasing size of
the placenta. Recently, novel peptide hormones, leptin
and resistin, originally identified as adipocytokines
and regulating glucose and energy metabolism, have
been reported to express in the human placenta.60,61

Leptin is initially identified as an adipocyte-
derived hormone that decreases food intake and body
weight via its receptor in the hypothalamus.62

Subsequent animal studies revealed various physio-
logical functions of leptin.63,64 Leptin plays an essen-
tial role in reproduction by regulating GnRH
secretion from the hypothalamus.65,66 It also modu-
lates glucose metabolism by increasing insulin
sensitivity and activates the sympathetic nervous
system.67,68 In humans, leptin is also produced by
placental trophoblasts and is secreted into both
maternal and fetal circulations.60 Leptin production
in the placenta is increased in pregnancies compli-
cated with several pathologic conditions.69–71 Plasma
leptin levels are significantly elevated in molar
pregnancy.69 Leptin gene expression in the placenta
is augmented in severe pre-eclampsia, and maternal

plasma leptin levels in severe pre-eclampsia are
significantly higher than those in normotensive
pregnant women.70 Leptin production in the placenta
is also increased in diabetic pregnancy with insulin
treatment.71 Leptin is also proposed to play a func-
tional role in implantation by virtue of its stimulatory
effect on matrix metalloproteinase expression in
cytotrophoblast.72

Resistin
Resistin is a newly identified adipocyte-derived hor-
mone that decreases insulin sensitivity and increases
plasma glucose concentration, thus contributing to
the development of type II diabetes mellitus.73

Resistin is proposed to link obesity to insulin resist-
ance.74 Adipocyte secretes various substances that
modulate insulin sensitivity, such as free fatty acid,
TNF-α, and leptin. Resistin was recently cloned by
Steppan et al.73 as a substance whose expression in
the adipose tissue decreases by treatment with thiazo-
lidinedione, an antidiabetic drug. Thus, resistin is
proposed to be a major factor that induces insulin
resistance and hyperglycemia in obese persons.

Northern blot analysis revealed resistin mRNA
expression in term placenta as well as in the amniotic
membrane.61 Resistin mRNA expression was also
detected in a trophoblastic cell line (BeWo cells) and
a very faint band was detected in decidua vera tissue.
In situ hybridization and immunohistochemistry sug-
gest the expression of resistin in placental villi,
mainly in syncitiotrophoblast. Resistin protein was
secreted from cultured placental tissue.61 Resistin
gene expression in term placental tissue was signifi-
cantly larger than that in chorionic villous tissue in
the first trimester. By contrast, the resistin gene was
expressed to a lesser degree in adipose tissue than in
term placental tissue. Moreover, resistin gene expres-
sion in the adipose tissue of pregnant women at term
did not differ from that of non-pregnant women. As
resistin is supposed to induce insulin resistance and
increase the plasma glucose level,73,74 it is possible
that placental resistin may contribute to regulation of
maternal glucose metabolism in concert with various
placental hormones including leptin (Figure 62.2).

However, the regulatory mechanism of resistin
gene expression in the human placenta is not yet elu-
cidated. Further investigation on the effects of these
hormones on the maternal glucose metabolism and
insulin sensitivity may provide a better understanding
of the placental role in maternal energy metabolism
and fetal growth.
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62 Regulation of extravillous
trophoblast differentiation
K. Fukushima, K. Tsukimori and H. Nakano

During early development, cytotrophoblast (CT)
differentiation contributes to the organization of the
feto–maternal interface. One layer of the differentiated
trophoblast, which is marked by an invasive pheno-
type, is called extravillous trophoblast (EVT). EVT
invades decidual tissue and the maternal uterine wall.
Recent evidence shows that EVT invasion has a crucial
role in organizing and maintaining feto-placental cir-
culation. In this chapter, we focus on interstitial and
endovascular invasion and their regulatory mecha-
nisms during EVT differentiation.

Differentiation of CT
During the early phase of human pregnancy, CT cells
are derived from trophectodermal cells of the blasto-
cyst and contribute to organization of the feto–maternal
interface through cell proliferation and differentia-
tion. Differentiation of CT proceeds by two path-
ways that result in morphologically and functionally
distinct trophoblast populations (Figure 62.1). One
population consists of multinucleated, non-replicating
syncytiotrophoblast cells (ST), beneath which lie
immature, replicating, mononuclear villous CT. After
the blastocyst attaches to the endometrium, mononu-
clear CT cells that surround the embryonic disk fuse
to ST to form a syncytial layer. This layer covers the
intravillous space and transports nutrients, wastes,
and gases between fetal and maternal blood.1

The other population is the EVT, and these cells
have invasive properties. EVT cells leave the cellular
column to intrude into the decidua and uterine wall,
and they are observed as cytokeratin-positive cells
in the decidua, the intima of the spiral arteries, and
the proximal third of the myometrium. It is thought
that interstitial invasion of the placental bed by EVT
promotes placental anchorage. Interstitial invasion
is accompanied by endovascular invasion, in which
some invading EVT cells interact, resulting in
replacement of endothelium and the muscular tunica

of maternal vessels, including the spiral arteries. This
replacement substantially decreases vascular resist-
ance and results in increased blood flow toward the
intervillous space.2,3

Alteration of adhesion molecules
during interstitial invasion
Examination of tissue sections of human placental bed
biopsies shows that EVT cells switch integrin pheno-
type during differentiation and invasion.4 The CT stem
cells, which are anchored to the basement membrane,
express α6b4 integrin. Formation of the cell column is
accompanied by α5β1 up-regulation, and as EVT cells
intrude into the uterine wall they express the α1β1
subunit as well as the α5β1 subunit. Generally, α6b4
staining is weak and discontinuous at the uterine wall.4

During this normal trophoblast invasion, the extracel-
lular matrix (ECM) undergoes a transition from laminin
(Ln) to fibronectin (Fn) and collagen type IV (C4). Ln is
abundant in the superficial areas that face the villous
trophoblast. In contrast, C4 and Fn are more abundant
at deeper sites.4,5 Thus, it can be assumed that EVT
cells alter their integrin expression in parallel with the
variation in ECM distribution during invasion. Not
only integrin adhesion receptors, but also E-cadherin
expression are altered during the invasive pathway.6

Expression of E-cadherin, the cell–cell adhesion mole-
cule, is strong in CT stem cells and weak in differenti-
ating and invading EVT cells.7 These findings are
summarized in Figure 62.2.7,8

EVT invasion is a biochemically active process
because invading cells have to secrete proteases
including serine protease, cathepsin, and metallo-
proteinases. Matrix metalloproteinases (MMPs) have
15 family members that are classified by substrates
and structured into four subgroups. The MMPs are
inactivated by tissue inhibitor of metalloproteinases
(TIMP). The TIMP family consists of four members:
TIMP-1, -2, -3, and -4. Among all of these enzymes,
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MMP-2 and MMP-9 are considered to be the most
important for EVT invasion.9,10 Several pieces of evi-
dence have shown that ECM and integrin can affect the
activity of MMPs and behavior of EVT cells.11,12 MMP-
9 is up-regulated at deeper sites as in the case of inte-
grin α1β1.13 Damsky et al.5 investigated the effect of
integrin–ECM interaction on EVT invasive properties
using antibody inhibition to matrigel invasion assay.
Antibodies against Ln and C4 blocked EVT invasion.
The anti-α6 antibody did not inhibit EVT invasion,
whereas anti-β1 antibody did inhibit invasion. When
combined, these antibodies acted synergistically. In
contrast, anti-Fn antibodies stimulated rather than
blocked invasion. Thus, the EVT–ECM interaction that
subsequently arouses integrin conversion seems to be
important in controlling EVT phenotype.

The significance of normal placentation of CT
differentiation is highlighted by the fact that in
pre-eclampsia, in which both interstitial and endovas-
cular invasion are abnormally shallow, CT cells show
significant defects in differentiation.8,13–15 Furthermore,
CT cells in women with pre-eclampsia increase expres-
sion of the α5β1 subunit, but fail to both up-regulate
α1β1 and down-regulate α6b4.5,15 Thus, the cells appear
arrested in their differentiation and express an ECM
receptor phenotype that may not be optimal for
invasion.16 Taking all these findings together, it is likely
that expression of these integrin subunits is involved in
the regulation of normal EVT differentiation.

Alteration of adhesion molecules
during endovascular invasion
Angiogenesis plays a crucial role in both normal
physiological and pathological conditions including
placental development. During invasion, EVT finally
replaces the endothelial cells in uterine vessels.
Moreover, EVT cells also intrude into the vascular
muscles. This endovascular differentiation induces
remodeling of spiral arteries to increase blood flow
toward the intervillous space, which is covered by ST,
the other form of differentiated CT. As in the case of
interstitial invasion, integrin subunits expressed in
EVT dramatically change. Along with endovascular
differentiation, the adhesion molecule repertories
change in a comprehensive manner that mimics the
pattern for endothelial cells.16 Zhou et al.16 reported
that EVT in vivo showed reduced staining for adhe-
sion receptors characteristic of stable monolayer
epithelial cells and showed enhanced staining for
adhesion molecules characteristic of endothelial
cells. CT in cell columns show reduced E-cadherin

Figure 62.1 Microscopic appearance of extravillous trophoblast in placenta in early gestation during invasion. H&E stained
placental tissue from patients with cervical cancer who underwent radical hysterectomy at 10 weeks of gestation. Arrow, invaded
extravillous trophoblast; arrow head, maternal vessel replaced by trophoblast.

Figure 62.2 Alteration of adhesion molecules expressed in
EVT during invasion. Scheme of the alteration of integrin and
cadherin expression and distribution of extracellular matrix at
each placental site during invasion. Modified from Zhou
et al.8,16
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staining and express VE-cadherin, PECAM-1, VCAM-1,
and α4-integrins. EVT cells in the uterine interstitium
and maternal vessels start to express αVβ3 integrin.
These molecules (αVβ3 and VE-cadherin) enhance CT
invasiveness.16 In a later report, Zhou et al. showed
that pre-eclamptic CT does not stain for most of the
endothelial-type adhesion molecules that are expres-
sed by control CT cells.17 Inhibitors of αVβ3 or αVβ5
show anti-angiogenic activity in many models.18

Indeed, a humanized version of LM609, a monoclonal
antibody that blocks αVβ3 signaling, has entered clin-
ical trials for use in treatment.19 Although genetic
studies in mice have provided several controversial
points, it is believed that these integrins play an
important role in angiogenesis.20 Thus, these endothe-
lial-cell-related molecules are considered to play an
important role in endovascular differentiation in EVT.

The vascular endothelial growth factor (VEGF)
family members and their receptors (VEGFR) seem to
have important actions during the initial stages of
angiogenesis.21 EVT cells in early gestation express
VEGF-A, VEGF-C, placental growth factor (PlGF),
VEGFR-1, and VEGFR-3. When binding of VEGF-A,
PlGF, and VEGF–PlGF heterodimer to VEGFR-1 is
inhibited, tube-like formation on matrigel is impaired
and expression of integrin α1β1 is decreased. This
effect is enhanced when VEGF-C binding to endoge-
nous VEGFR-3 is blocked. This result suggests that
the signal from VEGFR1/3 is involved in the alter-
ation of integrin switching. The same research group
also reported that CT responds to VEGF ligands by
the autocrine system.22 Dunk et al.23 reported that
angiopoietin 1 and angiopoietin 2 can act as a mito-
gen and stimulate nitric oxide release from first-
trimester trophoblast, as well as VEGF.23–26 These
angiogenic factors also influence the angiogenic state
of maternal blood vessels.27

Effect of cytokines and growth
factor on EVT invasion (Table 62.1)
Interleukins
Interleukin-1 (IL-1) increases MMP-9 secretion and
stimulates MMP-9 activities.28,29 IL-1 or its receptors
are important for implantation of the blastocyst.30

Thus, IL-1 is a positive regulator of trophoblast differ-
entiation along the invasive pathway.31 IL-6 activates
MMP-2 and MMP-9 in trophoblasts.32 Circulating
levels of IL-6 are increased in patients with pre-
eclampsia.33,34 IL-10 down-regulates MMP-9 activity
and EVT invasiveness. IL-15 increases ETV invasion
and migration, as well as MMP-1 production by Jeg-3
cells.35 IL-10 and IL-15 seem to regulate trophoblast
invasiveness by autocrine mechanisms.35–37 Wang
et al. reported lower levels of expression of IL-8 and
IL-15 in pre-eclamptic placentas.38

Transforming growth factor
Transforming growth factor beta (TGFβ) stimulates
the synthesis of matrix glycoproteins39 and TIMP secre-
tion through down-regulation of urokinase, plasmin,
and plasminogen activator.40–42 TGFβ inhibits cellular
proliferation and migration,37,43,44 whereas TGFα

promotes EVT differentiation through the invasive
pathway.42

Tumor necrosis factor alpha (TNFα)
TNFα levels are elevated in patients with pre-
eclampsia,45,46 and TNFα has been shown to regulate
progesterone, estradiol, and human chorionic
gonadotropin (hCG) production in CTs.47 TNFα stimu-
lates trophoblastic MMP-9, MMP-1, and MMP-3 pro-
duction in human chorionic cells,48 whereas TNFα

decreases TIMP secretion.32,49 TNFα induces apop-
tosis,50 integrin subunit conversion, and functional
activation in EVT cell lines.51

Insulin-like growth factors and relatives
Insulin-like growth factor (IGF)-II promotes trophoblast
differentiation along the invasive pathway. Hamilton
et al.52 showed that IGF-II promotes cell migration.
IGFBP-1 increases trophoblast cell migration,42 inva-
sion,52 TIMP-1 secretion, and gelatinolytic activity.53

Other soluble factors
Leukemia inhibitory factor (LIF) is important for
implantation of the blastocyst.30 LIF inhibits the
gelatinolytic activity of trophoblasts bearing an Ln
receptor.54

TNF, VEGF, and ECM as
collaborative regulators in
EVT differentiation
As discussed above, many growth factors and
cytokines have been shown to have an ability to pro-
duce certain effects on trophoblast function; however,
the mechanism to regulate integrin subunit conversion
has been unclear. Fukushima et al.51 reported that
TNFα suppressed α6 integrin expression and enhanced
α1 integrin expression in a dose-dependent manner in
a human EVT cell line; TNFα also induced apoptosis,
which is suppressed by signals via integrin β1, with
aggregation also induced by TNFα (Figure 62.3).
Because integrins comprise a large family of cell sur-
face receptors that recognize a variety of ECM compo-
nents,55 these results suggest that TNFα and ECM
might collaboratively regulate EVT differentiation
through integrin signaling (Figure 62.4). EVT cells
alter their integrin expression in parallel with varied
ECM distribution during invasion.4,5 Thus, it has been
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suggested that the alteration of integrin expression
during differentiation of EVT may be responsible for
mediating distinct signals to EVT upon adhesion to
ECM. In other words, ECM regulates EVT differentiation;
however, at the same time, this is an adaptation for EVT.

We should note physiological microenvironments
surrounding EVT during early pregnancy. Hypoxia
and oxidative stress caused by hypoperfusion and
transient ischemia affect cytokine production.56–58

Placental VEGF expression is up-regulated by
hypoxia.59 Hypoxia also induces proinflammatory
cytokines including TNFα.60 TNFα plays a pivotal
role in pregnancy61 and seems to be necessary for fetal
development because it is expressed in normal tissues
of a wide range of organs in the human fetus.62 Zhou
et al.22 suggested that the signal from VEGF–VEGFR is

involved in the alteration of integrin switching. We
have found that TNFα and VEGF induce integrin αVβ3
expression and aggregation in an immortalized human
EVT cell line.63 It might be assumed that signals via
αVβ3 integrin receptor and VEGFR are involved in
endovascular differentiation. TNFα induces expression
of VEGF in several kinds of cells.64,65 Thus, there could
be sequential and synergistic effects between TNFα

and VEGF together with ECM in the physiological
regulation of EVT differentiation. This hypothesis
might explain biological communication between the
maternal microenvironment and fetal trophoblast. As
an immunological defending response, maternal cells
secrete TNFα. Although some trophoblast cells are
eliminated by apoptosis, at the same time, ECM could
act as a survival factor for trophoblast cells through

Table 62.1 Summary of biological effects of soluble factors on cytotrophoblast

Biological effect on cytotrophoblast (and/or EVT) References

IL-1 Promotes invasion Lala and Lysiak,31 Librach et al.29

Increases MMP9 secretion Meisser et al.28

Promotes differentiation in invasive pathway

IL-6 Increases circulating level in pre-eclamptic patients Conrad and Benyo,33 Conrad et al.34

Activates MMP2 and 9 Meisser et al.32

IL-8 Lower level of expression in pre-eclamptic placenta Wang et al.38

IL-10 Inhibits invasion Roth et al.,36 Roth and Fisher37

IL-15 Lower level of expression in pre-eclamptic placenta Wang et al.38

Increases invasiveness Zygmunt35

TNF Progesterone, hCG, estradiol synthesis Li et al.47

Stimulates MMP1, 3, 9, decrease TIMP So et al.,48 Takahashi et al.,49 Meisser et al.32

Induces integrin subunit conversion Fukushima et al.51

Induces apoptosis Levy and Nelson50

Elevates circulating level and expression Hamai et al.,45 Rinehart et al.46

in pre-eclamptic patients and placenta

TGFβ Stimulates matrix glycoproteins Feinberg et al.39

Inhibits cellular proliferation and migration Graham et al.,43 Khoo et al.,44 Roth and Fisher37

Stimulates TIMP secretion by down-regulation Graham and Lala,40 Graham et al.,41 Irving and Lala42

of urokinase, plasmin, plasminogen activator

TGFα Promotes differentiation Irving and Lala42

LIF Inhibits gelatinolytic activity Bischof et al.54

IGF2 Stimulates differentiation and migration Irving and Lala42

IGFBP1 Increases cell migration, invasion, Irving and Lala,42 Hamilton et al.,52 Bischof et al.53

TIMP-1 secretion and gelatinolytic activity

VEGF Increases proliferation and NO release Charnock-Jones et al.,18 Athanassiades et al.,25

Ahmed et al.26

Involves in tube-like formation in matrigel (VEGFR) Zhou et al.22

Ang2 Increases proliferation and NO release Dunk et al.23

IL, interleukin; TNF, tumor necrosis factor; TGF, transforming growth factor; LIF, leukemia inhibitory factor; IGF, insulin-like growth factor; IGFBP,
IGF binding protein; VEGF, vascular endothelial growth factor; Ang, angiopoietin.
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integrin signaling if they can successfully convert
phenotype. TNFα also enhances the formation of a
number of endothelial cell molecules.66 If excessive
hypoxia and/or inflammation develop, such regula-
tion might be impaired with induction or failure of
both cellular survival and EVT differentiation.
Indeed, when cultured under hypoxic conditions, CT
cells fail to differentiate.67

In this chapter, we have presented research findings
along with EVT invasion, which has been implicated
as one of the ‘key phenomena’ in the normal placen-
tation and hypothec paradigm. TNFα together with
VEGF-systems might be key players in this differentia-
tion adaptation with ECM. Of course, there have been
suggestions that many other soluble factors could be
involved in the regulation of trophoblast phenotype,
and there are probably other key molecules that are
essential for invasive phenotype, e.g. regulation of
MMP secretion and activity. It is necessary to take
into account cross talk among these molecules in the
course of a normal pregnancy. Much more data are
needed in order to integrate the current pieces of
research evidence for this very interesting field.
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Figure 62.3 TNF induces integrin subunit switching in
TCL1 cells. (a) Immunoblot analysis using anti-1 and -6 integrin
subunits. TCL1 cells were seeded and grown at 37°C. After 1
day of incubation, the medium was replaced with fresh,
complete medium containing 10% fetal calf serum and 20
or 100 pg/ml TNF for the indicated times. Cellular proteins
were extracted and then analyzed by immunoblotting.
Reproduced from Ref. 51. (b) TNF strengthens integrin adhesive
functions. TCL1 cells were seeded on collagen type I-coated
coverslips. The cells were incubated with or without 100 pg/ml
TNF for 24 h. Cells were then fixed and stained with an
anti-1 integrin subunit monoclonal antibody. The white arrows
indicate integrin 1 subunit aggregation. Reproduced from
Fukushima et al.51

Figure 62.4 A hypothetical paradigm for TNF/VEGF/ECM collaboration during EVT differentiation. See text for details. ECM,
extracellular matrix.
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63 Trophoblast dysfunction
and maternal endothelial
cell dysfunction in the
pathogenesis of pre-eclampsia
K. Tsukimori, K. Fukushima and H. Nakano

The etiology and pathogenesis of pre-eclampsia
remain poorly understood. Several investigators have
suggested that poor placentation is an important pre-
disposing factor of pre-eclampsia and that endothelial
cell dysfunction underlies disease manifestations.1–4

In response to reduced placental perfusion due to
poor placentation, the placenta may promote the
release of various factors that initiate systemic
endothelial cell dysfunction, leading to an increase in
both vascular resistance and arterial pressure and
activation of the coagulation cascade associated with
pre-eclampsia. In this chapter, we focus on functional
abnormalities of the placenta and trophoblast in
pre-eclampsia, as well as the potential cellular and
molecular mechanisms that contribute to the maternal
endothelial cell dysfunction seen in this disorder.

Poor placentation
During early pregnancy, cytotrophoblast (CT) cells
invade the uterus and its spiral arteries (in interstitial
and endovascular invasion, respectively). As a result
of endovascular invasion, CT cells replace the
endothelial layers of spiral arteries with destruction
of the medial elastic, muscular, and neural tissue.
This replacement substantially decreases vascular
resistance, resulting in increased blood flow toward
the intervillous space.5,6 In pre-eclampsia, extravil-
lous trophoblast (EVT) cell invasion of the uterus is
shallow, and endovascular invasion does not progress
beyond the terminal portion of the spiral arteries
(Figure 63.1).5 Myometrial segments of these arteries
remain anatomically intact and undilated; in addi-
tion, adrenergic nerve supply to the spiral arteries is
not affected. The mean external diameters of the uter-
ine spiral arteries in women with pre-eclampsia are

less than one-half the diameters of similar vessels
from uncomplicated pregnancies. The failure of EVT
invasion in pre-eclampsia results in a reduction in
uteroplacental perfusion. Because the process of EVT
invasion of spiral arteries is normally completed by
weeks 20–22 of gestation,7 a critical underlying lesion
in pre-eclampsia is the failure of EVT to invade the
myometrial portion of the muscular spiral arteries.

Normal trophoblast invasion requires meticulously
regulated expression of specific adhesion molecules for
both cell–cell interactions as well as cell–extracellular
matrix (ECM) interactions.8 In pre-eclampsia, CT cells
increase expression of adhesion molecules present in
the initial proliferative  phenotype, α5β1, but fail both
to upregulate adhesion molecules that promote inva-
sion, α1β1, and to down-regulate molecules that inhibit
invasion, α6β4 (Table 63.1).9–12 Thus, the cells appear
arrested in their differentiation and express an ECM
receptor phenotype that may not be optimal for inva-
sion.12 In addition, endovascular invasion seems to
require the ability of endovascular trophoblast cells to
alter phenotype to resemble vascular endothelial
cells.13 In pre-eclampsia, trophoblast cells in decidual
vessels do not express the endothelial antigens vascular
adhesion molecule-1 (VCAM-1) and platelet endothe-
lial adhesion molecule-1 (PECAM-1).12 When these
data are considered together, this overall dysfunctional
expression of adhesion molecules may be responsible
for the pathological findings of impaired interstitial and
endovascular invasion in pre-eclampsia.

Factors involved in poor placentation
Hypoxic environment
Several studies suggest that oxygen tension can
modulate trophoblast differentiation. Fox and Path
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reported that placental villi cultured under hypoxic
conditions showed variable syncytial degeneration
and a marked increase in the number and growth-
promoting activity of CT cells.14 More recently, using
an in vitro organ culture model, CT maintained
under hypoxic conditions failed to express integrin
α1 and VE-cadherin.15,16 These findings suggest that
under hypoxic conditions CT cells enter a prolifera-
tive pathway and do not differentiate to the invasive
phenotype. The adhesion molecule phenotype of
these cells mimics that of CT from women with
pre-eclampsia.12

In vitro, hypoxia stimulates the production of
inflammatory cytokines and other mediators such as
tumor necrosis factor-α (TNF-α), Interleukin (IL)-1α,
IL-1β,17 and transforming growth factor-β (TGFβ)18

by trophoblasts. TNF-α induces apoptosis,19 integrin

subunit conversion, and functional activation in
an EVT cell line.20 TGFβ also inhibits cellular prolif-
eration and migration.21–23 In addition, trophoblasts
under hypoxic conditions increase production of sol-
uble fms-like tyrosine kinase 1 (sFlt-1), an antagonist
for both vascular endothelial growth factor (VEGF)
and placental growth factor (PlGF).24 The enzyme
sFlt-1 is involved in an alteration of integrin switch-
ing that decreases cell invasiveness.25 In placentas
from women with pre-eclampsia, there is increased
production of TNF-α,17 TGFβ,18 and sFlt-1,25,26 as well
as decreased production of VEGF.25 Taken together,
this evidence suggests that hypoxia induces produc-
tion of inflammatory cytokines and/or growth factors
and then modulates cytotrophoblast differentiation
and adhesion antigen expression, resulting in the
inadequate invasion seen in pre-eclampsia.

Table 63.1 Integrin expression by cytotrophoblast cells in normal and pre-eclamptic pregnancies (modified from
Zhou et al.12)

Change from villus to placental bed
Integrin 
receptor ECM ligands Functional link Normal pregnancy Pre-eclampsia

α6/β4 BM ligand (Ln ?) Inhibit invasion Down-regulated Unchanged

α5/β1 Fn Initial proliferation Upregulated Up-regulated

α3/β1 Ln, Fn, Col Proliferation Uniformly expressed Uniformly expressed

α1/β1 Ln, Col IV, Col I Promote invasion Up-regulated Not expressed (weakly 
expressed)

ECM, extracellular matrix; BM, basement membrane; Ln, laminin; Fn, fibronectin; Col, collagen

Figure 63.1 Trophoblast invasion in normal and pre-eclamptic pregnancies. Modified from Saito et al.23 with permission.
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Immunologic factors
Epidemiological evidence indicates that first preg-
nancy, change of partner, donor insemination, and
use of barrier contraceptives all increase the risk
of pre-eclampsia, suggesting that a prior immune
response to foreign or paternal antigens protects
against development of pre-eclampsia.27–29 In pre-
eclampsia, human leukocyte antigen (HLA)-G,
a surrogate auto-antigen known to prevent recogni-
tion by natural killer (NK) cells, is not expressed
in trophoblasts.30,31 HLA-G down-regulates NK cell-
mediated cytotoxicity32 and suppresses IL-2–induced
cell damage.33 The soluble HLA-G1 isoform also
down-regulates CD8-positive T cell (cytotoxic T cell)
reactivity.34 These findings suggest that invasive tro-
phoblast lacking HLA-G is attacked by NK cells and
cytotoxic T cells, resulting in the inadequate tro-
phoblast invasion seen in pre-eclampsia. Recently,
Saito and colleagues reported that pre-eclampsia is
associated with a Th1 predominant immunity.35

Th1-type cytokines such as IL-2, IFN-γ, TNF-α,
and TNF-β activate cytotoxic T cells and NK cells.
Activated cytotoxic T cells and NK cells can attack
invading trophoblasts, causing a failure of trophoblast
invasion.

Genetic factors
There is evidence of an increased incidence of pre-
eclampsia among sisters, mothers, and daughters.
Some studies have implicated several genes as risk
factors for pre-eclampsia including angiotensin,36

endothelial nitric oxide synthase (eNOS),37 TNF-α,38

the factor Leiden mutation,39 and hyperhomocys-
teinemia.40 Recent data focused on fetoplacental
rather than maternal acting genes suggest that feto-
placental genes may carry an associated risk. These
could be genes encoding factors associated with CT
invasion. The risk of pre-eclampsia increases with a
change in partner,41 implying the importance of
paternal genes. By following both men and women
who were products of pre-eclamptic pregnancy, it
has been suggested that both maternally and pater-
nally inherited genes play a contributory role,42 pos-
sibly by contributing to the genetic constitution of
the placenta.

Biological changes of placental
function
Poor placentation causes a reduction in utero-
placental perfusion, causing placental ischemia/
hypoxia. Placental ischemia/hypoxia is known to
induce several mediators such as reactive oxygen
species (ROS) and inflammatory cytokines. Several
biochemical abnormalities have been reported in

placentas obtained from women with pre-eclampsia
(Table 63.2).

Increased oxidative stress
Increased superoxide (O–

2) synthesis rates have been
noted in placentas from women with pre-eclampsia.43,44

The expression of xanthine oxidase, which is an
important source of O–

2 generation, is also enhanced
in placentas from women with pre-eclampsia.45 As an
indirect indication of excessive generation of ROS,
nitrotyrosine content, a stable marker for peroxinitrite
(ONOO–), is increased in placentas from women with
pre-eclampsia.46,47 When oxygen free radicals are not
eliminated by antioxidants, lipid peroxide formation
is induced.48 Placental levels of lipid peroxidation
products, as well as other markers of oxidative stress
such as malondialdehyde (MDA),49,50 8-iso-PGF2α,51

and protein carbonyl52 are increased. In vitro pro-
duction of lipid peroxides is also increased in tro-
phoblasts from women with pre-eclampsia.51,53,54

Placental antioxidant levels such as vitamin E, as well
as the activities of glutathione peroxidase,55 and both
mRNA expression and enzyme activity for Cu/Zn-
superoxide dismutase (SOD), are decreased in pre-
eclampsia.44 Thus, the placenta represents a state of
oxidative stress in pre-eclampsia.

Altered cytokine production
Expression of inflammatory cytokines such as
TNF-α and IL-1β is increased in pre-eclamptic
placentas.56,57 However, Benyo and colleagues failed
to observe increased mRNA levels of both TNF-α
and IL-1β in pre-eclamptic placenta.58 Placental
levels of IL-8,59 IL-10,60 and IL-1561 are decreased
in pre-eclampsia. Thus, although the picture is not
entirely clear, placental cytokine production is
altered in pre-eclampsia.

Increased vasoconstriction
Placental thromboxane production is increased,
whereas placental PGI2 production is decreased in pre-
eclampsia.62,63 Endothelin (ET)-1 expression and pro-
duction are increased in trophoblasts obtained from
women with pre-eclampsia.64,65 Regarding nitric oxide
(NO) production, Napolitano and colleagues reported
that inducible nitric oxide synthase (iNOS) expression,
which represents the main source of NO, is decreased;
conversely, endothelial nitric oxide synthase (eNOS)
expression is increased in trophoblasts obtained from
women with pre-eclampsia.64 In contrast, other investi-
gators have failed to observe increased eNOS activity66

and eNOS immunostaining levels.67 Page and col-
leagues reported that expression of neurokinin (NK)
B is increased in trophoblasts from women with pre-
eclampsia.68 Thus, in pre-eclampsia placental vasocon-
strictor production is increased, whereas placental
vasodilator production is decreased.

716 Trophoblast dysfunction and maternal endothelial cell dysfunction in the pathogenesis of pre-eclampsia
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Maternal endothelial cell
dysfunction in pre-eclampsia
Several pieces of evidence indicate that adverse
changes in structure and function of the maternal vas-
cular endothelium account for the altered vascular
reactivity, activation of the coagulation cascade, and
multisystem damage that occurs in pre-eclampsia.69,70

Pathologic changes in endothelial cells that line
the renal glomerular capillaries (glomerular endothe-
liosis) are a consistent feature in women with
pre-eclampsia.71–73 Structural changes of the endothe-
lium have been found in uteroplacental vessels.74

In addition, functional evidence of endothelial
alteration has been reported. The level of the
endothelial prostanoid prostacyclin (PGI2) is reduced
weeks before as well as during clinically evident pre-
eclampsia.75–77 Vessels removed from women with
pre-eclampsia manifest reduced endothelial-mediated
vasodilator function.78–80 A variety of substances
indicative of endothelial dysfunction are increased in
the blood of women with pre-eclampsia including cel-
lular fibronectin (cFN),81–83 von Willebrand factor,84,85

thrombomodulin,86,87 and VCAM-1.88,89 Many of
these substances including serum soluble VCAM-190

and cFN83 are elevated weeks before pre-eclampsia
becomes clinically evident.

Linkage between placental
dysfunction and maternal
endothelial dysfunction
To link placental dysfunction with the generalized
endothelial dysfunction seen in pre-eclampsia, the
existence of factor X, released from the placenta into
the maternal circulation, was proposed. Indeed, we
and other investigators have reported that serum from
women with pre-eclampsia has a cytotoxic effect on
cultured endothelial cells.91,92 The factor seems to
modulate endothelial cell function rather than damage
the cells directly. In response to serum or plasma from
women with pre-eclampsia, production of PGI2

93,94

and NO95–97 is altered, and increases are seen in cFN
production,98,99 mitogenic activity,100,101 uptake of
fatty acids,102 and expression of platelet-derived

Table 63.2 Biological changes in pre-eclamptic placenta

Marker or activity Location Reference no(s).

Increased oxidative stress
Increased superoxide synthesis Placental tissue and trophoblast cells 43, 44
Increased xanthine oxidase expression Invasive cytotrophoblast 45
Increased nitrotyrosine immunostaining Invasive cytotrophoblast 46, 47
Increased MDA level Placental homogenate 49, 50
Increased 8-isoprostane level and production Placental tissue pieces 51
Increased protein carbonyl level Placental and decidual homogenate 52
Increased lipid peroxide production Trophoblast cells and villous tissue 51, 53, 54
Decreased glutathione peroxidase activity Placental homogenate 55
Decreased vitamin E level Placental homogenate 55
Decreased Cu/Zn-SOD activity and mRNA expression Trophoblast cells 44

Altered cytokine production
Increased TNF-α production and mRNA expression Placental tissue 56, 57
Increased IL-1β mRNA expression Placental tissue 56
No change for inflammatory cytokine Placental homogenate 58
(TNF-α, IL-1α, IL-1β, IL-6) mRNA expression
Decreased IL-8 production Placental villous tissue 59
Decreased IL-10 immunostaining Villous trophoblast cells 60
Decreased IL-15 production Placental tissue and trophoblast cells 61

Increased vasoconstriction
Increased thromboxane production Placental tissue and cytotrophoblast 62, 63
Increased ET-1 production and mRNA expression Trophoblast cells 64, 65
Increased NKB mRNA expression Outer syncytiotrophoblast 68
Decreased prostacyclin production Placental tissue and cytotrophoblast 62, 63
Decreased iNOS mRNA expression Trophoblast cells 64

MDA, malondialdehyde; TNF, tumor necrosis factor; IL, interleukin; ET, endothelin; NKB, neurokinin B; iNOS, inducible nitric oxide synthase
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growth factor (PDGF).103 Many of these activities are
not only elevated weeks before pre-eclampsia becomes
clinically evident, but, as with the clinical signs of the
syndrome, they disappear shortly after delivery.91,99–101

Initially, Factor X was thought to be a single factor, but
increasing evidence suggests the presence of several
interacting factors. Several candidate factors have been
proposed, including oxidative damage products,
proinflammatory cytokines, syncytiotrophoblast
microvesicles (STBM), and angiogenic factors.

Oxidative damage products
Circulating levels of lipid peroxidation products
such as MDA104–106 and 8-iso-PGF2α50,107 are increased
in pre-eclampsia. As described above, these products
are elevated in concentration in trophoblasts from
women with pre-eclampsia. Increased lipid peroxida-
tion increases endothelial monolayer permeability to
protein108 and increases incorporation of fatty acids
into endothelial cell membranes.109 Free 8-iso-PGF2α

is also a biologically active vasoconstrictor in vivo.110

Nitrotyrosine staining, a stable marker for ONOO– is
increased in sera from women with pre-eclampsia111

and in pre-eclamptic placenta.46,47 The free radical
ONOO– is one of the most potent reactive species, and
it can lead to increases in lipid peroxides and direct
or indirect cellular damage.112

Proinflammatory cytokines
Proinflammatory cytokines such as TNF-α and IL-1β

can produce endothelial dysfunction either directly
or by activating maternal leukocytes.3,113,114 In pre-
eclampsia, circulating levels of IL-6, TNF-α,115–117 and
its two soluble receptors (p55 and p75 TNF-R)117

are increased. Expression of placental cytokines
including TNF-α and IL-1β is also increased in pre-
eclampsia.56,57 In contrast, Benyo and colleagues
demonstrated that placental levels of inflammatory
cytokines (e.g., TNF-α, IL-1α, IL-1β, and IL-6) are not
altered,58 suggesting that tissues other than the pla-
centa, such as activated leukocytes or endothelium,
may be involved in the elevation of inflammatory
cytokines found in the circulation of women with
pre-eclampsia. Hung and colleagues reported that
hypoxia–reoxygenation of placental tissue in vitro
increases production of TNF-α and causes endothelial
dysfunction,118 suggesting that a local inflammatory
response can induce systemic endothelial dysfunc-
tion either directly or by activating maternal leuko-
cytes during their passage through the placenta.

Syncytiotrophoblast microvesicles (STBM)
Circulating STBM are detected in the plasma of normal
pregnant women, but they are present in significantly
increased amounts in women with pre-eclampsia.119

STBM induce ultrastructural endothelial cell injury120,121

and reduce endothelial cell-mediated vasodilation in
isolated human arteries.122 Hung and colleagues
reported that in vitro hypoxia–reoxygenation stimu-
lates apoptotic changes within syncytiotrophoblasts
in normal third-semester placentas, suggesting that
aponecrotic processes secondary to reduced placental
perfusion can lead to deportation of STBM into the
maternal circulation.123

Angiogenic factors
VEGF is a well-known promoter of angiogenesis, and
it also induces nitric oxide and vasodilatory prostacu-
clins in endothelial cells suggesting a role in decreas-
ing vascular tone and blood pressure.124,125 Decreased
concentrations of circulating free VEGF have been
noted in women with clinical pre-eclampsia,26 and
decreases have even been detected before clinically
evident pre-eclampsia developed.126,127 Recent studies
have demonstrated that sFlt-1, an antagonist for VEGF,
is increased in serum26,128–130 and placenta25,26 from
women with pre-eclampsia. Levine and colleagues
reported that increased levels of sFlt-1 predict subse-
quent development of pre-eclampsia.129 In addition,
animal model experiments have recently demon-
strated that exogenous sFlt-1 administered to pregnant
rats induces hypertension, proteinuria, and glomelural
endotheliosis.26 Nagamatsu and colleagues reported
that trophoblasts under hypoxic conditions in vitro
increase production of sFlt-1.24 Interestingly, recent
evidence suggests that TNF-α also stimulates the
release of sFlt-1 from placental explants.131

Maternal and placental interactions
in pathogenesis of pre-eclampsia
Abnormal placentation is not uniquely associated with
pre-eclampsia. For example, infants with intrauterine
growth restriction132 and one third of infants with
preterm birth133 manifest abnormal features of placen-
tation identical to those seen in pre-eclampsia. It has
been proposed that abnormal placentation must
interact with maternal factors to cause the clinical
features of pre-eclampsia. Maternal constitutional
factors, such as genetic, behavioral, and environmen-
tal factors would predispose to pre-eclampsia. These
constitutional factors, likely influenced by the unique
physiological changes of pregnancy, would interact
with placental factors induced by placental ischemia/
hypoxia to bring about the pathophysiological
changes of pre-eclampsia.1,134

Constitutional factors
Preexisting hypertension, diabetes, obesity, and
increased insulin resistance, as well as African descent

718 Trophoblast dysfunction and maternal endothelial cell dysfunction in the pathogenesis of pre-eclampsia
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and increased blood homocysteine concentration, are
already known to be predisposing factors.135 Inter-
estingly, these are also risk factors for other endothelial
diseases, in particular atherosclerosis. The concept of
common risk factors for the two disorders is supported
by the relationship of pre-eclampsia to cardiovascular
disease in later life.136,137 In addition, pre-eclampsia
and atherosclerosis share common alterations of
lipid profile including elevated triglycerides,104

reduced HDL-cholesterol,138 and increased small dense
LDL-cholesterol.139 LDL particles are smaller than
those of normal controls, which may facilitate their
oxidation.140,141

Pregnancy-specific changes
It is well known that a neutrophilic leukocytosis
occurs in pregnancy.142 Sacks and colleagues used
whole blood flow cytometric techniques to report
that normal third-trimester pregnancy is character-
ized by remarkable activation of peripheral blood
leukocytes, an activation that is further increased in
pre-eclampsia.143 We and other investigators have
demonstrated that isolated neutrophils from women
with pre-eclampsia synthesize more superoxide than
those of normotensive pregnant women.144-146 In an
investigation of the mechanism of extreme neu-
trophil activation in pre-eclampsia, Aly and col-
leagues demonstrated that STBM, which are present
in blood in elevated levels in pre-eclampsia,119 lead
to activation of maternal neutrophils.147 Maternal
neutrophils could also be locally activated during
passage of maternal blood through the placenta.117,148

In addition, we have reported that sera from women
with pre-eclampsia enhance superoxide production
of neutrophils in vitro.144 The interaction of these
activated neutrophils with endothelium would then
result in the release of reactive oxygen species and
endothelial injury.149 Taken together, this evidence
suggests that activated neutrophils, occurring as a
usual component of maternal response to pregnancy,
could provide a link between the placental dysfunc-
tion and maternal endothelial cell dysfunction seen
in pre-eclampsia.

Conclusion
The two central pathophysiological themes of pre-
eclampsia are placental trophoblast dysfunction and
endothelial cell dysfunction within the maternal
systemic vasculature. As discussed above, it has
been proposed that multiple factors (e.g., hypoxic
environmental, genetic, and immunological factors)
may lead to impaired trophoblast invasion and
inadequate spiral arterial remodeling (Figure 63.2).
This, in turn, results in reduced placental perfusion.
In response to this ischemic and/or hypoxic state,
affected placentas secrete or elaborate substances
into the maternal circulation that directly or indi-
rectly cause systemic vascular endothelial cell dys-
function. In addition, pregnancy-specific changes
(e.g., activation of neutrophils) combined with mater-
nal constitutional factors (e.g., genetic disposition
and circulating lipoproteins) are also involved in

Figure 63.2 Proposed linkage between poor placentation and maternal endothelial dysfunction in pathogenesis of pre-eclampsia.
See text for detail.
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development of pre-eclampsia. It is necessary to clarify
the mechanisms involved in placental and maternal
endothelial dysfunction and to identify the factor(s)
connecting them in order to understand, treat, and
eventually prevent pre-eclampsia.
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64 Basic aspects of
trophoblastic disease
N. Wake, K. Asanoma, T. Matsuda and H. Kato

Genetics of hydatidiform moles
Hydatidiform moles that have grossly swollen villi are
divisible into two entities: the classical complete
mole and the partial mole. The complete mole pres-
ents as a rapidly progressing hydatidiform change
affecting the whole placenta, with widespread and
gross trophoblastic hyperplasia in the absence of an
embryo and its covering amnion. The majority of
complete moles have a 46, XX karyotype. Inspection
of the karyotype of a mole and its parents readily
reveals that both members of chromosome pairs of the
complete mole are traceable to one paternal chromo-
some. Thus, these moles result from duplication of
a paternal haploid set in a functionally empty ovum,
a process called androgenesis. Most probably, these
moles develop from fertilization of an empty ovum by
a haploid sperm followed by the duplication of its
chromosomes.1–6 The maternal nuclear complement is
either eliminated or inactivated in an empty ovum.
This mechanism would account for the preponder-
ance of XX moles, because their YY counterparts are
probably lost during early cleavage stages.

The rare 46, XY moles can also be found.7–9

Estimates of the total number of these moles range
from 4% to 20% in a small series. Southern blots
of polymerase chain reaction (PCR) products clearly
demonstrate that both alleles shown in the mole
derive from the two paternal alleles in some gene loci,
whereas the allele derives from one of two paternal
alleles in the remaining loci. The genetic features
shown in these moles are compatible with fertiliza-
tion of an empty egg by two spermatozoa. Dispermy
would result in an XX, XY or YY sex chromosome
constitution, in a 1:2:1 ratio. Again, YY moles are
lethal.

In addition to androgenesis, occasional complete
moles that are diploid but biparental in origin have
been described. While androgenetic complete moles
are usually sporadic, biparental complete moles are
associated with a predisposition to recurrent molar
pregnancies and frequently occur in more than one

member of a family. Women with a biparental com-
plete mole have a much greater risk of having more
complete moles than women with an androgenetic
complete mole or partial mole, and have an apprecia-
ble risk of persistent trophoblastic disease. The
biparental complete mole arises from an unusual
pregnancy associated with a failure to set maternal
imprints within the ovum. The gene, mutated in the
woman with a biparental complete mole, shows an
autosomal recessive mode of inheritance and has been
mapped to chromosome 19q 13.4.

In the partial moles there is a slow hydatidiform
change that affects only some of the villi. There is
focal, moderate, trophoblastic hyperplasia, irrespec-
tive of the survival of the embryo. An accumulation of
cytogenetic data has shown that dispermic triploids
that were products of an intact ovum fertilized by two
spermatozoa were responsible for these partial
moles.10–13 We have encountered unusual cases of
partial moles in the course of systematic cytogenetic
studies of partial moles, each with a tetraploid kary-
otype. These rare partial moles result from the combi-
nation of a haploid ovum with three paternal haploid
sets as a result of trispermic fertilization.14–16 The
majority of partial moles result from dispermic
triploids. Tetraploids with one maternal and three
paternal haploid sets provide unequivocal morpho-
logical examples of partial moles. In addition to these,
complete moles that involve the whole placenta in
hydatidiform changes are androgenetic in origin.
These findings illustrate an intriguing correlation
between a molar phenotype and the ratio of paternal
to maternal genome in the conceptus. In this con-
nection, the fact that benign ovarian teratomas are
parthenogenetic in origin leads to the possibility that
the maternal and paternal genomes are not function-
ally equivalent. The teratoma that consists of embry-
onic tissue elements in the absence of extraembryonic
tissues has two maternally derived haploid sets.
These findings point to some dependence of the
extraembryonic tissues, notably trophoblast, on the
paternal genome, while some maternal genes are
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apparently required for the development of the
embryo proper. Only male plus female diploid combi-
nations of pronuclei would give rise to normal
embryos. Particular sets of genes undergo a separate
specific imprinting during oogenesis and spermatoge-
nesis. Most probably, disruption of imprinted regula-
tion for a particular set of genes in complete and
partial moles contributes to the formation of molar
phenotypes, but these remain to be identified.
Histopathological criteria to differentiate between
partial and complete moles are inconsistent among
countries. In addition, histological features overlap
significantly between these moles, especially when
the moles are evaluated in the early gestational stage.
These indicate the necessity of genetic demonstration
of each class of moles.

Malignant trophoblastic neoplasms
with different modes of origin
It is well known that the complete mole has a propen-
sity to malignancy. However, there has been no direct
proof in the majority of patients that choriocarcinoma
indeed derived from a complete mole. The andro-
genetic origin of complete moles provides us with a
method for determining the origin of choriocarcino-
mas. The genome of choriocarcinoma should reflect
that of the pregnancy from which the tumor arose.
After a live birth or spontaneous abortion, both mater-
nal and paternal contributions to the genome should
be present in the tumor genome. Choriocarcinoma
after complete mole conceptions should carry only
the paternal genome. The absence of a paternal con-
tribution in the tumor genome is a feature of non-
gestational choriocarcinoma. Based on these genetic
backgrounds, a small number of choriocarcinomas
have been examined so far.17–23 However, the number
of cases reported is too small to show whether there is
a predominant association of complete mole with
choriocarcinoma or not. Thus, we examined the
genetic origin of a relatively large number of tro-
phoblastic tumors in order to demonstrate the propen-
sity to malignancy of the complete mole.

Genomic DNAs obtained from 24 fresh or paraffin-
embedded tumors were successfully amplified by
PCR.24. Based on pregnancy history, these tumors
included (1) 9 postmolar trophoblastic tumors, (2) 12
tumors preceded by live birth or abortion and (3) 3
non-gestational tumors. PCR polymorphism data
revealed the absence of a maternal genome in eight
postmolar trophoblastic tumors (Table 64.1). This was
contrasted with the presence of a maternal genome in
all 12 tumors preceded by live birth or abortion and
in the three non-gestational tumors. Thus, these eight
postmolar trophoblastic neoplasms developed from
malignant transformation of complete moles. Six

tumors were homozygous at three or more gene loci
in which the partners were heterozygous. A female sex
chromosome constitution was anticipated because
PCR failed to amplify any fragment specific to the
SRY (which is specific to the Y chromosome) gene
sequence in these tumors. These genetic features may
be compatible with those of the complete mole that
results from fertilization of an empty egg by an X-bearing
sperm. The heterozygosity was recognized in two
tumors at a few gene loci. The 240-base-pair (bp) PCR
product specific to the SRY gene sequence was pres-
ent in one tumor but not in the other. It seemed likely
that the two tumors originated from an XX or XY dis-
permic, androgenetic mole (Figure 64.1).

The remaining choriocarcinoma contained an
allele derived from the patient at a few gene loci. This
finding is compatible with the assumption that the
tumor did not arise from a complete mole. A full-term
delivery prior to a complete mole conception would
explain this tumor development.

All 12 tumors in class (2) had alleles of both pater-
nal and maternal contribution. However, discordance
of sex between the antecedent pregnancy product and
the tumor was recognized in three choriocarcinomas.
The absence of a paternal contribution suggested a
parthenogenetic origin for the three non-gestational
choriocarcinomas. The findings that PCR polymor-
phisms were either homozygous in certain loci or
heterozygous in others may mean that the tumor was
derived from a germ cell after meiosis I. As a result, at
least three subtypes with different modes of origin
were demonstrated in the 24 trophoblastic tumors.
Although more than half of the trophoblastic tumors
collected here had a maternal contribution to their
genomes, the data still support the suggestion that of
all forms of pregnancy that predispose patients to
choriocarcinoma, the most likely is the complete mole.

Molecular mechanisms associated
with trophoblastic diseases
Gene expression profile in complete moles
Kato et al.25 used microarray analysis to investigate
the expression profiles of 589 genes committed to cell
growth control, in order to characterize the regulatory
circuitry for cell proliferation in complete moles.
Complete moles are characterized by hyperplastic
trophoblasts and have a high propensity to cause
choriocarcinoma. Characteristic alterations in gene
expression profiles were observed when compared
with normal villi. A total of 57 genes were signifi-
cantly up-regulated in complete moles. These involved
the Ras/mitogen-activated protein kinase III, Janus
kinase/STAT5 and Wnt signal pathways, implicating
growth factor- or cytokine-mediated signal pathways
in the trophoblastic hyperplasia of complete moles.
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Several genes associated with antiapoptosis, cell struc-
turing and/or cell attachment were also up-regulated
in complete moles. In contrast, relatively fewer genes
were down-regulated and these involved insulin growth
factor binding proteins, Versican, interleukin-1, tumor
necrosis factor receptor, CD44 and Rad 52. The genes
identified as being up- or down-regulated may help to
elucidate the regulation mechanisms of trophoblastic
proliferation and the mechanisms causing a pathologi-
cal phenotype in complete moles (Figure 64.2).25

Silencing of NECC1/Hop expression
in choriocarcinoma
Choriocarcinoma is a highly invasive tumor consist-
ing of markedly anaplastic trophoblasts totally lack-
ing in residual villous structures. Demonstration of
a predominant association between a complete mole
and choriocarcinoma suggests that the molecular
events of mole and choriocarcinoma development are
related, since the putative forerunner carries unique
genetic features (as mentioned previously). The
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Table 64.1 PCR-polymorphism analysis of choriocarcinomas and invasive mole (antecedent pregnancies were
complete moles) and parents

Patients DNA D1S80 ApoB D5S107 DRB D9S43 RB D17S30 DMD SRY

1 P f/g a/– a/b 4/– a/– a/b c/– (+) (+)
T f/g a/c b/c 4/12 a/b a/b c/– 
M e/f b/c b/c 9/12 b/– b/– c/– 

2 P b/d a/c a/b 2/3,6 a/c a/b c/f (+) (−)
T b/d a/c a/– 2/– a/– a/b c/f
M a/– a/c b/c 2/4 a/– b/– a/e 

3 P b/g a/b c/d 4/– b/– a/– b/e (+) (−)
T b/– a/– d/– 4/– b/– a/– b/– 
M a/g a/c c/d 2/4 c/d a/b e/f 

4 P d/h a/c c/– 2/3,6 a/b c/– c/e (+) (−)
T d/– a/– c/– ND b/– c/– e/– 
M c/– a/c e/f 3,6/– b/c a/b d/– 

5 P a/b a/b e/f 4/– c/d a/b d/f (+) (−)
T a/– b/– f/– 4/– c/– b/– d/– 
M d/e b/– b/d 2/– d/e a/d f/g 

6 P i/– a/– b/d 4/2 b/f c/– d/– ND ND 
T i/– a/– b/– 4/– b/– c/– d/– 
M i/j a/– b/c 3,6/– b/g a/b c/d 

8 P a/b a/– a/b 1/– f/g d/f (+) (−)
T b/– a/– a/– 1/– g/– ND f/– 
M c/d a/c c/– 4/12 h/– a/b 

9 P h/i a/– a/b 11/9 b/– (+) (−)
T h/– a/– a/– 11/– ND ND b/– 
M h/– a/c b/– 4/9 b/c 

10* P d/– a/c a/b 4/8 b/h a/– b/d (+) (+)
T d/– a/– b/– 4/8 b/– a/– b/d
M a/b a/c a/b 4/9 b/f a/– a/– 

P, paternal DNA; T, tumor DNA; M, maternal DNA; ND, not determined. Bold type indicates a heterozygous pattern in the tumor DNA.

*Invasive mole

Figure 64.1 PCR–polymorphism of two chonocarcinomas.
The tumor showed two bands that were absent in maternal
DNA, suggesting an androgenic origin. P, PCR products from
paternal DNA; T, PCR products from tumor DNA; M, PCR
products from maternal DNA; VNTR, variable number of
tandem repeats.
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monoallelic contribution shown in the complete mole
would render a certain gene susceptible to functional
inactivation by ‘one-hit’ kinetics. Alternatively, uni-
parental transmission of genes that are subject to
parental imprinting in humans would impair their
regulation. Thus, the features exhibited by a complete
mole would be associated with inactivation of partic-
ular tumor suppressor genes, contributing to the
propensity to malignancy.

Many tumor suppressor genes are inactivated by
intragenic mutations in one allele, accompanied by the
loss of a chromosomal region containing the remaining
allele; this is termed loss of heterozygosity. Mapping of
such deleted regions has been used to identify
sequences involved in malignancies. However, the
monoallelic contribution exhibited by the complete
mole and its transformant would mask the chromoso-
mal region where the allelic loss frequently occurs. To
resolve this difficulty, Asanoma et al.26 constructed a
PCR-subtracted fragmentary cDNA library between
normal placenta villi and the choriocarcinoma cell line
(CC1) and isolated a candidate choriocarcinoma sup-
pressor gene. This gene comprised an open reading
frame of 219 nucleotides encoding 73 amino acid
residues and contained a homeodomain as a consensus
motif, being identical with homeodomain-only protein
(HOP), which is essential for cardiomyocyte develop-
ment.27,28 This gene, designated as not expressed in
choriocarcinoma clone 1 (NECC1),26 is located on
human chromosome 4q11–q12. NECC1 expression is
ubiquitous in the brain, placenta, lung, smooth muscle,
uterus, bladder, kidney and spleen. Normal placental
villi expressed NECC1, but all of the choriocarcinoma
cell lines examined and most of the surgically removed

choriocarcinoma tissue samples failed to express it.
Asanoma et al.26 transfected this gene into choriocarci-
noma cell lines and observed remarkable alterations in
cell morphology and suppression of in vivo tumorigen-
esis. Induction of chorionic somatomammotropin hor-
mone 1 (CSH1) and a remarkable alteration in cell
morphology including multinucleation by NECC1
expression suggested the differentiation of choriocarci-
noma cells to syncytiotrophoblasts (Figure 64.3).

The tumor suppressive ability of NECC1 does not
require the third/fourth helix and the C-terminal
domain. The inhibitory effect of mutant NECC1,
which deletes the third/fourth helix and the C-terminal
domain, on choriocarcinoma cell growth properties is
analogous to that of wild-type NECC1. The results
imply that the DNA binding capability of NECC1 is
not required for choriocarcinoma cell differentiation
and the resultant tumorigenic suppression. This
unexpected finding may be supported by the previ-
ously reported evidence that several homeobox genes
exhibit their biological functions in the absence of
DNA binding. The data suggest that loss of NECC1
expression is involved in the malignant conversion of
placental trophoblasts.

Human chromosome 7 carries a
putative tumor suppressor gene
involved in choriocarcinoma
To determine which chromosome carries a putative
tumor suppressor gene, microcell hybrids were
isolated following fusion of choriocarcinoma cells with

Figure 64.2 A log plot of a microarray experiment demonstrating distribution of 425-gene expression in normal and molar villi.
Fluorointensity of Cy-3, which is labeled to mRNA from a complete mole, is plotted vertically. Fluorointensity of Cy-5, from normal
villi, is plotted horizontally. Up-regulation of STAT5B expression and down-regulation of 1GFBP5 expression in mole are shown. x:
Control file: mole red Cy3; y: non-control file: norma, villi green Cy5.
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Figure 64.3 Map of homozygous deletions on chromosome 7. Close squares represent homozygous deletions. Open squares
indicate the retention of a single or both alleles.

Figure 64.4 Morphology and immunofluorescent staining of NECC1 transfected BeWo cells. BeWo cells transfected
with vector only, deletion mutant NECC1, and wild-type NECC1 were photographed using phase-contrast microscopy at 40. Lower
photographs are immunofluorescent staining of CSH1. NECC1 deletion mutant and wild-type transfectants expressed abundant
CSH1. CSH1, choriomammotropin hormone 1.
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microcells from mouse A9 cells containing a single
human chromosome, 1, 2, 6, 7, 9 or 11. Microcell
hybrids with the introduction of chromosome 7 were
suppressed or modulated for tumorigenicity and exhib-
ited altered in vitro growth properties. Introduction of
chromosomes 1, 2, 6, 9 or 11 had no effect. Tumorigenic
revertants isolated from microcell hybrids with the
introduced chromosome 7 contained reduced numbers
of chromosome 7. These findings suggest that chromo-
some 7 contains a putative tumor suppressor gene for
choriocarcinoma. Changes in the phenotypes seen in
microcell hybrids were not associated with the presence
of either the ERV3 or the H-plk locus on the introduced
chromosome 7, indicating that the putative tumor sup-
pressor gene is outside the ERV3 and H-plk gene loci.
Furthermore, we obtained evidence for defining a criti-
cal region on chromosome 7 (7p12–7q11.23) that was
frequently lost in surgically removed choriocarcinoma
tissues and cell lines. Using a panel of microsatellite
markers, biallelic deletions were observed, which
strongly suggests the presence of a tumor suppressor
gene within this critical region (Figure 64.4).29

Genome imprinting
It has been clearly established that both paternal and
maternal contributions are necessary for maintaining
a balanced development of both embryonic and
extraembryonic tissues, and the disruption of such a
balance may lead to hyperplastic proliferation of the
trophoblast, which characterizes molar pregnancies.
Based on this hypothesis, it is likely that genomic
imprinting, which is disrupted in the androgenetic
mole, may play a pivotal role in the development of
choriocarcinoma. H19 and IGF2 are two classic exam-
ples of related imprinted genes. A high level of H19
expression, in contrast to a considerably lower level
of IGF2 expression, was demonstrated in choriocarci-
noma.30 P57KIP2 may also play a role in the pathogen-
esis of gestational trophoblastic disease (GTD).31

P57KIP2 is a cyclin-dependent kinase inhibitor and is
imprinted with the maternal allele being expressed.
P57KIP2 was found to be highly expressed in prolifer-
ating trophoblasts of the normal placenta, but was
expressed at a low level in the complete mole and
choriocarcinoma. This is in accordance with what
is expected on the basis of the imprinting of the
maternal allele. However, at present, their exact role
and diagnostic usefulness are not clear.

Other molecular events involved
in trophoblastic diseases
Malignant transformation in the hydatidiform mole
is a multistep process involving the accumulation
of several genetic events, including activation of

oncogene and/or loss of tumor suppressor genes. A
small number of oncogenes and tumor suppressor
genes have been found to play putative roles in the
pathogenesis of GTD. For example, the oncogenes
c-myc, c-erb-B-2, bcl-2 and mdm-2,32 the guanosine
triphosphatase-activating protein genes, p53, p21
WAF1/KIP1 and Rb and the tumor suppressor gene
DOC-2/hDab233 have all been listed as candidates.

There are reports of increased c-fms RNA in the
complete mole compared with the normal placenta34

and c-myc and ras RNA in choriocarcinomas.35 The
significance of such simple quantitative changes in
proto-oncogene expression by abnormal trophoblast
is hard to evaluate since several proto-oncogenes are
already expressed at high levels in normal placentas.

Epidermal growth factor receptors (EGFR) are
expressed more strongly in molar placentas than in
normal placentas of similar gestational age. Tumors
with a histological diagnosis of invasive mole and
choriocarcinoma show very strong binding of EGFRs.
EGFR expression has been associated with the secre-
tion of human chorionic gonadotrophin. Following
exposure to chemotherapy, EGFR binding sites have
been noted to be diminished in choriocarcinoma
cells.36

Summary
The complete mole is androgenetic in origin. The
vast majority of complete moles result from the
fertilization of an egg devoid of nuclei (an empty
egg) by a haploid spermatozoon. Fertilization of an
empty egg by two spermatozoa is responsible for a
rare class of complete mole. The genome of chorio-
carcinoma should reflect that of the pregnancy from
which the tumor arose. Thus, the predominant asso-
ciation of the complete mole with choriocarcinoma
suggests that the molecular events for the formation
of a complete mole and the malignant conversion
of trophoblasts are related. The monoallelic contri-
bution shown in the complete mole would render
a certain gene susceptible to functional inactivation
by ‘one-hit’ kinetics. Alternatively, uniparental
transmission of genes that are subject to parental
imprinting in humans would impair their regulation.
Loss of NECC1 expression, biallelic deletions at the
critical (7p12–7q11.23) region and enhanced H19
expression in choriocarcinoma would reflect the
genetic features exhibited by the putative forerunner,
the complete mole. In addition, alterations in gene
expression profiles accompanied by malignant
conversion of trophoblasts would facilitate choriocar-
cinogenesis from the complete mole. In the future,
identification of molecular targets down- or up-
regulated in choriocarcinoma will provide us with
the management tools for GTDs.
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65 The placenta
K. Benirschke

The normal placenta
In the idealized menstrual cycle of 28 days, fertilization
takes place on day 14, the developing blastocyst devel-
ops in the fallopian tube, travels through the tube
to the endometrial cavity and implants on approxi-
mately day 6.1 It usually implants on the anterior or
the posterior surface of the upper endometrium,
invades the decidualizing endometrium by ingesting
its cells through trophoblastic activity and becomes
interstitially implanted, that is to say, it becomes
completely surrounded by the endometrium. At first,
mostly trophoblastic proliferation takes place around
a large cavity, the blastocystic cavity that contains a
gel and the tiny embryo. From the gradually develop-
ing embryo, the three layers (ectoderm, mesoderm and
endoderm) develop; the mesoderm expands into the
future umbilical cord, and then comes to line the
blastocystic cavity, thus making it the future chorionic
membrane, and hence the mesoderm proliferates into
the gradually developing villi, from inside outward.
The trophoblast, initially polyploid, differentiates into
cytotrophoblast from which the syncytiotrophoblast
develops on the villous surfaces. The cytotrophoblast
differentiates into two components, the villous cytotro-
phoblast (also called ‘Langhans’ layer’) that underlies
the syncytium, and the extravillous trophoblast. It is
the latter group of cells that assume the infiltrative arm
of the expanding shell; it infiltrates the decidua and,
somewhat later, the endometrial (spiral) arterioles. This
infiltration stops before the myometrium is reached,
thus it normally leaves a thin layer of decidua basalis to
remain between the villi and myometrium. It is at this
interface where the Nitabuch and Rohr fibrinoid layers
are produced, eosinophilic substances that are pro-
duced by the extravillous trophoblast. The latter cells,
because of their formerly uncertain origin (maternal or
fetal), have also been called the ‘X-cells’; they often pro-
duce small cysts containing major basic protein (MBP).
The MBP is similar to that found in the granules of
eosinophilic polymorphonuclear cells, and it is secreted
into the maternal circulation, like the human chorionic
gonadotropin. Its function is completely unknown.

The embryo then lengthens and folds. From the
edges of its ectodermal plate the amnionic cavity

forms, which then gradually fills with clear fluid. As
the embryo folds in all directions, the edges of the
ectoderm and amnion come to meet over the devel-
oping umbilical cord mesenchyme and the amnion
fuses with this mesenchyme tightly. As the amnion
fills with fluid (perhaps derived from that contained
in the extraembryonic coelom), it expands and gradu-
ally becomes passively attached to the inner surface
of the chorionic membrane. It completely fuses with
this membrane at about 12 weeks of gestation.2 Prior
to that fusion, it is being held in position by the gel
of the extraembryonic coelom (Figure 65.1).

It is important to realize that the amnion has an
inner epithelial layer that rests on a complex con-
nective tissue layer, but it does not contain blood
vessels. Moreover, the amnion can usually be dis-
lodged from the chorionic surface of the placenta
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Figure 65.1 Eight weeks conceptus in utero. The arrows
denote the edge of the expanding amnion. Note that the dome
of the placental membranes is not attached to the opposite side
of the uterus.
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and is thus often disrupted by the manipulations
at delivery. Furthermore, if the amnion were to dis-
rupt prior to becoming affixed to the chorion (before
12 weeks), then amnionic bands may form, which
ultimately can disrupt parts of the fetus.3

From the endodermal layer of the embryo develops
the yolk sac. Its epithelium provides the precursors
for liver, hematopoietic cells and germ cells, apart
from producing the intestines after the embryo has
folded. Having folded, the rotation of the intestines
inside the embryo gradually pulls the yolk sac into
the fetal abdominal cavity; there, it is connected to
the possible remains of Meckel’s diverticulum. Also
from the distal part of the yolk sac, a small, temporary
extension develops into the developing umbilical
cord, the primitive allantoic diverticulum. It is very
transitory in humans while a true sac develops in
many other mammals and serves as a receptacle for
fetal urine. In human placentation, the fetal urine
accumulates in the amnionic cavity. Blood vessels
infiltrate the villi and establish the fetal circulation
somewhat later in the expansion of the villous tissue.
It is not quite certain whether these vessels also dif-
ferentiate in situ in the placental villi or whether they
progress only from the fetus toward the periphery.
Thus, ultimately two umbilical arteries progress from
the fetus through the umbilical cord to the villous
circulation, ramifying over the chorionic plate of the
placenta. They are readily distinguished as arteries
or veins by their position: the major arterial branches
pass over the veins. They are virtually indistinguish-
able histologically. The vessels can be followed
toward the periphery, where they are seen to dip into

the villous tissue and, generally, a single vein returns
to the same location as the arterial branch. Each such
branch establishes a single fetal cotyledonary district
whose circulation does not merge with the adjacent
cotyledons.4

The extravillous cytotrophoblast arrodes the mater-
nal arterioles, grows into them and there causes the
‘physiologic change’, altering these maternal arterial
blood vessels by removing their musculature and
depositing fibrinoid. At first, thick columns virtually
occlude the lumens, later they hollow out and the
complete intervillous circulation is then established
(Figures 65.2 and 65.3). Needless to say, fetal and
maternal circulations are separated by the trophoblast
and a thin layer of connective tissue.

Gross examination
The placenta should be inspected after the baby is
delivered and some minimal observations should be
charted. It is our practice also to save the placenta
in a refrigerator for several days, as its examination
may be valuable for pathologists in cases where the
infant is abnormal or fails to thrive. The important
observations to be made at the time of delivery are
the following features: (1) the length and insertion
of the umbilical cord should be ascertained; (2) the
presence or absence of retroplacental clot (abruptio pla-
centae) needs to be looked for; (3) the color of the fetal
surface (meconium staining or opacification from
chorioamnionitis) needs to be charted and (4) the color
of the villous tissue should be inspected. The last
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Figure 65.2 Extravillous trophoblast growing within a decidual spiral arteriole.

Kurjak-65.qxd  5/9/2006  12:23 PM  Page 732



observation is important as it can denote whether a
baby has lost blood through transplacental hemorrhage.
The color of the villous tissue is almost totally a reflec-
tion of the fetal hemoglobin content. Thus, an anemic
neonate has a very pale villous tissue that may reflect
erythroblastosis, parvovirus B19 infection, hemoglo-
binopathy or, importantly, significant fetal blood loss.

If it is unusually pale (and the obstetrician of course
needs to be acquainted with the normal colors), then
a maternal blood film should be made immediately,
which needs to be studied by the Kleihauer–Betke
technique.3 If infarcts or other unusual findings are
made, the placenta should be sent for pathologic
examination. Special circumstances are to be observed
in multiple pregnancy and these are discussed in a
subsequent section.

Umbilical cord
The normal cord insertion is somewhere near the
center of the placental disk. In about 5% of normal
gestations it inserts at the placental margin, and in
~1% of placentas it is located in the membranes
(‘velamentous insertion’). The latter is of significance
in that it is often a cause of fetal growth restriction
and also because the fetal vessels ramifying in the
membranes have lost their protection by Wharton’s
jelly and may become disrupted, leading to massive
fetal hemorrhage. The length of the umbilical cord
is important and it can rarely be reassessed after the
placenta is sent for study. Thus, it should at least
be estimated, if not measured, at the time of delivery.
In the normal-term gestation, the umbilical cord is
approximately 55 cm long, and 85% have a counter-
clockwise (left) twist. The reason for this ‘chirality’ is
unknown, but I suspect that it relates to the fetal move-
ments because immobile fetuses, such as those found
with osteogenesis imperfecta cases, have usually no
twists. The cord in those cases is also unusually short
(Figure 65.4). In contrast, when knots in the cord exist
or when there are nuchal cords, it is often significantly
lengthened. This may be the result of excessive fetal
movements. It is also important to ascertain in unusu-
ally long cords whether there is excessive twisting
of the cord on the surface of the fetus, the place
where it inserts on the abdomen. It is not uncommon
that excessive twisting leads to fetal demise, even
abortions (Figure 65.4). In addition, one may find
‘false knots’ which represent redundancies of vessels
or excess Wharton’s jelly, unimportant features. 

The normal umbilical cord contains three blood
vessels, two arteries and one vein. In some 1% of
neonates only one artery is found [single umbilical
artery (SUA)] and this is frequently associated
with congenital anomalies (~45%) and also with fetal
trisomies. While the presence of SUA may signal the
neonatologist that special attention should be paid
to possible internal anomalies (heart, kidney), it is
important to realize that many babies with SUA
are entirely normal. True knots in the umbilical cord
usually form early during development and they
are now often recognized sonographically. They
may lead to complete obstruction of blood flow and
to fetal demise. In other cases, true knots have so
impeded the venous (oxygenated blood) return from
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Figure 65.3 The placental floor in early implantation. The
darker cells are extravillous trophoblast that intermingles with
the decidual cells.

Figure 65.4 Length of umbilical cord in excessively short cord
syndromes. The line represents the normal length.
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the placenta that surface thrombi will be observed on
the placenta, which can even be calcified. Obviously,
such features may determine whether major sequelae
develop in the fetus, such as central nervous system
(CNS) destruction and cerebral palsy.

The membranes
The free membranes are referred to as the chorion laeve
but, in the older placental literature, all of the placenta
and its membranes were referred to as the membranes
or ‘secundines’. The ‘free’ membranes as we know
them now have an outer layer of deciduas capsularis,
which is followed by atrophied villi in between extra-
villous trophoblast, then comes the chorion and inner-
most is the amnion. When the membranes have a
measurable portion between the site of rupture and
the placental disk, then it cannot have been a placenta
previa if it is delivered vaginally. At the site of rupture
one often finds blood clot and some inflammation can
occur here from the processes of labor. Histologically,
there is then deciduitis, and thrombosis may be present
in the decidual blood vessels. While this may be
grossly interpreted as representing an abruptio placen-
tae, that is not quite correct, as the blood is accu-
mulated only behind the membranes, not behind the
villous tissue. Of course, since chorioamnionitis is so
much more common in immature placentas, these fea-
tures are much more frequently found in such births.
For the pathologist, the study of the deciduas capsu-
laris is best undertaken when a membrane roll is made
so as to increase the chances of finding abnormalities.
These are principally findings of ‘atherosis’ (alterations
of decidual arteries in pre-eclampsia to be discussed
below) aside from the inflammation. Since atherosis is
so frequently found in these vessels, this has raised the
question of where the vascular supply of the deciduas
capsularis originates. It is usually assumed that the
expanding membranes are merely pressed against the
deciduas vera of the opposite side of the uterus and
that there is perhaps no ingrowth of decidua vera into
the decidua capsularis, but definitive studies have
not been made. Macroscopic findings of early placen-
tas negate this suggestion of true ingrowth from the
deciduas vera (Figure 65.1).

It is important for the pathologist to recognize that
the amnion consists of a single layer of epithelial cells
(that occasionally have patches of squamous metapla-
sia) that are situated on a dense, avascular connective
tissue membrane. When the amnion disrupts sponta-
neously before it attaches to the chorion in early preg-
nancy, the amnion fails to grow subsequently and may
become entangled in fetal extremities when the fetus
moves about. This is the mechanism for amnionic
bands and its many complications, primarily digital
amputations. The cause of such disruptions is
unknown but does not usually relate to trauma or any
antecedent event that has been elucidated. In such

cases, one can invariably find a rim of amnion at the
reflection of the umbilical cord, as it is here firmly
affixed to the mesenchyme of the cord. Amnion
nodosum is the other pathological condition worthy
of note. In the absence of amnionic fluid (as in renal
agenesis, polycystic kidneys, urethral obstruction, etc.)
fetal urine fails to fill the sac and focal degeneration
of the amnionic epithelium takes place. Amnion
nodosum is most pronounced on the placental disk,
never on the cord and only rarely on the free mem-
branes. At the sites of this epithelial disruption,
vernix caseosa embeds and forms microscopic nod-
ules, the amnion nodosum. This is of course possible
only after the fetus has made sufficient vernix to be
embedded, and it is thus not found in very immature
fetuses with renal agenesis (Figure 65.5).

Meconium staining of the membranes is common.
It occurs in nearly 15% of our placentas and is usually
the result of post-term gestations. Numerous clinical
impressions have suggested that meconium discharge
is the result of fetal hypoxia, but other studies indicate
that this may not be so. For instance, most stillborn
fetuses, assuredly having died from hypoxia, are not
stained. Moreover, elevated levels of motilin (the gas-
trointestinal hormone that regulates bowel movements)
are present. Meconium can be recognized histologi-
cally in the macrophages of amnion and chorion by
their yellow pigmentation and enlargement. It must
be cautioned also that this pigment disappears quickly
when slides are exposed to light. Slides must thus be
examined soon after their preparation. Moreover, the
pigment may also be due to hemosiderin from chronic
bleeding somewhere in the gestational sac; it must
therefore be critically appraised.

Villous tissue
The villous tissue changes with the maturation of
the placenta. In young organs, the villi are relatively
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Figure 65.5 Placental surface in renal agenesis with amnion
nodosum; at the arrow is the degenerated, calcified remains of
the yolk sac (a normal feature).
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large, have numerous cells and the fetal capillaries are
dispersed peripherally beneath the trophoblast. The
villi look ‘edematous’ and this changes with maturity
as more villi sprout peripherally (Figure 65.6). In
the term placenta then the most peripheral villi are
small and contain mostly three to four capillaries with
few connective tissue elements. There are also some
macrophages within the villi, the so-called Hofbauer
cells, which are more readily seen in immature organs.
They are important cells in the elimination of antigens
and assist in the removal of focal hemorrhage as they
occur, for instance, in cytomegalovirus (CMV) infec-
tions. They may then contain hemosiderin.

The surface of the villi is covered by trophoblast.
There is an inner layer of cytotrophoblast (Langhans
layer) in which mitoses occur, which produce the cyto-
plasm and the nuclei for the covering syncytiotro-
phoblast. The syncytium, however, is the actual organ
of exchange. It is a single, uninterrupted membrane
covering all villi, has no cell borders and the nuclei
have become incapable of mitosis. The syncytiotro-
phoblast has a fine brush border of microvilli and
its cytoplasm possesses numerous transport vesicles,
and its surface has many receptor sites for nutrient
exchange. Importantly, the syncytium expresses no
human leukocyte antigen (HLA) antigens that could
potentially excite a maternal rejection process. So far
as is now known, only HLA-G is expressed and this is
not antigenic to the mother. The cytotrophoblast is
easily visible in young placentas, but it is difficult to
recognize these cells at term, although they are always
there when studied by the electron microscope. Since
cytotrophoblast continues to produce new syncytium,
the cells and cytoplasm of the latter bunch up and
form the so-called knots, or sprouts. These increase in
number toward term and then they are recognized on
about 30% of peripheral villi. They also often detach
and are carried away in the intervillous (maternal)

circulation and swept to the maternal lung. Here they
die, as they have no reproductive capacity. When the
villi shrink, as is the case in pre-eclampsia, because
of deficient water transfer to the fetus, there is more
‘buckling’ of the syncytium and more knots are found;
this is referred to as the ‘Tenney–Parker’ change.

A number of conditions cause histologically
recognizable changes in villi, the most important
and frequent of which is infarction. Death of villi,
usually of larger districts, is caused by the obliteration
of spiral (decidual) arterioles. This occurs most com-
monly in pre-eclampsia and may be associated with
abruption of the placenta from bleeding into the
deciduas basalis. But infarcts are also common at the
edge of the placenta and then they are usually without
consequence. Edema of villi is a frequent finding in
fetal anemia (erythroblastosis, hemoglobinopathy)
and of course in hydatidiform moles. In addition, one
may find inflammatory cells within the villi in the
condition known as ‘villitis of unknown etiology’
(VUE), in CMV infections and in syphilis.

Finally, there may be too many capillaries within
the terminal villi. This condition, known as chor-
angiosis, is seen in chronic hypoxia (e.g. in placentas
from high altitude), in the Beckwith–Wiedemann
syndrome, associated with chorangiomas, and a few
other conditions (diabetes). When such alterations
are found, one should also look for the presence of
nucleated red blood cells (NRBCs) in the fetal cap-
illaries; they are not present in placentas after about
25 weeks and, when present, they may also signal
prolonged intrauterine hypoxic states.

Infections
One of the most important aspects of obstetrics
today is the ascending infection with chorioamnioni-
tis and premature birth ensuing. This is an especially
important feature for the 20–30-week gestations as
the often associated severe prematurity may lead to
fetal infection and, most importantly, to CNS damage
with cerebral palsy, the outcome. Chorioamnionitis
is common and it often recurs in subsequent pregnan-
cies. I believe that it results mainly from the defi-
ciency of endocervical mucus that normally protects
the intrauterine environment from vaginal organisms.
This, in turn, probably reflects severe chronic endo-
cervicitis. While septic distribution of some maternal
organisms occurs (listeriosis, cytomegalovirus infec-
tion, toxoplasmosis), these are, numerically speaking,
unimportant entities.

The endocervical canal produces copious amounts
of dense mucus in normal pregnancy that contains
abundant antibodies and protective immunocytes.
The canal is also normally closed and narrow till labor
commences. When organisms are allowed to cause
endocervicitis and proliferate here, the inflammatory
process generates enzymes (mainly a phospholipase)
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Figure 65.6 Immature villi with numerous NRBCs within the
capillaries. The stroma is ‘loose’ and appears edematous, but
that is normal. A few syncytial buds are in the process of
detaching. The cytotrophoblastic Langhans’ layer is visible
beneath the superficial syncytium.
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that lead to the local production of prostaglandins
with dilatation of the cervix followed by lower uterine
segment. This, in turn, leads to deciduitis of the
‘forelying’ decidua capsularis and the organisms may
enter the amnionic cavity, with or without the rupture
of membranes. Once they are in the amnionic cavity,
the leukotactic property of the organisms leads to
a series of inflammatory sequelae, first on the surface
of the placenta, then on the umbilical cord and,
when inhaled, the infection may cause fetal pneumo-
nia (Figure 65.7). The first effect is the emigration
of maternal leukocytes from the intervillous space
beneath the chorionic surface of the placenta; then
inflammation of surface vessels follows; thereafter,
umbilical phlebitis and finally umbilical arteritis take
place. This pus that obscures the fetal surface of the
placenta and makes it to be ‘cloudy’ (opaque) is thus
of mixed origin, maternal and fetal. Studies of gastric
aspirates and lung exudate have shown this admix-
ture definitively. In time, after days of aspiration
of this infective material, the fetal lung reacts with
infiltration of a lymphocytic response. Often, it is
possible to identify some bacterial organisms, but this
is generally uncommon. The reason for our inability
to recognize organisms histologically lies in the
nature of the inciting antigens. They are frequently not
visible in histologic sections (such as Trichomonas,
Mycoplasma, Ureaplasma, Chlamydia) but they can
be cultured if efforts are made. An exception is found
in the infections with group B streptococci. Because
of their toxins (hemolytic and cytolytic), one may
identify numerous organisms, but only relatively little
inflammation is found with this common infection.

Numerous attempts have been made to treat this
ascending infection when it is recognized by a dilat-
ing cervix or by maternal fever, but that is usually
too late in the course of the disease. Moreover, most
efforts to treat the fetus in utero with administration
of antibiotics to the mother have been unsuccessful.

Thus, it becomes more important to anticipate the
infection, especially its recurrent nature, and treat
with antibiotics prior to the dilatation of the cervix.
The pathologist observes placentas with an opacified
(cloudy) fetal surface and, histologically, by the pres-
ence of numerous polymorphonuclear leukocytes in
chorion and amnion (Figure 65.7). Later, there is exu-
dation from the umbilical vein and then the arteries.
The remainder of the placenta, especially its villous
structures, is entirely normal, but usually immature.
The membranes, however, are markedly altered. The
deciduitis and often decidual necrosis are severest
near the point of membrane rupture, which is very
close to the endocervical canal. There may be a fresh
clot attached at this site and it is occasionally misla-
beled as representing an abruption. In twin gestations,
it is invariably twin A, lying closest to the endocer-
vix that has the infection and severest inflammation.
Chlamydial organisms are the commonest cause of
genital infection nowadays, causing urethritis, salpin-
gitis (with infertility ensuing), cervicitis and occa-
sionally a disseminated infection. Since this organism
is not visible in routine preparations of histologic
slides, it must be considered when chorioamnionitis
is present.

Disseminated infections represented by lesions
in the placenta are found in listeriosis. This gram-
positive coccobacillus causes maternal sepsis and dis-
seminates into the fetus most commonly via abscess
formation in the placenta. Numerous epidemics have
been described, which have usually been of a food-
borne origin, as the organism is widespread and pro-
liferates well in the refrigerated state. The placenta
may show small abscesses and many organisms are
commonly found on the placental surface. When the
fetus is thus infected, the condition known as ‘granu-
lomatosis infantiseptica’ may result with disseminated
abscesses, meningitis, dermatitis and other sequelae.
Since the organism is highly susceptible to ampicillin,
early diagnosis is essential.

Toxoplasma organisms of placenta and fetus are
commonly acquired parenterally from the fecal con-
tamination originating from cats. In felines, the intes-
tines propagate the organism and, when feces are dry
and subject to dust contamination, the pregnant
mother may become infected. That is an important
reason for cleaning litter boxes while the fecal mate-
rial is still moist. Toxoplasma cysts of a congenital
infection may be seen in the chorion and even more
commonly in Wharton’s jelly of the umbilical cord,
but they are sparse. The fetus may develop hydro-
cephalus and a variety of other pathologic states. The
infection is easily preventable but difficult to treat
once it is diagnosed.

CMV infection is also common and it may be
sexually transmitted at times. It infects the villi of
the placenta and can then disseminate into the fetus.
The outcome is highly variable, but is often associ-
ated with growth restriction, cerebral manifestations,
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Figure 65.7 Placental surface in marked, long-standing
chorioamnionitis. The dense leukocytic infiltrate is seen beneath
the amnion.

Kurjak-65.qxd  5/9/2006  12:23 PM  Page 736



jaundice and other complications. The usually small
placenta may show characteristic changes. In early
infections, one finds inclusion bodies within villi,
thrombosis of capillaries and occasional villous hem-
orrhages. Plasma cells that are otherwise very unusual
features of normal placentas then infiltrate; eventually,
the villus atrophies and hemosiderin pigment deposit
in Hofbauer cells. The antigen is easily demonstrated
with modern techniques of antibody-marked histo-
logic staining, as is of course the case also with the
determination of serum antibodies. When the infec-
tion is longstanding and when it is severe, thrombi
may develop even in the larger surface vessels (Figure
65.8), and these may be calcified as well.

Only a few other disseminated infections are of
importance. Thus, varicella infection has been des-
cribed rarely, hepatitis antigens can cross the placenta,
Coxsackie viruses have been transmitted with few
placental lesions visible and the placenta may also
contain numerous intervillous malaria organisms
during a malaria attack. Transmission to the fetus
transplacentally, however, of the widespread malaria
infection is extremely rare.

A final comment must be made about a reasonably
common condition known as VUE. This condition is
frequently found in the placenta of growth-restricted
fetuses and in stillbirths. Worse, it often recurs in sub-
sequent pregnancies. When large districts of the pla-
centa are so affected, fetal demise is common but
there are no abnormal findings of any infectious
nature in the fetal tissues. The villi in VUE are proba-
bly infiltrated by maternal T-cells and macrophages.
They here cause an obliteration of the capillary beds
and the restrictive cause of fetal growth is therefore
readily understood. But the precise cause of why the
maternal lymphocytes invade the placenta is as yet
unknown. It has been speculated that this is akin to a
‘rejection’ phenomenon, but why the fetal HLA type
should be recognized by the mother’s immune cells is
so far obscure.

Tumors and microchimerism
The commonest tumor of the placenta is the
chorangioma.6 It is frequently found only accidentally
in sections prepared at random. Angiomas occur in
villi as an expansion of the fetal capillary and mes-
enchymal cells; they form nodules that can be seen
grossly and which are easily shelled out of their beds.
Interestingly, their surface is usually covered by a single
layer of trophoblast that suggests the expansion of fetal
vessels being very focal in nature. Chorangiomas occur
more frequently at high altitude and are often also
associated with ‘chorangiosis’, an increase of the nor-
mal number of capillaries in the peripheral villi. They
are benign tumors despite their frequently great cellu-
larity. In fact, chorangiomas have been mislabeled in
the past as being sarcomas, mesenchymomas or have

been assigned other appellations, but they have never
metastasized. Large chorangiomas may protrude on
the fetal surface (Figure 65.9); they may be one cause
of hydramnios and they may also infarct from throm-
bosis resulting in cessation of the hydramnios. Recent
studies have shown that they are at least in part the
result of increased angiopoietin expression.7 On rare
occasions, the angioma may be associated with
an excessive degree of trophoblastic proliferation. This
condition has been labeled ‘chorangiocarcinoma’, but
its true nature and degree of malignancy are still
poorly defined.

Maternal tumors have also been found to have
set metastases in the placenta occasionally, perhaps
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Figure 65.8 Placenta in severe CMV infection with extensive
venous thromboses at arrows. The thrombi were at least partially
calcified.

Figure 65.9 Large chorioangioma bulging from the placental
surface at left.
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most commonly the carcinoma of the breast. They may
focally destroy placental tissue but most of them do
not disseminate into the fetus. This only contrasts
with the occasional metastatic melanomas, which can
travel into the fetus, but here the metastases are
usually rejected in neonatal life. Maternal B-cell lym-
phomas have been described recently as having dis-
seminated into villi and they have caused neonatal
deaths from tumor dissemination. Most maternal
leukemias, however, do not spread to villi or to fetus.
The situation differs with fetal cells disseminating into
the mother transplacentally. It is now recognized that
fetal cells often traverse the placenta in small num-
bers. These are mostly RBCs, but nucleated elements
have also reached the maternal circulation, perhaps
even fetal stem cells. In the maternal organism, these
elements may live for many years and, perhaps as
determined by their antigenic expression, they may be
destroyed in the mother. Recent studies, however, have
also shown that some of these fetal cells themselves
may impart an antibody/rejection response against the
mother. This microchimerism is now thought to be the
cause of some maternal autoimmune diseases, such as
systemic sclerosis and postpartum thyroiditis. Indeed,
it has been shown that the maternal thyroid epithelium
may on occasion be replaced by fetal cells when post-
partum thyroiditis has occurred.

Choriocarcinoma in situ has been described a few
times in otherwise normal placentas and this tumor has
even been disseminated into the mother. Macroscopi-
cally, such tumors have given the impression of being
infarcts, and only histologic preparations have shown
them to be malignant neoplasms. In some cases, the
tumor has caused villous destruction with exsanguina-
tion of the fetus into the mother. This entity is com-
pletely unrelated to the usual cause of choriocarcinoma
that may follow the presence of a hydatidiform mole,
and its chromosomes have not yet been studied. The
reason for their occurrence is obscure.

Moles
When the villi swell up with much fluid from the
intervillous space by transport through the syn-
cytium, they swell and may become so swollen as
to take on a grape-like configuration that is grossly
visible. We refer to this as hydatid swelling and it is
doubtlessly related to the deficient movement of the
accumulated fluid to the fetus because the fetus has
died and the fetal placental circulation has ceased.
The result is the formation of (a) ‘hydatid degenera-
tion’ of the placenta in abortion and (b) hydatidiform
moles (mole merely means mass). Because the entire
placental tissue may not have become transformed
into grape-like masses, we speak of ‘partial hyda-
tidiform moles’ (PHM) and also of ‘complete hyda-
tidiform moles’ (CHM). The former may represent a
variety of conditions; triploidy of the conceptus is the

commonest antecedent condition, but PHM may also
be due to a set of twins, the placenta of one having
become truly molar, i.e. a CHM.

The differentiation of these two types of moles
is not always easy, but it should be attempted. When
two separate masses or a distinctly divided placenta
is present, twinning is the most likely origin. But
the differentiation of PHM and CHM may often
present difficulties for the pathologist and a strong
recommendation has been made to submit some of the
abnormal tissue for ploidy analysis that is most effi-
ciently done by flow cytometry, or for cytogenetic study.
Flow cytometry is the easiest and the quickest way
for this differential diagnosis. It quickly identifies
triploidy (3n) from diploidy (2n) and this is relevant
primarily because triploid moles are only exception-
ally rarely followed by gestational trophoblastic neo-
plasms (GTNs).

Partial moles (PHM) are most commonly the result
of fertilization of one oocyte by two spermatozoa.
This imbalance leads to defective fetal development
and, usually, the embryo dies early while the placenta
continues to grow and accumulates fluid. It is much
less common that a polar body (two maternal compo-
nents – gynogenic) provides the additional set of chro-
mosomes. In such pregnancies, there is considerably
better fetal development. Nevertheless, the embryo
develops somewhat abnormally and shows numerous
anomalies that are invariably lethal soon after birth.
One of the more characteristic anomalies is the fusion
of two fingers and often also of toes. The placentas
of PHM are enlarged, irregularly molar and the villi
have scalloped borders that often lead to trophoblas-
tic inclusions. These inclusions are not truly invasive
features, but represent tangential sections through
infolded surfaces.

The CHM is similarly enlarged but more uniformly
(Figure 65.10). The distension is mostly within the
terminal villi and these can often be traced to thinner
and firmer structures represented by the former stem
villi that do not participate so much in the swelling.
The amount of trophoblastic development varies
greatly in CHM; at times it is massive and suspicious
of tumor development. But the former method of
‘grading moles’, depending on the amount and nature
of trophoblastic proliferation, has been abandoned as
it has proven to have little prognostic significance.
The villi of CHM have no capillaries, in contrast to
what is often the case in PHM. Since the revolution-
ary insight gained by Kajii and Ohama,8 it is now
accepted that CHM is ‘androgenetic’. That is to say,
their chromosomes are derived only from the sperma-
tozoon. They are also 2n � 46,XX because a Y-bearing
sperm would lead to a 2n � 46,YY conceptus and
those cells are not viable. Thus, one can easily under-
stand the development of a CHM by visualizing the
fertilization by an X-bearing spermatozoon of an
‘empty’ egg, i.e. an oocyte that has lost its nucleus.
The 23,X chromosomes (from the spermatozoon) of
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the newly fertilized oocyte would then duplicate. But,
because of imprinting features, an ovum fertilized
by only male chromosomes does not develop a func-
tional embryo; it can only produce a placenta. When
early complete moles have been carefully examined,
diminutive embryos are found occasionally; they are
severely stunted and would soon have vanished.
Thus, CHMs have generally no fetus and no vascula-
ture, and there is also no recognizable amnionic cavity.
For the sake of completeness, it must be mentioned
that a few exceptions have been reported. Thus, a rare
gynogenic mole has been found; also rarely, a diploid
spermatozoon has led to the formation of moles and,
equally amazing, a small number of CHMs fertilized
by two sperms were found to be 2n � 46,XY. These
aberrations from the usual, however, have not had
different sequelae.

Because the swelling of terminal villi and the
enlargement of a molar placenta obviously take time
to develop, really early CHMs may be difficult to
identify; they may appear to be spontaneous abor-
tions, i.e. ‘blighted ova’. In addition, spontaneous
intermixtures of normal villi and molar villi have
been observed in chimeras. However, all of these
are uncommon features. They merely indicate that
detailed study may be needed to unravel what is
otherwise a great biologic complexity. Furthermore,
nobody has described an empty egg, which we
hypothesize as being the starting point for molar
development. We thus assume that some abnormality
in the maternal oocyte nucleus exists that prevents
it from participating in embryonic development.
What this is, is being studied. Occasional chromoso-
mal errors and genetic defects have thus been identi-
fied, but that is in a minority of cases so far. We may
need more information on the reasons for the great
geographic/racial differences in the occurrence of
CHMs to attain a better understanding of its real
causes. Genetic errors have been identified on occa-
sion as the basis for familial moles. But why it is that

CHMs occur in European/American stock with a
frequency of ~1:2000 and in the Japanese population, for
instance, as commonly as in ~1:350 is not known now.

Trophoblastic tumors
Choriocarcinoma is the most malignant, albeit uncom-
mon, outcome of hydatidiform moles. But other neo-
plastic entities are now recognized (epithelioid
trophoblastic tumor; placental site nodule; exagger-
ated placental site) so that they have now all been
grouped as GTNs. Nevertheless, the choriocarcinoma
is the best recognized and the most frequent of these
tumors. It is composed solely of trophoblast, cytotro-
phoblast and syncytiotrophoblast, and most commonly
it follows complete moles. Because the choriocarci-
noma continues to produce chorionic gonadotropin,
it is easily screened for and the follow up of moles
is usually undertaken with serial determination of
gonadotropin levels. The other unusual feature of
these tumors, especially the choriocarcinoma, is that
it is highly susceptible to methotrexate and actinomy-
cin D therapy. Even metastatic lesions are mostly
treated successfully now when they are recognized
early enough.

While choriocarcinoma most commonly follows
a CHM, it may also arise from abortions, even from
ectopic pregnancies. It may be present accidentally in
an otherwise normal placenta and is then referred to
a choriocarcinoma in situ. It then looks like some
bland infarct, but may of course have serious sequelae.
What causes choriocarcinoma to develop is uncertain,
although it would appear that excessive proliferation
of trophoblast is a precursor, as it is engendered often
in moles. The tumor is usually very hemorrhagic and
metastases occur anywhere but they are most feared
when they occur in the brain.

The other tumorous lesions referred to above are
more characteristically produced by the extravillous
trophoblast, the X-cells whose main purpose is the
invasion of the uterus and the modulation of the uter-
ine vessels. By and large, these tumors are much less
common; they usually behave in a less malignant
fashion and can often be treated by excision.

Multiple pregnancies
Twinning is common and monozygotic (MZ) –
‘identical’ – and dizygotic (DZ) – ‘fraternal’ – twins
occur (Figure 65.11). When higher than twin multiple
pregnancies take place, MZ and DZ multiples may
be admixed. In order to understand the placenta of
monozygotic twins it is necessary that one visualizes
the stages at which the ‘splitting’ of the developing
embryo can occur (Figure 65.12). Thus, when segrega-
tion of blastomeres takes place very early (during the
first 3 days), then the two entirely separate placentas
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Figure 65.10 Uterus filled with a CHM. The ovaries are
enlarged because of gonadotropin stimulation.
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may develop; but when it occurs later, a single chorion
and two amnions develop; and when it occur later
still, a monoamnionic sac can be produced. Eventually,
after 13 days of development, twinning becomes
impossible or else conjoined twins would develop.
Therefore, the placenta of MZ twins may be dichori-
onic (20%) or monochorionic (80%). This is what is
actually found and it is important as the classification
of twins may depend on this; and so does the forma-
tion of blood vessels that may connect the two fetal
circulations. The anastomotic connections then occur
only in MZ and monochorionic twins; DZ twins vir-
tually never have such anastomoses and are worthy
of being reported.

The frequency of DZ twins depends largely on the
genetic factors that control polyovulation. Polyovula-
tion is controlled by maternal FSH levels; it is very
high in the Nigerian Yoruba tribe, but much lower
in Oriental people. Therefore, the percentage of MZ
twins is much higher in Japan than it is in African or
European populations. The consequences of this are
significant also as most problems in the placentation
of twins occur with monochorionic (MZ) twins.

The placenta of dichorionic twins is easy to under-
stand (Figures 65.11 and 65.13). The two blastocysts
implant either side by side in the uterus or on oppo-
site surfaces. Two fused placentas may thus arise,
having a diamnionic, dichorionic ‘dividing mem-
brane’. Sonographically, this is commonly recognized
by the thickness of the membrane and by a small ele-
vation of the placental tissue at the meeting point of
the chorionic surface. The pathologist observes that
these membranes are thicker, less translucent and
that atrophied blood vessels may be apparent in the
dividing membranes. Anastomoses between the two
fetal circulations do not occur or are so rare that they
warrant a case report. The umbilical cords of both
types of twins are much more often marginally (or
membranous–velamentous) inserted. That is also the
case of occasional singleton placentas, but in twins it
may be the consequence of competition for space in
an expanding placenta. Alternatively, it may be the
result of improper early central implantation but the
precise mechanics are undetermined. Importantly,
such abnormal cord insertion may also be found on
the dividing membranes and the velamentous vessels
then represent a danger of disruption when these are
ruptured during delivery.

Monochorionic placentas in contrast nearly always
have blood vessel connections on the fetal surface.
These take essentially three forms: most common is
an artery-to-artery communication (Figure 65.14); the
next most common are artery-to-vein connections and
vein-to-vein anastomoses are least often found. The
connections are readily identified in the delivered
placenta. One may stroke blood back and forth in an
artery–artery (AA) anastomosis; the recognition of
artery–vein (AV) connections is much more difficult
and it is also the most important and troublesome
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Figure 65.11 Two uteri within which are 8-week-old twin
fetuses. At the left are monochorionic (identical) twins with their
amnionic sacs. At the right are two fraternal, dichorionic twins
within adjacent placental implantations.

Figure 65.12 Conceptual drawing of early splitting of embryos/
placentas in the process of producing monozygotic twins.

Figure 65.13 Diagram to show the membrane relationship
in monochorionic twin placentas (left) and dichorionic twin
placentas (right).
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connection. Injection with milk or other fluids makes
it easy to recognize the type of anastomosis, and it
is usually necessary to undertake such injections if
the AV anastomosis of the twin-to-twin-transfusion
syndrome (TTTS) is to be understood. As has been
said earlier, arteries generally cross over the veins,
especially in the larger vessels. They are thus easily
recognized and their course can be followed by care-
ful gross inspection. Generally speaking, in the
normal placenta an arterial branch distributes blood
to a single cotyledon. When this branch is followed
to its end, the artery suddenly stops, bends down into
the villous and then perfuses one cotyledon. Nearby,
a vein emerges from this cotyledon and sends blood
back to the umbilical vein. In the TTTS, however, this
vein sends blood back to the other twin, thus estab-
lishing the basis for the TTTS. One needs to inject
these suspect terminal arterial branches, fill the
cotyledon completely and see the injected material
emerge in the vein of the ‘recipient’ twin in order to

establish the basis for the TTTS. There may be several
such ‘common districts’ (they have been referred to
as the ‘third circulation’) and they may even have
different directions. Their net size determines the
severity of the TTTS; it is generally held now that
the coexistence of an AA communication prevents
this syndrome in its worst states.

In such monochorionic twin placentas (the major-
ity are diamnionic, monochorionic – DiMo), the
dividing membranes are composed of two amnions;
they are translucent and lack the remnants of former
vessels.

The most important and frequent complication
of MZ twinning is the TTTS. It comes about by the
presence of a single ‘shared (common) cotyledon’
(Figure 65.15). An artery from the donor enters one
cotyledon and this is drained to the recipient who
becomes fluid-overloaded and because of excessive
urination develops hydramnios. That is how the syn-
drome usually becomes symptomatic, most frequently
between 20 and 30 weeks of gestation. The donor
urinates little or not at all and becomes the ‘stuck
twin’. Hydramnios usually terminates the pregnancy
unless it is treated by the modern method of laser
obliteration of the offending vessels. In order to do
this surgery, one requires considerable knowledge of
the vascular features of the placental surface and it
should not be attempted unless this detailed knowl-
edge is acquired. It must also be appreciated that even
large intertwin anastomoses may have other serious
sequelae. Thus, when one DiMo twin dies in utero,
blood may be transferred rapidly from the surviving
twin back into the now dead fetus. This can lead to
an at least temporary deficient CNS perfusion in the
survivor and thus, cerebral palsy in one of the surviv-
ing twins is relatively common. Such a mechanism
is also implored in understanding the death of the
later-dying original ‘Siamese’ twin pair (Eng).

Monoamnionic twins are always monochorionic
(MZ) and thus suffer the possibility of entangling
of their umbilical cords. Complex knots may develop
early in fetal life and they may become constrictive
and cause fetal demise (Figure 65.16). At times, one
finds thrombi in such umbilical cords or in blood
vessels of the chorionic surface from the chroni-
cally restricted blood flow during intrauterine life.
Moreover, chorangiosis is often observed in such
placentas.

Acardiac twins occur in many forms; some are
nearly perfectly formed babies, but most are severely
abnormal and they may even grossly appear as though
they were skin-covered teratomas. Most acardiacs also
have a single umbilical artery. They are always MZ, or
identical, although they represent the worst possible
congenital abnormality imaginable. The formation of
acardiacs is best explained by the presence of both
an AA and a VV anastomosis in the surface of the
placenta (Figure 65.17). We believe that in very early
embryonic development, the normal twin causes a
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Figure 65.14 Monochorionic twin placenta with a single large
artery-to-artery anastomosis (at arrows).

Figure 65.15 Drawing to show the shared cotyledon in a
monochorionic twin placenta with the TTTS.
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reversal of blood flow through the AA connection
and the VV, thus returning the blood in the opposite
direction; perhaps, they were then already of different
sizes. Because blood from the artery now enters the
developing acardiac fetus at its abdomen, the legs
develop more adequately, while the cephalic end is
usually most deficiently developed. And, because of
the reversal of flow, the heart of the acardiac develops
poorly (it may be two-chambered) or not at all. These
acardiac fetuses are chromosomally generally normal
and of the same sex as the cotwin. It might be men-
tioned also that such acardiacs have been reported
quite accidentally in many different species.

When many more fetuses are implanted, a condi-
tion that is now much more common with the prac-
tice of ‘assisted reproductive technology’ (ART), the
placentas may be closely packed and have no blood
vessel connections. They generally have abnormal

cord insertions and, depending on their number, many
are born prematurely. It has also been our observation
that frequently one or more of the fetuses are surgically
eliminated by KCl injection and a fetus papyraceus is
then found in the membranes with a markedly atro-
phied placenta. What is amazing in such specimens is
the marked spiraling of their cords, as this must have
originated very early in development. Finally, the pla-
centas of such ART pregnancies present challenging
problems in that more fetuses and placentas may
be found than embryos originally implanted into the
uterus. Thus, monochorionic twins are admixed and
can only be explained by assuming that one embry-
onic precursor has split early in gestation. Perhaps,
the practice of embryonic culture in vitro for several
days is responsible for this spontaneous MZ twinning
event.

Abortions
Spontaneous abortions are very common in human
development. They are much more common than in
most species that have been studied in detail. The
vast majority occurs during the first 3 months of ges-
tation and the majority is due to chromosomal errors.
Generally, a deformed or macerated embryo is found
on examination of the specimen but equally often,
especially in the earliest abortions, the amnionic sac
is empty and the fetal vasculature of the placenta has
atrophied; these specimens are often referred to as
blighted ovum. The placenta is otherwise atrophied
and may have focal hydatid changes of the villi. The
trophoblast is unremarkable or atrophied. Occasional
retroplacental hemorrhages accompany these speci-
mens. A frequent cause of spontaneous abortion is the
presence of an excessively long umbilical cord with
severe twisting (Figure 65.18). The causes of the twist-
ing and excessive length of the cord are unknown but
I speculate that this is the result of excessive move-
ments in early life. It often leads to severe twisting on
the surface of the umbilical cord insertion on the
abdominal surface, which must be observed to under-
stand this cause of embryonic demise.

Placental and fetal hydrops
The placenta of hydropic fetuses is much enlarged
and most often very waterlogged. The villi are
swollen and often contain prominent Hofbauer cells
(macrophages). There are many causes for hydrops
and depending on their nature, the histopathology
differs. In erythroblastosis and in the placentas of the
fetal thalassemias, the capillaries contain NRBCs in
profusion. In transplacental infection with parvovirus
B19, one may find characteristically nuclear inclu-
sion bodies that are found most often within the
nucleated red cells. But, at later stages, they may be
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Figure 65.16 Monoamnionic twin placenta with extensive
entangling of umbilical cords that led to fetal demise.

Figure 65.17 Drawing to show the setup of the vascular
connections that lead to the development of an acardiac twin.
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inconspicuous and identification of the etiology of
hydrops will commonly depend on serologic find-
ings or on staining the tissue with specific antibodies.
When the hydrops is caused by fetal anomalies, such
as left heart hypoplasia, cystic adenomatous malfor-
mation of the lung, sacrococcygeal teratoma, etc., the
placenta is merely large, edematous and pale. Some
of the other fetal conditions that lead to hydrops are
summarized below.

Maternal and fetal diseases
affecting the placenta
Pre-eclampsia
The cause of pre-eclampsia [or pregnancy-induced
hypertension (PIH)] is still unknown, but speculations
about its origin abound. Less controversial are the
placental sequelae in PIH. Generally speaking, the pla-
centa is smaller and exhibits what is called ‘advanced
maturation’. This is a misnomer, however, and merely
applies to the histologic features of such placentas as
having smaller villi; they appear to be more mature
than would be expected at the usually immature gesta-
tional age. The villi are not only smaller but also have
less mesenchymal fluid content. As a consequence,
the superficial cover of trophoblast buckles and more
knots or ‘sprouts’ of syncytium become apparent.
This is referred to as the Tenney–Parker change, after
the first authors to describe this feature. This increased
number of sprouts (more than 30% of terminal villi)
also leads to their more frequent deportation in the
maternal circulation and was thus witnessed as a pecu-
liarity of women dying in eclampsia as they had more
such elements in their pulmonary capillaries.

Pre-eclampsia is associated characteristically
with the presence of atherosis in the maternal, decid-
ual spiral arterioles. It is conceived that the normal
transformation of these blood vessels does not occur
because of inadequate extravillous trophoblastic infil-
tration in early development. The atherosis is reason-
ably characteristic for PIH and may be found in the
decidua basalis and also (often easiest) in the decidua
capsularis of the membranes. But, not in all cases
of even severe PIH can one find this change; it can
also be associated with thrombosis. Atherosis affects
only the maternal arterial bed; it spares the veins.
Characteristically, it consists of the deposition of foam
cells (cholesterol-laden macrophages) in the lumen
and wall of the arterioles (Figure 65.19). This lesion
may obstruct blood flow, as thrombosis would also
do and thereby lead to placental/fetal hypoxia and
typically to placental infarcts. When infarcts are of
recent origin, they still have fetal blood remaining
and they are red. As infarcts age, they lose the fetal
hemoglobin and become pale and, eventually white.
They are firm and sharply delimited from the spongy
adjacent placenta tissue. In contrast to the more
common marginal infarcts seen in normal placentas,
infarcts of PIH are distributed centrally. They also
may surround focal intervillous thrombi, which are
characterized by a laminated appearance due to
the ‘lines of Zahn’ in a thrombus. The occlusion of
maternal spiral arterioles also causes the degeneration
of decidua basalis and destruction of maternal veins.
This may lead to hemorrhages and the condition
is known as abruptio placentae (Figure 65.20). While
abruption is commonest in PIH, it also can occur
in traumatic injuries to the placenta. For instance,
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Figure 65.18 Abortus with an excessively long and heavily
twisted umbilical cord and the even more excessive twisting on
the abdominal surface of the fetus.

Figure 65.19 Atherosis in the spiral arteriole of a patient with
severe pre-eclampsia.

Kurjak-65.qxd  5/9/2006  12:23 PM  Page 743



amniocentesis occasionally needs to be done by
trespassing the placental tissue and that can disrupt
major blood vessels. More common though is abrup-
tion of the placenta in automobile accidents, for
instance, when a seat belt injures the pregnant uterus.
Very rarely, an abruption was caused by external
version of a breech presentation; thus, it needs to be
borne in mind that this can occur when versions are
attempted. It is not uncommon that small retropla-
cental hematomas are found on careful examination,
especially adjacent to placental infarcts. When they
are as large and sudden as shown in Figure 65.20,
however, they are lethal for the fetus.

One feature of placental infarcts differs from infarcts
occurring in other organs (e.g. the kidney), namely, the
dead tissue does not become ‘organized’ in the usual
sense. That is to say, blood vessels from the adjacent
tissues do not enter the infarct and the dead tissue is
also not removed by macrophage activity.

Placenta percreta
It is normal for placentation that a small amount
of decidua basalis separates the villi from the
myometrium. It is not fully understood why it is
that the trophoblast stops invading or destroying the
endometrium at that point, as one can readily find
X-cells in the myometrium underlying most placental
sites and they are found in myometrial blood vessels
beneath the placenta. Only when there is insufficient
decidua present does the villous portion of the
placenta attach itself to the myometrium and then
form a placenta accreta. I believe that this occurs
most commonly because prior disease (e.g. tuberculo-
sis or chronic endometritis) has destroyed the
endometrium and endometrial repair does not take
place by lateral growth of endometrium. Thus, when
a placenta implants over a prior curettage site, the
development of focal placenta accreta may occur. It
is generally witnessed only by the disruption of the
placental floor when the placenta is examined or clini-
cally by postpartum bleeding. Thus, when placental
tissue remains attached to a focus of myometrium, a
placental ‘polyp’ may form, which is composed of
fragments of placental tissue enmeshed in blood clot

and is occasionally accompanied by inflammation.
Also, because of insufficient decidualization of the
higher endocervical canal, placenta previa is often
associated with focal placenta accreta.

When deeper infiltration of the myometrium by
placental tissue has occurred, we speak of placenta
increta and when it has penetrated, we refer to it
as placenta percreta. These terms are frequently mis-
interpreted to mean that the placenta has actually
invaded the myometrium to destroy it and ‘grow
through the endometrium’, to emerge on the peri-
toneal surface. This is really true only of ectopic preg-
nancies in the fallopian tube. When they rupture, this
is due to placenta percreta but primarily so because
there is only minimal or absent decidualization, thus
ensuring that a placenta percreta can form; and
because of the thinness of the tubal wall, rupture may
occur when the conceptus enlarges. It must be said,
however, that ever so rarely a full-term gestation takes
place in the tube. Moreover, all abdominal implanta-
tions are placentas accreta and it is for that reason
that the placenta will not detach on delivery. It has
also recruited an enormous blood supply from the
neighborhood.

Placenta percreta has become more common in
recent years and it is now often diagnosed sonograph-
ically. Virtually, invariably this is the result of a prior
cesarean section. When the uterus is sutured, usually
by a single layer of resorbable fibers, the edges of the
prior incision are poorly aligned and since there is
no new growth of myometrium to connect the edges,
repair occurs by connective tissue. When a new preg-
nancy takes place, this scar widens and thins; when
a placenta is attached directly over the site, it may
appear as though it has penetrated the uterus, but that
occurs only by separating the myometrial edges from
the prior cesarean section. Thus, having implanted on
connective tissue (instead of the normal decidua), the
placenta may even attach itself to the posterior surface
of the urinary bladder. On occasion, some bladder
wall is removed at the excision of such specimens and
it appears as though a true invasion has taken place.
But that is no more than the usual infiltration of
extravillous trophoblast into the uterine musculature
that occurs in all pregnancies. In other words, while
it is theoretically possible that an occasional placenta
may truly invade, the common placenta percretas are
the result of insufficient healing of a prior section
scar. It might be mentioned parenthetically that, when
a pathologist has the opportunity to examine the hys-
terectomy specimens of such percretas, the endocer-
vical canal is tough to cut, it is firmly closed and it is
filled with that sticky mucus that normally prevents
ascending infection of the amnionic cavity.

Fetal storage diseases
Numerous storage diseases of the fetus, the so-called
‘errors of metabolism’, affect the placental morphology.
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Figure 65.20 Abruptio placentae with fetal demise in pre-
eclampsia. Note the compression of nearly one-half of the
placenta. Infarcts are also present.
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One of the first to be recognized was ‘I-cell disease’
in which the trophoblastic cells show diffuse vacuo-
lation. The same is true for many other storage
diseases and, to differentiate among them, it is neces-
sary to undertake enzyme studies. Fetal leukemia
occurs occasionally and can be recognized by the
circulating nucleated cells, but care must be taken

not to overinterpret these as they may be a transitory
phenomena, for instance, in Down’s syndrome. More
important are fetal neuroblastoma and sacrococcygeal
teratoma; both may present as hydrops with typical
swelling and edema of the villi. In neuroblastoma,
however, the neuroblasts are seen to plug many capil-
laries and occasional rosettes may be identified.
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66 Clinically significant
pathology of the placenta
B. Hargitai and T. Marton

Introduction
Histopathological examination of the placenta can
contribute to the determination of the causes of fetal
demise, growth restriction, or neonatal condition.
Recently, several guidelines1–3 and books have been
published in the subject of placental pathology.4,5 The
ever-growing evidence-based knowledge requires reca-
pitulation of the clinicopathological correlation. The
benefits of placental examination include recognition
of maternal conditions having an effect on subsequent
pregnancies (autoimmune disease, antiphospholipid
syndrome, thombophylia) or that may have medicolegal
implications (e.g. concerning the etiology of long-term
neurodevelopmental sequelae or the approximate tim-
ing of an intrauterine death.6,7 Timing of the lesions and
fetal damage can be estimated and possibly vital clues
obtained concerning the etiology of the fetal or neonatal
condition. Many features of the placenta can be judged
only in the clinicopathological context, partly because
of the occasionally loose correlation between the histo-
logical changes and the clinical symptoms and partly
because of the large reserve capacity of the placenta. It
is also apparent that satisfactory clinical information
improves the rate of recognized histological features,
which underlines the importance of the clinical infor-
mation submitted to the pathologist.8

This chapter attempts to highlight clinicopatholog-
ical associations bearing great importance in everyday
obstetrical and neonatal care.

Placenta referral to the
histopathology laboratory
The increased workload of perinatal pathology depart-
ments would not allow examination of all placentas,
which is not even necessary, except those well-defined
conditions when placenta referral is indicated. This
‘minimal list’ can be extended in selected centers with
specific research project. Referral is decided at the
delivery suit. The indications of placenta referral are
as follows.1

Fetal conditions, when referral is indicated
Intrauterine growth restriction (IUGR) (birth weight
below 2.5 kg or third percentile), prematurity (less
than 37 weeks of gestation), placental abruption, fetal
hydrops, fetal developmental abnormality, chromo-
some aberration, stillbirth, severe fetal distress requir-
ing admission to neonatal unit, rhesus (and other)
isoimmunization, morbidly adherent placenta, twins/
other multiple pregnancy (complicated or uncompli-
cated), abnormal placental shape (if clinically rele-
vant, including placental tumors) or other postnatally
diagnosed disorders of the placenta (hematoma, too
large or too small placenta, infarction, discoloration of
membranes), umbilical cord containing two vessels,
premature rupture of membranes (PROM) (more
than 36 h).

Diseases of the neonate with possible
intrauterine origin
These include neonatal infection (pneumonia, or sep-
sis within 72 h) and neonates with neurological signs.

It is also recommended to examine the placentas from
pregnancies with maternal diseases that might have con-
sequences in the neonate. These are maternal pyrexia
and maternal group B streptococcus, pre-eclampsia,
hypertension, severe diabetes, including gestational dia-
betes, maternal thrombopathies–thrombophilias, other
metabolic disease, maternal autoimmune disease,
maternal tumor and storage disease.

Generally, referral is not indicated for cholestasis of
pregnancy (with no further complication), hepatitis B,
HIV infection (seropositivity with no manifest dis-
ease), other maternal disease with normal pregnancy
outcome, normal pregnancy, placenta previa, post-
partum hemorrhage.

In the pathology laboratory, placentas
are selected for pathological examination
A full examination of the placenta includes macro-
socopic and histological examination of representative
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samples of the placenta, membrane and umbilical
cord. The indications for examination of the placentas
are as follows.1

Rhesus isoimmunization with admission to the
neonatal unit, in any intrauterine death/stillbirth
(even if a postmortem examination of the baby does
not take place), anemia requiring intrauterine transfu-
sion, morbidly adherent placenta, maternal pyrexia,
neonatal infection, prematurity (<34 weeks and not
PET/IUGR), severe fetal distress, any admission to the
neonatal unit, IUGR, prematurity (<34 weeks) due to
PET/IUGR, severe PET, abruption, hydrops and fetal
anomaly. The goal in this group is to demonstrate the
placental consequences of the clinical condition, in
other instances to identify the etiology.

The rest of the placentas belong to a risk group
for neonatal disease, so storage is recommended (in
unfixed state, for 2 weeks, 4°C, urgent examination on
clinical request). These placentas are from pregnan-
cies with PROM, prematurity (34–36 weeks), uncom-
plicated gestational diabetes, rhesus negative mother,
maternal group B streptococcus and uncomplicated
pre-eclampsia.

The normal placenta
Normal human placenta has a range of features that
are dependent on many factors including maternal
size, ethnic origin, geographic area, age, parity, etc.

All placentas are examined at the delivery suit after
birth macroscopically.

The membranes can lose their transparency,
become mat/murky and thickened in chorioamnioni-
tis, subchorionic hemorrhage. Small, white-gray gran-
ular nodules appear in oligohydramnios and this
alteration is referred to as amnion nodosum, which
can be confused with squamous metaplasia macro-
scopically, but the latter is a normal variant.

Circumvallate placenta presents with a yellow-
whitish rim on the fetal surface. Its significance is
uncertain, some correlate it with IUGR.

The normal placenta is ovoid, and the fetus to
placenta weight ratio is 7 at term, growing gradually
from 1 at 14/40 weeks of gestation. Normal thickness
is approximately 1.5–2.5 cm. Irregular placental shape,
multilobed placenta can be a sign of disturbed implan-
tation, or developmental abnormality of the uterus. The
placental weight correlates with the fetal weight and a
small placenta is prone to result in placental insuffi-
ciency and subsequent fetal demise. A large placenta
is usually associated with fetal overgrowth syndromes
and genetic disorders (Beckwith–Wiedemann syn-
drome, congenital nephrosis syndrome of the fetus).
Other underlying conditions are maternal diabetes,
maternal and fetal anemia and fetoplacental hydrops.9

The fetal surface has to be searched for vessels leav-
ing the disk, but not returning to it, because that can
be a sign of a retained cotyledon. Generally, the fetal
surface reflects the changes that can be seen in the

membrane or on the subchorionic surface. The color
of the normal placenta varies between red and dark
red, which depends on the time of clipping the umbil-
ical cord. In a normal placenta, palpation is spongy
and homogenous and does not suggest any focal
lesions (except for small, peripheral infarcts or periv-
illous fibrin deposition in term placentas).

After turning the placenta, the maternal side has
to be checked for completeness. The umbilical cord
length is 40–70 cm at term, with one coil over 5 cm on
an average.10 The normal umbilical cord has three
vessels and is inserted on the placental disk, prefer-
ably in central or paracentral position.

Twin placentas
It is essential to determine the chorionicity of twin
placentas, because of the increased morbidity and
mortality rate of the monochorionic gestation. The
commonest type is the dichorionic placenta. It can
have a single disk (either fused or non-separated)
or two separated disks. While dichorionic twins can
be both di- and monozygotic, monochorionic twins
are always monozygotic. Monochorionic, diamniotic
twins represent the second most frequent twinning.
There is always a single placental disk. Chorionicity
can be easily identified with the help of two forceps:
the septum needs to be separated into two layers. In
case of two thin, equally translucent webs the twin pla-
centa is monochorionic, whereas in uneven separation,
having one smooth, opaque, thin layer and a thicker
one with uneven surface, the pregnancy is dichorionic.

The rarest finding is the monochorionic, mono-
amniotic twin placenta (with a single placental disk).

Clinicopathological correlations
Umbilical cord
The umbilical cord is short by definition if it
measures less than 40 cm. A short umbilical cord
carries an increased risk for fetal/neonatal morbidity or
mortality and there is an increased rate of neurological
abnormality. The cord is considered to be long if it is
longer than 70 cm. A long umbilical cord has a cor-
relation with maternal factors, such as systemic dis-
eases, delivery complications and increased maternal
age. According to Baergen et al., fetal factors included
non-reassuring fetal status, respiratory distress, vertex
presentation, cord entanglement, male sex and
increased birth weight. Other frequently observed pla-
cental features were increased placental weight, over-
coiled cord, true knots and congestion. Cord prolapse
causing fetal distress also occurred more often with a
long umbilical cord.11

Marginal cord insertion shows correlation with
IUGR, stillbirth, neonatal death, premature birth and
low birth weight. A possible explanation is that a
disturbed implantation is behind the atypical cord
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insertion. The same is true for velamentous cord
insertion.

Over- or undercoiling of the cord has an increased
risk for fetal demise, fetal intolerance to labor, IUGR,
and chorioamnionitis.10 It is apparent that an extremely
overcoiled umbilical cord has an elevated vascular
resistance, and vascular obstruction is often behind
the fetal loss in these cases.

A true knot can cause fetal death (associated
with perinatal mortality of 10%), whereas a loose knot
per se does not cause harm to the fetus (Figure 66.1).
Long umbilical cord is a risk factor for both knot and
increased coiling.

Single umbilical artery12 has an association with
fetal malformation and chromosome aberration in
25–50%. In normally formed infants, IUGR is frequent
and there is also an increased perinatal mortality.

Thrombosis of the umbilical vessels has a very poor
prognosis,4 but survival can also occur.

Besides the well-known consequences of intrauterine
infection (see below), umbilical cord vessel vasculitis
and funisitis are associated with cord vessel thrombo-
sis and vasospasm of cord vessels.5 Necrotizing funi-
sitis is a rare form of umbilical inflammation usually
seen with acute chorioamnionitis. Candida, strepto-
cocci, herpes and syphilis are reported to play a role in
the pathogenesis of necrotizing funisitis (Figure 66.2).4

Membranes
Acute chorioamnionitis (including ‘subchorial inter-
villositis’) has a strong association with premature
rupture of the membranes and preterm delivery.13 Fetal
intrauterine infection may occur. Maternal pyrexia and
tachycardia are described as maternal effects, but may
be asymptotic. Recently, chorioamnionitis has been
implicated as a risk factor for periventricular leukoma-
lacia and cerebral palsy.14

Chronic chorioamnionitis has been observed in
prolonged rupture of membrane and herpes virus
infection.4

Amnion epithelial vacuolization can be artifact,
but lipid containing droplets in the epithelium are
specific for gastroschisis.4

In contrast to the common belief, pigmented macro-
phages and the presence of meconium staining are
not necessarily associated with adverse fetal outcome.
Meconium staining indicates the danger of meconium
aspiration and with other histological signs of fetal dis-
tress may underline the diagnosis. Vasospasm of cord
vessels and fetal chorionic vessels are reported as a
consequence of meconium exposure.15

Acute and chronic deciduitis and decidual necro-
sis in the parietal decidua are frequently associated
with ascending infiltrations of the placental mem-
branes, which may be non-significant in isolation. In
retroplacental hematoma, severe, necrotizing acute
deciduitis is a common finding. The significance
of chronic deciduitis with scattered infiltration of
lymphocytes is uncertain.4

Placenta

Macroscopic alterations of the placenta
Low placental weight, below the 10th percentile
for gestational age occurs in IUGR, pre-eclampsia,
increased intervillous fibrin deposition, villitis of
unknown origin and trisomies.9 Placental weight
shows correlation with the fetal weight; a small fetus
has a generally smaller placenta than a large fetus,
but a small placenta may lead to growth restriction.

The placenta is thin (the medical term is placenta
annulare or placenta membranacea) by definition
if the average thickness is less than 2 cm and the
placenta has a large membranous area. While the
fetal outcome is usually favorable, there is a risk of
maternal bleeding, placenta previa, placenta accreta.
Often premature delivery occurs and possibly it is
more frequent in IUGR.16
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Figure 66.1 Tight knot of the umbilical cord.

Figure 66.2 Necrotizing funisitis. See the whitish necrotic
areas in the umbilical cord.
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The hemorrhages of the placenta include retropla-
cental hematoma. A large retroplacental hematoma
causes a crater (Figure 66.3) and extensive infarction
involving a sufficient proportion of villous tissue with
secondary fetal hypoxia and/or perinatal death. An early
separation (placental abruption) can be lethal if exten-
sive. An elevated maternal serum alpha-fetoprotein
level can be associated with old hematomas.

Subchorionic hematoma (Figure 66.4) usually has no
clinical significance when patchy, focal or present as a
thin diffuse layer. Although rarely, in extreme cases, a
massive hematoma (massive subchorial thrombosis,
Breus’ mole) can result in abortion.

Placenta previa is usually diagnosed by ultrasound
before delivery. If undetected and if it causes bleeding,
it can be life threatening for both mother and fetus.

Placenta accreta, increta and percreta are poten-
tially life-threatening clinical conditions, causing
uterine rupture, and massive postpartum hemorrhage,
or leading to cesarean section if prenatally diagnosed.
Placenta creta is often an indication of postpartum
hysterectomy because of the excessive bleeding. To
make the pathological diagnosis of a placenta accreta,
examination of the entire uterus is necessary as a
posthysterectomy specimen.

Microscopic alterations of the placenta

• Abnormalities of the placental chorionic villi, the
intervillous space and chorionic vessels that result
in a reduced functional capacity of the placenta:

(1) A placental infarct (Figure 66.5a and b) has
no significance if it is single, marginal and/or
involves less than about 5% of the villous
tissue. If a placental infarction involves more
than 10% of the placental volume it is
regarded as extensive infarct and can have
serious clinical consequences such as fetal
hypoxia, IUGR, stillbirth, pregnancy-induced
hypertension, abruptio placentae, neurologi-
cal abnormalities because of the reduced size
villous tree.4

(2) Extensive perivillous fibrin deposition,
involving more than 20–30% of the villous
tissue and functional placenta, is an impor-
tant histological entity, associated with IUGR
and fetal death. In these cases often 70–80%
of villous population is enveloped by fibrin.
The maternal serum AFP can be extremely
elevated.17,18

• There are two special patterns of the fibrin depo-
sition: massive basal plate perivillous fibrin depo-
sition is termed as ‘maternal floor infarct’ and is
known to be associated with high mortality and
IUGR.4,5,19,20

• The massive perivillous fibrin deposition in a net-
like pattern (Figure 66.6a and b) is the ‘gitter
infarct’. ‘Gitter infarct’ and ‘maternal floor infarct’

are historical names, none of them a true infarct,
but a special type of perivillous fibrin deposition.

(3) Abnormalities of the fetal vessels: Fetal chori-
onic vessels and fetal stem vessels of the pla-
centa may contain fresh or organized thrombus.
The organized thrombus can calcify, or contains
small vascular spaces if recanalized. Obstruc-
tion of fetal vessels (Figure 66.7) is associated
with groups or fields of hyalinized, avascular
villi. These villi cannot take part in the blood
gas exchange for the complete lack of capillar-
ies. Presence of extensive avascular villi
(Figure 66.8), due to fetal vessel thrombosis,
was reported in association with stillbirth,
IUGR, maternal and fetal coagulopathy and
fetal thromboembolic disease leading to cere-
bral palsy.7 Intimal fibrin cushion, a non-
symmetric intimal swelling with endothelial
disruption, is described in neonatal asphyxia,
in association with disseminated capillary
thrombi of fetal vessels. The severity of the fetal
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Figure 66.3 The crater in the middle of the placenta was
caused by a retroplacental hemorrhage.

Figure 66.4 Lamellated, large subchorionic hematoma can be
seen on the fetal surface of this placenta.
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consequences depends more on the accompa-
nying vascular lesions, mainly on fetal vessel
thrombosis.15 If there are large areas of avascu-
lar villi, the prognosis is dependent on the pro-
portion of the placenta as described above.

• Hemorrhagic endovasculitis (HEV) is a controver-
sial entity, which was reported to be a postmortem
artifact and was doubted as being a specific dis-
ease. The histological appearance is characterized
by thrombotic-recanalized stem vessels and extra-
vasated, fragmented red blood cells (Figure 66.8).
HEV was found to be associated with meconium
staining and postmaturity. Earlier report revealed
association with stillbirth, IUGR, neurological
disability and maternal hypertension. HEV was
reported also in livebirths, associated with perina-
tal complications, fetal distress and IUGR.

• Interlesional relationships exist between throm-
botic, chronic inflammatory and chronic vaso-
occlusive lesions.4

(4) Most frequently, intervillous hemorrhage and
thrombus are related to maternal vessel lesion
and are of maternal origin. Small and focal
lesions have no clinical importance. Large and
multiple lesions may cause fetal compromise or
demise depending on the functional placental
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Figure 66.7 Stem vessel occlusion with small avascular villi.

Figure 66.6 Net-like fibrin deposition in the placenta:
(a) macroscopic picture and (b) microscopic image shows villi
entrapped by fibrin.

Figure 66.5 Multiple fresh infarcts in a term placenta: (a)
macroscopic picture and (b) microscopic image representing
necrotic villi.

(a)
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parenchyma loss and the rest of the unaffected
placenta. Quite often they can be seen in pre-
eclampsia and is surrounded by infarct as a
rim. In some cases intervillous hemorrhage and
thrombus are signs of fetal bleeding into the
maternal circulation as described by Kline.
Only a minority of these alterations leads to a
large amount of fetal blood loss and stillbirth or
severe anemia followed by ischemic lesions of
parenchymal organs.

• Changes of the chorionic villi secondary to pre-
eclampsia, intrauterine hypoxia or fetal conditions
and maternal spiral artery changes:

(1) Increased number of syncytial knots occurs in
pre-eclampsia, hypertension, diabetes mellitus,
maternal anemia and pregnancy at high alti-
tude. It can also be seen in a thick histological
section (artifact). Despite the fact that it occurs

in pre-eclampsia, the correlation between
increased syncytial knotting and fetal hypoxia
has not been proved. Excessive increase of syn-
cytial knotting may be due to reduced fetal per-
fusion and placental hypoxia or can be the sign
of accelerated maturation if the duration of
pregnancy was less than 40 weeks.

(2) Elevated number of nucleated red blood cells
(NRBCs) may occur in many causes of chronic
hypoxia (Figure 66.9), IUGR, stillbirth, acute
and chronic fetal blood loss or anemia, mater-
nal diabetes and erythroblastosis fetalis.4

(3) An increase of vasculo-syncytial membrane
(VSM) is described in pregnancies at high alti-
tude, pre-eclampsia, maternal heart failure
and maternal anemia. VSM deficiency was
reported in pre-eclampsia, materno-fetal rhesus
incompatibility, maternal diabetes, low birth
weight and stillbirths.4,5

(4) Extensive stromal fibrosis occurs in terminal
villous deficiency, in IUGR, and in avascular
villi due to fetal stem vessel thrombosis.
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Figure 66.8 A group of avascular villi around a stem villus.
The stem villi show hemorrhagic endovasculitis.

Figure 66.9 Nucleated red blood cells in a fetal capillary.

Figure 66.10 Placental edema: (a) macroscopic picture – the
bulky placenta and (b) edematous terminal villi.

(a)

(b)
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(5) Placentas from pregnancies with hydrops
fetalis may show a combination of immaturity
and edema. Villous edema occurs also in
infections (syphilis, CMV, toxoplasma, par-
vovirus) (Figure 66.10a and b) and in hydatid-
iform moles. Edema may be within normal
limits, when focal.4

(6) A failure of villous maturation was found to
be associated with fetal hypoxia, IUGR, mater-
nal diabetes and materno–fetal rhesus incom-
patibility. Maturation failure may lead to
intrauterine death.5,21

(7) Accelerated villus maturation (maturitas pre-
cox)4 can be observed in prematurely deliv-
ered placentas in pre-eclampsia and the
features are related to chronic ischemia.

(8) Abnormalities of the maternal vessels are
usually associated with pre-eclamptic toxemia.
Uteroplacental or decidual arteriopathy is a
failure of physiological adaptation of maternal
vessels. Uteroplacental vessel fibrinoid necro-
sis, acute atherosis and uteroplacental vessel
thrombosis are closely related with pregnancy-
induced hypertension, maternal essential
hypertension, pre-eclampsia resulting in fetal
complications such as IUGR, SGA and still-
birth. It is associated with APA, systemic
lupus erythematosus and thrombophilia.4,5,22

• Inflammatory processes involving the placental
villi or intervillous space:

(1) Acute villitis is usually associated with severe
maternal infection, preterm delivery and
might lead to intrauterine infection and
intrauterine death (IUD).4

(2) The etiology of chronic villitis is usually not
known (villitis of unknown origin, VUO, or

villitis of unknown etiology, VUE) (Figure
66.11). In about 15% of cases CMV, toxo-
plasma and syphilis infection are the underly-
ing causes of chronic villitis.

• Chronic villitis is associated with IUGR and/or
stillbirth. Chronic villitis of unknown etiology is
associated with IUGR and preterm birth, and tends
to recur during subsequent pregnancies.4

(3) Chronic histiocytic intervillositis (chronic
perivillositis) is characterized by dense histio-
cytic intervillous infiltrate, and is reported in
association with elevated maternal serum AFP,
recurrent abortion, IUGR and preterm delivery.
Malarial infection should be excluded.23

• Miscellaneous conditions of the chorionic villi:

(1) Mesenchymal dysplasia is the hallmark of
Beckwith–Wiedemann syndrome.24

(2) Perinatal death, congenital malformation and
cerebral palsy were found to be associated with
chorangiosis as a response to low-grade tissue
hypoxia. Although others have supported this
observation, the question still remained as to
how chronic hypoxia results in increased vas-
cularization. The significance of this alteration
needs further investigation.25

(3) Chorangioma is a tumor-like lesion, resembling
infantile hemangiomas (Figure 66.12). It is most
likely of hyperplastic origin, arising from the
subtrophoblastic reticular tissue of the imma-
ture stem villi. Large lesions can lead to cardiac
failure, hydrops and death of the fetus due to
high-output cardiac failure. Other possible
complications are transplacental bleeding, and
feto–maternal transfusion leading to anemia.
Chorangioma was reported to be associated
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Figure 66.11 Villitis of unknown etiology (VUE). Chronic
inflammatory cells infiltrate the villus, the chorionic epithelium
is damaged.

Figure 66.12 Microscopic appearance of chorangioma with
small capillary-like vessels and sinusoids.
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with pre-eclampsia, multiple gestation, prema-
ture delivery, fetal thrombocytopenia and fetal
angiomas (Kasabach–Merritt syndrome).4

(4) Umbilical cord hemangioma is a rare entity
and its complications are related to the size of
the lesion. It can be associated with elevated
AFP level; fetal disseminated intravascular
coagulation, fetal hydrops as well as fetal
demise have been described.26

Conclusion
In conclusion, we would like to emphasize the impor-
tance of placental referral to the pathology laboratory
and the placenta examination. We would also like to
encourage communication between clinicians and
pathologists to discover further clinicopathological
correlations for the benefit of the patients.
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67 Non-invasive prenatal
diagnosis: maternal blood
O. Lapaire, B. Zimmermann, X. Yan Zhong, S. Hahn and W. Holzgreve

Abstract
One of the major topics of prenatal research today is
the genetic analysis of fetal cells or fetal DNA/RNA,
which can be accumulated from the blood of pregnant
women. It is the intention of the clinician and scien-
tists of the laboratory to offer a risk-free diagnostic
method for pregnant women in order to reduce the
number of invasive interventions [e.g. amniocentesis
(AC), chorionic villi sampling (CVS)] and the proce-
dure-related risk of fetal loss, as well as to provide
additional markers for prenatal screening programs
and for prenatal diagnosis. Until now the technical
problems of cell enrichment has prevented routine use
of fetal cell sampling. In contrast, cell-free fetal DNA
in maternal plasma can now be used for the extremely
reliable identification of fetal genetic traits, clearly dis-
tinguished from maternal sequences (e.g. the fetal rhe-
sus status) or inherited polymorphism. Only recently,
a new field of investigation has been opened by the
demonstration of the cell-free form of fetal RNA in
maternal plasma, which is surprisingly stable and
holds promise for non-invasive screening for fetal
aneuploidies or pregnancy-associated disorders.

Introduction
Routine clinical prenatal diagnosis with a view to iden-
tify fetal genetic disorders was started in the 1970s.
Since its inception, the reason for prenatal diagnosis is
the detection of fetal aneuploidy and malformations.
The overall risk of fetal chromosomal disorders is con-
tinuously rising due to the increasing average age of
pregnant women in the Western world, especially in
Europe. The maternal age alone as a screening marker
has a low sensitivity of 30–40% for trisomy 21
(M. Down), dependent on the age distribution of the
studied population. Down’s syndrome is the most com-
mon chromosomal abnormality among live births and

is the most frequent form of mental retardation caused
by a chromosomal aberration. Prenatal protocols for
Down’s syndrome screening have been introduced for
several reasons:

• Trisomy 21 has a high prevalence (1 in 700 births
in the absence of prenatal intervention)

• The high morbidity and mortality in affected
fetuses and the consecutive socioeconomic costs

• The area-wide availability of diagnostic tests to
detect this chromosomal abnormality

• The availability of safe and accessible interven-
tions to introduce abortions of affected fetuses

As a whole, the society desires Down’s syndrome
screening to be done as early as possible in pregnancy,
despite the effectiveness of second-trimester serum
screening. First- or early second-trimester diagnosis
of fetal abnormalities allows more time for decision
making, greater privacy and safer methods of preg-
nancy termination. However, a number of issues must
be addressed before earlier screening can be offered on
a general population basis. These issues include the
availability and acceptability of early invasive diagnos-
tic methods (e.g. chorionic villus sampling and amnio-
centesis), as well as clinical effectiveness.

Three screening markers, two serum and one fetal
ultrasound marker have been shown to be effective for
first-trimester screening for Down’s syndrome.2,3 The
two serum markers in combination with the maternal
age constitute a first-trimester maternal serum screen-
ing test that achieves a sensitivity of 63% at a 5%
false-positive rate.2

An improved performance can be attained by the
addition of sonographic analysis for increased fetal
nuchal translucency (NT) (Figure 67.1). NT by itself is
a strong marker of Down’s syndrome and is associated
with detection rates between 60% and 70% at a 5%
false-positive rate.4 When it is combined with the
pregnancy-associated plasma protein A (PAPP-A),
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free beta-human chorionic gonadotrophin (beta-hCG),
and the maternal age, an overall sensitivity rate of
approximately 85% at a 5% false-positive rate can be
obtained.5–7

The combination of serum and ultrasound markers
at the end of the first trimester is better than any of the
second-trimester serum tests that are nowadays avail-
able and, at least in a hypothetical model, are more
cost-effective (screening plus liveborn costs).8 How-
ever, the performance of NT as a screening marker
has not been consistent from study to study, probably
because of the variability of the operator’s experience
and training.9 Further studies as well as proper training
and ongoing quality management are necessary before
a widespread use of this screening regimen can be
implemented.10

In case of a suspicious result (in Switzerland: over-
all risk for trisomy 21 > 1:380), invasive testing, with
either amniocentesis (AC) or CVS, is advised during a
profound genetic counseling. AC is the commonly
used ultrasound-guided technique for withdrawing
amniotic fluid from the uterine cavity, using a needle
via a transabdominal approach. CVS refers also to the
invasive procedures for prenatal diagnosis of genetic
disorders, in which small specimens of the placenta
are achieved for chromosome or DNA analysis. Two
approaches are available for obtaining chorionic
tissue, a transcervical and a transabdominal CVS,
depending on the routine of the performer and the loca-
tion of the placenta. However, due to the procedure-
related risk of fetal loss, which is estimated to be
0.5–1% of all interventions, a rising percentage of
pregnant women opt not to have any invasive diag-
nostic procedures. Thus, the rate of procedure-related
unaffected fetal loss is estimated to be 44–45 per
100,000 women screened when either first-trimester
screening (NT, free beta-hCG, and PAPP-A) or a second-
trimester quadruple test has been performed.

For that reason international projects have been set
up in the field of prenatal medicine research for effec-
tive, risk-free, and reliable alternative methods and

additional markers. The object of the research is to
obtain fetal tissue, with either the enrichment of fetal
cells or cell-free DNA, and recently RNA, extracted
from the maternal blood. Fetal cells have been found
in the maternal blood, though in very low quantities.
Therefore, the primary step was their detection,
enrichment, and characterization with molecular bio-
logic methods.11 Besides fetal cells, cell-free fetal DNA
and fetal RNA, independent of fetal gender and genetic
polymorphism status, were found in the maternal
plasma. With the progress in prenatal research and
technical advances, some results of non-invasive
prenatal medicine research have already come into
the clinical setting: as a diagnostic tool, fetal DNA,
extracted from maternal plasma, can now be used for
the extremely reliable identification of fetal genetic
traits that are absent in the maternal genome (e.g. the
fetal rhesus status or patients with an elevated risk for
X-chromosomal inherited disorders, e.g. hemophilia,
fragile X-syndrome).

To examine fetal DNA, nowadays a polymerase
chain reaction (PCR) is normally used as the first step
in the vast majority of DNA analyses. In a few hours,
an automated PCR can amplify a single DNA molecule
a millionfold. The greatly amplified target DNA is
subsequently analyzed via other techniques.

The recent detection of fetal RNA in the plasma of
pregnant women has led to new opportunities. Unlike
fetal DNA, quantitative analysis of fetal RNA with
PCR methods has the advantage of being applicable to
all gravidae, irrespective of fetal gender and genetic
polymorphism.12

To analyze fetal RNA, a reverse-transcriptase PCR
(RT-PCR) is used for transforming messenger RNA
(mRNA) into complementary DNA (cDNA) by an RNA-
dependent DNA polymerase, specified as RT. The
cDNA complex is then changed into a double stranded
DNA, thus becoming the template for a subsequent
PCR reaction.

The main source of fetal RNA is thought to be the
placenta. Fetal RNA is surprisingly stable in the
maternal plasma. Data indicate that the measurement
of circulating placental RNA may provide a new
method for non-invasive prenatal diagnosis and mon-
itoring. The future clinical application of this tech-
nology would be the application of RNA as an
additional screening tool for chromosomal aneuploi-
dies and other pregnancy-associated disorders.

Non-invasive clinical
diagnostics using fetal cells
in maternal blood samples
A long sought goal of prenatal medicine has been the
reduction of invasive diagnostic procedures for fetal
cell sampling, and its procedure-related risk of mis-
carriage, by isolating fetal cells from the maternal blood.
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Figure 67.1 Transabdominal measurement of the fetal nuchal
translucency (3.1 mm) at the end of the first trimester.
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In the 1990s, the first report about successful enrich-
ment of fetal cells, extracted from maternal blood, was
published. The cells could be analyzed for possible
aneuploidies by fluorescent in situ hybridization
(FISH).13 FISH can identify different chromosomal
mutations including deletions, duplications, aneu-
ploidy, and the presence of derivative chromosomes
with specific DNA probes. However, small mutations,
including small deletions and insertions as well as
point mutations, cannot be identified with the FISH
technique. When the DNA probes are designated with
a fluorochrome, fast detection of the fluorescent sig-
nal is possible via fluorescence microscopy. The main
difficulty of this method has been the very low con-
centration of fetal cells in the maternal serum. It could
be shown that only two to six cells per milliliter of
maternal blood are present.14 Fetal cells can be found
in the blood of pregnant women from the first
trimester on. However, a rapid, simple, and consistent
procedure for their isolation for prenatal non-invasive
testing has not been found. Almost any procedure
available in experimental cell research for cell enrich-
ment has been used to isolate fetal cells out of mater-
nal blood. For the multistep enrichment, the density
gradient centrifugation is always used as the first
step,15 fluorescence-activated cell sorting (FACS)16 or
magnetic activated cell sorting (MACS) (see Figure
67.2)17 follow as the second step after the attachment
of magnetically labelled or flourescent antibodies for
specific fetal cell surface markers. A major effort has
been made during the last years to standardize and
validate these processes among different laboratories.

The latter method is easy to perform and has a
higher turnover of samples, as well as a higher sensi-
tivity than FACS (see Figure 67.3). The third step
includes FISH, culture, or PCR. However, the cell
culture, with or without enrichment, as well as the
multistep enrichment procedure itself requires many
manipulations in which a certain amount of cells may
be lost. New methods, such as automatic scanning,
are needed to install the cell enrichment in the
routine clinical use. Different populations of fetal
cells can be enriched from the maternal blood;
CD34 + hematopoietic progenitor cells and cells from
the trophoblast are used.17 Each of these cell lines has
some specific disadvantages. For example, it is not
possible to cultivate nuclear erythrocytes. This fact
does not allow a metaphase analysis for chromosomal
testing. On the other hand CD34 + cells can be culti-
vated. However, they persist postpartum in the mater-
nal blood circulation and make a prenatal testing in
the next pregnancy more difficult. Furthermore, cells
are not constantly present in the maternal circula-
tion. The isolated cells have been investigated using
cytochemistry, soret band absorption microscopy,
monoclonal antibodies for ε- and γ-chain-hemoglobin,
monoclonal antibody for i-antigen, and FISH. In sum-
mary, the enrichment of fetal cells from the maternal
blood is too laborious to be a serious alternative in the

clinic and to supersede prenatal invasive diagnostic
procedures. Today, the international research has par-
tially turned its attention to the cell-free fetal DNA
and RNA.

Non-invasive prenatal
diagnostic tests with fetal DNA
The first publication about cell-free fetal DNA, extracted
from maternal blood, dated from 1997.18 Quantitative
investigations showed that the concentration of fetal
DNA during pregnancy is much higher than that of
fetal cells.18 Quantitative levels can be measured with
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Figure 67.2 Aspect of a MACS system, used in our laboratory.

Figure 67.3 Micromanipulation of a single fetal erythroblast.
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real-time PCR. Real-time PCR has several advantages
over conventional PCR: the data collection is done
during amplification. The accumulation of PCR prod-
ucts over time is measured directly, without post-PCR
modifications. Therefore, it is less prone to contami-
nation, as the results are analyzed automatically
without having to open the PCR reaction vessel, and
there is no post-PCR work. It also permits the rapid
analysis of numerous samples in one analytic run and
is therefore better for automation.

The quantitation of fetal DNA may provide addi-
tional knowledge regarding the outcome of pregnancy.
Fetal DNA is elevated in specific pregnancy-associated
disorders like pre-eclampsia,19 hyperemesis gravi-
darum,20 or trisomy 21.21 In case of pre-eclampsia, it
could be demonstrated that the severity of the disease
correlates with the level of cell-free fetal DNA in the
blood of affected pregnant women.22 Furthermore,
cell-free fetal DNA can be used as an additional marker
for Down’s syndrome. Although its sensitivity is lower
than that of other biochemical screening-markers, like
alphafetoprotein (AFP), unconjugated estriol (uE3),
hCG or Inhibin A, predominantly due to its width of
distribution, it shows a 21% detection rate (with a set
5% false positive rate), when cell-free fetal DNA from
maternal plasma/serum is singularly used as marker for
Down’s syndrome.23 These studies suggested that an
elevated concentration of fetal DNA may be a valuable
marker for pregnancy-associated diseases.23 As the
majority (more than 90%) of free DNA in maternal
serum is derived from the mother, it is difficult to
differentiate the origin. Previously, it was possible only
to examine genetic traits that are not present in the
maternal genome. However, with this non-invasive and
risk-free method it is now possible to detect Y-specific
sequences in pregnancies with an elevated risk for
X-chromosomal inherited disorders (e.g. hemophilia,
fragile X-syndrome). Approximately, 15% of Caucasian
pregnancies are potentially at risk of severe intrauter-
ine hemolytic disease, mainly due to rhesus D incom-
patibility. The need to know the rhesus constellation,
as well as the large number of X-linked disorders,
has prodded several groups to develop non-invasive
risk-free methods for diagnostic tests.

With the highly specific real-time PCR method, it is
nowadays possible to detect these fetal genetic traits
with an almost 100% sensitivity and specificity. A
few laboratories offer routinely the detection of the
fetal rhesus status. This is a success in the 15-year-old
international research on this topic.

A recently published work of our laboratory
demonstrated that fetal DNA can be separated from
maternal DNA, due to the difference in its size.24 A
majority of fetal DNA has a size of < 0.3 kb, whereas
the maternal DNA, which constitutes more than 90%
of the amount of circulating DNA in the maternal
blood, shows a size of > 1 kb.25 The difference in size
may account for the different origin. Fetal DNA
derives predominantly from the placenta, whereas

maternal DNA has its main origin in the hemato-
poietic system.26,27 After size separation of the fetal
DNA, it is possible to detect fetal microsatellite
markers with fluorescent PCR.24 Until now, this new
technology has been used for the determination of
many disorders like myotonic dystrophy,28 achon-
droplasia,29 and beta-thalassemia.30

Non-invasive prenatal screening
tests with fetal DNA

The current focus in research on fetal DNA investi-
gates its use as a maternal serum marker in the second
trimester for fetal Down syndrome and other preg-
nancy-associated disorders. The quantitative meas-
urement of fetal DNA could complement the
second-trimester serum markers. By increasing the
specificity of the screening, it could help to prevent a
considerable amount of unnecessary invasive proce-
dures. The median of fetal DNA concentration is
reported to be approximately twofold higher in preg-
nancies with Down’s syndrome, compared with unaf-
fected pregnancies, but the data are disputed by other
reports and larger sample numbers, and meticulously
accurate, standardized quantification are demanded
to allow final conclusions.

In order to use the fetal DNA as a screening marker,
a gender-independent fetal DNA marker that can be
assayed by real-time PCR is needed. Polymorphic
sequences are presently used in the clinical samples
that are investigated for fetal rhesus status to ascertain
the presence of adequate amounts of fetal DNA.
Although a number of sequences have to be examined
in each pregnancy to ascertain distinction between
fetal and maternal DNA, this approach is still rela-
tively easy to implement.

The presence of fetal DNA in maternal plasma has
revealed significant clinical potential for the prenatal
diagnosis of fetal genetic diseases and pregnancy-
associated complications.

A caveat of the approach is that the DNA present in
the circulation is predominantly of maternal origin and
interferes with molecular analysis of the fetal DNA.
Hence, paternally inherited fetal loci that are clearly
different from maternal genomic sequences can be
readily examined. Paternally inherited mutant genes in
compound heterozygous genetic disorders may also be
detected if the paternal mutation is dissimilar from the
maternal allele. In general, the detection of fetal single
gene disorders is at least cumbersome and sometimes
impossible with current methods. Our group was
able to detect four paternal inherited mutations of the
β-globin31. The detection rate was 86%, 100%, 100%
and 81%, respectively. Only one false positive result
was seen in one of the four examined point mutations.
The continuing use of mass-spectroscopy will allow
the detection of specific alleles, point mutations or
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even differences in single nucleotides (single-
nucleotide polymorphism).

Most studies generate data from pregnancies with
male fetuses as sequences on the Y chromosome are
unique DNA markers, which are absent in the maternal
genome. This approach is only applicable to approxi-
mately 50% of the pregnancies, but is straightforward
to perform. An impediment in the generation of accu-
rate data is the low number of fetal sequences in the
plasma, such that the samples quantified by the real-
time PCR have copy numbers close to the detection
limit and therefore the results of a study may be limited
by this fact.

Non-invasive prenatal diagnosis
and screening with fetal RNA
from maternal plasma, expressed
from the placenta

A new development in prenatal screening research
constitutes the measurement of fetal RNA in the

maternal blood. It gives the possibility to screen for
sex-unspecific disorders.12 Fetal RNA in maternal
plasma is surprisingly stable and holds promise for
non-invasive gene expression profiling.32–34 Unlike
fetal DNA, extracted from maternal serum or plasma,
fetal RNA can be used for prenatal testing irrespective
of fetal gender and genetic polymorphism status. To
date, only a few reports present quantitative data
on this phenomenon. They indicate that fetal RNA
extracted from maternal plasma represents a gender
independent marker, which may be used for non-
invasive gene-expression profiling and may be a
suitable additional screening tool for pregnancy asso-
ciated pathologies. In the case of preeclampsia, not
only elevated levels of cell-free fetal DNA, but also
elevated levels of fetal RNA were detectable in mater-
nal plasma.35 The presence of fetal RNA in maternal
plasma/serum gives the possibility of investigating
the expression of certain genes in analogy with the
presently used RNA markers in oncology.36

The fast progress and success in non-invasive pre-
natal research may give a future prospect for valuable
alternatives in regard to invasive prenatal diagnostic
tests.
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68 Multiple gestations: pregnancy
evaluation by ultrasonography
S. Tercanli, D. V. Surbek, R. Zanetti-Dällenbach, I. Hösli and W. Holzgreve

Introduction
Since the introduction of ultrasound in prenatal
medicine, the prognosis of multiple pregnancies has
improved dramatically. Early and appropriate diagno-
sis of multiplicity and chorionicity, detection of discor-
dant fetal growth, evaluation of fetal well-being by
biophysical scoring and Doppler sonography as well as
planning of delivery mode by determination of fetal
presentation are some of the most important diagnostic
advances that represent the basis of adequate clinical
management. Multiple pregnancies are at increased
risk for several complications during pregnancy and
childbirth like prematurity, fetal growth retardation,
twin–twin transfusion syndrome (TTS), pre-eclampsia,
stillbirth and malpresentation. Therefore, early diagno-
sis of multiple pregnancies and in particular determi-
nation of chorionicity is mandatory for the appropriate
assessment of risk factors, for intensive prenatal care
and early detection as well as for treatment options
of complications. Before the introduction of prenatal
ultrasound, detection rate of twin pregnancies before
delivery was lower than 50%,1 while in countries
where routine ultrasound in pregnancy is performed,
the rate is close to 100%.2 Consequently, this has led to
decreased perinatal morbidity and mortality in twin
and higher multiple gestations in the past 30 years.

In the following chapter we will give an overview
of the most important clinical issues of multiple preg-
nancy where ultrasonography plays a major role in
the diagnostic procedure.

Early diagnosis of
multiple pregnancies
Why should a multiple pregnancy be diagnosed early?
First, the number of fetuses, which can be confirmed by
ultrasound, is a strong determinator of prognosis of a
pregnancy, which is generally best for singletons and
gets worse with higher-order multiplicity. As in single-
ton pregnancies, gestational age can be confirmed by an

early ultrasound during the first trimester using growth
charts of crown–rump length corresponding to gesta-
tional age.3 In the first and second trimesters of preg-
nancy, growth charts for singleton pregnancies can be
used appropriately for twin pregnancies.4 More impor-
tantly, early ultrasound allows for definitive diagnosis
of chorionicity, which itself is also a strong predictor of
fetal outcome.

Usually, early diagnosis of multiple pregnancy by
transvaginal sonography is easy.5 After the fifth week of
pregnancy (from the last menstrual period), different
gestational sacs are visible in multichorionic gesta-
tions, whereas in monochorionic twins only one chori-
onic cavity is visible. From the sixth or seventh week
of pregnancy, it is possible to identify the number of
embryos and yolk sacs in multichorionic as well as
monochorionic gestations (Figure 68.1a and b). As soon
as two or more embryos with heart activity are dis-
cernible, the diagnosis of multiple gestations is con-
firmed. Although a false diagnosis of a singleton
pregnancy may be made if a hurried scan is performed
by an inexperienced examiner, the diagnosis at this
stage is virtually error-free. Possible pitfalls may be
chorial hematomas or a decidual pseudosac mimicking
a second or third gestational sac, or conjoined twins
mimicking a singleton pregnancy (Figure 68.2a and b).

Another issue in early diagnosis is the phenome-
non of vanishing twins, which seems to occur in a sig-
nificant proportion of twin gestations6,7 and might be
the reason for discordant diagnosis in subsequent
ultrasound examinations. This phenomenon of ‘van-
ishing embryos’ is especially well established from in
vitro programs such as those shown in Table 68.1,
which summarizes data obtained in pregnancies after
in vitro fertilization (IVF) where intact heart action of
the embryos was the intake criterion for the prospec-
tive study. Vanishing embryos is the spontaneous
abortion of a multiple gestation member in the first
trimester either by expulsion or – more often – by
complete resorption of the embryo (Figure 68.3). In
many cases it remains asymptomatic, though some-
times it is accompanied by vaginal bleeding.
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Prognosis for the surviving twin seems excellent,
although recently it has been hypothesized that unex-
plained cerebral palsy might be the consequence in
the survivor of a vanishing twin pair.8,9

Prenatal diagnosis of zygosity,
chorionicity and amnionicity
Dizygotic twinning results in dichorionic–diamniotic
pregnancies, even though the placentae may be fused
(Figure 68.4). In contrast, monozygotic twinning may
result in dichorionic–diamniotic, monochorionic–
diamniotic or monochorionic–monoamniotic placenta-
tion, depending on the age of division. The division of
the embryo results in the following constellations: from
day 1 to day 3 after fertilization, dichorionic–diamniotic
twins; from day 4 to day 6, dichorionic–monoamniotic
twins; from day 7 to day 9, monochorionic–monoamni-
otic twins. If the division takes place after day 9,

764 Multiple gestations: pregnancy evaluation by ultrasonography

Figure 68.1 Transvaginal sonograms of pregnancies in the first
trimester. (a) Dichorionic twin pregnancy with clear separation
of the chorionic cavities. (b) Monochorionic twin pregnancy
with both embryos anencephalic.

Figure 68.2 Conjoined twins mimicking a singleton pregnancy.
Color-coded Doppler sonography. (a) A common fetal heart.
(b) Two independent fetal hearts.

Table 68.1 Vanishing embryos in pregnancies with
multiples. The ‘intake criterion’ was intact heart
action. All pregnancies are from the in vitro
fertilization program of Dr. Robert Fischer, Hamburg

Initial scan Cases Second trimester

Twins 52 34 twins
18 singletons

Triplets 22 8 triplets
11 twins
3 singletons

Quadruplets 4 2 quadruplets
2 triplets
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conjoined twins result. Dichorionic placentation is
found in 30% of monozygotic pregnancies.10 As a
rule, dizygous twins are always dichorionic, although
this dogma has recently been disproven.11,12

Virtually all monochorionic twins, which represent
about 20% of all twin pregnancies, have vascular
anastomoses in the placenta, whereas almost none of
the dichorionic (fused) placentas shows such cross-
circulation.13 These vascular shunts usually remain bal-
anced, but occasionally they might become functional,
leading to typical monochorionic twin complications
like discordant growth (Figure 68.5a) and TTS.14

Alternatively, in situations with one intrauterine fetal
demise (Figure 68.5b) complications from vascular

anastomoses might arise in the surviving twin. These
include severe conditions like multicystic encephalo-
malacia and renal infarctions. In earlier publications,
several authors postulated that embolization of throm-
boplastin-like material across the shared circulation
followed by disseminated intravascular coagulation is
the cause of this phenomenon, which is also called the
twin disruption syndrome. More recent evidence, how-
ever, suggests another pathophysiological mechanism,
which is based on the assumption that a sudden blood
pressure gradient may occur at the moment of fetal
demise, followed by severe hypotension and exsan-
guinations in the surviving fetus, leading to acute
hypoxic organ damage predominantly in the brain in
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Figure 68.3 Dichorionic twin pregnancy with a ‘vanishing
embryo’. After spontaneous abortion of the twin in the upper left
corner of the uterus, the amniotic fluid in this sac has almost
disappeared and the embryo is getting almost ‘resorbed’.

Figure 68.4 Dichorionic twin pregnancy where both chorion
frondosum areas are so close to one another that the two
placentae seems to be ‘fused’.

Figure 68.5 Twin pregnancy with (a) discordant growth and
(b) intrauterine fetal demise. The sonogram shows the head of
the survivor in the lower left and the dead fetus in the upper right
corner.
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up to 20% of survivors.15 This phenomenon could be
called an acute TTS.16

These complications occur only in monochorionic
gestations (Figure 68.6). In particular, the fetal loss
rate in monochorionic pregnancies is up to four times
higher as compared to dichorionic twin pregnancies.
Chorionicity is thus the most important factor influ-
encing the outcome of twin pregnancies. Conse-
quently, accurate prenatal diagnosis of chorionicity is
of predominant importance for the clinical manage-
ment of twin pregnancies.

As outlined above, monochorionic twins usually
have a separating membrane, and thus are diamniotic.
Fewer than 2% of twins are monoamniotic. Besides
complications of monochorionicity, these pregnancies
are at high risk for cord accidents during pregnancy
and birth, resulting in an extremely high fetal loss rate
of 50–75%. Delivery by early elective cesarean section
is therefore one of the most important features of the
management of monoamniotic twins.

Determination of chorionicity and amnionicity
before birth is done by ultrasonography. In early preg-
nancy during the first trimester, it is usually easy to
differentiate the type of placentation by transvaginal
sonography. If two gestational sacs with two embryos
are identified, the diagnosis of dichorionic twins can
be made with certainty (Figure 68.7). On the other
hand, if there is only one gestational sac with two
embryos, monochorionic twins are diagnosed. To sep-
arate monoamniotic from diamniotic gestation, it is
necessary to discern two amniotic membranes sur-
rounding the embryos (Figure 68.8), or, at a later stage,
to identify a partition membrane between the fetuses
(Figure 68.9). If there is no membrane visible, the sonog-
rapher has to be cautious as a separating membrane
might exist but might be hardly visible on ultrasound
scan (Figure 68.10a), particularly in cases of severe oligo-
hydramnios or anhydramnios of one twin combined
with polyhydramnios in the other (Figure 68.10b), as it
is typically present in TTS (‘stuck twin’).

Later in the first trimester, from about 10 to 14
weeks’ gestation, the key to the differentiation of
mono- and dichorionic–diamniotic twins is the ‘twin
peak’ sign or lambda sign (Figure 68.11) used to pre-
dict dichorionic twins if present.17 The latter finding
consists of chorionic tissue extending between layers
of the interfetal septum close to the placenta.

In the second or third trimester of gestation, other
criteria become important in the determination of
chorionicity. A reliable diagnosis of chorionicity can
only be made if the fetuses are of opposite sex (dizy-
gotic) or there are clearly two separated placentae
visible, which is often not the case in dichorionic
twins (Figure 68.12). Entanglement of umbilical cords
represents a reliable sign confirming the presence of a
single amniotic cavity in monoamniotic gestation.18 In
cases with the same fetal sex, with one non-separated
placenta and with a dividing membrane between the
fetuses, determination of chorionicity is difficult after
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Figure 68.6 Twin–twin transfusion sequence in monochorio-
nic and monoamniotic twin pregnancy. The right fetus has a
beginning ascites in the abdomen as a sign of cardiac failure.

Figure 68.7 Dichorionic twin pregnancies. The two sacs are
clearly separated.

Figure 68.8 Biamniotic twin pregnancy with two discernable
amniotic membranes surrounding the embryo.
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the first trimester of gestation and requires other crite-
ria. Thickness of the dividing membrane (Figure 68.13)
measured by ultrasound is one criterion that is able to
predict chorionicity, using a cutoff level of 2 mm.19

Another important sonographic feature is the number

of layers identified in the dividing membrane.20 While
not always technically possible, it remains a reliable
criterion of dichorionic placentation if three or more
layers are present. Probably the best approach is the
combination of these criteria, reaching excellent pre-
dicting values in the determination of chorionicity.21

Fetal malformations and
chromosomal anomalies
in multiple pregnancy
Twins, above all monozygotic twins, are known to be
at increased risk for malformations – not only because
the presence of two fetuses in one pregnancy doubles
the chance of a defect.22 The incidence of malforma-
tions is higher in monochorionic than in dichorionic
twins and the highest in monoamniotic twins.
Furthermore, the incidence of chromosomal aneuploidy
seems to be higher in twin gestations as compared to
singletons.23,24 A detailed study of fetal morphology in
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Figure 68.9 Biamniotic twin pregnancies with the partition
membrane between the fetuses. A twin–twin transfusion
syndrome is indicated by severe ascites in the left twin.

Figure 68.11 ‘Twin peak’ sign in a dichorionic twin pregnancy.

Figure 68.12 Dichorionic twin pregnancies. Although the two
placentae are in close proximity to one another, they are
separated.

Figure 68.10 Biamniotic twin pregnancies. (a) The separating
membrane can hardly be seen on top of the head of the left,
smaller fetus. (b) Polyhydramnios is visible in the left,
oligohydramnios in the right sac.
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multiple pregnancy by ultrasound is time-consuming
and sometimes much more difficult than in singletons,
but it should be done during routine ultrasound sur-
veillance. Emphasis should be put not only on typical
anomalies unique to the twinning process, but also
on other anomalies known to be increased in twin
pregnancies.

Congenital anomalies specific to multiple gestation
occur infrequently but are usually severe. The rate of
conjoined twins (Figure 68.14) is 1 in 50,000 births.25

Prenatal diagnosis by ultrasonography including
determination of type of anomaly and of shared
organs (Figure 68.15) is important for the optimal
management of those pregnancies in terms of appro-
priate determination of prognosis and plan of delivery
route (cesarean section) and postnatal care. In severe

cases diagnosed early, termination of pregnancy is an
option that many parents choose. Ultrasonographic
criteria for the detection of conjoined twins have been
proposed: a missing separating membrane, a fixed
position of the twins toward each other and a lack of
separate visualization of the fetuses in a specific
anatomical region. Different patterns of physical join-
ing exist, resulting in different prognosis of the preg-
nancies. The symmetric complete form of conjoined
twinning is present when two fetuses are anatomi-
cally almost ‘complete’ except the part of the body
where they share a certain amount of tissue. These
‘diplopagi’ are described after the body structure that
is joined, namely, craniopagi, thoracopagi (accounting
for 57% of diplopagi, Figure 68.16), omphalopagi and
pygopagi. Postnatal separation is often possible in
diplopagi except in cases where gross parts of the
heart or central nervous system are shared. The sym-
metric incomplete forms are represented by twins
with one trunk and a single lower part of the body
together with two heads (dicephalus) or by twins with
one head and upper trunk and a double lower body
(dipygus). Asymmetric forms are conjoined twins,
one of which is severely malformed and often rudi-
mentary (parasitic twin) while the other is normally
developed.

An extreme form of twin-specific asymmetric
malformation is the so called acranius–acardius, also
known as chorangiopagus parasiticus, or twin reversed
arterial perfusion (TRAP) sequence. Numerous theories
about pathogenesis of this syndrome, which occurs in
a frequency of 1 in 35,000 births, have been subject to
discussion in the literature. Typical features are func-
tional vascular anastomoses between not-joined twins
with reverse arterial perfusion of the lower part of the
malformed twin leading to varying degrees of upper
body reduction including acardia and acranius.26

Doppler sonography may be helpful in identifying
cardiac structures, reversed perfusion and vascular
anastomoses.27 A different theory of pathogenesis is the
primary existence of acranius–acardius malformation,
which is supported by the fact that the malformed
twin has been found to have a high prevalence of
chromosomal anomalies. Mortality in the reversely
perfused twin is 100%. The other fetus, the so-called
‘pump-twin’, is usually severely compromised by a
high-output heart failure, which leads to a mortality
of 50%. An intervention might be necessary and indi-
cated, which includes ligation/coagulation of the cord
or of intra-abdominal blood vessels of the acranius–
acardius twin.

Congenital anomalies not specifically related to
multiple gestations have the same ultrasonographic
features as in singleton pregnancies. These malforma-
tions affect mainly the tracheoesophageal anatomy,
the genitourinary and central nervous systems (e.g.
neural tube defects), and the cardiovascular system.

Chromosomal anomalies are also increased in mul-
tiple gestations. The risk of chromosomal anomalies

Figure 68.13 Dichorionic twin pregnancies. The thickness of
the dividing membrane is more than 2 mm.

Figure 68.14 Sonogram of conjoined twins with two separate
hearts.
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in a twin pregnancy can be calculated using maternal
age, zygosity and nuchal translucency of the twin
fetuses. In dichorionic twins, the detection rate of
nuchal translucency measurements for chromosomal
anomalies is similar to that in singletons, whereas in
monochorionic twins there are more false positives
due to placentation-specific alterations of the nuchal
translucency. In particular, care must be taken if a
large difference in nuchal translucency is found in
monochorionic twins because this could be an early

manifestation of TTS and not of a karyotype anomaly.
In monozygous twins, the karyotype is the same in
both twins, and calculations are used for both. In
dizygous twins, the risk must be calculated separately
for each of the twins. Biochemical parameters such as
free β-HCG and PAPP-A (in the first trimester) or
α-fetoprotein, free β-HCG, estriol and inhibin (in the
second trimester) can be used but are less useful,
yielding a lower detection rate of chromosomal anom-
alies in twins.28 Simple use of normative values from
singleton pregnancies is not possible as medians are
different. Current studies are evaluating the validity
of twin pregnancy-adjusted normative values.

If the parents want prenatal karyotyping, chorionic
villus sampling (CVS) or amniocentesis (AC) can be
performed as possible options.29–32 The parents must
be informed in detail about the difficulties and risks
of karyotyping in multiple pregnancies. The proce-
dure might be technically difficult, leading to incom-
plete results (i.e. karyotyping of only one fetus in
twins). On the other hand, difficulties might arise if one
fetus turns out to be healthy while the other is affected
by a severe chromosomal anomaly. In multiple gesta-
tions, CVS imposes specific problems due to a missing
safeguard in proving that identical karyotypes repre-
sent monozygotic twins rather than sampling from the
same chorion frondosum. In multichorionic gestations,
the placentas might be close to each other, leading to
difficulties in separate sampling (Figure 68.17).
Furthermore, contamination of one sample with the
villi of the other might happen. If fetal sex is different,
it could be safely determined that both fetuses have
been karyotyped. When suspicion arises, ‘follow-up’
amniocentesis should be offered. Consequently, CVS
in twins should only be performed if individual sam-
ples can be guaranteed. Amniocentesis is the alterna-
tive procedure, often preferred in multiple gestation.
After the puncture and retrieval of amniotic fluid of
one amniotic sac, indigo carmine is injected before
the needle is retracted. In the following puncture of
the second amniotic cavity, the aspirated amniotic
fluid is checked in color to exclude re-entry of the
amniotic cavity of the same fetus. With this tech-
nique, amniocentesis in twins with a correct diagno-
sis of fetal karyotypes is feasible in most twin
pregnancies33 and has a somewhat lower loss rate as
CVS. As a rule, the higher the risk for chromosomal
anomaly in a twin, the earlier the diagnosis should be
made, ideally by CVS. The reason for this is that if
one twin is affected and the parents opt for selective
termination, the risk of the latter procedure for the
surviving twin is lower, the earlier the selective feti-
cide of the co-twin is performed.

If in a multiple pregnancy one child is proven by
prenatal diagnosis to be affected with an untreatable
condition, e.g. trisomy 18 or 13 or a severe malforma-
tion, a selective feticide can be performed by applying
KCl directly to the fetal heart.34 This technique,
however, may exclusively be used if monochorionic

Figure 68. 15 Sonogram of conjoined twins with one heart.

Figure 68.16 Almost completely conjoined twins. Thoraco-
pagus anomaly.
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placentation is excluded. The selective fetocide is
ethically not much different from a termination of a
whole pregnancy in singletons, except for the fact that
the pregnancy per se continues and the dead fetus
usually follows after the livebirth of the co-twin
together with the placenta (Figure 68.18a and b).35

In pregnancies with very high multiples, e.g.
octuplet pregnancies (Figure 68.19a and b), this
would be bound to fail (Figure 68.20a and b), so that
a ‘reduction’ of the number of living fetuses has been
performed in order to avoid loss of the whole preg-
nancy spontaneously or through termination. This
procedure is called multifetal pregnancy reduction
and is performed by intracardiac injection of KCl in
‘multiple-chorionic’ multiples; again, monochorionic-
ity must be excluded. The outcome of the pregnancy
after this procedure depends significantly on the start-
ing number of fetuses, the finishing number and the
operator’s experience.36 The primary aim, however,
must be to avoid iatrogenic higher-order multiple
pregnancy, e.g. by controlled use of ovulation inducing

drugs or by restriction of the number of transferred
embryos to two during IVF procedure.

Fetal growth in multiple pregnancies
As in all pregnancies, the appropriate dating of preg-
nancy is important in terms of determination of fetal
growth to differentiate growth restriction from normal
growth. Dating is best done in the first or early second
trimester by combining the date of the last menstrual
period with fetal ultrasound measurements.

We mentioned before that in twin pregnancies,
growth charts of singletons can be used at least up to
the beginning of the third trimester, because normal
growth in twins is the same as in singletons. Only
after 28–30 weeks of pregnancy does intrauterine
growth gradually decrease compared to singletons.4,37

It has been estimated that after 32 weeks of pregnancy,
weight gain of both fetuses in twin pregnancy equals
the weight gain of one singleton.
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Figure 68.17 High multiple pregnancies. (a) Quadruplet
pregnancy in the first trimester. The placentae are so close
to each other that they cannot be easily sampled separately.
(b) Triplet pregnancy in the third trimester. The separating
membranes are more difficult to be seen than in the first
trimester.

Figure 68.18 Situation after selective feticide. (a) Sonogram
shows the small dead fetus in the upper right corner of the
picture. (b) After delivery the ‘fetus papyraceus’ and the ‘dead
part’ of the placenta can easily be seen.
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Assessment of fetal growth in twin pregnancies has
been performed initially by measurements of bipari-
etal diameter,38 though it has been shown later that
biparietal diameter is not an appropriate measure-
ment for detection of discordance in twins.39 Possible
explanations for these difficulties might be different
fetal positions and overlaying fetal parts of the other
twin. Better estimates of fetal growth and prediction
of discordance are accomplished by femur length and
abdominal circumference,40–43 where technical diffi-
culties in measuring seem to be of minor importance.

If discordant growth in twin pregnancy (defined by
an estimated weight difference of 20–25% between the
fetuses) is diagnosed by prenatal ultrasound, several
possibilities exist. The most common cause for the
weight discordance is a constitutional weight differ-
ence in normal dizygotic twins. In contrast, pathologic
causes might result in often severe growth difference
between twins. The prevalence of intrauterine growth
restriction is up to 10 times higher in twins than in

singletons, in particular in monochorionic twins.
Pathologic conditions include intrauterine growth retar-
dation affecting one or both twins, because of local utero-
placental factors (which might happen in dichorionic
or monochorionic pregnancies) or TTS (Figure 68.21a
and b). In some cases, congenital anomaly of only one
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Figure 68.19 (a, b) Two independent octuplet pregnancies
which both occurred after ovulation induction by gynecologic
practitioners.

Figure 68.20 Complication of high multiple pregnancies.
(a) Triplet pregnancy at 26 weeks of gestation. (b) Placenta of
sextuplet pregnancy after spontaneous abortion.
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fetus might also lead to discordant growth. An impor-
tant question in discordant twins is chorionicity and
amniotic fluid amount. Overall, perinatal morbidity
and mortality besides later intellectual sequelae are

increased in twin pregnancies, irrespective of the
underlying cause.44

Doppler velocimetry has proved to be predictive of
fetal hypoxia in growth-retarded singletons.45

Similarly, this technique might be used in twins as an
additional measure for detection of growth discor-
dance and fetal compromise.46,47 Furthermore, with
color Doppler, placental anastomoses in twin–twin
transfusin syndrome can be detected, which might be
helpful for intrauterine treatment by fetoscopic laser
ablation of placental vessels (see below).48

As in singletons, an individual biophysical profile
including non-stress testing should be applied in both
twins in growth restricted twin pregnancies as an
important tool for assessment of fetal well-being.49

Twin–twin transfusion syndrome
TTS is a condition that develops in about 10–25% of
monochorionic twin pregnancies. The underlying cause
for this syndrome is imbalance of vascular anastomoses
between the placental circulation of both twins within
the single (monochorionic) placenta. This imbalance
leads to decreased feto-placental blood volume in
the donor and increased volume in the recipient. The
definition of TTS includes the polyhydramnios–
oligohydramnios sequence (POS). Typical sonographic
features include in the donor fetus oligohydramnios or
anhydramnios (‘stuck twin’ phenomenon), small or
absent bladder and growth restriction, whereas the
recipient shows polyhydramnios and a large bladder.
In both twins, the condition can lead to cardiac
decompensation, detectable by ultrasound (including
tricuspid regurgitation and negative ductus venosus
A-wave in the recipient, pericardial effusion and
hydrops). Doppler flow measurements in umbilical
arteries can be pathologic in both twins (absent or
reversed end-diastolic flow). Ultimately, fetal death in
one or both twins can occur. Severe TTS has a 90%
mortality and a high rate of neurologic long-term mor-
bidity (handicap) in survivors if untreated.

The severity of TTS can be assessed by ultrasound,
which correlates with the prognosis. Several criteria
for classification have been proposed, the Quintero
staging system being the most widely used.50

Management options depend on severity of TTS,
gestational age and women’s preference and include
expectant management with close follow-up (in mild
TTS), repetitive amniodrainage, needle septostomy or
endoscopic laser coagulation of anastomoses. Cohort
studies51 and a recent multicenter randomized trial52

suggest that laser treatment in severe TTS is superior
to repetitive amniodrainage regarding neonatal mor-
tality as well as morbidity. With regard to the current
evidence, laser treatment seems to be the treatment of
choice in severe TTS, but the long-term neurologic
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Figure 68.21 Twin–twin transfusion syndrome. (a) Sonogram
showing severe polyhydramnios and non-immune hydrops in
the recipient twin. (b) Fetus after spontaneous abortion. The right
one is plethoric, whereas the left one (donor twin) is anemic and
smaller.
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outcome results of the randomized trial are still
awaited.

Ultrasonography for prediction of
preterm deliveries in multiple
pregnancies
Twin gestations are known to have a significantly
increased risk of preterm delivery as compared to
singletons. Early diagnosis of preterm contractions
and individual preterm delivery risk assessment is
therefore particularly important. Cervical ultrasound
has recently been shown to be predictive of preterm
delivery. Initial studies measuring cervical length
by transabdominal ultrasonography found a signifi-
cant correlation of a shortened cervix with preterm
delivery. As shown by different examiners, trans-
abdominal measurement of cervical length has the
disadvantage of being biased by the degree of bladder
filling, which led to the increased use of transvaginal
ultrasound probes in pregnancy.53 Besides the cervi-
cal length, dilatation of the internal cervical os, pro-
trusion of membranes in the cervical canal, length of
funneling and thickness of the wall of the lower uter-
ine segment have been used more or less successfully
to diagnose cervical incompetence and to predict
preterm birth. Ultrasonographic determination of cer-
vical morphology has been shown to be superior to
digital examination of the cervix for the prediction of
preterm birth if there is no overt cervical dilatation of
2 cm or more. While some studies have used trans-
vaginal ultrasound for the prediction of the likeli-
hood of preterm delivery in patients with preterm
labor, a recent multicenter study proved a correlation
of cervical length measured in the second trimester
in asymptomatic patients with the risk of preterm
delivery.54 A major finding in this study was that cer-
vical length did seem to be a continuous variable
rather than a dichotomous variable, suggesting that
cervical function might be a continuum, in contrast
to the earlier belief that the cervix is either ‘compe-
tent’ or ‘incompetent’. Other studies have shown that
ultrasonography of the cervix might be used as well
in the follow-up after cervical cerclage, measuring
the distance between the cerclage suture and the
internal cervical os.55

Though some of these studies have excluded mul-
tiple pregnancies, others have specifically determined
the predictive value in twin pregnancies.56 One may
conclude that ultrasonographic determination of the
cervix and the lower part of the uterus is an important
additional tool in predicting preterm delivery in mul-
tiple gestations, where the risk of prematurity is espe-
cially high.

Intrapartum ultrasonography
in multiple gestation
There is considerable controversy in the literature
around intrapartum management of multiple gesta-
tions.57 Multiple pregnancies of higher order are
usually delivered by cesarean section. In twins, the
single most important question is the route of delivery
in different subsets of twins and, additionally, in dif-
ferent clinical situations like prematurity, growth
retardation or pre-eclampsia. Above all, the manage-
ment plan for delivery has to take presentation of the
twins into consideration, which includes all possible
combinations of vertex, breech, transverse and
oblique presentation of the first and second twins.58

Ultrasonography can be reliably used for detection of
these different presentations before onset of labor,
during labor, after delivery of the first twin or after
interventions like external or internal version of the
second twin. Again, ultrasound examination is the most
important tool in the peripartum management of twin
pregnancies.

Conclusions
The aim of this chapter was to discuss the most
important clinical applications of ultrasonography in
multiple gestations. Beginning with early gestation,
diagnosis of multiplicity, zygosity, chorionicity and
amnionicity are predominant tasks for determination
of the risk of complications later in pregnancy.
Typical complications of monochorionic twins with
vascular anastomoses are being explained. Fetal con-
genital anomalies in multiple gestations are different
in many ways from singletons and represent another
problem of primary importance in routine medical
care. Multiple gestation-specific anomalies like con-
joining can be discerned from non-specific congenital
malformations, which exist as well in singletons.
Invasive procedures for prenatal chromosomal analy-
sis are briefly discussed, which are more difficult than
in singletons as one has to deal with more than one
maternal and one fetal karyotype.

Discordant fetal growth is a major complication in
multiple gestations. The diagnosis is usually con-
firmed by ultrasonography; at the same time, the
underlying pathology like growth restriction based on
fetal malformation of one twin or TTS might be eval-
uated. Cervical change assessed by vaginal ultra-
sonography has been shown to be predictive of
spontaneous preterm delivery in singletons; similarly
this might be applicable in multiple gestations.
Finally, peripartum ultrasonography for the detection
of presentation is crucial in planning delivery and
possible intrapartum intervention in twins.
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69 Chromosomal
abnormality screening
M. I. Evans, J. N. Macri, R. Snijders and R. S. Galen

Introduction
Principles of screening tests
Screening for any disease process requires a funda-
mental understanding of the differences between
diagnostic and screening tests. Diagnostic tests are
meant to give a definitive answer to the question –
Does the patient have this particular problem? They
are often complex and require sophisticated analysis
and interpretation. They are usually performed only
on patients felt to be ‘at risk’. Because they tend to be
expensive, in contrast, screening tests are typically
performed on healthy patients and are often offered to
the entire relevant population. They, therefore, need
to be cheap, easy to use, and interpretable by every-
one; their function is only to help define who, among
the low risk group, is, in fact, at high risk (Table 69.1).
Screening test results are, by definition, not patho-
nomonic for the disease.1 Their role is to delineate
who needs further testing.

There are four key measures used in the evaluation
of screening tests (sensitivity, specificity, positive
predictive value, and negative predictive value)
(Figure 69.1). Sensitivity and specificity fundamentally
address the question from an epidemiologic viewpoint.
For example, of all the people with the disease, what
percentage was identified by the test? This is the def-
inition of sensitivity. Specificity is the converse, i.e. of
all the people who do not have the disease process,
what percentage of the patients test negative? Physi-
cians are generally more interested in different ques-
tions, however, because only after a positive test does
the patient usually get interested. Of all patients who
have a positive test, what percentage of them actually
have the disease? This is the positive predictive value.
The negative predictive value is just the opposite,
i.e. of all the people who have a negative test, what
percentage of them are actually negative?

A key point to remember is that, in general, sensi-
tivity and specificity do not vary as a function of pre-
valence, unless there is an influence of other factors
on the equation. However, positive and negative

predictive values do vary (Figures 69.3 and 69.4). In a
population in which the prevalence is very low, the
proportion of positives that will be false positive will
be much higher than in a population in which the
prevalence is very high. In the former case the vast
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Table 69.1 Screening tests vs. diagnostic tests

Diagnostic tests
Performed only on ‘at risk’ population
Commonly expensive
Commonly have risk
Give definitive answer

Screening tests
Offered to general population of patients
Healthy patients
Cheap
Easy
Reliable
Quick
Define ‘at risk’ population
Do not give definitive answer

Figure 69.1 Two-by-two table of disease and tests.
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majority of positives will, in fact, be false positives. In
both high and low prevalence areas, the sensitivity
and specificity of the tests should be the same.
However, the positive and negative predictive values
will be widely different. If a test is absolutely useless
(no better than chance), then the predictive value after
testing will be the same as the population risk (preva-
lence) before testing. When this occurs, the test per-
forms no better than a coin flip, and the sensitivity
and specificity add to 100%.

The past few years have seen continued advance-
ment in attempts to refine the sensitivity and speci-
ficity of chromosomal screening, and to reduce the
overall costs of the screening programs per se.2,3 The
goal is to reduce the need for expensive costs of inva-
sive testing that follow a positive screening, and also,
although not commonly mentioned, to reduce the cost

of the care of abnormal newborns who might as a
result of screening be detected and terminated at the
wishes of the parents.1–5

Screening for chromosome abnormalities
Merkatz et al. first published the association of low
maternal serum alpha-fetoprotein (AFP) with an
increased risk of chromosome abnormalities, particu-
larly Down’s syndrome in 1984.6 Subsequently, there
was a gradual acceptance of the association, as well as
an eventual understanding that Down’s syndrome is
not the only aneuploid condition association with low
maternal serum AFP. For example, trisomy 18 usually
has even lower AFP values.7

The adoption of wide scale screening with mater-
nal serum AFP effectively doubled the potential
detection of chromosome abnormalities in the popu-
lation. Before the massive explosion of infertility
therapies, only about 20% of Down’s syndrome babies
were born to women over age 35 (Figure 69.5). More
recent data suggest that the proportion of births to
women over 35 has gone from about 5% to nearly
15%, and the proportion of Down’s syndrome cases in
women over 35 is now more than 30%.8 The addition
of a well-coordinated maternal serum AFP screening
program as developed in the late 1980s could detect
approximately 30% of the 75% of cases that are
born to women under age 35. The detailed mechanics
of biochemical screening, i.e. with adjustments for
gestational age, race, diabetic status, multiple gesta-
tion status, maternal weight, and adjustments via a
different database or correction factors for maternal
race, have been published previously and will not be
repeated here.9

In 1988, Wald et al. suggested that a combination
of parameters including AFP, beta-human chorionic
gonadotrophin (β-hCG), and unconjugated estriol (uE3)
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Figure 69.2 Two-by-two table in high-risk population for
sensitivity and predictive values.

Figure 69.3 Two-by-two table in low-risk population for
sensitivity and predictive values.

Figure 69.4 Maternal age 35 identifies about 25% of Down’s
syndrome pregnancies. Low AFP brings the total to about 50%.
Double or triple screening raises that number to about 60%. Half
of the 80% of cases occurring in women under 35 are
detectable.
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could significantly increase the detection frequency of
Down’s syndrome to approximately 60% of the total.10

Multiple studies have corroborated the increased effi-
cacy of multiple marker screening as opposed to AFP
alone in detecting chromosome abnormalities, particu-
larly Down’s syndrome.11–14

Despite overwhelming data and recommendations
of national organizations such as the American
College of Obstetricians and Gynecologists that multi-
ple numbers be offered, by the millennium still nearly
20% of patients in the United States who had screen-
ing were still just having AFP alone (M. I. Evans,
unpublished data).

Evans et al. have investigated many of the ‘dogmas’
of three decades of biochemical screening and found
that many of these are no longer valid. We believe that
the wide variance in results reported from around the
world is largely due to subtle, and sometimes not so
subtle, differences in laboratory methodologies.15–19

For example, the bitter arguments about double vs.
triple screening are in part explained by wide differ-
ences in assays among laboratories that particularly
affect estriol. When the methods are ‘standardized’,
much of the variability disappears and will allow for an
‘apples vs. apples’ as opposed to ‘apples vs. oranges’
comparison.19 Similarly, much of the other reported
variations in the literature likewise disappear with
standardization, and the diabetic correction factor
becomes unnecessary with proper accounting for the
fact that diabetic patients are of higher maternal
weight,15 and maternal weight correction, per se, con-
tinues to be important.16,17

Over the past several years there have been numer-
ous papers that have attempted to refine methodolo-
gies of sample collection20,21 and more precisely
explored the impact of various factors such as more
precise dating or the efficacy of Down’s syndrome
detection rates.22,23 Likewise with an ever increasing
proportion of pregnancies resulting from infertility
therapies, questions have risen as to whether modifi-
cations of risk or screening strategies are required.24

A number of papers have suggested dimeric inhibin
A as an excellent marker that may raise the sensitivity
by 3–7% for a given screen positive rate.25–28 Out of this
data have come calls for ‘quadruple’ screening, and
various combinations of biochemical and biophysical
(ultrasound) data. There are also paradigms that include
different parameters at different times combined. While
preliminary data do suggest a high sensitivity with
improved specificity,29,30 hiding results from patients
for up to a month is ethically problematic in our opin-
ion. No doubt there will be multiple approaches to
screening that emerge, and there will be no one
uniform standard approach.31

A two-step approach has been the so- called ‘inte-
grated’ test.28–31 This is a combination of first-trimester
blood and ultrasound. The first-trimester results are
not communicated to the patient, who then waits for
second-trimester blood results before a risk assessment

is completed. Two studies, the ‘SURUSS’ trial and the
‘FASTER’ trial have data that suggest a reduced false-
positive rate for comparable sensitivity, but the trade-off
is the need for patients to wait as much as 6 weeks for
start to finish of the screening process.29,30 For patients
who do not particularly care about the results, the delay
may be fine, but our experience suggests that many anx-
ious patients would find such a delay intolerable.32–35

As reproductive techniques have dramatically
increased the proportions of multiple pregnancies,
questions about the efficacy of screening tests have
emerged. We and others have debated the data of bio-
chemical screening on twins or more. There have been
several papers that have promoted ‘pseudo risks’ for
twins by biochemical data. We continue to be con-
cerned about the accuracy of these tests and believe
that in multiple pregnancies biophysical data are more
likely to be accurate.36–39

First trimester
The future of screening for Down’s syndrome (and
other anomalies) lies in the first trimester. Substantial
evidence now shows that free βHCG is reliably ele-
vated and PAPP-A is diminished in Down’s pregnan-
cies.39,40 Data from multiple laboratories have been
consistent in suggesting 70% to even 90% detection
rates. In combination with ultrasound nuchal translu-
cency (NT) measurements, almost all publications
in which the ultrasound component was performed in
a technically sound fashion have shown at least a
70% sensitivity.41

Several large-scale studies – particularly the King
College group in London and the NICHD funded
‘BUN’ and ‘FASTER’ trials – all essentially confirmed
that first-trimester data will be at least equal to routine
second-trimester double or triple screening.29,40

Measurement of fetal NT thickness
Guidelines for measurement of fetal NT thickness
have been drafted by the Fetal Medicine Foundation
(FMF). More than 300 centers around the world have
adopted the FMF guidelines and they take part in the
quality control scheme. Quality control of ultrasound
scans involves assessment of the distribution of NT
measurements and assessment of randomly selected
images in terms of magnification, section (sagittal or
oblique), caliper placement, skin line (nuchal only or
nuchal and back), and visualization of the amnion
separate from the nuchal membrane.34

The ability to measure NT and obtain reproducible
results improves with training; good results are
achieved after 80 scans for the transabdominal route
and 100 scans transvaginally.41 The ability to achieve
a reliable measurement of NT is dependent on the
motivation of the sonographer. Results were com-
pared from hospitals that used NT in clinical practice
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(interventional) to those obtained in hospitals that
recorded the measurements but did not act on the
results (observational). In the interventional group,
successful measurement of NT was achieved in 100%
of cases and the measurement was >2.5 mm in 2.3%
of cases; the respective percentages in the observa-
tional group were 85% and 12%.42,43

Guidelines
• Equipment to measure up to 0.1 mm and time

allocated for each scan at least 10 min.
• Transabdominal or transvaginal route. The trans-

abdominal route gives a success rate of 95%;
in 5% of cases it is necessary to perform vaginal
sonography.

• Gestational age between 10+3 and 13+6 weeks [crown–
rump length (CRL) 38–84 mm, biparietal diameter
<27 mm]. At these gestations the success rate
for obtaining a measurement is more than 98%.
From 14 weeks onward the fetal position (vertical)
makes it more difficult to obtain measurements.44

• Good sagittal section of the fetus, as for measure-
ment of fetal CRL. An optimal measurement is
obtained when the fetus is in a neutral position
(neither in flexion nor in extension).

• Magnification so that the fetus occupies at least
three-quarters of the screen and that each increment
in the distance between callipers is only 0.1 mm.

• Distinguish between fetal skin and amnion (both
appear as thin membranes!) by waiting for sponta-
neous fetal movement away from the amniotic
membrane. Alternatively, the fetus may be
bounced off the amnion by asking the mother to
cough and/or by tapping the maternal abdomen.

• Measure the maximum thickness of the subcuta-
neous translucency between the skin and the soft
tissue overlying the cervical spine by placing the
calipers on the lines as shown in Figure 69.5.

The umbilical cord may be round the fetal neck
in 5–10% of cases and this can produce an increased
NT as it adds about 0.8 mm to the measurement.45

Measurements of NT above and below the cord will be
different and in the calculation of risk it is appropriate
to use the smaller measurement. It is well established
that NT normally increases with gestational age.46–51

Therefore, the difference from the normal median for
gestation is used to determine the factor by which the
age-related risk is adjusted.

Increased NT and chromosome defects
Studies that report on first-trimester fetal NT thickness
and chromosome defects can be divided into four
groups. Initial observational studies examined the
prevalence of chromosome defects in fetuses with
increased NT. Subsequent observational studies exam-
ined in (high risk) pregnancies prior to invasive testing
the proportion of Down’s syndrome and normal fetuses
that present with increased NT. Implementation
studies then reported on the feasibility of introducing
screening by NT in routine practice and, finally, centers
that introduced the test reported experience with
screening based on the combination of maternal age,
gestational age, and fetal NT thickness.

Observational studies
In the early 1990s, several reports on fetuses with
increased NT demonstrated a possible association
between NT and chromosome defects in the first
trimester of pregnancy (Table 69.2).52–65 The mean
prevalence of chromosome defects in 14 series involv-
ing 1457 patients was 28%. However, the percentage
ranged from 19% to 88%. This variation in results
presumably reflects differences in the maternal age
distributions and differences in the definition of
minimum thickness of the abnormal translucency,
ranging from 2 to 10 mm.

In subsequent studies NT thickness was assessed
immediately before fetal karyotyping, mainly for
advanced maternal age (AMA). Detection rates for tri-
somy 21 varied from 30% to 84% (Table 69.3)66–71

with false-positive rates ranging from 1% to 6%.
Detection rates were relatively low if measurements
were taken before 10 weeks of gestation, and/or
machines measured whole millimeters only.49,50
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Figure 69.5 Ultrasound measurement of the fetal neck at 12 weeks.
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Increased NT and normal karyotype
Souka et al.72 recently presented findings in 4116
chromosomally normal fetuses with increased NT
together with a review of the literature. There are at
least five conditions that may underlie increased NT
and these include heart defects or heart failure,
intathoracic compression, altered composition of the
dermis, abnormal lymphatic system, and neuromus-
cular abnormalities.

Heart defects
Two fetal echocardiographic studies at 10–16 weeks
of gestation reported that 16 (80%) of the 20 fetuses
with cardiac defects had an abnormal collection of
nuchal fluid.72,73 In addition, a study of 29,154 preg-
nancies demonstrated that the prevalence of cardiac
defects increases with increasing NT. In fetuses with
an NT < 95th percentile, it was 0.8 per 1000 com-
pared to 15 per 1000 in the group with increased NT

Measurement of fetal NT thickness 779

Table 69.2 Summary of reported series on first-trimester fetal nuchal translucency (NT) providing data on
gestational age (GA) in weeks, criteria for diagnosis of increased NT thickness, and the presence of associated
chromosome defects (T21 == trisomy 21, T18 == trisomy 18, T13 == trisomy 13)

Abnormal karyotype

Author GA (weeks) NT (mm) N Total T21 T18 T13 45,X Other

Johnson et al.52 10–14 ≥ 2.0 68 41 (60%) 16 9 2 9 5
Hewitt et al.53 10–14 ≥ 2.0 29 12 (41%) 5 3 1 2 1
Shulman et al.54 10–13 ≥ 2.5 32 15 (47%) 4 4 3 4 0
Nicolaides et al.55 10–13 ≥ 3.0 88 33 (38%) 21 8 2 0 2
Pandya et al.56 10–13 ≥ 3.0 1,015 193 (19%) 101 51 13 14 15
Szabo and Gellen57 11–12 ≥ 3.0 8 7 (88%) 7 0 0 0 0
Wilson et al.58 8–11 ≥ 3.0 14 3 (21%) 0 0 0 1 2
Ville et al.59 9–14 ≥ 3.0 29 7 (28%) 4 3 1 0 0
Trauffer et al.60 10–14 ≥ 3.0 43 21 (49%) 9 4 1 4 3
Nadel et al.61 10–15 ≥ 4.0 63 43 (68%) 15 15 1 10 2
Schulte-Vallentin 10–14 ≥ 4.0 8 7 (88%) 7 0 0 0 0
and Schindler62

Van Zalen-Sprock et al.63 10–14 ≥ 4.0 18 5 (28%) 3 1 0 1 1
Cullen et al.64 11–13 ≥ 6.0 29 15 (52%) 6 2 0 4 3
Suchet et al.65 8–14 ≥ 10.0 13 8 (62%) 0 0 0 7 1

1457 413 (28%) 198 100 24 56 35

Table 69.3 Summary of reported series on first-trimester fetal NT before amniocentesis or CVS providing data
on gestational age (GA) in weeks, criteria for diagnosis of increased NT thickness, false-positive rate (FPR),
detection rate (DR), and odds of an affected pregnancy (OAP) for trisomy 21

Author GA (weeks) NT cutoff N FPR (%) DR trisomy 21 OAP trisomy 21

Nicolaides et al.66 10–13 ≥ 3 mm 1273 4 84% (21/25) 1 in 4
Zimmerman et al.67 10–13 ≥ 3 mm 1151 2 67% (2/3) 1 in 12
Hewitt et al.53 10–14 ≥ 3 mm 1312 4 57% (12/21) 1 in 5
Comas et al.68 9–13 ≥ 3 mm 487 1 57% (4/7) 1 in 13
Savoldelli et al.69 9–12 ≥ 3 mm 1400 <1 54% (15/28) 1 in 2
Borell et al.70 10–13 ≥ 3 mm 479 6 44% (8/18) 1 in 5
Haddow et al.50 9–15 95th percentile 3308 5 31% (18/58) 1 in 10
Brambati et al.51 8–15 ≥ 3 mm 1819 2 30% (8/26) 1 in 7
Scott et al.71 9–13 95th percentile 445 5 30% (3/10) 1 in 8
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thickness (Table 69.4).74,75 Examination of chromoso-
mally normal pregnancies with an NT of 3.5 mm or
more (1% of the population) at 15–20 weeks by an
echocardiographer identifies approximately 40% of
significant cardiac defects.

Public policy
Why then has not first-trimester screening already
replaced the second-trimester testing? The answers
are complex, but can be divided into several different
categories. First, many patients do not come for prena-
tal care until the second trimester. It is well known
that there are universal correlations between socioeco-
nomic status and gestational age at the first visit for pre-
natal care. No matter how good a first-trimester test is,
it does no good for a patient first seen at 24 weeks.76

Second, even in 2001 with voluminous articles and
college opinions touting multiple markers, 20% of
patients were still getting the 1980s model of AFP
alone (M. I. Evans, unpublished data). Significant pro-
fessional education will be needed to leapfrog the
practice in first-trimester screening.

Third, until immediate invasive testing is readily
available and accepted, first-trimester screening
results would be worse than no screening if the
patient then had to wait a month to have an amnio-
centesis for a definitive answer.34–65 We see this as
very problematic for the ‘integrated’ test that com-
bines first- and second-trimester laboratory results
and ultrasound. Chorionic villus sampling (CVS) has
long since proven to be safe and effective in experi-
enced hands. As the so-called limb reduction defect
scare has been shown to be false at appropriate gesta-
tional ages, hopefully, the availability of CVS and
acceptance will swing the pendulum back toward the
desire for first-trimester screening for testing, which
has many advantages for the patient. We actually
expect the concept of maternal age as a stand-alone
variable to be phased out over the next several years.76

Trisomy 18
Although screening has generally focused on trisomy
21, our data and those of others have always shown
a varied pattern of anomalies detected by screening.77

A different pattern of analyte levels has been observed
in trisomy 18. The values of AFP, hCG, and uE3 appear
to be very low.78 This suggests a different pathophysi-
ology than for Down’s syndrome. In Down’s syndrome,
the low AFP and uE3, and high hCG can be explained
as reflecting inappropriate immaturity or dysmaturity
of the fetus, i.e. all values are consistent with a younger
gestational age. In trisomy 18, however, that explana-
tion does not work.79 We have previously shown that
there are different patterns of genomically directed
intrauterine growth retardation in different aneuploi-
dies77 but how this translates into serum markers is
unclear. Nevertheless, some reports have shown that an
algorithm can be used to identify the majority of tri-
somy 18 cases while adding about 0.75% to the popu-
lation being offered amniocentesis.79,80

The end of AMA
The association of AMA with increasing risks of
chromosomal abnormalities, particularly Down’s syn-
drome, has been appreciated for decades.

The choice of age 35 at least in the United States
was an arbitrary compromise determined in part by
naivety in data collection. Cohorts of Down’s syn-
drome risk were usually reported in 5-year groupings,
and there was clearly a big jump from the 30–34 to
35–39 age group. It was only later when data were
reported on a year–age-specific curve that the slope of
the curve was shown to be changing before age 35.
Furthermore, the difference from one year to the next
was obviously nowhere as dramatic as suggested in
the 5-year cohorts.9

Another dramatic development of the 1970s was
changing laws in the United States concerning a
woman’s right to end a pregnancy. New York and
California were among the first states to repeal laws
that made abortion virtually impossible to obtain
legally. In 1973 the US Supreme Court ruled that in
the first trimester a state had very little right to inter-
fere with a woman’s defined right of privacy in termi-
nating a pregnancy.81,82 In the second trimester the
state’s interests were primarily only in ensuring the
safety of the procedure. It was only in the third
trimester that the state could exert a compelling inter-
est in protecting the ‘rights’ of the fetus over the
mother’s wishes.

The combination of new technology plus the abil-
ity to terminate abnormal pregnancies led to a surge of
interest in prenatal diagnosis. As with most new tech-
nologies, utilization was initially highest among
patients of upper socioeconomic status who had the
knowledge of the availability of the technology as
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Table 69.4 Prevalence of major cardiac defects in
chromosomally normal fetuses with increased NT
thickness

NT thickness N Cardiac defects

< 95th percentile 27,332 0.8/1000 (~1 in 1250)
95th percentile–3.4 mm 1507 5/1000 (~1 in 200)
3.5–4.4 mm 208 29/1000 (~1 in 35)
4.5–5.4 mm 66 91/1000 (~1 in 10)
≥ 5.5 mm 41 195/1000 (~1 in 5)

Total 29,154 1.7/1000
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well as the means to travel to far-off centers to obtain
such services.83

The evidence that first-trimester screening followed
by first-trimester diagnosis by CVS can bring about
a substantially higher sensitivity and specificity
within the same time frame than CVS in AMA is over-
whelming. The question thus reduces to how and
when to update the accepted ‘culture’ in the United
States to be consistent with the current scientific
knowledge base.

There has to be the understanding that age is not
being discarded, but will merely become one of a
number of variables that can be assessed to give the
most accurate assessment of risk possible. With edu-
cation, the ultrasound portion of the equation will
become more standardized to laboratory levels of
quality assurance. Non-profit organizations such as
the Fetal Medicine Foundation in London and the
Fetal Medicine Foundation in America, as well as

others, will certainly help coordinate the transition
and training needed to make such a reality.

It is also not realistic to expect a shift of ‘standards’
and practice to change on a single day. Thus, there
will have to be a short phase-in period, under which
either the old or the new approach will be considered
acceptable. However, it is also reasonable to expect
the insurance companies, which will have to pay for
such tests, to vociferously and clearly articulate to
their subscribers and physicians that they are not
about to vastly increase the number of patients having
tests. Thus, the right will be likely the ‘right’ to pay
out of one’s own pocket for testing for AMA, per se.

It is time for AMA, as a stand-alone criterion for
having invasive testing, to go the way of the buggy
whip. The principal objection to screening as entry to
testing has been removed. It can all now be done in
the first trimester. The science has evolved. It is now
time for the culture and the standards to follow.
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70 Amniocentesis
S. Tercanli, P. Miny and W. Holzgreve

Introduction
Midtrimester amniocentesis is the most commonly per-
formed invasive technique in prenatal diagnosis. Valenti
et al. reported the first successful diagnosis of Down’s
syndrome in 1968.1 Since that time the number of
midtrimester amniocentesis has increased dramatically
and amniocentesis is nowadays an established standard
tool in the assessment of pregnancies that are at risk for
a variety of chromosomal disorders, single gene defects,
biochemical analysis and fetal infections. Chromosome
analysis and tests related to risk screening for aneu-
ploidy remain by far the most common laboratory pro-
cedures in prenatal diagnosis worldwide. Conventional
chromosome analysis has maintained its role as a gold
standard for the primary exclusion of aneuploidy from
amniotic fluid cells. Frequent indications listed in
Table 70.1 for offering second-trimester amniocentesis
are pregnancies considered to be at an increased risk.

Prior to any prenatal invasive test, patients should
be counseled. The risks and benefits of all invasive and
non-invasive tests must be discussed as well as the
limitations of any procedure. In the case of specific risk
factors or abnormal ultrasound findings the informa-
tion should be as complete and appropriate as possible.
Considering the current developments in prenatal diag-
nosis by performing advanced methods for individual
risk calculation, e.g. nuchal translucency measurement
and biochemical serum marker screening, counseling
of pregnant women will become more and more impor-
tant. It can be assumed that in this context a more selec-
tive approach to invasive testing may result in the next
few years. One of the significant problems in counsel-
ing pregnant women is still how to explain to women
(e.g. socioeconomic, ethical and cultural variability)
the complex implications of risk calculation. Our own
experiences showed that appropriate individual coun-
seling is more time-consuming and requires more
appropriate methods.

Technique
Midtrimester amniocentesis is commonly performed
between 15 and 16 weeks of gestation (Figures 70.1
and 70.2). Prior to the procedure of ultrasound,

evaluation of the uterus (e.g. exclusion of fibroids),
the fetus, amniotic fluid volume and position of the
placenta is recommended, because the failure rate can
be reduced by avoiding the removal of bloody fluid or
multiple injections.2–4 Patients’ anxiety may be
reduced if adequate information is given to them
during the procedure at each step. After disinfection
of the maternal abdomen, amniocentesis is performed
under direct ultrasound guidance generally using an

Table 70.1 Common indications for amniocentesis

Advanced maternal age (=35 years)

Family history for chromosome anomalies, single gene
defects, etc.

Abnormal maternal serum screening in the second trimester

Increased risk for chromosomal anomalies following first
trimester screening – if chorionic villus sampling is not
available

Abnormal ultrasound findings

Maternal infections potentially affecting the fetus

Figure 70.1 Diagram of amniocentesis. Transplacental
perforation should be avoided if possible.
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18–20-gauge needle. The amniotic fluid volume
obtained should not be more than 1 ml per gestational
week. The first 2 ml of amniotic fluid should be
rejected in order to avoid maternal cell contamina-
tion. If bloody amniotic fluid is aspirated, the analysis
of the chromosomes from cultured cells will take a
longer time and there might be a slightly higher risk of
misdiagnosis due to the risk of culturing maternal
cells from any tissue other than blood cells. In women
with Rh-negative blood group Rh-immune globulin
must be administered, if the father of the child is Rh-
positive or his blood group is unknown. Following
the procedure it seems helpful to demonstrate the
fetus again to the mother by ultrasound evaluation.
There is no clear evidence in the literature that ultra-
sound guidance itself will reduce the fetal loss rate,
but it may reduce the maternal fears. In contrast, it is
assumed that the abortion rate increases if the placenta
is perforated.5 Operator experience may also prejudice
the fetal loss rate but this has not been definitively
determined.6 However, there is a general agreement
that the operators performing genetic amniocentesis
need to be trained, and maintaining stable ongoing
expertise is recommended.7–9 Especially in multiple
pregnancies, amniocentesis should be performed by
trained investigators. Amniocentesis in twin pregnan-
cies consists in obtaining of amniotic fluid from both
cavities. As recommended in the past, dye injection
into the first punctured sac was performed rou-
tinely.10 Advanced ultrasound technology allows the
evaluation of both fetuses and makes dye injection
obsolete in experienced hands. Controversy is ongo-
ing whether both amniotic sacs should be injected
in cases of monochromic diamniotic twins. In
diachronic twins a single needle insertion technique
is often favored, but may result in cytogenetic prob-
lems. On the other hand it is not known whether a
single-needle technique may induce rupture of the
membrane.

Cytogenetic aspects
Compared to other methods for prenatal karyotyping,
the benefits of an amniocentesis are the simplicity of
the implementation of the procedure and the conven-
ience of the analysis for the cytogenetic laboratory. In
clinical practice the level of alpha-fetoprotein (AFP)
in amniotic fluid is determined routinely. Currently,
it is debated that these may no longer be needed
because high-resolution ultrasound is able to detect
neural tube defects and abdominal wall defects.
However, the detection of spina bifida depends on the
experiences of the sonographer. Therefore, evaluation
of AFP in the amniotic fluid is still recommended.

Cell culture as a prerequisite for conventional
chromosome analysis on amniocytes causes a turn-
around time of at least 1 week. In practice, the average
processing time is probably close to 2 weeks in most
of the laboratories. Ongoing trends in prenatal diag-
nosis aim at early and rapid diagnosis as well as at
the improvement of risk screening for aneuploidy.
Fluorescent in situ hybridization (FISH) on interphase
amniocytes and quantitative fluorescence polymerase
chain reaction (QF-PCR) are efficient tools for the
rapid exclusion of selected aneuploidies.11 Regarding
the overall detection rate of unbalanced chromosome
anomalies, the same limitations apply for both tech-
niques with current approaches. It is suggested that
QF-PCR is advantageous at least in all centers with
access to the necessary hardware or those with large
sample numbers. We believe, however, that for rapid
karyotyping, if available, direct preparation from
chorionic villi should be the method of first choice
when there is an increased risk of unbalanced chro-
mosome anomalies, i.e. after the ultrasound diagnosis
of fetal malformations. This method carries a false-
negative rate of below 1% as compared to up to 35%
with interphase FISH or QF-PCR.13 In conclusion, it
can be stated that FISH and QF–PCR should be used
as additional tests.

Particularly in blood-stained probes, maternal
cell contamination of amniotic fluid cell is a rare but
well-known cause of diagnostic error in the prenatal
diagnosis of fetal disorders (<3/1000).14 Using
fluorescent-labeled microsatellites permits the differ-
entiation between maternal and fetal cells. Mosaicism
is one other remaining problem and is seen in 1/1000
of samples.15

Complications
The risks that may be associated with second-
trimester amniocentesis include leakage of amniotic
fluid, vaginal bleeding, contractions, chorioamnioni-
tis, failure to obtain a sample, pregnancy loss and,
possibly, fetal injury.5,16–23

Actual fetal loss rates related to genetic amniocentesis
vary among randomized studies and may be comixed

Figure 70.2 Second-trimester amniocentesis under ultrasound
guidance.
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by transplacental needle passage, multiple-needle
insertion and use of larger needles sizes.17–19

The total fetal loss rate related to the procedure is
often calculated to be around 0.5%.24 But in many
studies the source for this reported level of risk was
non-distinctive, and the background risk of miscar-
riage was unaccounted for. In the three larger multi-
center studies the risk of fetal loss following
amniocentesis was approximately 1%, but bias due to
selection cannot be excluded.3,7,22 These results were
comparable with the former findings in the only ran-
domized controlled trial reported by Tabor.5 Recently,
Seeds reviewed 68,119 amniocenteses from both con-
trolled and uncontrolled studies providing straight-
forward arguments for several conclusions.25

Currently, midtrimester amniocentesis under ultra-
sound guidance is associated with a procedure-related
rate of excess pregnancy loss of 0.33% (95% CI,
0.09–0.56). Among only controlled studies, the risk is
0.6% (95% CI, 0.31–0.90). Adding the natural risk of
loss of about 1.08% among control groups the total
rate of losses can be determined to be around 1.6%.

Application of ultrasound guidance may reduce
the number of injections and may also lower the inci-
dence of blood-stained fluid. Analysis of only con-
trolled studies shows that this trend remains, but is
not statistically significant.

Injury of the fetus is rare and cannot be completely
prevented by using ultrasound guidance, but may
occur more frequently.

The earlier reported experience of higher risks due
to placental perforation does not support an increased
rate of miscarriage. As shown in the comprehensive
overview, other complications (such as vaginal bleed-
ing and infection or leakage of amniotic fluid) could
not be analyzed due to the limited number of
described terms or were not comparable.

Following the improvement in the technique and
the laboratory methods there have been attempts in
bringing forward the time of amniocentesis in the past
by performing early amniocentesis, which is techni-
cally more demanding (Figure 70.3). Both the ran-
domized studies designed to assess the safety and
cytogenetic accuracy of early amniocentesis showed
an increased rate of fetal losses as well as a higher rate
of talipes, equinovarus and oligohydramnios. Also,
more multiple-needle insertions were performed in
early pregnancies compared to midtrimester amnio-
centesis. The rate of laboratory failures following
early investigations was increased. Comparing early
vs. late amniocentesis, it is suggested that the proce-
dure in the second trimester is more favorable.26,27

786 Amniocentesis

Figure 70.3 Gestational and amniotic sac at 12 weeks
demonstrating absence of fusion between amniotic membranes
and the surrounding cavity.
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71 Cordocentesis
C. P. Weiner

The development of high-resolution ultrasound made
it feasible to clearly image the umbilical cord. In the
early 1980s, Daffos performed the first intentional
percutaneous umbilical blood sampling (cordocente-
sis) under ultrasound guidance spurred by a desire to
accurately diagnose fetal toxoplasmosis.1 The proce-
dure rapidly gained favor with demonstration of its
safety2–4 and directly spurred the development of fetal
medicine. A wide range of fetal norms (hematological,
endocrinological, immunological, biochemical, and
biophysical5) were developed, a crucial step in the
evolution of fetal medicine. And while many early
indications for cordocentesis have been supplanted
by less invasive techniques, there remain several indi-
cations for fetal blood sampling. The most common
presently are assessment and treatment of red cell and
platelet alloimmunization, antenatal diagnosis of
inherited blood or metabolic diseases, rapid karyotyp-
ing of malformed or severely growth-restricted fetuses
in some countries, and rarely the determination of
fetal acid–base status.

Methods
Cordocentesis is performed in the outpatient setting
by a single operator with or without an assistant.
There is no benefit of maternal fasting, sedation,
prophylactic antibiotics, or tocolysis. Though it is
technically more difficult prior to 20 weeks, and the
loss rate is much higher prior to 16 weeks, cordocente-
sis can be performed as early as 12 weeks. The patient’s
partner is encouraged to attend both the counseling
session preceding the procedure, and the procedure
itself. The limitations and potential complications
must be stated unambiguously before written informed
consent is obtained, and a targeted ultrasound exami-
nation performed.

There are two methods for cordocentesis: freehand
and the use of a fixed needle guide. The preferred
location for umbilical cord puncture is the placental
origin where it is relatively fixed regardless of tech-
nique. The first few centimeters of the fetal origin of
the umbilical cord are innervated, and puncture there
causes pain. The umbilical vein is the preferred target

rather than the umbilical artery because of its lower
association with complications discussed sub-
sequently. A ‘no touch’ philosophy is essential. If
you do not touch the shaft of the needle, you cannot
contaminate it.

The freehand technique employs a 18–20-gauge
spinal needle 8–12 cm long.1 The subcutaneous and
deep layers are infiltrated with a local anesthetic
agent. The needle course is tracked by imaging the tip
and shaft with the ultrasound transducer held either
in the opposite hand of the operator or by the assis-
tant. Since the needle is not fixed, the tip can move
several centimeters in all axes should either the site of
insertion be suboptimal or the fetus move during the
procedure. The operator secures the needle after the
vessel has been punctured and the assistant aspirates
a series of 1-ml syringes. Preheparinization of the
syringe is unnecessary unless a fetal blood gas is
needed. The freehand technique remains most popu-
lar because of the flexibility it allows the operator.

I, however, prefer to perform cordocentesis using a
fixed needle guide2 attached to the base of the ultra-
sound transducer. Typically, the transducer is held
by the operator’s assistant. The predicted course of
the needle, which can travel only in the vertical
plane, is displayed on the ultrasound screen, allowing
the operator to select a precise target for puncture.
Deviation from the predicted path occurs when there
is an abrupt change in the relationship between the
puncture site in the maternal abdominal wall and
the uterus as the needle traverses between the two.
The most common causes are abrupt patient movement
or inspiration and failure to hold the transducer surface
flat against the maternal abdomen. Fetal movement is
rarely an issue because of the speed of the procedure.
A smaller-gauge needle such as a 22 or 25 is used
because lateral movement of the needle is not possi-
ble. I prefer to target the umbilical cord longitudinally
at the ‘easiest’ site for a direct approach. More than
50% of the time I target a free loop. Placental puncture
is avoided whenever possible when the indication is
alloimmunization (RBC or platelet) just as for amnio-
centesis. Local anesthesia is unnecessary for diagnostic
procedures using a 22-gauge needle. A local anesthetic
should be used when the procedure is lengthy (e.g.
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intravascular transfusion). Prophylactic antibiotics
are not indicated for either cordocentesis or intravas-
cular transfusion. In my experience, amnionitis com-
plicates less than 1 in 800 diagnostic procedures
when the ‘no touch’ philosophy is rigorously adhered
to and a needle guide is used (1 in 1200 procedures).

Fetal movement while the needle is intraluminal
increases the risk of umbilical cord trauma; it may
also either prevent a successful puncture or shorten
the access time available regardless of technique. I
keep prepared a neuromuscular antagonist such as
pancuronium (0.3 mg/kg estimated fetal weight) on
the sterile field for every procedure, and routinely use
it to eliminate fetal movement when performing a
mid-loop puncture. The pancuronium is given either
intramuscularly into the fetal buttock, or preferably,
intravenously as soon as the vein is punctured; the
effect here is evident within seconds. Vercuronium is
preferred over pancuronium for simple diagnostic
procedures because its shorter half-life allows a more
rapid return of fetal movement and heart rate vari-
ability.6 In contrast, pancuronium is preferred for fetal
transfusion because it maintains fetal cardiac output
despite the volume load.

The volume of blood removed depends on the
gestation and indication for sampling. Five milliliters
is typical, and adequate for a karyotype, umbilical
venous blood gas, and complete blood profile with
Kleihauer–Betke testing, with 2 ml remaining for use.

Major complications and risk
factors for cordocentesis
The major complications of cordocentesis are listed in
Table 71.1. They include all complications associated
with amniocentesis plus fetal bradycardia, umbilical
cord laceration, and thrombosis. Risk factors for
cordocentesis are noted in Table 71.2.

Bradycardia is the major complication of cordocen-
tesis. Essentially, all emergency cesarean deliveries and
most perinatal losses are associated with a fetal brady-
cardia. Umbilical artery puncture and hypoxia are the
major risk factors for bradycardia. In the absence of pro-
found anemia or fetal heart failure, fetal hypoxia is
associated with an elevated umbilical artery resistance
index and it can be used as a risk marker. The inci-
dence of bradycardia with absent and/or reversed dias-
tolic flow approaches 25%. Umbilical artery puncture
increases the risk of fetal bradycardia 5- to 10-fold.3,7,8

The presence of either oligohydramnios or a two-vessel
cord increases the risk of arterial puncture.

The observation that the bradycardia is associated
with an elevated resistance index in one but not both
umbilical arteries suggests localized vasospasm is
the cause. Pancuronium reduces the prevalence of
bradycardia in appropriately grown but not growth-
restricted fetuses.8 It is possible some episodes of

bradycardia occur when fetal movement tugs on the
umbilical cord causing needle trauma and irritation to
the underlying vascular smooth muscle. Bradycardia
after umbilical vein puncture may reflect disruption
of the adjacent umbilical artery smooth muscle as the
tip traverses the cord.

In the event of a bradycardia, vigorous fetal stimula-
tion by palpation is beneficial as the heart will speed up
and then slow again if the manual stimulation is stopped
too early. A variety of chronotropes (e.g. atropine) and
bicarbonate have also been given as part of the fetal
resuscitation without predictable effect.

Umbilical cord laceration and thrombosis are
associated with freehand procedures and are not repor-
ted to date when a needle guide was used.7 Though
bleeding from the umbilical puncture site is common,
prolonged bleeding with sequelae is uncommon.

Even when performed at a midloop, the fetus does
‘react’ to the cordocentesis. Umbilical artery resistance
typically declines after either a diagnostic procedure
or a fetal intravascular transfusion.9 The higher the
‘normal’ baseline resistance index, the greater the
decline. The decrease is associated with prostacyclin
release from the vascular endothelium.10,11 Endothelial
adaptation to hypoxia also explains why hypoxemia is
a risk factor for bradycardia.8 Rizzo et al. demonstrated
that endothelin is released upon umbilical vein puncture
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Table 71.1 Complications of cordocentesis

Bradycardia or asystole

Premature rupture of membranes

Premature labor

Umbilical hemorrhage

Placental hemorrhage

Chorioamnionitis

Umbilical thrombosis

Fetal to maternal hemorrhage

Table 71.2 Risk factors for cordocentesis

Umbilical artery puncture (associated with bradycardia)

Fetal hypoxemia (associated with bradycardia)

Technique – freehand vs. needle guide

Gestational age – prior to 20 weeks, both techniques

Number of punctures (freehand technique only)

Duration of procedure (freehand technique only)

Experience (freehand technique only, presumably because
of #4, 5)
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of growth-restricted but not appropriately grown
fetuses.12 Fetuses who develop bradycardia release
more endothelin.

It was generally accepted that the technique
selected was a matter of operator preference and
had no impact on outcome. There is now evidence to
challenge this concept. The first line of evidence is
indirect. The often stated ‘advantage’ of the freehand
technique, its flexibility, may also increase risk.
Analogous to a lever, a small movement at the hub of
the needle amplifies the distance the tip moves. In
association with this inescapable fact, freehand cor-
docentesis produces a significantly greater increase in
the MSAFP than amniocentesis after controlling for
placental puncture.13 In contrast, the incremental
change in MSAFP when a needle guide is used is
similar to amniocentesis.14 Further, the association
between fetal thrombocytopenia and bleeding from
the umbilical puncture site after a freehand cordocente-
sis is high enough to have prompted a recommendation
that all fetuses at risk for alloimmune thrombocytopenia
receive a prophylactic platelet transfusion at cordocen-
tesis.15 Yet, there is no relationship between the fetal
platelet count and the bleeding time from the punc-
ture site when a needle guide is used.16 The latter may
reflect either less lateral movement of the needle after
puncture or the thinner gauge needle, or both. The
loss rates reported after second trimester amniocente-
sis are lower when thinner needles are used.17 Not
surprisingly, there are also reports that suggest that an
amniocentesis performed with a needle guide is safer
than one performed freehand.18

Though no single center has adequate volume for
a randomized trial, and comparisons of loss rates sus-
tained by groups using the freehand and needle guide
techniques are problematic since it is hard to separate
procedure-related losses from those secondary to the
natural progression of disease, there is evidence to sug-
gest many losses are technique-dependent. I examined
the role of technique by combining our experience with
that of Professor Okamura of Tokohu University, who
also uses a fixed needle guide for all procedures.7 Over
25 operators with varying levels of experience per-
formed 1260 diagnostic cordocenteses at a mean gesta-
tional age of 29 weeks. The umbilical vein (confirmed
by the blood pressure reading) was punctured in 90%
demonstrating that the desired vessel can be targeted. A
procedure-related loss was defined as any loss within
2 weeks of the procedure except those resulting from
elective pregnancy termination. Overall, there were
12 losses (0.9%) (Table 71.3).

Though there are more recent studies, Ghidini
et al. provided adequate information for stratification
and that the low level of experience reported by the
involved centers may be more reflective of today’s
reality.19 After deleting my experience from the analy-
ses, the overall loss rate was 7.2% (96/1328) with the
freehand method.19 This rate was significantly higher
than the overall loss rate when a needle guide was

used (0.9%, 12/1260; P < 0.00001). But this is a
superficial comparison.

To exclude the contribution of the underlying
pathology to the loss rate, procedures may be divided
into high and low risk with the latter excluding chro-
mosomal abnormalities, non-immune hydrops, intra-
uterine growth restriction (IUGR), and fetal infection.
Such exclusions virtually eliminate all abnormal
fetuses that might be at risk for a loss unrelated to the
procedure. The perinatal loss rate for these low-risk
procedures using the freehand technique was 3%
(20/660). This rate is 15 times the needle guide rate
(0.2%, 2/1021; P < 000001), which includes fetuses
with infection, hydrops, and structural malformations.

Donner et al. reported 759 diagnostic cordocente-
ses with a known outcome using the freehand tech-
nique.20 Acknowledging several limitations (final
diagnoses were not necessarily reported and 87%
(34/39) of their perinatal losses were excluded as
being unrelated to the procedure), their stated loss
rate was 0.8% including 94 therapeutic terminations
in the denominator. Subtracting the terminations from
their total yields a loss of 1.1% (7/665). Of these preg-
nancies, 160 were sampled because of severe early
IUGR. We can identify their low-risk group by exclud-
ing the IUGR fetuses and assuming that all fetuses
with chromosomal abnormalities were either in the
growth-restriction group, therapeutic termination
group, or the one fetus with trisomy 18 noted in the
paper. This leaves a low-risk group of 504 in which
there were six fetal/neonatal losses (1.2%). This rate
is significantly higher than that achieved in a similar
group using a needle guide (P �0.03).

These findings strongly suggest that many of the
procedure-related losses associated with cordocente-
sis are technique-dependent. And while a few skilled
operators might duplicate the results obtained with a
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Table 71.3 Frequency of major complications of
cordocentesis when a needle guide is used

Percent 
Percent death 

GA (weeks) at emergency within 
Final diagnosis cordocentesis delivery* 2 weeks**

RBC
alloimmunization 28 ± 4 0.2 0.2

Uteroplacental 32 ± 4 5.0 0.9
dysfunction

Chromosome 29 ± 6 7.7 9.9
abnormality

All others 28 ± 6 0.3 0.2

*From Weiner, unpublished; **from Weiner and Okamura;7 fetuses
with a chromosome abnormality delivered by cesarean section were
delivered before the karyotype was completed
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needle guide, the majority of practitioners who perform
only a few cordocenteses per year would benefit from
the use of a guide.

Indications and applications
for cordocentesis
Antenatal diagnosis of blood disorders
The use of recombinant DNA techniques on placental
biopsy material in the first trimester of pregnancy
or amniocytes in the second for the diagnosis has
supplanted cordocentesis for the diagnosis of many of
these conditions.21 Cordocentesis is still needed for a
phenotype diagnosis, in those patients requiring con-
firmation of normality based on a linked probe, those
who lack key affected relatives, those who are not
informative by any of the available probes, and those
in whom DNA analysis is not feasible because of late
referral.

Antenatal diagnosis of metabolic disorders
Antenatal diagnosis of over 100 of these disorders
is now possible by the analysis of amniotic fluid,
placental tissue, or fetal blood. Cordocentesis is par-
ticularly useful when the gestational age is close to
the local limit for abortion, as with late prenatal
care or after failed chorionic villus or amniotic fluid
techniques.

Red blood cell alloimmunization
Cordocentesis is not indicated in most instances of
maternal RBC alloimmunization for fetal blood typing.
Accurate typing can now be accomplished by applying
polymerase chain reaction to either trophoblast or
amniocytes obtained in the early second trimester when
the risk of exacerbating sensitization is lower.22,23

Fetal blood sampling made it possible to better
understand the pathophysiology of this disease and
allows for an improved method of assessment and
treatment.24–29 The net result of improved under-
standing is an improved perinatal outcome. The most
important advancement in the non-invasive manage-
ment of RBC alloimmune disease was the recognition
that most severely anemic fetuses have an elevated
peak flow velocity in the middle cerebral artery.30,31

Previously, the severity of fetal hemolysis was esti-
mated from: (1) the history of previously affected
pregnancies; (2) the level of maternal hemolytic anti-
bodies in a first sensitized pregnancy; (3) the amniotic
fluid bilirubin concentration; (4) the altered mor-
phometry of fetus and placenta; and (5) the presence
of pathological fetal heart rate (FHR) patterns. How-
ever, the scatter of values around the regression lines
describing the relationships between fetal anemia and
the data obtained from these indirect methods of
assessment was wide.32 And though the vast majority

of fetuses with an elevated peak velocity in the middle
cerebral artery are anemic, a sizable percentage of
anemic fetuses have normal velocities, and the rela-
tionship between velocity and the magnitude of the
hemoglobin deficit varies greatly among fetuses.

The only accurate method for determining severity is
blood sampling by cordocentesis with the measurement
of fetal hemoglobin concentration, reticulocyte count,
blood type, strength of the direct Coombs test and total
bilirubin concentration. However, the timing of the first
cordocentesis remains less than concrete. Invasive pro-
cedures should be minimized not only because of the
fetal risk, but also because transplacental puncture
enhances the risk of fetomaternal hemorrhage,14,33

increases maternal antibody titer, and worsens dis-
ease. I prefer to avoid cordocentesis until the peak
middle cerebral artery flow velocities are abnormal in
those pregnancies under 20 weeks’ gestation. How-
ever, since as many as half the fetuses with mild to
moderate anemia have normal velocities, it is reason-
able depending on referral patterns and distances to
consider sampling all women with a history of severe
disease, those with high antibody titers, and fetuses
with pathological FHR patterns.

A fetal blood sample is obtained, the hemoglobin
concentration measured, and an intravascular blood
transfusion given as necessary.34 The goal of the first
transfusion is to correct the hemoglobin deficit com-
pletely unless there is hydrops. Immune hydrops in
the human fetus is almost always characterized by an
elevated umbilical venous pressure (UVP), which is
consistent with high output heart failure or left ven-
tricular dysfunction perhaps secondary to the low
oxygen carrying capacity.35 These fetuses tolerate the
first intravascular transfusion poorly, and should be
corrected initially to a hemoglobin level of no more
than 8–9 g/dl. (We routinely monitor the fetal UVP to
avoid over-transfusion.) The second transfusion is
performed a few days later at which time the target
hemoglobin for this and all subsequent transfusions
is 18 g/dl. Subsequent transfusions are given at 3- to
4-week intervals until 34 to 36 weeks’ gestation, their
timing based on the findings in the middle cerebral
artery and the knowledge that following a fetal blood
transfusion the mean rate of decrease in fetal hemo-
globin is approximately 0.3 g/dl/day.34 Currently, the
survival rate of red cell isoimmunized pregnancies
treated with cordocentesis exceeds 90% in experi-
enced hands, and virtually all losses are associated
with immune hydrops fetalis.34 Importantly, we have
demonstrated normal long-term neurodevelopment
despite the profound anemia prior to treatment.36

How often to repeat cordocentesis in the occasional
affected fetus which is not anemic is determined by
the change in the peak flow velocity in the middle
cerebral artery and by the ‘hemolysis pattern’ deter-
mined at the first sampling.37 This prospectively
validated grading scheme is based on the reticulocyte
count and the strength of the positive direct Coombs
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test. Most fetuses do not require a second sampling.
That said, non-anemic sensitized fetuses remain at
risk for postnatal hyperbilirubinemia that is in direct
correlation to their antenatal bilirubin levels.38,39

Platelet alloimmunization
Immune thrombocytopenia (ITP) is not an indication
for cordocentesis.40 The assumed risk of fetal intracra-
nial hemorrhage during labor is not supported by the
aggregate experience of the last two decades. There is
no more than one fetal loss documented in the litera-
ture secondary to an intrapartum fetal hemorrhage.40

Most losses attributed to ITP were associated with a
maternal connective tissue disorder or a neonatal
bleed. In almost all other instances, either the cause of
death or the timing of death is either not stated or not
known. ITP is the most common autoimmune disor-
der of reproductive age women; if true, there should
be no controversy that thrombocytopenia secondary
to ITP posed a significant fetal risk during labor. Yet,
the loss rate from cordocentesis in the best hands for
a ‘low risk’ fetus is 0.2%.7 Further, there is no direct
or indirect evidence that cesarean section for autoim-
mune thrombocytopenia improves neonatal outcome.

There has been significant progress in the manage-
ment of severe fetal alloimmune thrombocytope-
nia.41,42 It is clear that medical therapy consisting of
primarily high doses of intravenous gammaglobulin
(1–2 g/kg/week) with a prednisone rescue for subopti-
mal responders is an effective treatment for the major-
ity of affected pregnancies.43 At-risk pregnancies
begin the weekly infusion between 10 and 20 weeks
depending on past history. Most undergo a single cor-
docentesis around 28 weeks to confirm normal
platelet counts. When secondary to Pl(A1) platelet
antigen incompatibility, fetuses with platelet counts
>20,000 at the initiation of therapy are predicted to
maintain their platelet count at the second fetal blood
sampling at >20,000. The history of the previous sib-
ling does not predict the initial fetal blood sampling,
the second fetal blood sampling, or the response to
treatment.44 Even suboptimal fetal responders have a
dramatic decrease in the risk of antenatal hemorrhage.
Fetal platelet transfusion is associated with a high
loss rate when used for primary therapy (up to
17%45). Its role is now secondary, indicated for those

fetuses with extremely low platelet counts or those
with a count <50,000 prior to a planned vaginal delivery.
There is no relationship between the fetal platelet
count and bleeding from the puncture site when a
needle guide is used.16

Evaluation of non-immune hydrops fetalis
Cordocentesis is central to the complete evaluation
of non-immune hydrops since it allows the separation of
cardiac from non-cardiac etiologies.46 The UVP
is a surrogate for the central venous pressure. Studies of
human fetuses47 indicate that it is very similar to right-
sided heart pressure. An elevated UVP is consistent with
myocardial dysfunction whether caused by anemia (e.g.
parvovirus infection, hemolytic disease), myocarditis, or
obstructed cardiac return (thoracic mass effect).
Successful treatment of cardiogenic hydrops is associ-
ated with normalization of the UVP before the hydrops
resolves. Hydrops that is responsive to shunting is
caused by a shift of the mediastinum, which then
obstructs cardiac return. An elevated UVP also predicts
that the fetus with hydrothorax and hydrops will be
cured by a thoracoamniotic shunt. If the UVP is neither
elevated nor normalizes after draining the chest, a shunt
will not help. The underlying problem lies elsewhere.

Miscellaneous
Not yet accepted but a likely valid indication for
cordocentesis is presence of maternal thyroid stimu-
lating antibody (TSiG) or active maternal Graves
disease.48,49 Emerging evidence suggests even mild
degrees of thyroid dysfunction is associated with
impaired long-term neurodevelopment.50–52 While
there is a relationship between the degree of maternal
and fetal thyroid suppression with such agents as
propylthiouracil (PTU), it is common to find the fetus
being significantly over- or under-treated despite the
mother being euthyroid. For fetal hyperthyroidism,
the maternal PTU dose is increased and the woman is
given thyroxine replacement. For hypothyroidism,
the fetus can be given thyroxine intra-amniotically on
a weekly basis.53 Women with a history of Graves
disease who have undergone thyroid ablation should
be screened for the presence of TSiG. The fetus is at
minimal risk if the TSiG study is negative.
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72 Perinatal Rh hemolytic disease
and other alloimmunizations:
screening and treatment
L. S. Voto

Severe hemolytic disease due to rhesus (Rh) incom-
patibility still constitutes a source of concern for
obstetricians and pediatricians. In Argentina, as well
as in most developing countries, this disease is one
of the main causes of fetoneonatal morbidity and
mortality due to the lack of appropriate prophylaxis
with postpartum anti-D γ-globulin and inadequate
prenatal control.1

Perinatal hemolytic disease (PHD) represents
one of the most significant examples in medicine
of successful management of a disease and adequate
prophylaxis.

By the first half of the century, PHD accounted for
45% of all perinatal deaths. Nowadays, this rate has
significantly decreased to 5%, as a result of in-depth
understanding of the etiology and pathogenesis of the
disease, the advances in perinatal technology, the cre-
ation of sophisticated centers for high-risk perinatal
care and, mainly, from its prophylaxis.

The Rh blood group antigens
Biochemistry and molecular genetics
A group of non-glycosylated hydrophobic transmem-
brane proteins of 30–32 kDa are known to carry the Rh
blood antigens (D, Ce, and Ee series). These proteins,
which are not found in the red cells of rare Rhnull indi-
viduals with membrane defects, are erythroid-specific
and have a distinctive sequence homology. The RhD
and non-D proteins show 92% sequence identity and
a similar predicted membrane topology.

The Rh proteins D and Cc/Ee are encoded by the
RHD and RHCE genes, respectively. These genes are
arranged in tandem on chromosome 1p34–p36 and
probably result from the duplication of a common
ancestral gene.

The human RH locus is considered a two-gene
model where all Rh-D positive haplotypes have two
structural genes (namely, RHD and RHCE) and most

Rh-D negative ones have only one structural gene
(namely, RHCE). D protein is encoded by the RHD gene,
whereas the C/c and E/e proteins are encoded by the
RHCE gene. The relationship between blood group D
epitopes and the amino acid polymorphisms of the Rh
proteins still remains unclear, but it has been found
that the molecular basis for the C/c (Ser→Pro) and E/e
(Pro→Ala) specificities result from amino acid poly-
morphisms at positions 103 and 226, respectively. In
the Rh system, polymorphism and gene diversity seem
to be produced mainly by gene conversion. But cases of
gene deletion have also been observed in the Rh sys-
tem. Rhnull phenotypes have been found to be caused by
a mechanism of transcriptional regulation, which has
not been clearly described yet.

In the cells of the Rhnull individuals, morphological
and functional abnormalities of cation transport as
well as phospholipid asymmetry have been observed
and are thought to lead to severe clinical conditions.
Also, Rh proteins and other glycoproteins (such as
Rh50 glycoprotein, CD47, glycophorin B, Duffy, LW)
are either not present, or their quantity is markedly
lower in the Rhnull individuals’ cells, which might
mean that Rh proteins form a multimeric complex
with these glycoproteins.2

Etiology and pathogenesis
of Rh–Hr incompatibility
The antigens of the Rh system are located on the sur-
face of the erythrocyte, although they are also thought
to be part of the trophoblast.3

Rh system’s anti-D antibodies are responsible for
the majority of clinically detectable PHD cases. This
situation is observed in Rh-negative mothers whose
husbands are Rh-positive, and whose immunization
occurred during pregnancy, abortion, postpartum or
incompatible transfusion.
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There are other Rh–Hr system’s antibodies that are
capable of producing a clinical disease. They are
listed in order of frequency as follows: anti-c (of Hr),
anti-C (of Rh), anti-e ( of Hr) or the combination of any
of them with factor D.

In Argentina, 13% of couples are Rh-incompatible,
and it is estimated that there is 1 PHD case every 150
deliveries. On the other hand, according to different sta-
tistics, the immunization rate is between 7% and 14%.

Rh sensitization mechanism
The passage of fetal red blood cells to maternal circu-
lation is considered normal during pregnancy. Using
the Kleihauer–Betke technique, it was established
that the passage of fetal red blood cells is not higher
than 0.1–0.2 ml. In this case the competent immuno-
logical system would not be activated; however, the
chances of it being stimulated are much higher if
transplacental hemorrhage is greater than the estab-
lished values.

There are certain obstetric events that can increase
the risk, such as placenta previa, ruptured placental
membranes, external version, cesarean section, man-
ual removal of placenta, and – in the early stages of
pregnancy – abortion, and ectopic pregnancy.

All invasive procedures during pregnancy cause
passage of fetal red blood cells. Chorionic villus sam-
pling performed during the first trimester of preg-
nancy, which is frequently used nowadays, has been
associated with very severe cases of hemolytic disease
even with hydrops. Amniocentesis causes fetomater-
nal hemorrhage in 2–3% of the cases. Spontaneous or
induced abortion is also associated with transplacen-
tal hemorrhage.

Antigen D has already developed by the 35th to
45th day of gestation, which explains why 4–5% of
postabortion patients may become sensitized. Intra-
venous drug abuse can also lead to isoimmunization.

When an Rh-negative person receives Rh-positive
blood, an immunologic response takes place in 50%
or more of the cases.

The primary immunologic response is usually
weak. The initial antibodies are of immunoglobulin M
(IgM) nature, with a high molecular weight and are
unlikely to cross the placenta. As a result, they do not
produce fetal hemolysis labely in pregnancy, the IgG
antibodies cross the placenta and produce hemolysis.

The IgG antibodies involved in the etiology and
pathogenesis of PHD due to anti-D are mainly sub-
types IgG1 and IgG3. The former crosses the placenta
early in pregnancy, and therefore have a role in the
most severe cases of PHD.

In our experience, the frequency of immunization in
Rh-negative patients during their second pregnancy
with compatible Rh-positive fetuses is 12–15%.

ABO incompatibility in an Rh-negative patient
provides partial protection against primary anti
Rh-isoimmunization, but not against a secondary

immunologic response. In the former, the anti-A or
anti-B incompatibility immunized blood cells are cap-
tured by the liver, which is not an immunologically
active organ and does not produce anti-Rh antibodies.
On the other hand, in a secondary immunologic res-
ponse, the spleen receives the blood cell stroma and
produces anti-Rh antibodies. Therefore, there is a
higher incidence of Rh hemolytic disease in children
whose parents are HBO compatible.

Pathogenesis and physiopathology
of perinatal hemolytic disease
According to different studies, the rate of active trans-
port of human IgG varies in the course of normal gesta-
tion; before 12 weeks of pregnancy this transfer is very
low, but it has been demonstrated that, in severe Rh dis-
ease, the direct antiglobulin test on the fetal (Rh-positive)
red cells may be positive as early as 6–10 weeks. The
IgG antibodies rise exponentially until term. Some-
times, IgG levels in the infants could be higher than in
the mother. The placental transport of IgG1 and IgG3 in
women with Rh (D) immunizations is not diminished
compared with normal pregnancy. The placental
transport of IgG3 is significantly higher in pregnan-
cies at risk of hemolytic disease of the newborn with
IgG3 concentrations in normal pregnancy.4

The pathogenesis of PHD lies in the hemolysis of
fetal erythrocytes caused by maternal antibodies.
Hemolysis then results in fetal anemia.

According to the severity of hemolysis, PHD will be
anemic, icteroanemic, or hydropic. In hydropic PHD,
the hepatic parenchyma is replaced partially with sec-
ondary erythropoiesis tissue, which causes a portal and
umbilical venous hypertension syndrome, as well as
alterations in the metabolism of proteins, and decreased
albumin. Both clinical conditions cause edema and
ascitis, which are characteristic of hydrops.

Frequently, fetal cardiac failure secondary to severe
anemia is observed. The other two forms of PHD, ane-
mic and icteroanemic, are the result of a less severe
hemolysis that does not compromise either the car-
diocirculatory system or the protein metabolism.

Early fetal gene diagnosis
The use of polymerase chain reaction (PCR) for detec-
tion of the RHD gene can measure the RHD gene sta-
tus for unborn babies at risk for hemolytic disease of
the newborn. The occurrence of D gene variants has
led to errors in prenatal typing. The effectiveness of
using PCR in a clinical setting has been reported. It
verifies the importance of testing more than one
region of the gene and also the need for a testing strat-
egy where both maternal and paternal testing for RHD
gene dosages are performed.5

In the present time, it is possible to determine the
fetal DNA in maternal serum during the first trimester
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of pregnancy. The advantage of this method is its
non-invasive nature.6

Follow-up of the Rh-negative patient
The anamnesis will focus on relevant data such as:
number of previous deliveries, history of anti-D pro-
phylaxis, history of perinatal morbidity and mortality
attributable to hemolysis, history of previous transfu-
sions, and history of neonatal exchange transfusions
or luminotherapy in previous deliveries.

If an indirect Coombs test does not detect anti-D
antibodies, it should be repeated every 4 weeks until
immediate puerperium.

If the test is positive we will proceed as follows:

• Study of husband’s zygosity. If he is heterozygous,
the fetus might not be Rh-positive

• Serial titration of anti-D antibodies every 3 weeks
with the purpose of drawing a curve

• Serial ultrasonographic follow-up to evaluate fetal
growth or detect characteristic signs of the disease:
polyhydramnios, hepatomegalia, ascitis, soft tissue
edema

• Doppler measurement of middle cerebral artery
(MCA) peak systolic velocity provides a non-
invasive modality for determining moderate or
severe fetal anemia. The sensitivity of an increased
peak systolic velocity in the MCA for the prediction
of moderate or severe fetal anemia is 100% either
in the presence or the absence of hydrops fetalis,
and the false-positive rate is 12%.7,8 The study of
amniotic fluid (AF) is another very good predictive
tool in the evaluation of fetal anemia.9

Many methods have been used to evaluate AF by
detecting fetal hemolysis. Liley plotted curves of AF
�OD450 values based on gestational age and derived
three zones of severity of fetal disease. Therefore,
from the Liley curves, fetal condition can be predicted
based on the AF �OD450 value:10,11

• AF spectrophotometry, in accordance with a previ-
ous history of Rh disease and levels of anti-D anti-
bodies in relation to the patient’s gestational age

• If the patient’s antibody titer is just at the critical
level and the patient has not had a baby with PHD,
the initial amniocentesis can be done at 28–29
weeks’ gestation. If the titer or the history suggests
that the PHD may be more severe, then amniocente-
sis can be performed earlier. In this way, a fetus that
needs an intrauterine transfusion can be identified.

Many methods have been used to evaluate AF
by detecting fetal hemolysis. Liley plotted of AF
�OD450 values based on gestational age and
derived three zones of severity of fetal disease.
Therefore, from the Liley curves, fetal condition
can be predicted according to the AF �OD450
value10,11

At present, however, Doppler measurement of
middle cerebral artery peak systolic velocity con-
stitutes the method of choice for the follow-up of
fetal anemia

• Cordocentesis for the prediction of the severity of
fetal anemia through the analysis of fetal blood
started to be used when high-resolution ultra-
sound was developed. However, cordocentesis is
currently not recommended for the evaluation of
fetal anemia. It should be used as a route for trans-
fusional therapy. Cordocentesis is only indicated
in cases either requiring assessment of fetal anemia
< 26 weeks gestation (anti-D titers > 1/128) or
showing AF spectrophotometric analysis in the
Upper Zone B or Zone C of Liley’s chart, anterior
placenta, and a poor obstetric history12

• Antenatal fetal monitoring as soon as it is reliable to
assess fetal vitality and specially sinusoid patterns.

Treatment of severe
maternal–fetal Rh-incompatibility
In 1963, Liley described intrauterine transfusion as the
only possible way to prevent intrauterine fetal death of
severely affected Rh-positive fetuses. When pregnancy
interruption is indicated, fetal prematurity becomes an
aggravating factor, which conspires against successful
results.

The purpose of all the procedures described below
is to allow the fetus to reach viability.

Intrauterine fetal transfusion

Intraperitoneal route
It is estimated that the total amount of blood trans-
fused into the peritoneal cavity flows into the fetal
bloodstream within 7–10 days after being injected.

This technique relies on the absorption capability
of the fetal peritoneum and subdiaphragmatic lym-
phatic system, and it is not usually indicated before
the 24th week of gestation. Ultrasound plays an essen-
tial role in this procedure: it locates the fetal abdomen
and shows the precise point of entry.

The inferior portion of the peritoneal cavity is then
accessed, considering the bladder as a reference point
to prevent injury to the liver or spleen.

Type O, Rh-negative blood – compatible with
maternal blood – with a hematocrit concentration not
less than 75% should be transfused. Blood should
have been recently extracted (not more than 48 h before
the procedure).

Ascites, if present, should be evacuated before the
procedure, although in this case the intravascular
route is always preferred.

The use of uterine inhibitors is recommended, and
the administration of antibiotics in order to prevent
possible infections is controversial.

796 Perinatal Rh hemolytic disease and other alloimmunizations: screening and treatment
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The procedure should be repeated, according to the
patient’s evolution, every 14 days or more, until fetal
viability is achieved.

The amount of blood to be transfused should be esti-
mated as follows: gestational age in weeks minus 20,
multiplied by 10. For example, in a 28 week preg-
nancy, (28 – 20) × 10 �80, a total of 80 ml of erythro-
cytes should be transfused.

Intravascular fetal transfusion
Indications to use this approach are especially in case of
fetal hydrops or very severe fetal anemia. This technique,
which may be used as from 18 weeks of pregnancy,
involves access to an umbilical vessel near its placental
insertion, in the intrahepatic portion of the umbilical
vein, or in the fetal heart (fetal rescue operation).

Nowadays, this procedure is superior to the former
because it allows the immediate reversal of fetal
anemia as it is possible to obtain a sample of fetal
blood and determine its hematocrit and hemoglobin
values. Also, a faster remission of fetal hydrops is
observed in most of the cases.

The amount of blood to be transfused depends on
the patient’s gestational age, and blood donor’s and
fetal blood’s hematocrit. The procedure should be
repeated according to post-transfusion hematocrit
values, until fetal extraction is indicated.

If no complications occur, this technique allows
the lengthening of intrauterine fetal life until the fetus
is viable, which results in a marked decrease in peri-
natal mortality rates.

High-dose intravenous IgG
for the treatment of severe
Rh alloimmunization
Intrauterine fetal transfusion, either by the intraperi-
toneal or intravascular routes, has shown to be an
effective treatment of Rh-hemolytic disease. However,
some fetuses are already severely compromised at an
early stage when it is technically impossible to indi-
cate the procedure.

In agreement with other authors, we have found
that repeated invasive techniques result in an impor-
tant increase in anti-D titers owing to the variable
amounts of fetomaternal bleeding inevitably caused
by the procedure itself. As a result of this, a moderate
Rh disease in a present pregnancy can often become a
severe one in the subsequent gestation.

It has been reported that transfusional therapy
before 32 weeks of gestation is associated with a
higher fetal mortality rate.13 The early treatment in the
first weeks of pregnancy would reduce the severity of
fetal anemia, decreasing the fetal morbidity and mor-
tality. That is why we started a protocol of treatment
with high doses of γ-globulin.1

The use of high doses of intravenous immunoglob-
ulin (IVIG) in the treatment of immunologic diseases

both in children and adults and recurrent intrauterine
fetal loss has been frequently reported in the literature
with varying degrees of effectiveness.

Although the mechanisms of action of IVIG remain
unclear, several explanations have been proposed
during pregnancy: feedback inhibition of antibody
synthesis, competition for macrophage or Fc receptors
of target cells, and blockade of Fc-mediated antibody
placental transport. We have used IVIG therapy in a
prospective study in order to analyze its effectiveness in
the antenatal treatment of severe Rh-hemolytic disease.

The only immunoglobulin that is transferred into
the fetal circulation is IgG; the other classes of mater-
nal immunoglobulins are either not transferred or
only cross the placenta in small quantities. The mech-
anisms involved in the active transfer of IgG across
the human placenta are not yet known. Brambell
et al.’s studies in rabbits suggest that the transport of
IgG molecules across the placenta is mediated
through a receptor for the Fc part of the molecule.
Further studies have clarified the role of Fc as a pla-
cental Fc receptor for IgG. This receptor has been
demonstrated on the surface of the trophoblast at
10 weeks and at term.

The mechanisms of placental transfer of exogenous
IgG infused into the mother are still to be elucidated.
It must be emphasized that transplacental IgG transfer
is a slow process and requires an intact Fc portion of
the IgG molecule. Gitlin et al.’s studies demonstrated
that when labeled IgG was injected into pregnant
women at various intervals before delivery, even after
12 days, the concentration in the infant’s serum was
only about 40% of that in the mother. Studies per-
formed by Contractor et al. about IgG transport in per-
fused placentas suggest that the trophoblast absorbs a
substantial amount of human IgG and all bovine IgG,
both broken down into small fractions by a mecha-
nism of non-specific endocytosis, and transmits these
fragments to the fetal circulation. A small amount of
human IgG, however, would escape this process of
lysosomal destruction by diverse protective mecha-
nisms, and would be released intact on the fetal side.

There are very few cases in the literature reporting
the treatment of severe Rh-hemolytic disease with
high doses of IVIG and the findings are too dissimilar
to allow for conclusive generalizations. Rewald and
Berlin et al. obtained satisfactory results with the
combined use of plasmapheresis and IVIG in 4 cases
of severe Rh-hemolytic disease. De la Cámara et al.
reported the successful treatment of two cases with
repeated doses of IVIG throughout gestation. Scott
et al., on the other hand, used a combined protocol of
IVIG and repeated intrauterine transfusions in one
case of hemolytic disease.

We have administered IVIG as the only treatment in
24 severely Rh-sensitized patients with a previous
history of affected fetuses and/or neonates, with ele-
vated anti-D titers, and a high degree of intrauterine
hemolysis. Patients in group 1 (< 20 weeks, n � 8) ful-
filled the first two of these inclusion criteria, whereas
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in groups 2 (20–28 weeks, n �7) and 3 (> 28 weeks,
n �9), IVIG treatment was indicated on the basis of
intrauterine hemolysis.

IVIG was infused at a daily dose of 0.4 g/kg mater-
nal body weight for 4–5 consecutive days, and
repeated every 21 days until delivery.

Group 3 also included those patients who attended
the antenatal clinic very late in pregnancy; as a conse-
quence of this delay, the fetuses in these cases were
highly compromised because of the advanced stage of
the hemolytic disease, and they evidenced major
neonatal depression and severe fetal anemia at birth,
requiring – in almost all cases – exchange transfusions.

Initial mean anti-D level was significantly higher in
group 1 (25.9 ± 12.9 IU/ml) than in the other two
groups, whose values were, however, higher than 10
IU/ml. AF total bilirubin levels before the onset of
therapy were pathologic and in 55% of the cases they
coincided with Zone 3 of Liley’s chart. Hydrops fetalis
at the onset of treatment accounted for the only three
fetal deaths in groups 1 and 2. None of the fetuses
developed hydrops during treatment. Six of the nine
neonates in group 3 were depressed at birth (1-min
Apgar below 7). However, at 5 min only one newborn
showed an Apgar below 7. Mean birth weight was
over 2500 g in all the cases. Neonatal hematological
condition in group 2 (50% of the babies required only
phototherapy) was better than in the other two groups
(transfusional therapy).

The decrease in pre- vs. post-treatment anti-D anti-
body quantification, the reduction in intrauterine
hemolysis and the strongly positive direct antiglobu-
lin test in all neonates may indicate that the mode of
action of high doses of IVIG in Rh-hemolytic disease
is (1) feedback inhibition of antibody synthesis and
(2) partial blockade of Fc-mediated antibody transport
across the placenta. No adverse effects from the drug
were observed in the mother or neonate.

Our findings show that IVIG treatment was effec-
tive in both groups 1 and 2, where IVIG was adminis-
tered before the 28th week of gestation and the fetuses
were not hydropic at the onset of therapy. In group 3,
however, where fetal anemia was already advanced at
the time of treatment, intrauterine transfusions and
prompt fetal extraction should have been the treat-
ment of choice.

The analysis of the series including only the 13 most
severely affected cases as judged by their history of
fetal/neonatal death, demonstrated again the effective-
ness of IVIG treatment. It can be inferred from the
results in this particular group of patients that (1) after
28 weeks’ gestation the administration of IVIG does
not elicit significant reductions in anti-D titers and
intrauterine hemolysis, thus intrauterine transfusion is
the therapy of choice, and (2) IVIG treatment is not indi-
cated in case of hydrops fetalis. Except for these two
indications, it is in this series with the poorest history,
the highest antibody level and failure of transfusional
therapy in previous gestations, where we find the most
encouraging therapeutical results of IVIG treatment.

The high cost of IVIG therapy is immediately out-
weighed by the highly satisfactory perinatal results
obtained in our population of extremely severe
Rh-sensitized patients. Moreover, babies born after
treatment with intrauterine transfusions, as well as
those prematurely delivered because of their severe
disease, require a prolonged stay in the neonatal
intensive care unit (a mean of 60 days in the latter
case), the cost of which greatly exceeds that of IVIG
therapy.

To conclude, the results of our study, which to the
best of our knowledge is the largest reported in the
literature, show the value of high doses of IVIG in
the treatment of severe Rh incompatibility when
administered repeatedly before 28 weeks’ gestation
and in the absence of hydrops fetalis.

High-dose γ-globulin (IVIG) followed
by intrauterine transfusions: a new
alternative for the treatment of severe
fetal hemolytic disease
Intrauterine fetal transfusion (IUT) is currently the ther-
apy of choice in cases of severe anti-D isoimmunization.
However, its efficacy is reduced in patients with early
severe hydrops fetalis due to the technical difficulties
in performing this procedure before 20 weeks’ gesta-
tion and because the fetuses are already anemic at
that time.

The purpose of this study was to determine
whether early onset of high-dose γ-globulin therapy
followed by IUTs is more effective than IUTs alone in
the treatment of very severe isoimmunized fetuses.

The population studied in this retrospective clini-
cal research was assigned to one of the following two
groups: (1) Gamma group: 30 patients receiving
γ-globulin therapy before 21 weeks’ gestation and
IUTs after 20 weeks or (2) IUT group: 39 patients
receiving IUT treatment starting at a gestational age of
20–25 weeks.

Both groups were statistically similar regarding his-
tory of perinatal deaths and anti-D antibody titers. The
number of hydropic fetuses at the first IUT and of
fetal deaths were significantly higher in the IUT than
in the Gamma group. No significant differences were
observed between the groups in fetal hematocrit at first
IUT and at birth. However, the percentage of severely
anemic fetuses was higher in the IUT group. Fetal
mortality rate was 36% less in the Gamma group.

In summary, in very severe cases of Rh-isoimmu-
nization:

(1) the development of fetal hemolysis in the first
20 weeks of gestation increases the risk of fetal
death;

(2) the early onset of invasive fetal therapy is only
partially effective and potentially harmful; and
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(3) according to the present study, those patients
who received high-dose intravenous γ-globulin
in the first 20 weeks of pregnancy seem to have a
better fetal outcome.

Our results show that high-dose γ-globulin therapy
followed by IUTs improves fetal survival in these
severe cases.14 Conventional treatment has also been
modified by the administration of immunoglobulin to
the neonate.15

Neonatal treatment
Our studies suggest that the frequency of neonatal
transfusion therapy can be reduced by a combination
of conventional phototherapy with HDIVIG. Further
studies are needed to determine the optimum timing
and dosage of HDIVIG therapy.16

Other studies show that intravenous immunoglob-
ulin is effective in decreasing the maximum bilirubin
levels and the need for repeated exchange transfu-
sions in Rh hemolytic disease of the newborn. There
is, however, an increased need of blood transfusions
for late anemia in the babies treated with IVIG.17

Other alloimmunizations
Routine antibody screening of Rh (D)-positive women
is probably not warranted from a clinical cost–benefit
perspective.18

Anti-c isoimmunization follow-up is similar to that
of anti-D and, together with anti-E, they are the next
in order of frequency as a cause of perinatal alloim-
munization.19

The treatment for anti-E sensitization is similar to
that of anti-D. AF is a weak indicator of the result, that
is why the management of the disease remains ques-
tionable. It is not clear yet if the presence of anti-E
implies the accummulation of a hemolytic effect with
other antibodies.

Pregnancy follow-up in anti-Kell alloimmunization
It is identified by the presence of anti-Kell antibodies
in maternal serum or previous fetal anemia. The
search for hemolysis in AF through bilirubin concen-
tration is not useful as the pathogenesis responds to
fetal anemia due to the inhibition of erythroid pro-
genitor and not to the destruction of the Kell-positive
erythroid by the antibodies.

Therefore, cordocentesis should be chosen to
obtain fetal blood and, in this way, be able to detect
fetal anemia and make the Kell-serotyping by study-
ing the fetal DNA when the father is K1 heterozygous.

Other studies show that fetal anemia due to anti-
Kell isoimmunization might be due in part to erythro-
poietic suppression, but it is still largely a hemolytic
process. The methods based on a hemolytic process,
including use of a critical maternal serum titer of 1:32,
serial AF analyses when the titer was in excess and
liberal use of funipuncture, were successful in identi-
fying severely affected fetuses.20

Natural and monoclonal anti-Kell antibodies
inhibit the growth in the Kell-positive erythroid
progenitor.

Fetal hematology
It shows just a few reticulocytosis and normoblasts
compared to fetuses affected by anti-D, which suggests
that erythroid suppression would be the mechanism
responsible for fetal anemia, a mechanism that has
been proved by Vaughan’s studies.21

The treatment is similar to that of the anti-D. Need-
less to say, an ultrasound follow-up is very important.

Summary: steps to follow
Rh-isoimmunization: patients with no maternal and/or
perinatal history of the disease
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Prophylaxis
In 40–50% of pregnancies, the passage of fetal red
blood cells to maternal circulation usually takes place
during the last trimester. In the majority of the cases
the amount of blood transferred is less than 0.1 ml.22

In 1977, there were 110 cases of stillbirths or post-
natal deaths due to anti-D hemolytic disease in the
UK. In 1992, the figure decreased to only nine cases.
This decrease came as a result of the introduction of
anti-D γ-globulin prophylaxis since 1969 but it is also
subject to the application of public health policies for
perinatal care, especially in developing countries.23

In 1969, the prophylaxis protocol consisted of anti-
D γ-globulin administration only after the birth of an
Rh-positive child, or after certain pregnancy events
such as antepartum hemorrhage. Most of the deaths
resulted from maternal sensitization between 28 and
40 weeks of the first pregnancy (third trimester) and
during postpartum.

Further studies have determined that the percent-
age of sensitization decreases from 1.2% to 0.28% if
antenatal prophylaxis is carried out.

In practice, the combination of antenatal and post-
natal prophylaxis will prevent immunization in 96%
of the high-risk cases. The remaining 4% corresponds
to the absence or inappropriate administration of
immunoglobulin when it is indicated.

Due to the fact that isoimmunization during preg-
nancy is caused by transplacental hemorrhage,24 the
risk of immunization increases after the following
procedures:

(1) Spontaneous or induced abortion
(2) Amniocentesis
(3) Chorion villus sampling
(4) Cordocentesis
(5) Ectopic pregnancy
(6) Fetal manipulation: external version
(7) Antepartum hemorrhage
(8) Antepartum fetal death
(9) Positive blood transfusion

The standard postpartum dose of 300 µg contains
enough anti-D to neutralize at least 15 ml of fetal red
blood cells.

There are different methods to detect excessive
fetomaternal hemorrhage:

• Kleihauer–Betke technique is, if carried out cor-
rectly, a very sensitive and specific method, but it
is subject to laboratory and technological errors.

• Flow cytometry is also a very sensitive method,
but difficult to perform and too expensive.

• The Rosette method is easy to carry out and very
sensitive, but has low specificity and its results
must be confirmed by Kleihauer–Betke method or
flow cytometry.

• A gel technology method has been reported for the
assessment of fetomaternal hemorrhage and deter-
mination of minimum necessary dose of RhIG. This

technique works well in determining the appropri-
ate dose of anti-D required to treat D patients with
D+ newborns. There are potential cost savings in
decreased use of RhIG, less direct technical time
required and more rapid availability of results.25

Anti-D γ-globulin has very few adverse effects. Some
fetuses yield with a slightly positive direct Coombs test
at birth after antenatal administration. The presence of
anemia or hyperbilirubinemia is very rare. All plasma
involved in the production of anti-D immunoglobulin
is carefully checked for infectious diseases.

There have not been any HIV cases due to contam-
inated plasma.

The American College of Obstetricians and Gyneco-
logists recommends both typifying the pregnant
patient and looking for antibodies in her first visit,
and again at 24–28 weeks, offering anti-D γ-globulin to
all Rh-negative, non-sensitized patients.

It has been found that transplacental hemorrhage
occurs in 3%, 12%, and 45% of the cases during the
first, second, and third trimesters, respectively.

The capacity of an antibody to eliminate D-red cells
in vivo depends both on its avidity, and to a lesser
degree, on its affinity for the D-antigen. Absorption is
also a limiting factor.

Even though antepartum γ-globulin administration
offers many additional benefits, some authors argue that,
as the incidence of isoimmunization is relatively small,
it makes medication 16 times less cost-effective than
postpartum prevention programs. The Cochrane Review
states that anti-D, given within 72h after childbirth,
reduces the risk of RhD alloimmunization in Rh-negative
women who have given birth to an Rh-positive infant.
However, the evidence on the optimal dose is limited.26

Unit equivalents
50 µg 250 IU

100 µg 500 IU
300 µg 1500 IU
225 µg 1250 IU

Route of administration
The route of administration is intramuscular through the
deltoides muscle. In the gluteal area, it only penetrates to
the subcutaneous tissue, thus absorption is prolonged.

Anti-D IgG use recommendations
• Dose: 500 IU or 100 µg every 4 ml of fetal red

blood cells in maternal circulation.
• Indications

� Postpartum, within the first 72 h �300 µg
� Prenatal

– First trimester: abortion, ectopic pregnancy,
chorionic villus sampling, or amniocentesis

– Second trimester: suspected fetomaternal
hemorrhage, invasive procedures

– Third trimester: prophylactic: 500 IU at 28
and 34 weeks or only one dose of 300 µg
between the above-mentioned weeks27
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General and future management
of RhD isoimmunization

Future therapy will involve selective modulation
of the maternal immune system, turning the need for
intrauterine transfusions into a rarity.28

When RhD sensitization occurs, careful follow-up
of these mothers and judicious intervention can
result in good outcomes for most pregnancies. Both
Doppler assessment of middle cerebral artery peak
systolic velocity and spectral analysis of AF at 450 nm
(�OD450) are useful in the diagnosis and manage-
ment of fetal anemia.29
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73 Prenatal therapy of endocrine
and metabolic disorders
G. Rosner, S. B. Shachar, Y. Yaron and M. I. Evans

Introduction
Our understanding of molecular and genetic basis
of disease is ever-increasing. This has resulted in more
and better ways for primary prevention. This is often
achieved by prenatal diagnosis and termination of
affected pregnancies and more recently, preimplanta-
tion genetic diagnosis. Some metabolic and endocrine
disorders however, such as congenital adrenal hyper-
plasia and cardiac arrhythmias are amenable to phar-
macological interventions.1,2 This chapter describes
different modes of intrauterine pharmacological therapy
in the fetus with an endocrine or metabolic disorder.
The use of folic acid supplementation for the preven-
tion of neural tube defects will also be discussed.

Endocrine disorders
Adrenal disorders

Congenital adrenal hyperplasia
Treatment of congenital adrenal hyperplasia (CAH) in
the fetus is an excellent example of pharmacological
therapy during pregnancy. CAH is a group of autoso-
mal recessive metabolic disorders characterized by an
enzymatic defect in the steroidogenetic pathway. As a
result of the enzymatic deficiency, there is a compen-
satory increase in adrenocorticotropic hormone
(ACTH) secretion in order to maintain cortisol pro-
duction. This leads to overproduction of the steroid
precursors in the adrenal cortex, causing adrenal
hyperplasia. The most common abnormality, respon-
sible for > 90% of patients with CAH is caused by a
deficiency of the 21-hydroxylase (21-OH) enzyme.
Other, less common causes for CAH include deficien-
cies in 11β-hydroxylase, 17α-hydroxylase, and 3β-
hydroxysteroid-dehydrogenase. Decreased 21-OH
activity results in accumulation of 17-hydroxyproges-
terone (17-OHP) which is converted via androstene-
dione to androgens, the levels of which increase by as
much as several hundred-fold (Figure 73.1). The

excess androgens cause virilization of the undifferen-
tiated female external genitalia. The degree of viril-
ization may vary from mild clitoral hypertrophy to
complete formation of a phallus and scrotum. In con-
trast, genital development in males is normal. The
excess androgens cause postnatal virilization in both
genders and may manifest in precocious puberty.

The ‘classical’ form of CAH involves a severe
enzyme deficiency or even a complete block of enzy-
matic activity, which is associated in more than half
of the cases with a life-threatening salt-losing form.
The classical form is easy to recognize in female new-
borns but may be overlooked in males, who may pres-
ent at a later stage with severe dehydration and even
demise. The ‘nonclassical’ attenuated form of 21-OH
deficiency results in partial blockade of enzymatic
activity and results in simple virilization in women
only later in life. It is estimated to occur in ~3.5% in
Ashkenazi Jews and ~2% in Hispanics.3

The gene for 21-OH is in close linkage to the human
leukocyte antigen (HLA) major histocompatability
complex on the short arm of chromosome 6.4 The gene
for 21-OH (CYP21B) has now been mapped, allowing
direct mutation analysis in informative families.5

In the past, diagnosis of CAH was made by the find-
ing of elevated levels of 17-OHP in the amniotic fluid.
With the development of chorionic villus sampling
(CVS) in the 1980s, linkage-based molecular diagnosis
in the first trimester became available. Since the dis-
covery and mapping of the gene, direct DNA mutation
analysis has become the routine approach.

The fetal adrenal gland can be pharmacologically
suppressed by maternal administration of dexametha-
sone.6 The suppression can prevent masculinization
of affected female fetuses in carrier couples. In the
first attempt to prevent female genital birth defects in
1982, Evans et al. administered dexamethasone to a
carrier mother beginning at 10 weeks of gestation.6

Serial maternal estriol and cortisol levels indicated
that adrenal gland suppression had been achieved.
The female fetus was born at 39 weeks’ gestation with
normal external genitalia. Forrest and David then

Kurjak-73.qxd  5/13/2006  12:13 PM  Page 803



804 Prenatal therapy of endocrine and metabolic disorders

employed a similar protocol beginning at 9 weeks’
gestation to treat several fetuses at risk for CAH.7

Female fetuses subsequently confirmed to be affected
with severe CAH were spared masculinization of the
external genitalia. Several hundred pregnant women
and their fetuses have since been treated with preven-
tion of masculinization in more than 85% of affected
females.8

The differentiation of the external genitalia begins
at about 7 weeks of gestation. Thus, diagnosis by amnio-
centesis or even CVS is too late to prevent masculiniza-
tion. Therefore for carrier parents, pharmacological
therapy has to be initiated prior to prenatal diagnosis:
Therapy is administered to all patients at risk, despite
the fact that the chance of an affected female fetus
for carrier parents is only 1 in 8 (i.e., 1/4 affected ×1/2
female). Following molecular diagnosis, by CVS, in
seven out of eight patients, therapy is discontinued if
the diagnosis of a male is made or if CAH is ruled out.
However, if the fetus is an affected female, therapy is
continued throughout gestation. Stress-dose corticos-
teroids should be given to the mother during labor and
tapered gradually postpartum.

No consistent untoward effects on fetuses have
been reported. Greater weight gain, edema and striae
were noticed in treated mothers but no increased risk
of hypertension or gestational diabetes was noted.8

Inclusion criteria of the European Society for
Paediatric Endocrinology and Wilkins Pediatric Endo-
crine Society9 for prenatal treatment of CAH include:
(1) a previously affected sibling or first-degree relative
with known mutation causing classical CAH proven by
DNA analysis; (2) reasonable expectation that the father

is the same as the proband’s; (3) availability of rapid
and quality genetic analysis; (4) therapy started less
than 9 weeks following the last menstrual period;
(5) lack of intent for therapeutic abortion; and (5) rea-
sonable expectation of patient’s compliance.

There is an agreement that the treatment requires a
professional team that includes an expert high-risk
obstetrician, a pediatric endocrinologist, genetic
counselor and a molecular genetic laboratory.

Thyroid disorders

Hypothyroidism
Congenital hypothyroidism affects about 1:3000 to
1:4000 infants.10 About 85% of the cases are the result
of thyroid dysgenesis, a heterogeneous group of devel-
opmental defects characterized by inadequate amount
of thyroid tissue. Congenital hypothyroidism is only
rarely associated with errors of thyroid hormone
synthesis, thyroid-stimulating hormone (TSH) insensi-
tivity, or absence of the pituitary gland. Fetal hypothy-
roidism may not necessarily manifest in a goiter before
birth since maternal thyroid hormones may cross the pla-
centa. Congenital hypothyroidism presenting with a goi-
ter can be found in only about 10–15% of cases, with an
estimated prevalence of 1:30,000–1:50,000 live births.11

Fetal goiterous hypothyroidism is caused in most
instances by maternal exposure to thyrostatic agents
used to treat maternal hyperthyroidism.12 These drugs
include propylthiouracil (PTU), the inadvertent use of
radioactive 131I in the pregnant women or iodide expo-
sure. Maternal ingestion of amiodarone (antiarrhythmic

Figure 73.1 Steroidogenic pathway: androgen production in 21-hydroxylase deficiency (congenital adrenal hyperplasia).
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drug) or lithium (drug for people with mood disorders)
may also cause hypothyroidism in the fetus. Finally,
fetal hypothyroidism may result from transplacental
passage of maternal blocking antibodies (known as
TBIAb or TBII) or rarely due to rare defects in fetal
thyroid hormone biosynthesis.11

Fetal goiterous hypothyroidism may lead to severe
fetal and neonatal consequences. An enlarged goiter
may cause esophageal obstruction which may lead to
polyhydramnios, which may result in preterm delivery
or premature rupture of membranes. Rarely, a goiter
may even lead to high-output heart failure due to
high vascular flow in the goiter.13 A large fetal goiter
can cause extension of the fetal neck leading to dysto-
cia in labor. The effects of the fetal hypothyroidism
itself may be devastating. Without treatment, postna-
tal growth delay and severe mental retardation may
ensue. Even with immediate diagnosis and treatment
at birth, long-term follow up of children with congen-
ital hypothyroidism has demonstrated that they have
lower scores on perceptual-motor, visuospatial, and
language tests.14

In suspicious cases, an extensive maternal and
family history should be obtained. In patients with
a positive history, maternal thyroid hormone levels, as
well as blocking immunoglobulin levels should
be measured. In addition, all women with a history
of any thyroid disease (both hypothyroidism and
hyperthyroidism) are advised to have monthly fetal
ultrasound scans to screen for fetal goiter, polyhydram-
nios, or fetal tachycardia.15

Occasionally, fetal goiterous hypothyroidism
may be identified by an ultrasound scan performed
due to increased uterine size caused by polyhy-
dramnios secondary to esophageal obstruction and
impaired swallowing. Sometimes, a fetal goiter may
incidentally be discovered on a routine scan. Before
the advent of cordocentesis, amniotic fluid levels of
TSH and FT4 (free thyroxine) were used as potential
indicators of fetal thyroid function. However, these
proved to be inconsistent.16 With cordocentesis, fetal
thyroid status can be directly and accurately evalu-
ated; fetal response to therapy can therefore be reliably
measured using available appropriate nomograms for
fetal serum levels of FT4, total T4 (thyroxine), free T3
(triiodothyronine), total T3, and TSH.15,17 In utero
treatment was initially suggested by Van Herle et al.
using intramuscular injection of levothyroxine
sodium.18 Subsequent studies however, have indicated
that intra-amniotic  administration of thyroxine may
be superior and can lead to resolution of the polyhy-
dramnios as well. The dose of the injected drug may be
refined using the fetal thyroid profile in the amniotic
fluid and the thyroid size.19 The doses commonly used
for treatment range from 200 to 500 mg intra-amniotic
every week. With this regimen, fetal goiters have been
shown to regress, the hyperextension of the fetal head
have been shown to resolve and fetal and newborn
TSH levels have normalized.19

Hyperthyroidism
Neonatal hyperthyroidism is rare with an incidence of
1:4000 to 1:40,000 live births.10 Fetal thyrotoxic goiter
is usually secondary to maternal autoimmune disease,
principally Graves’ disease or Hashimoto’s thyroidi-
tis. As many as 12% of infants of mothers with a
known history of Graves’ disease are affected with
neonatal thyrotoxicosis, which may occur even if
the mother is euthyroid.20 As with hypothyroidism,
inherent to the underlying mechanism is the transpla-
cental passage of maternal IgG antibodies. In this case
the antibodies, known as TSAb or (TSI), are predomi-
nantly directed against the TSH receptor.

Usually, the investigation of fetal hyperthyroidism
begins only after the discovery of fetal goiter. Often, the
goiter is diagnosed on ultrasound in patients referred
due to elevated thyroid stimulating antibodies. In some
cases, fetal goiters are realized serendipitously on
routine ultrasonography. Others may be discovered in
patients referred for scan because of polyhydramnios.
Beside the risks related to the goiter itself, untreated fetal
hyperthyroidism may be associated with a mortality rate
of 12–25% due to high-output cardiac failure.21 Once a
fetal goiter is identified, biochemical evaluation is indi-
cated. Historically, amniotic fluid levels of TSH and
FT4 were used as potential indicators of fetal thyroid
function. These, however, proved inconsistent in that
amniotic fluid levels of these hormones do not always
correlate with their serum levels. Some controversy still
exists regarding their use, however, they may be of some
benefit in centers that do not have available cordocente-
sis.16 As stated previously, cordocentesis allows reliable
assessment of fetal thyroid status TSH,15,17 and treatment
can be planned accordingly.

Once the diagnosis of fetal hyperthyroidism is con-
firmed, fetal treatment should be initiated. Authors
have attempted treating fetal hyperthyroidism with
maternally administered antithyroid drugs. Porreco
and Bloch have reported maternal treatment of fetal
thyrotoxicosis with the antithyroid drug propylth-
iouracil (PTU), which lead to a good outcome.22 The
initial dose used was 100 mg PO three times a day,
which was later decreased to 50 mg PO three times a
day. Wenstrom et al. described a favorable outcome
using maternal methimazole to treat fetal hyperthy-
roidism in a patient who could not tolerate PTU.21

Hatjis also treated fetal goiterous hyperthyroidism with
a maternal dose of 300 mg PTU. This patient, however,
required supplemental synthroid to remain euthyroid.
There was good fetal outcome in this case as well.23

Inborn errors of metabolism
Methylmalonic acidemia
The methylmalonic acidemias (MMAs) are a group of
enzyme-deficiency diseases inherited in an autosomal
recessive manner resulting from one of several genet-
ically distinct etiologies. Some cases are caused by

Inborn errors of metabolism 805
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mutations in the gene encoding methylmalonyl-
coenzyme A mutase while others are due to a defect
that catalyzes the biosynthesis of adenosylcobalamin
from vitamin B12. The disease is characterized by a
wide clinical spectrum ranging from a benign condi-
tion to a fatal neonatal disease. In the severe form,
MMA is characterized by severe metabolic acidosis,
developmental delay and biochemical abnormalities
that include methylmalonic aciduria, long chain
ketonuria and intermittent hyperglycinemia. Patients
with defects in adenosylcobalamin biosynthesis may
respond to administration of large doses of vitamin
B12, which may enhance the amount of active holoen-
zyme (mutase apoenzyme plus adenosylcobalamin).
A proposed mechanism for the neurological abnor-
malities observed in methylmalonic acidemia was
suggested by a group of Brazilian investigators who
administered methylmalonic acid to rats during the first
month of their life.24 A significant diminution of myelin
content and of ganglioside N-acetylneuraminic acid
were noted in the cerebrum.

More than 20 years ago, Ampola and colleagues
were the first to attempt prenatal diagnosis and treat-
ment of a B12-responsive variant of MMA.25 They fol-
lowed the pregnancy of a patient who had previously
suffered the loss of a child to severe acidosis and dehy-
dration at the age of 3 months. The diagnosis of MMA
was made posthumously by chemical analysis of blood
and urine. In the subsequent pregnancy, amniocentesis
at 19 weeks revealed elevated methylmalonic acid in
the amniotic fluid. Cultured amniocytes also demon-
strated defective propionate oxidation and undetectable
levels of adenosylcobalamin. When adenosylcobalamin
was added, normal succinate oxidation and methyl-
malonyl-coenzyme A mutase activity were noted.
These studies established that the fetus also suffered
from MMA apparently due to deficient synthesis of
adenosylcobalamin. It was already known that fetal
MMA is associated with increased methylmalonic
acid excretion in the maternal urine. Indeed, Ampola
et al.25 documented increased methylmalonic
acidemia in maternal urine at 23 and 25 weeks gesta-
tion. Late in the pregnancy, cyanocobalamin (10 mg/
day) was orally administered to the mother in divided
doses. The treatment only marginally altered the
maternal serum B12 level. However, there was a slight
reduction of maternal urinary methylmalonic acid
excretion that remained several fold above normal. At
approximately 34 weeks gestation, 5 mg of cyanoco-
balamin per day was administered intramuscularly.
The maternal serum B12 level then rose gradually to
more than sixfold above normal and was accompanied
by a progressive decrease in urinary methylmalonic
acid excretion. Maternal urinary methylmalonate was
only slightly above the normal range when delivery
occurred at 41 weeks. Amniotic fluid methylmalonic
acid concentrations were three times the normal mean
at 19 menstrual weeks and four times the normal
mean at term, despite prenatal treatment. Postnatally,

the diagnosis of methylmalonic acidemia was confirmed.
The infant suffered no acute neonatal complications
and had an extremely high serum B12 level. Long-term
postnatal management involved protein restriction;
however, no continuous B12 treatment was required.
In this instance prenatal treatment certainly improved
the fetal and, secondarily, the maternal biochemistry.
Whether there was any significant clinical benefit to
the fetus by in utero treatment cannot be assessed ade-
quately. It seems likely that reducing the fetal burden
of methylmalonic acid should have some beneficial
effect on fetal development and could reduce the risks
in the neonatal period.

Andersson et al.26 followed a cohort of eight
children with MMA for an average of 5.7 years.
Congenital malformations were described, reinforcing
the deleterious effects of prenatally abnormal cyano-
cobalamin metabolism. Growth was significantly
improved in most cases after initiation of therapy post-
natally and in one case microcephaly resolved. How-
ever, developmental delay of variable severity was
always present regardless of treatment onset. These data
suggest that prenatal therapy of MMA may be effective
and perhaps ameliorate some of the prenatal effects.
Evans et al. have documented the changing dose require-
ments necessary over the course of pregnancy to main-
tain adequate levels of B12. They sequentially followed
maternal plasma and urine levels in a prenatal treated
pregnancy.27 Data such as these suggest that modulation
of maternal-fetal pharmacological interchange of thera-
peutic drugs will be difficult to precisely control.

Multiple carboxylase deficiency
Biotin-responsive multiple carboxylase deficiency is
an inborn error of metabolism caused by diminished
activity of the mitochondrial biotin-dependent
enzymes (pyruvate carboxylase, propionyl-coenzyme
A carboxylase and α-methylcrotonyl-coenzyme A car-
boxylase). The condition may arise from mutations in
the holocarboxilase synthetase (HCS) gene on chro-
mosome 21q22.1 or the biotinidase gene localized
to chromosome 3p25.28–32 Affected patients present
as newborns or in early childhood with dermatitis,
severe metabolic acidosis, and a characteristic pattern
of organic acid excretion. It has been demonstrated
that metabolism in patients or in their cultured cells
can be restored toward normal levels by biotin sup-
plementation. Prenatal diagnosis can be made by
demonstration of elevated levels of typical organic
acids (3-hydroxyisovalerate, methylcitrate) in the
amniotic fluid or in the chorionic villi. However, the
existence of a mild form of HCS deficiency can com-
plicate prenatal diagnosis as organic acids level in
amniotic fluid might be normal.33 Therefore, prenatal
diagnosis must be performed by enzyme assay in
cultured fetal cells in biotin-restricted medium.

Roth and colleagues treated a fetus without the
benefit of prenatal diagnosis in a case in which two
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previous siblings had died of multiple carboxylase
deficiency.34 The first had died within 3 days of birth
and in the second, the diagnosis of biotin-responsive
carboxylase deficiency was made posthumously. Since
the mother was first seen at 34 weeks gestation, prena-
tal diagnosis was not attempted. Because of severe
neonatal manifestations in previous offspring and due
to the probable harmlessness of biotin – oral adminis-
tration was begun at a dose of 10 mg/day. There were
no apparent untoward effects; maternal urinary biotin
excretion increased by a factor of approximately 100
during biotin administration. Nonidentical twins were
subsequently delivered at term. Cord blood and uri-
nary organic acid profiles were normal, and cord blood
biotin concentrations were four to seven times greater
than normal. The neonatal course for both twins was
unremarkable. Subsequent study of the cultured
fibroblasts of both twins indicated that the cells of
twin B (but not of twin A) had virtually complete defi-
ciency of all three carboxylase activities. Genetic com-
plementation studies confirmed that despite the
normal clinical presentation during the newborn
period, twin B was homozygous for the disease muta-
tion. Packman and colleagues have also reported pre-
natal diagnosis and treatment of biotin-responsive
multiple carboxylase deficiency for a mother who had
previously given birth to a male with the neonatal-
onset form of this disease.35 In the subsequent preg-
nancy, maternal urine organic acid profiles were
normal. Carboxylases activities were assayed in cul-
tured amniotic fluid cells obtained by amniocentesis
at 17 menstrual weeks. In biotin-restricted medium,
the amniotic cells demonstrated the characteristic
severe reduction in carboxylase activities. Since these
initial reports of prenatal administration of biotin to
fetuses affected with this disorder, other cases have
been published,33,36,37 further providing compelling
evidence that biotin administration antenatally is
effectively taken up by the fetus and prevents func-
tional deficiency of the carboxylases in an affected
newborn. No toxicity from treatment was observed.
However, because experience with this treatment is
confined to a small number of cases, it is reasonably to
carry out prenatal diagnosis and only then to initiate
treatment with biotin in any affected fetus.

Smith–Lemli–Optiz syndrome
Smith–Lemli–Optiz syndrome (SLOS) is a dysmor-
phological syndrome first reported in 1964.38 Features
include characteristic facies, growth and mental
retardation, and anomalies of the heart, kidneys, cen-
tral nervous system, and limbs. Cleft palate, postaxial
polydactyly, 2–3 syndactyly of the toes and cataracts
are often seen in affected patients. The 2–3 syndactyly
of the toes is very specific for this disorder and is
seen in > 90% of affected patients. Affected patients
typically present with a narrow forehead, ptosis,
anteverted nares, low-set ears, and micrognathia. 

Males may present with ambiguous genitalia. In
contrast with CAH, patients with SLOS are deficient
in cholesterol and therefore lack steroid precursors.
This leads to the lack of androgens, which results in
under-masculinization of the male genitalia. Patients
with the severe form of the syndrome present not only
with these dysmorphological findings but also with
a high rate of neonatal mortality.39 The incidence
of SLOS is estimated to be 1:20,000–1:40,000 live
births,40 and it appears to be most common in
Caucasians population of North European origin, with
an estimated carrier frequency of 1:70.41 In 1993, the
etiology of SLOS was discovered to be an inborn error
of cholesterol biosynthesis due to a deficiency of the
enzyme 7-dehydrocholesterol-�7 reductase.38,41–44

The gene for 7-dehydrocholesterol-�7 reductase has
been localized to chromosome 11q12–13.44

As a result of this enzymatic defect, there is a
characteristic biochemical pattern of reduced choles-
terol levels and elevated 7- and 8-dehydrocholesterol
levels (7-DHC and 8-DHC, respectively) in all body
fluids and tissues including red blood cells, fibro-
blasts, amniotic fluid and chorionic villi. The values
observed in affected patients may be extremely vari-
able. The diagnosis is made primarily by the presence
of the cholesterol precursor, 7-DHC, and not by the
deficiency of cholesterol. Unaffected individuals have
levels of 7-DHC and 8-DHC of less than 1 mg/dl
whereas patients with SLOS usually have levels of
7–20 or greater. Clinical manifestations correlate with
cholesterol levels. Severely affected patients have
very low levels of total cholesterol (usually
<10–15 mg/dl), while those with more mild manifes-
tations may present with levels of 40–70 mg/dl.
Prenatal diagnosis of SLOS has been available since
1994 by either amniocentesis or chorionic villus
sampling.45–47

Since identification of the cholesterol metabolic
defect in SLOS, a treatment protocol has been
attempted providing exogenous cholesterol. This
form of therapy has now been provided to many
patients with SLOS for the past several years in many
centers in the United States and internationally,48–50

with the goal of raising cholesterol levels and
decrease the precursors, 7-DHC and 8-DHC. It has
been shown that dietary cholesterol supplementation
can restore a normal growth pattern in children and
adolescents with SLOS, alleviate behavioral abnor-
malities and improve general health.48–50

Fetal therapy strategies may theoretically include
providing cholesterol to the mother or to the fetus.
The former, however, is not possible because choles-
terol does not cross the placenta well in the second
trimester and there is lack of evidence that it crosses
the placenta in the third trimester. Moreover, choles-
terol is available only in a crystalline form, which
cannot be given intravenously or intramuscularly.
Furthermore, it is impractical to inject cholesterol
into the amniotic fluid because it would precipitate.

Inborn errors of metabolism 807

Kurjak-73.qxd  5/9/2006  12:33 PM  Page 807



808 Prenatal therapy of endocrine and metabolic disorders

However, cholesterol can be given to the fetus by giving
fresh frozen plasma in the form of low-density lipo-
protein (LDL)-cholesterol. The group at Tufts Univer-
sity has attempted treatment antenatally in several
affected fetuses. In cases where treatment was started
late in pregnancy, the results were inconclusive.
Although few descriptions of fetal therapy for SLOS
exist, the latest report of antenatal treatment comes
from that same group of investigators.51 Therapy was
begun at 34 weeks of gestation and resulted in
increased fetal cholesterol levels and red blood cell
mean corpuscular volume with subtle improvement
in fetal growth, as assessed by consequent fetal weight
plots. However, no significant change in 7-DHC and
8-DHC levels was observed, further emphasizing the
inconclusiveness of that treatment. However, the
main point is that since significant development of
the central nervous system and myelination occurs
prior to birth it is a reasonably to assume that provid-
ing cholesterol to the fetus, as early as possible would
result in the most clinical benefit. 

Galactosemia
Galactosemia is an inborn error of metabolism caused
by the diminished activity of the enzyme galactose-1-
phosphate uridyltransferase (GALT). This causes a
defective metabolism of the sugar galactose which is
the constituent of lactose, the main carbohydrate of
milk, resulting in accumulation of galactose in the
bloodstream. It is inherited in an autosomal recessive
manner and results in cataracts, mental deficiency,
growth deficiency, and ovarian failure. Clinical symp-
toms appear in the neonatal period and can be largely
ameliorated by elimination of galactose from the diet.
Cellular damage in galactosemia is thought to be
mediated by accumulation of galactose-l-phosphate
intracellularly and of galactitol in the lens. The GALT
gene, localized to chromosome 9p13, is the only
known gene to be associated with galactosemia.
Several disease-causing mutations are commonly
encountered in classical galactosemia, the most fre-
quently observed is the Q188R classical mutation.
Mutational analysis is available usefully for the six
classical galactosemia alleles (Q188R, S135L, K285N,
L195P, Y209C, F171S) and for the N314D Durate vari-
ant mutation.52 In cases in which disease causing
mutation are not identified (as observed in 10–29% of
classic galactosemia), GALT sequence analysis may be
performed to detect private mutations. Galactosemia
can be diagnosed prenatally by study of cultured
amniocytes and chorionic villi.

There are suggestions that even the early postnatal
treatment of galactosemic individuals with a low
galactose diet may not be sufficient to ensure normal
development. Some have speculated that prenatal
damage to galactosemic fetuses could contribute to
subsequent abnormal neurological development and
to lens cataract formation. Furthermore, it has been

recognized that female galactosemics, even when
treated from birth with galactose deprivation, have a
high frequency of primary or secondary amenorrhea
because of ovarian failure. This is because oocytes
have already been damaged irreversibly long before
birth. There also may be some subtle abnormalities of
male gonadal function.

Exposure to a high-galactose diet has been consid-
ered to represent an animal model for human galac-
tosemia. Chen and colleagues have observed a
reduction in the oocyte content of rat ovaries after
prenatal exposure to a 50% galactose diet.53 No anal-
ogous alterations in the testes were observed in pre-
natally treated males. Experiments in rats suggest that
toxicity to the female gonads from galactose or its
metabolites is most obvious during the premeiotic
stages of ovarian development. Recently, impaired
germ cell migration leading to the development of
gonads with deficient initial pools of germ cells was
proposed as the causal link between galactosemia and
premature ovarian failure.54

These observations in animals and human beings
have led to speculation that galactose restriction during
pregnancy may be desirable if the fetus is affected with
galactosemia. In the human female, ovarian meiosis
begins at 12 and is complete by 28 menstrual weeks.
Thus, ovarian damage, and perhaps neurological or lens
abnormalities, might occur prior to the usual time when
prenatal diagnosis by amniocentesis can be accom-
plished. Thus, anticipatory treatment in pregnancies at
risk for having a galactosemic fetus might best be initi-
ated very early in gestation or even preconceptually.

Despite these experiments and speculations, we are
unaware of studies that adequately assess the impact
of prenatal administration of a low-galactose diet to
galactosemic fetuses. However, such data, especially
controlled, will be difficult to obtain. Nevertheless,
prenatal galactose restriction is probably desirable in
galactosemia and should be harmless. There is little
reason to suppose that galactose restriction would
have adverse consequences, since galactosemic and
normal fetuses are both capable of some endogenous
galactose synthesis.

Multifactorial disorders
Neural tube defects
Neural tube defects (NTDs) are malformations sec-
ondary to abnormal neural tube closure between the
third and fourth weeks of gestational age. The etiology
is complex and imperfectly understood with both
genetic and environmental factors involved. Animal
studies suggest that NTDs can arise from a variety of
vitamin or mineral deficiencies. There are historical
data in humans suggesting increased NTD frequencies
in subjects with poor dietary histories or with intes-
tinal bypasses. Biochemical evidence of suboptimal
nutrition is present in some women bearing infants
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with NTDs. Analysis of recurrence patterns within
families and of twin–twin concordance data provides
evidence of a genetic influence in nonsyndromal
cases, although factors such as socioeconomic status,
geographic area, occupational exposure, and maternal
use of antiepileptic drugs are also associated with
variations in the incidence of NTDs.55 In 1980,
Smithells et al. suggested that vitamin supplementa-
tion containing 0.36 mg folate can reduce the fre-
quency of NTD recurrence by sevenfold in women
with one or more prior affected children.56,57 For
almost a decade, there has been a great deal of con-
troversy regarding the benefit of folate supplementa-
tion for the prevention of NTDs.58–61 Finally, in 1991,
a randomized double-blinded trial designed by the
Medical Research Council Vitamin Study Research
Group demonstrated that preconceptual folate
reduces the risk of recurrence in high-risk patients.62

Subsequently, it was shown that preparations con-
taining folate and other vitamins also reduce the
occurrence of first time NTDs.63 In response to these
findings, guidelines were issued calling for consump-
tion of 4.0 mg/day folic acid by women with a prior
child affected with a NTD, for at least 1 month prior
to conception through the first 3 months of pregnancy.
In addition, 0.4 mg/day folic acid is recommended to
all women planning a pregnancy to be taken precon-
ceptually. The data on NTD recurrence prevention is
now very well established, and became routine for
high-risk cases. As of January, 1998, the United States
Food and Drug Administration has mandated that
breads and grains be supplemented with folic acid.
The impact of food fortification with folic acid on
birth prevalence of NTDs during the years 1990–1999
was evaluated by assessing birth certificate reports
before and after mandatory fortification.64 It was
found that the birth prevalence of NTDs reported
decreased by 19%. It is important to note that the con-
tinuing decline in NTDs rates are estimated to be due
to the introduction and increased utilization of prena-
tal diagnosis, recommendations for multivitamin use
in women of childbearing age, and the population-
wide increases in blood folate levels since food forti-
fication was mandated.65

Folate plays a central part in embryonic and fetal
development because of its role in nucleic acid syn-
thesis mandatory for the widespread cell division that
takes place during embryogenesis. Folate deficiency
can occur because of low dietary folate intake or
because of increased metabolic requirement as seen in
particular genetic alterations such as the polymor-
phism of the thermolabile enzyme methyltetrahydro-
folate reductase (MTHFR). A metabolic effect of folate
deficiency is homocysteine elevation in blood. As
mentioned, the thermolabile variant of MTHFR
677TT, is a known risk factor for NTDs. However, evi-
dence regarding a second polymorphism in the same
gene, 1298A→C, does not support its role in NTDs.66

Additionally, numerous studies analyzing MTHFR

variants have resulted in positive associations with
increased NTD risk only in certain populations, sug-
gesting that these variants are not large contributors to
the etiology of NTDs.67 Therefore, it seems less likely
to advise parents prospectively to test for MTHFR
variants. Reinforcement to the assumption that addi-
tional candidate genes other than MTHFR may be
responsible for an increase risk to NTDs comes from
the NTD collaborative group of Duke University.68 A
total of 175 American Caucasian NTD patients and
their families were examined for the thermolabile
variant of MTHFR. Although a significant association
has been found comparing patients and controls, no
such association was found in patients’ parents. Two
other key enzymes in the metabolic pathway of homo-
cysteine are methionine synthase (MTR) and methio-
nine synthase reductase (MTRR). Recently reported,
MTR and a specific (A66G) MTRR polymorphisms
have been found to be associated with increased risk
for NTDs. Interestingly, the NTDs risk was not influ-
enced by maternal preconception folic acid intake at
doses of 0.4 mg/day. However, due to limited sample
size further studies are needed in order to draw mean-
ingful inferences.69 Other candidate genes suggested as
risk factor for NTDs (mainly spina bifida), are poly-
morphisms in the mitochondrial membrane transporter
gene UCP2.70 Despite previous studies suggesting zinc
deficiency to play a role in the etiology of NTDs,71,72

further studies found this observation inconclusive.73,74

Methionine deficiency might be involved in NTDs as
30%-55% reduction in the risk of having NTD associ-
ated pregnancy was reported when methionine intake
was greater then the lowest quartile of intake, with fur-
ther reduction in risk with greater methionine intake.75

In conclusion, preconception intake of folic acid alone
or as multivitamin supplementation reduces the risk of
recurrence and first time NTDs. Additionally, folic
acid-multivitamin supplementation reduces the occur-
rence of other congenital anomalies such as seen in the
urinary tract (e.g., vesicorenal reflux, horshoe kidney,
and others), in the cardiovascular system (e.g.,
conotruncal heart defects), and anomalies involving
the limbs and face (orofacial clefting).

Pharmacologic approaches
It might be appropriate to consider suppressing exces-
sive cholesterol production prenatally in severe hyperc-
holesterolemia when a safe and effective agent for
accomplishing this becomes available (although there is
no clear evidence for hypercholesterolemic prenatal
damage). If cysteamine or related agents were to prove an
effective treatment for lethal variants of cystinosis, pre-
natal therapy might be considered, because excessive
and possibly harmful cystine accumulation is evident
even in cystinotic fetuses. Cysteamine levels have been
detected in chorionic villi, and significant elevations
even at 10 weeks’ gestation have been hypothesized.
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Inhibitors of gamma-glutamyl transpeptidase, if safe,
would elevate intracellular glutathione levels and
inhibit oxoproline production in glutathione synthase
deficiency, thereby averting the characteristic neonatal
acidosis. In theory, it would be desirable to minimize
copper accumulation in Wilson disease as early as pos-
sible. If and when reliable prenatal diagnosis of Wilson
disease is possible, cautious administration of penicil-
lamine prenatally might be considered. This would be a
double-edged sword, however, as the teratogenic poten-
tial of penicillamine would demand careful evaluation.
Batshaw and colleagues76 have treated certain urea cycle
defects by administering arginine and benzoate. Since
hyperammonemia in some of these entities develops
very acutely after birth, it might be desirable to consider
pretreating the fetus with these compounds just prior to
or during labor to minimize postnatal hyperammone-
mia.76 Conversely, it may be desirable to consider drug
avoidance as an approach to fetal treatment. For exam-
ple, fetuses with glucose-6-phosphate dehydrogenase
deficiency are sensitive to a variety of drugs that induce
hemolysis. It would probably be appropriate to avoid
administering such agents to women carrying or known
to be at risk for carrying fetuses deficient in glucose-6-
phosphate dehydrogenase.

Umbilical cord catheterization under ultrasound
guidance may lead to the development of other types of
fetal treatment.77 Systems such as gene replacement are
being developed for certain lysosomal storage disorders.
Progress is being made in postnatal experimental models
on administration of thymic cells for certain immune
deficiency states, bone marrow transplantation for a
variety of genetic disorders, and gene transfer. The

development of better and earlier techniques for
prenatal treatment will be complex, especially with
regard to gene transfer; but progress will be made, and
access to the fetal vasculature may be required for
these methods to have a chance for success.

Bone marrow transplantation or thymic cell infu-
sion is actually only a specialized example of organ
transplantation. In the future, fetal organ transplanta-
tion may become possible and may open many pros-
pects for surgical treatment of certain biochemical
genetic disorders.

One can also speculate about the therapeutic possi-
bilities involving compounds administered directly
into the amniotic fluid or into the fetal intestinal tract.
It might be possible, for example, to administer thy-
roid hormone in this fashion or to prevent meconium
ileus in cystic fibrosis by instilling not yet determined
enzymes into the fetal intestinal tract.

Conclusion
While a multitude of metabolic disorders exist, prena-
tal treatment for most has never been attempted or con-
sidered. The discovery of new disease associated genes
and prenatal carrier testing may in the future allow pre-
conceptual carrier detection, without the tragedy of
first having an affected child. This may provide tar-
geted therapy in families who chose to continue the
pregnancy and offer the prospect of improved outcome
by ameliorating at least some of the prenatal deleteri-
ous effects of the metabolic disease.
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74 Fetal surgical interventions
M. R. Harrison and M. I. Evans

Introduction
Over the last two decades, fetal therapy has evolved into
four major areas: open surgical approaches, ‘closed’
endoscopic surgical approaches, pharmacologic ther-
apy, and stem cell/gene therapy. Advances in the field
have been characterized by dramatic successes, but
also intense frustration at technical challenges and
moving targets as ancillary therapies change risk/
reward equations.1

If something can be treated safely postnatally, then
there is no justification for prenatal intervention.
However, for the conditions discussed below, profound
and irreparable damage occurs before birth, making
fetal intervention the best or sometimes only way to
ameliorate the damage. Some procedures have been
quite rare. Others are more common, but the expecta-
tion is that with improvements and increasing utiliza-
tion of prenatal diagnosis, more women will consider
the opportunities to treat fetuses before birth.2

Surgical therapy
In utero closed fetal surgery
The most efficacious percutaneous in utero fetal surgery
has been for the evaluation and treatment of obstructive
uropathy. Lower urinary tract obstruction (LUTO) is a
heterogenous entity that affects 1:5000–8000 newborn
males. Posterior urethral valves or urethral atresias are
the most common causes for LUTO, although other
etiologies, such as stenosis of the urethral meatus, ante-
rior urethral valves, ectopic insertion of a ureter and
tumors of the bladder, have been observed. LUTO can
result in massive distention of the bladder with com-
pensatory hypertrophy and hyperplasia of the smooth
muscle within the bladder wall, leading to loss of com-
pliance and elasticity and poor postnatal function
generally requiring surgical reconstruction.3 Elevated
intravesicular pressures prevent urine inflow from the
ureters and eventual distortion of the ureterovesicle
angles contributes to reflux hydronephrosis. Progressive
pyelectasis and calyectasis compress the delicate
renal parenchyma within the encasing serosal capsule,

leading to functional abnormalities within the medullary
and eventually the cortical regions. Focal compressive
hypoxia likely contributes to the progressive fibrosis
and perturbations in tubular function resulting in urinary
hypertonicity, which is observed. Obstructive proces-
ses can eventually lead to type IV cystic dysplasia and
renal insufficiency.4–7

The effects extend beyond the genitourinary tract.
Progressive oligo/anhydramnios leads to compressive
deformations as seen in Potter sequence, including
extremity contractures and facial dysmorphology.
Absence of normal amniotic fluid volume also inter-
feres with pulmonary growth and development.
Constant compressive pressure on the fetal thorax leads
to restriction of expansion of the chest through normal
physiologic ‘breathing movements’. Babies born with
LUTO generally die secondary to pulmonary complica-
tions and not renal failure.

The prenatal sonographic diagnosis of LUTO
includes dilated and thickened walls of the bladder,
hydronephrosis, and oligohydramnios. (Figure 74.1)
Urethral strictures or atresia, urethral agenesis, mega-
lourethra, ureteral reflux, and cloacal anomalies may
be present and have a very similar appearance on
ultrasound. The typical ‘keyhole sign’ of proximal
urethral dilation is secondary to urethral obstruction
present in PUV or atresia. However, the precise diag-
nosis can only be made after birth.7

The prenatal evaluation and management of fetuses
with the sonographic findings of LUTO are com-
plex.4–6 Ruling out other congenital anomalies, such
as cardiac and neural tube defects, is necessary before
intervention can be considered.

Karyotyping is needed to confirm a normal male
chromosomal status, as cases of LUTO have an
increased incidence of aneuploidy. Female fetuses
almost always have more complex syndromes of cloa-
cal malformations, which do not benefit from in utero
shunt therapy. Because of the presence of oligo/
anhydramnios, we commonly obtain karyotypes by
transabdominal chorionic villus sampling, which
gives reliable results within 5 days during which the
remainder of the prenatal evaluation is under way.
Fluorencence in situ hybridization can be used to get
rapid status of chromosomes 13, 18, 21, X, and Y.8
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Essential to the prenatal workup is the evaluation
of underlying renal status in the fetus. Over the past
15 years, we have developed a multicomponent
approach for the analysis of fetal urine that evaluates
proximal tubular and possible glomerular status using
sodium, chloride, osmolality, calcium, β-2 microglob-
ulin, albumin, and total protein concentrations.5

Predictive reliability has been shown to be signifi-
cantly improved by sequential samplings at 48–72-h
intervals.6 Using such an approach, one can directly
correlate the degree of impaired renal function and
damage with the extent of urinary hypertonicity and
proteinuria. As such, the ability to counsel patients
about the renal status of their fetus and the long-term
prognosis has been dramatically improved.

Vesicoamniotic catheter shunts bypass the urethral
obstruction diverting the urine into the amniotic
space to allow appropriate drainage of the upper uri-
nary tract and prevention of pulmonary hypoplasia
and physical deformations. (Figure 74.2) In fetuses
with isolated LUTO, a normal male karyotype, and
progressively improving urinary profile that meet
threshold parameters (Table 74.1), intervention has
been very successful in salvaging fetuses using percu-
taneous vesicoamniotic shunt therapy.

Experience in humans has been widely variable
and appears to be related to the extent of prenatal
evaluation prior to shunt placement, as well as the eti-
ology of obstruction. Freedman et al. confirmed that
Prune Belly infants, without complete urethral
obstructions, have very good renal outcomes follow-
ing vesicoamniotic shunt therapy.7 They have also
found significant improvement in survival and renal
function in infants with posterior urethral valves
treated by shunting; however, many have mild to

moderate renal insufficiency at birth and several of
these have progressed to renal failure, dialysis, and
transplantation. The worst group of infants appears to
be those with urethral atresia. However, there have
been survivors with urethral atresia following early
shunt intervention. These findings support animal
studies, which indicated that early-onset complete
obstructions resulted in more severe renal damage
than later-onset or partial obstructions. Such data
emphasize the necessity for early diagnosis, evalua-
tion, and intervention in such cases.

More recently, data from our experience over the past
15 years suggest that patients having bladder shunts had
a 91% survival rate, but that long-term renal function
was not guaranteed. Just under half had ‘normal renal
function’, and about a quarter had mild impairments.
The experience depended highly on the exact etiology of
the disorder with posterior urethral value having the
best outcomes and urethral atresia the worst. The expe-
rience suggests that close pediatric urologic/renal func-
tion assessment is essential. The Paris group has found

Figure 74.1 Oligohydramnios and dilated bladder in a fetus at
17 weeks with good electrolytes. Figure 74.2 Vesicoamniotic shunt with the proximal portion

lying within the fetal bladder while the distal portion lies within
the amniotic fluid space allowing diversionary draining of urine
into the appropriate space.

Table 74.1 Upper threshold values for selecting
fetuses that might benefit from prenatal intervention

Sodium < 100 mg/dl

Chloride < 90 mg/dl

Osmolality < 190 mOsm/l

Calcium < 8 mg/dl

β-2 microglobulin < 6 mg/l

Total protein < 40 mg/dl
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that about 25% of children had serious, long-term renal
impairments and about 15% actually developed end-
stage renal disease requiring transplant. (M. Dommergues
and F. Mueller, unpublished data).

Although vesicoamniotic shunting has clearly
improved survival and renal function in cases of early
obstructive uropathy, complications of this procedure
remain unacceptably high. We found in the 1980s and
1990s that in 40% of our cases the shunts became
physically displaced into the amniotic or intraperi-
toneal space, or became obstructive with loss of
drainage function, necessitating replacement. On bal-
ance, intervention for LUTO has saved fetuses that
would otherwise have surely died. Many have normal
to moderately impaired renal function. A carefully
balanced approach in counseling is required for patients
to determine what is right for them.

Other shunts
In the late 1970s, shunting was attempted for obstructive
hydrocephalus.9 Attempts in the late 1970s and early
1980s at in utero ventriculoperitoneal shunting were
nearly uniformly disastrous. However, in retrospect,
most of the operated patients were, in fact, very poor
candidates for intervention. Many had multisystem syn-
dromic disorders, including aneuploidy, and hopeless
congenital anomalies, such as holoprosencephaly.

Accordingly, ventriculoamniotic shunts were aban-
doned since the early 1980s. With a better understanding
of the poor natural history of the anomaly, and better,
more accurate diagnostic techniques, we have specu-
lated that there may eventually be limited applications
for prenatal neurologic shunting in cases of early-onset,
isolated, progressive obstructive hydrocephaly.

The other use of percutaneously placed shunts has
been for thoracic abnormalities.10,11 The macrocystic
form of congenital cystic adenomatous malformation
can present with a very large intrathoracic mass with
a dominant macrocyst that causes cardiac and medi-
astinal shift and comes with its potential hemody-
namic changes, as well as pulmonary compression
and risk of lung hypoplasia. Such dominant cysts can
be approached using pleuroamniotic shunts to chron-
ically drain these structures, reducing their volume,
and diminishing their space-occupying effects within
the thoracic cavity.

Isolated pleural effusions can also accumulate to
the point of causing hemodynamic changes and onset
of generalized hydrops as well as pulmonary com-
pression, which interferes with normal lung develop-
ment increasing the risk of hypoplasia. Small,
unilateral effusions generally do not warrant inter-
vention, but must be followed closely as they have the
potential for rapid progression and development of
generalized hydrops.11

As with all fetal interventions, prenatal evaluation
prior to intervention is critical for appropriate case

selection. Seemingly isolated effusions may be the first
sign of a cardiac malformation, aneuploidy, anemia,
or an infectious process. Thoracoamniotic shunting is
effective in carefully evaluated cases when the risk of
pulmonary hypoplasia from large effusions early in
gestation is present, or early signs of progressive
hydrops (unilateral–bilateral effusion, skin or scalp
edema, ascites, pericardial effusion) appear. Fetal ane-
mia, per se, is not an indication for thoracoamniotic
effusion shunting, as hydropic changes will usually
resolve with timely fetal transfusion therapy. Also, if
one waits to intervene until the fetus develops signifi-
cant ascites, the prognosis even with successful shunt
intervention diminishes considerably.11 However,
several cases with suddenly progressive pleural effu-
sions and the onset of generalized hydrops (skin/scalp
edema, pericardial effusion, and moderate ascites) have
been treated with complete resolution of all hydropic
complications and normal postnatal infants.

Open surgical approaches
For a limited number of indications, open fetal surgery
has been performed for about 20 years.2 Appropriate
concerns for maternal risk, rigorous selection criteria,
and somewhat frustrating results have limited its use.
There have been continuing innovation and develop-
ment of instruments and techniques motivated by the
clinical necessity to improve the safety of open fetal
surgery for both the fetus and the mother.

Congenital diaphragmatic hernia (CDH)
The fetal approach to CDH has undergone continuous
evolution since the first attempted CDH repair in 1986
and the first success in 1989.12–15 Definitive repair of
CDH by reduction of viscera from the chest, diaphrag-
matic patch placement, and abdominal silo construction
(to reduce intra-abdominal pressure) had unacceptable
mortality, particularly after a clinical trial showed open
fetal repair was no better than postnatal repair, when
the liver was herniated into the chest.16,17 The definitive
repair was abandoned as an option for CDH; in utero
tracheal occlusion took its place.17–24 (Figure 74.3)
Tracheal occlusion leads to an increase in lung size
through accumulation of pulmonary secretions, which
reduces the herniated viscera from the chest and
decreases the risk of lung hypoplasia. The technique of
achieving reliable, complete and reversible trachael
occlusion has evolved. Initially, it could only be accom-
plished by open fetal surgery and fetal neck dissection
(taking care to avoid the recurrent laryngeal nerves) and
placement of occlusive hemoclips. Next, a fetoscopic
technique was developed to accomplish the same
neck dissection and tracheal clip (the Fetendo Clip
Procedure).21,22 While successful, it proved difficult
with a significant learning curve. Attempts to simplify
the procedure by developing an appropriate polymer to
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use as a tracheal plug inserted through the fetal mouth
were unsuccessful. Experience quickly showed that
unless there was complete occlusion, the pulmonary
secretions would leak, thereby defeating the purpose of
the plug. Finally, a relatively simple technique was
developed in which a fetoscope passed through a single
port is advanced into the fetal trachea (fetal bron-
choscopy) and a detachable silicone balloon is inflated
to occlude the trachea.

CDH has been a classic example of rapid changes in
technology clouding any simple attempts to understand
the role for fetal surgery. With increasing sophistication
of the surgical approach as well as concomitant
improvements in neonatal care using extracorporeal
membrane oxygenation, it was impossible to accurately
determine the relative benefits of each approach with-
out a prospective, randomized comparison that held all
other details constant. Thus, after much debate, a ran-
domized trial of surgery for CDH vs. optimal postnatal
care was funded by the National Institute of Child
Health and Human Development.17 The principle com-
ponent of the trial was that patients in the postnatal care
(control) arm would receive the same neonatal care by
the same center as the surgical arm.

It was originally expected that patients undergoing
surgery would have a survival rate of about 70% as
compared to the best data on controls expecting about
35%. The surgically treated patients achieved
expected survival. However, the trial was stopped
prematurely, when by having the controls cared for at
the same tertiary specialty centers as the surgical
group, survival in the controls was essentially the
same as the surgical group. Such data show conclu-
sively the principle of ‘the moving target’ and how
our use of technology must continually adapt to
changing conditions.23

Congenital cystic adenomatoid malformation (CCAM)
CCAM is a space-occupying congenital cystic lesion
of the lung, which may grow and induce hydrops by
causing mediastinal shift and compromise venous
return to the heart. When fetuses with CCAM develop
hydrops, the fetal mortality approaches 100%25–27

(Figure 74.4). Fetal resection of CCAM reverses
hydrops and has improved survival dramatically.25–27

The fetal operation is performed by exposure of the
arm and chest wall on the side of the lesion through
the maternal hysterotomy. A large muscle sparing
thoracotomy is performed through the midthorax of
the fetus and the lobe containing the CCAM is isolated.
The attachments of the lobe to the adjacent lung tissue
are bluntly divided and the lobar hilum is divided by
the use of a TIA stapler or a bulk ligature. During the
remainder of the pregnancy, the remaining normal
lung shows compensatory growth that fills the space
left, showing mass removal.

Sacrococcygeal teratoma (SCT)
Fetal SCT arises from the presacral space, which may
grow to massive proportions and in some fetuses
induce high-output failure from tumor vascular steal.
Fetal SCT with high-output physiology with associ-
ated placentomegaly or hydrops uniformly result in
fetal demise28,29 (Figure 74.5). The pathophysiologic
rationale for fetal surgery is to ligate the vascular con-
nections to the tumor, remove the vascular ‘sin’, and
reverse the high-output physiology. The fetal opera-
tion is performed by exteriorization of the fetal but-
tocks with attached tumor.28 Every attempt is made to
keep the head, torso, and lower extremities of the
fetus in the uterus. Since the tumor can sometimes
be larger than the fetus, a significant loss of uterine

Figure 74.3 Surgical isolation of the fetal
trachea prior to placement of hemoclips in a
tracheal occlusion procedure for CDH.
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volume occurs, and the uterus may contract, increasing
the risk of placental abruption, placental dysfunction
because of compression, or postoperative preterm
labor. Once exteriorized, the anus is identified and the
fetal skin incised posterior to the anorectal sphincter
complex to avoid injury to the continence mecha-
nism. A tourniquet is then applied to the base of the
tumor and brought down gradually as the tumor is
finger fractured down to its vascular pedicle. The vas-
cular pedicle is then ligated with suture ligatures or
TIA device stapled depending on the width of the
pedicle. The entire fetal procedure can be performed
in less than 15 min with minimal blood loss. Because
of the increase in afterload following ligation of the low
resistance tumor circuit, the fetal hemodynamic status
must be monitored by fetal echocardiography during
and in the immediate period following the ligation.

ex utero intrapartum treatment (EXIT) procedure
The EXIT procedure is a modified cesarean delivery
and may be applied to deliver fetuses after fetal surgi-
cal procedures, such as tracheal ligation, or for fetuses
with difficult airway problems, such as massive cer-
vical teratomas or cystic hygromas.30,31 The most
important component of the EXIT procedure is the
maintenance of uteroplacental perfusion until the
fetal airway is secured and ventilation is established.
In direct contrast to cesarean section where uterine
contraction for hemostasis is encouraged, uterine
relaxation is maintained by deep general anesthesia.
The fetal manipulations are then performed with
maternal support via the placenta. Clips can be
removed, chest masses removed, bronchoscopy per-
formed, and stable airway access established in other-
wise very difficult circumstances with this approach.
Once the fetus is ready for transport to the nursery or
adjacent operating suite following these preliminary

steps, the cord is clamped and cut and the cesarean
delivery completed.

Meningomyelocele
Babies with myelingomyloceles have impaired lower
motor function and loss of bowel and bladder control. A
significant percentage develop obstructive hydro-
cephalus which requires ventriculoperitoneal shunt-
ing.32 Experience from the 1970s and 1980s showed that
babies with meningomyelocele delivered atraumatically
by cesarean section had a better level of motor func-
tion for the given level of anatomic defect, than those
babies delivered through the vaginal canal.33 Such
data suggest that compression and trauma to the cord
in the delivery process can have permanent long-term
sequelae to motor function. It therefore follows that
trauma to the spinal cord in utero, either from bang-
ing into the uterine wall, or the toxic effects of the
amniotic fluid in the third trimester, per se, could be
detrimental to the function of the spinal cord.
Furthermore, the traditional dogma that the pathogen-
esis of meningomyelocele was that an abnormally
developed spinal cord, which did not in turn, engen-
der the proper development of the bony spinal col-
umn, may not be the whole story. It is possible that
the primary defect is in the bony spinal column,
which exposes a presumptively undamaged spinal
cord. The cord is then damaged by the toxic affects of
amniotic fluid and trauma from the uterine environ-
ment and repeated contact with the uterine wall.
Thus, the rationale for attempts to cover and protect
the spinal cord in utero, to minimize the sequelae.34

Figure 74.4 Microcystic congenital cystic adenomatous
malformation (microcystic) with the beginnings of hydrops.

Figure 74.5 Saccrococcygeal teratoma in a fetus.
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Three groups have done most of the work in this
area and have attempted to repair meningomyeloceles
in utero, both as an open surgical procedure and
endoscopically, with the stated attempt to reduce
long-term morbidity and mortality.35,36,37

The principal benefit of the surgery is likely
secondary, i.e. a significant reduction in the number
of babies requiring ventriculoperitoneal shunting for
obstructive hydrocephalus.38,39 There is still much
controversy surrounding the data.32 A randomized,
prospective trial comparing fetal to postnatal neuro-
surgical closure began in 2003, but will take several
years to be completed. A major milestone of this trial
has been the agreement among the participating

centers not to perform any cases outside the trial, and
other centers around the country have agreed not to
start programs until the trial is completed.

Conclusion
There are an increasing number of congenital and
genetic abnormalities for which in utero treatment is
possible, and in some cases, now relatively routine.
Advances in therapies have progressed at different paces
for different disorders, but there is a great hope and
enthusiasm that progress will continue to expand the
number of disorders for which therapy can be effective.
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75 First-trimester ultrasound
screening for fetal
malformations
S. T. Chasen

The most significant advance in first-trimester ultra-
sound screening has been the recognition of nuchal
translucency (NT) as a potent marker for fetal aneu-
ploidy.1 Abnormal NT in a euploid fetus is also asso-
ciated with structural fetal abnormalities that can be
diagnosed in the second-trimester.2 Thus, measure-
ment of NT can lead to earlier and targeted screening
in the second trimester.

While abnormal NT can suggest the possibility of a
structural abnormality, advances in ultrasound imag-
ing have made the direct diagnosis of some anomalies
possible.3,4 Evaluation of other anatomic structures in
the first trimester can diagnose anomalies or identify
useful markers for anomalies that may be diagnosed
later in pregnancy. As more women will be present-
ing for NT measurement at 11–14 weeks’ gestation,
it is important to consider other anatomic structures
amenable to evaluation at this time.

Evaluation of first-trimester
anatomy
Fetal head
Structures that can be well visualized in the first
trimester include the calvarium and portions of the
developing brain. Midline structures, including a
falx cerebri and thalamic bodies, are easily visualized.
Choroid-filled lateral ventricles can be identified as
well. The cavum septum pellucidum and structures
in the posterior fossa cannot be reliably evaluated in
many cases, though visualization becomes more
likely by 14 weeks.

Fetal face
The profile is well imaged in most fetuses from 11 to
14 weeks, and this has led to the use of nasal bone
evaluation in Down’s syndrome screening.5 The orbits

can be identified as well. While the lips can be seen at
these gestational ages in some fetuses, they cannot be
reliably evaluated in a significant proportion of cases.

Fetal spine
The cervical and cervical spines can be evaluated in
the first trimester. Unfortunately, the lumbar and
sacral spines, in which spina bifida are much more
likely to occur, are often not well imaged prior to the
second trimester.

Fetal heart
Aside from cardiac axis, the structure of the fetal heart
is generally not well evaluated at 14 weeks’ gestation
or earlier. Four-chamber view, outflow tracts, ductus
arteriosus, and the aortic arch cannot be evaluated in
many cases at these gestational ages.6

Abdomen
An intact diaphragm and stomach bubble are visible
at 11–14 weeks in most cases. The umbilical cord
insertion in the ventral wall and the urinary bladder
just below the site of cord insertion can be seen in
the vast majority of fetuses as well. The kidneys can
usually be identified, though this is not possible in a
small proportion of cases.

Extremities
By 11 weeks, high-resolution ultrasound can docu-
ment the presence of all long bones in the extremities
in most fetuses. Reference ranges for limb meas-
urements early in pregnancy have been published.7

The hands and feet are usually easily identified.
Evaluation of the fingers is possible, though this may
be limited prior to the second trimester.

821
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Diagnosis of fetal anomalies
at 11–14 weeks
While we can identify many structures by the end
of the first trimester, sonographic diagnosis of abnor-
malities in these structures is limited. Although first-
trimester sonographic diagnosis has been reported
for a wide variety of anomalies,4,8–10 relatively few can
be reliably diagnosed or excluded with confidence.
The following anomalies can be reliably diagnosed
or excluded sonographically in most cases at the
11–14 weeks’ scan.

Anencephaly/acrania
Anencephaly and acrania are characterized by the
absence of a cranial vault. Both conditions are easily
identified or excluded after 10 weeks’ gestation.11

While anencephaly is characterized by absence of the
cranial vault and the cerebral cortex, the latter structure
can be seen in acrania (Figure 75.1). Both conditions
are uniformly lethal. While there is some controversy
as to whether acrania is due to failed closure of the ros-
tral portion of the neural tube (as is anencephaly),
women should be counseled to take high doses of folic
acid starting prior to conception in future pregnancies
to prevent open neural tube defects.

Holoprosencephaly
This condition is due to the failure of the forebrain to
cleave into hemispheres early in gestation. Alobar
holoprosencephaly, in which no midline structures
are noted and only a single ventricle is present, is the
most severe variant. This condition should be strongly
suspected when two separate choroid plexuses are
not seen in a transverse view through the fetal brain.
Alobar holoprosencephaly can be diagnosed or exclu-
ded after 10 weeks’ gestation12 (Figure 75.2). Semilobar
and lobar holoprosencephaly, in which some form of
midline division has occurred, cannot always be
detected prior to the second trimester.

While not lethal in all cases, alobar holoprosen-
cephaly is associated with virtual absence of cognitive
function. Cytogenetic studies are indicated, as this
abnormality is associated with trisomy 13 as well as
other less common forms of aneuploidy. As holopros-
encephaly has been described to have autosomal
recessive inheritance in some families,13 recurrence
can be excluded with identification of normal midline
structures by the end of the first trimester.

Cephalocele
Cephalocele is characterized by a defect in the
skull, with protrusion of the meninges. In most cases,
there will be brain tissue in the meningeal sac
(encephalocele). Most midline cephaloceles are open

neural tube defects, though they are much less com-
mon than either anencephaly or spina bifida. When a
non-midline cephalocele is detected, amniotic band
syndrome may be present.

Ultrasound can detect cephalocele at 11–14 weeks
(Figure 75.3). Large cephaloceles are easily identified,
though smaller ones may not be seen early in preg-
nancy. In patients with a prior fetus with Meckel–
Gruber syndrome, which is characterized by cephalocele,
multicystic kidneys, and polydactyly, first-trimester
ultrasound can be used to detect early signs of recur-
rence of this autosomal recessive condition.14

822 First-trimester ultrasound screening for fetal malformations

Figure 75.1 Acrania at 11 weeks’ gestation. No bony structures
are seen above the level of the orbits. Brain tissue can be seen.
This would not be visualized in the case of anencephaly.

Figure 75.2 Alobar holoprosencephaly at 12 weeks’ gestation.
A single, small crescent-shaped holoventricle is seen anteriorly.
The thalami are large, and not divided by a third ventricle.
Separate choroid plexuses are not seen.
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Omphalocele
Omphalocele is a midline ventral wall defect. All
layers of the abdominal wall are absent at the site of
the umbilical cord insertion, and a sac can be seen
protruding from this site. The sac usually contains
bowel and stomach. In larger lesions, liver may be
present. The umbilical cord can be seen inserting
into the sac.

It is important not to confuse physiologic midgut
herniation, which occurs prior to 11–12 weeks’ gesta-
tion, with omphalocele.15 After 12 weeks’ gestation,
omphalocele, particularly if a large defect is pres-
ent, is easily identified (Figure 75.4). Omphalocele
is frequently associated with trisomy 18 or trisomy 13.

Skeletal defects
Though fetal long bones can be identified and meas-
ured late in the first trimester, most skeletal dys-
plasias that are characterized by abnormal limb
growth cannot be reliably detected or excluded early
in pregnancy.16 Limb reduction defects, which occur
sporadically, are characterized by the absence of all or
a large part of an extremity, which can be identified at
the 11–14 weeks’ scan.

Megacystis
In this condition, the fetal urinary bladder is markedly
enlarged (Figure 75.5). A longitudinal diameter of
> 7 mm has been suggested to establish the diagno-
sis.17 While the presence of megacystis does not indi-
cate a specific diagnosis, high rates of fetal aneuploidy
(especially when NT is abnormal) and obstructive
uropathy have been reported.18 The presence of mega-
cystis is an indication to evaluate the genitourinary
tract for obstructive uropathy early in the second
trimester.

Approach to screening
In patients who present for ultrasound late in the
first trimester, evaluation of fetal anatomy can pro-
vide valuable information. This information can be
obtained in a relatively short amount of time in most
patients.4,6 While certain findings (such as nuchal
edema or megacystis) are not diagnostic and require
second-trimester follow-up, some conditions can be
diagnosed or excluded at this stage in pregnancy.
This may be especially useful to those at high risk of

Approach to screening 823

Figure 75.3 Encephalocele at 12 weeks’ gestation. In this
profile view, a midline skull defect is seen above the level of the
occiput.

Figure 75.4 Omphalocele at 13 weeks’ gestation. A large sac
containing bowel and liver is seen.

Figure 75.5 Megacystis at 11 weeks’ gestation. A cystic
midline mass is seen in the pelvis. 
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having a fetus with malformations detectable in the
first trimester.

Studies evaluating the detection rates for anom-
alies in the first trimester suggest that the majority of
major structural anomalies can be identified or sus-
pected.4,8,9 As these studies have been done in large
perinatal centers, however, it is not clear that similar
outcomes can be achieved outside this setting. The
experience of the examiner is important, as a learning
curve for prenatal diagnosis in the first trimester has
been demonstrated.9

While evaluation of anatomy at 11–14 weeks is
recommended when NT is measured, this examination
cannot replace routine second-trimester ultrasound.
Comparison of detection rates of fetal anomalies
demonstrates higher sensitivity at 16–20 weeks.9 This

is particularly true for cardiac abnormalities, the most
common category of malformations.

Conclusion
With the emergence of first-trimester risk assessment
for aneuploidy, many patients will be undergoing
ultrasound late in the first trimester. If the sole objec-
tive of this examination is to measure NT, the oppor-
tunity to assess fetal anatomy will be lost. With
experience, examination of the fetus at 11–14 weeks’
gestation can be accomplished in a short period of
time, and patients will have the benefit of early diag-
nosis of certain anomalies.

824 First-trimester ultrasound screening for fetal malformations
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76 Fetal nasal bone in screening
for Down’s syndrome
S. Cicero, J. D. Sonek, G. Rembouskos and K. H. Nicolaides

Introduction
Chromosomal abnormalities represent a major cause
of perinatal death and childhood disabilities. Prenatal
diagnosis of chromosomal defects necessitates invasive
testing. All of the commonly used invasive techniques
such as chorionic villus sampling, amniocentesis, and
cordocentesis, are associated with a risk of fetal loss
risk of about 1%. For this reason, invasive procedures
are reserved for pregnancies considered to be at high
risk for chromosomal defects. The methods of screening
to identify the high-risk group are described in Table
76.1. Screening using ultrasound is based on the fact
that most fetuses with chromosomal abnormalities devi-
ate phenotypically from euploid fetuses and many of
these deviations can be detected by prenatal ultrasound.

Improvements in ultrasound resolution have
allowed us to evaluate and measure very minute fetal
structures with a concomitant decrease in the room
for error. If they are to be included in prenatal screen-
ing protocols, their evaluation must be done with a

high degree of precision and accuracy. This can be
accomplished only through strict standardization of
the fetal image and with appropriate training and an
ongoing quality assurance. It is only by strictly adher-
ing to these principles that ultrasound markers can be
incorporated into any screening protocol.

Calculation of the individual patient-specific risk
of chromosomal defects requires the incorporation
of several factors. The first is the background risk,
which is based on the maternal age, gestational age,
and historical factors such as a previous offspring with
aneuploidy. The background risk is then modified by
multiplying it by a series of likelihood ratios, which
are based on the results of screening tests (ultrasound
and biochemical) carried out during the course of the
pregnancy. A series of likelihood ratios can be used in
such a fashion to adjust the risk of aneuploidy either
at the same time in pregnancy (combined screening)
or at different times in pregnancy1 (disclosure and
nondisclosure sequential screening).

Background
The physical characteristics of individuals affected
by trisomy 21 were initially described by Langdon
Down2 in 1866. He reported that their skin is too large
for their body, their face is flat, and the nose is small.2

In recent years it has become possible to observe these
features by ultrasound examination even as early as in
the third month of intrauterine life. Extensive studies
over the last 15 years have demonstrated that the
most effective sonographic marker of trisomy 21, and
other chromosomal abnormalities, is increased
nuchal translucency (NT) at 11–13+6 weeks’ gestation.
Another promising marker for trisomy 21, which has
been extensively studied over the past 5 years, is the
absence and hypoplasia of the fetal nasal bones (NB).

This chapter reviews evidence for the association
between absence or hypoplasia of the fetal nasal
bones and Down’s syndrome in the first and second
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Table 76.1 The screening performance of the
various tests is compared by examining the detection
rate (DR) for a fixed screen positive rate of 5%

Screening test DR (%)

MA (≥37 years) 30

Maternal serum biochemistry at 16 weeks 65
(AFP and β-hCG and uE3)

NT at 12 weeks 80

NT and β-hCG and P-APPA at 12 weeks 90

NT and NB and β-hCG and P-APPA at 12 weeks 96

MA, maternal age; AFP, α-fetoprotein; β-hCG, free β-human chori-
onic gonadotropin; uE3, unconjugated estriol; NT, nuchal translu-
cency; PAPP-A, pregnancy-associated plasma protein-A; NB, nasal
bone.

Kurjak-76.qxd  5/13/2006  12:19 PM  Page 825



trimester of pregnancy, and examines the value of
incorporating this novel marker in screening policies.

Development of the nasal bones
During the fourth week of gestation, collections of neu-
ral crest cells undergo proliferation, forming the nasal
placodes. In the sixth week, the nasal placodes of the
frontonasal prominence invaginate to form the nasal
pits and the lateral and medial processes. The medial
nasal processes eventually fuse with the nasofrontal
process to form the nasal septum, which in turn grows
toward the forming palate, defining the left and right
nasal cavities. The cartilaginous frame of the nose is
developing at the same time. During the eighth week,
initial centers of ossification of the NB appear in the
membrane covering the cartilaginous nasal capsule.3–7

In 1994 Sandikcioglu et al.8 established standards
for the normal prenatal development of the NB.
This study showed that the left and right NBs appear
as a thin bony contour ventral to the cartilaginous
nasal septum in the sagittal plane, and change
gradually during growth to wedge-shaped bones. The
initial appearance of the NB occurred at different
developmental stages in normal fetuses. The smallest
crown–rump length (CRL) at which NB was observed
histologically was 42 mm corresponding to approxi-
mately 10.9 weeks’ gestation. Furthermore, the NB
was noted to increase in length with advancing
gestation and its morphology changes, being overall
wider and coming to a sharp point at the anterior
tip in the most mature specimens.8

Anthropometric and
radiological studies
An anthropometric study of 105 patients with Down’s
syndrome at 7 months to 36 years of age reported that
the nasal root depth was abnormally short in about 50%
of cases.9 Keeling et al.10 investigated the abnormal
development of the NB in aborted Down’s syndrome
fetuses. They examined the development of the axial
skeleton in 31 human trisomy 21 aborted fetuses at
12–24 weeks’ gestation and found a 60% incidence of
either NB absence (26%) or NB hypoplasia (34%).10

Stempfle et al.11 conducted a radiological study and
found that the NB was absent in 23% of the 60 Down’s
syndrome aborted fetuses between 15 and 40 weeks’
gestation.  The authors also observed that, when pres-
ent, the NB in the Down’s syndrome fetuses was short.11

Sonographic, radiological, and
histological correlation
Tuxen et al.12 conducted a postmortem radiological
study to investigate the presence of the NB in 33

aborted Down’s syndrome fetuses at 14–25 weeks’
gestation. They found that 30% (10 of 33) of fetuses
had either bilateral or unilateral absence of NB. They
also performed a histological evaluation of the speci-
mens, which confirmed a complete NB absence in
7 of 10 fetuses. Histological evaluation was not per-
formed in the remaining three, including the two that
had unilateral absence of the NB. Presence of an NB
was confirmed in all 23 fetuses that had a radiological
evidence of NB formation.12

Minderer and his colleagues13 compared prenatal
sonographic evaluations of the NB in 17 Down’s syn-
drome fetuses between 11 and 14 weeks’ gestation, to
those obtained by histological study performed after
termination of pregnancy. In this report, the NB could
not be examined sonographically in 1 of the 17 cases,
due to fetal position, and in the remaining 16 cases
the NB was either absent or hypoplastic. By contrast,
the histological evaluation of the NB area showed
evidence of NB formation in 16 of the 17 cases. Armed
with the knowledge of the results of the histological
evaluation, the investigators reviewed the ultrasound
images of the fetuses originally classified as having an
absent NB. They claimed that they were able to now
detect evidence of an NB albeit ‘smaller, less distinct,
and less echogenic’.13

A study by Larose et al.14 compared sonographic
and radiological findings on the NB in 21 aborted
fetuses with trisomy 21. The ultrasonographic evalua-
tions were done between 11+3 and 13+5 weeks’ gesta-
tion. The subsequent radiological studies on the
aborted fetuses were performed between 13 and 25+5

weeks’ gestation. Interestingly, the incidence of NB
absence on ultrasound was very similar to the one
noted on x-ray. However, the ultrasound and x-ray
findings were discordant in 9 of the 21 cases (43%).
Four of the cases where the NB was present on ultra-
sound showed no evidence of an NB on x-ray, indi-
cating a possible wrong assessment of the fetal profile
by ultrasound. In the other five cases where the NB
was noted to be absent on ultrasound, an NB was seen
on the x-ray. However, radiological examinations
were performed at a later gestational age than that of
the ultrasound examination,14 allowing time between
the two examinations for further NB development.

The apparent discrepancies in the NB identifica-
tion among the three modalities (ultrasound, radio-
logy, and histology) have a number of possible
explanations. It is likely that small areas of calcifica-
tion can be seen on histological evaluation even if
those cannot be detected on either ultrasonography or
x-ray. The likelihood of picking these up will depend
on the number of sections done. Different types of
staining were used in the two studies12,13 mentioned
above possibly contributing to the contradictory
results. In the study by Larose et al.,14 the ultrasounds
and the x-rays were done at very different gestational
ages (11+3–13+5 weeks for ultrasound and 13–25+5

weeks for x-ray). Since the prevalence of NB absence

826 Fetal nasal bone in screening for Down’s syndrome
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changes with gestational age, they are not truly
comparable. Just as is the case with the ultrasound
examination, controlling for the gestational age and
standardization of the technique for both the radio-
logical and the histological examinations is crucial.

Sonographic studies
The observation that in fetuses affected by trisomy 21
sonographic examination may reveal absence of the
NB was only made at the beginning of 2001. In the
initial description by Sonek and Nicolaides,15 three
Down’s syndrome fetuses were evaluated in the second
trimester. Two of them had no identifiable NB and
one had a hypoplastic NB. A review of the videotaped
exam from the first trimester examination of one of the
fetuses at the time of the NT evaluation revealed that
the NB could not be identified at that point in preg-
nancy.15 Armed with this information, observational
studies were undertaken to investigate the role of NB
examination in screening for Down’s syndrome.

First trimester: the 11–13+6-week scan
Several studies have demonstrated that the fetal NB
can be visualized by sonography in the first trimester
of pregnancy, and that there is a high association
between absent NB at 11–13+6 weeks and trisomy 21,
as well as other chromosomal abnormalities.16–25

Cicero et al.16 reported for the first time on the
absence of the NB in trisomy 21 fetuses in the first
trimester of pregnancy. In this observational study,
ultrasound was used to determine the presence or
absence of the NB in 701 fetuses at 11–13+6 weeks’
gestation following screening by maternal age and NT,
and immediately before chorionic villus sampling.
The NB was noted to be absent in 73% (43 of 59) of

Down’s syndrome fetuses and in only 0.5% (3 of 603)
of chromosomally normal fetuses. In this initial study,
presence or absence of the NB was found to be inde-
pendent of other fetal and maternal variables. It
became clear that incorporation of the examination of
the NB into screening for trisomy 21 by maternal age
and NT could increase the sensitivity of the test and
reduce the false positive rate.16

In an extended series18 of 5918 fetuses undergoing
prenatal diagnosis by chorionic villous sampling at
11–13+6 weeks, the fetal profile was successfully
examined in 5851 (98.9%) cases. The NB was absent
in 129 of 5223 (2.5%) chromosomally normal fetuses,
in 229 of 333 (68.8%) fetuses with trisomy 21 and in
95 of the 295 (32%) with other chromosomal defects.
An additional important finding of this study is that
the prevalence of NB absence was higher in fetuses of
Afro-Caribbean origin than in Caucasians (Table 76.2).
The prevalence was also noted to decrease as the ges-
tational age increased (Table 76.3) and to increase as
the NT measurement increased beyond the normal
range (Table 76.4). Consequently, in the calculation of
an individual patient-specific risk for trisomy 21 it is
necessary to take into account these demographic and
ultrasound findings.18

The fact that ethnic origin of the mother may play
a role on the evaluation of the fetal NB, was also sug-
gested by Prefumo et al.26 The authors conducted a
prospective study in 4492 fetuses and demonstrated
that having a mother of African origin is significantly
associated with an increased likelihood of absent fetal
NB compared with Caucasians, even after correcting
for maternal age, parity, and CRL.

There are seven additional studies19–25 that support
the high association between trisomy 21 and absent
NB at 11–13+6 weeks. In their combined data on
12,315 fetuses the fetal profile was successfully exam-
ined in about 97% of cases. The NB was absent in

Sonographic studies 827

Table 76.2 Prevalence of absent nasal bone (NB) in chromosomally normal and trisomy 21 fetuses and likelihood
ratio (LR) according to ethnic group (from Cicero et al.18)

LR (95% CI) for trisomy 21

Ethnic group Trisomy 21; n (%) Normal karyotype; n (%) NB absent NB present

Total (n �5851) 229/333 (68.8) 129/5223 (2.5) 27.8 (23.1–33.5) 0.32 (0.27–0.37)

Caucasian (n �5384) 207/303 (68.3) 105/4811 (2.2) 31.3 (25.5–38.4) 0.32 (0.27–0.38)

Afro-Caribbean (n �170) 11/14 (78.6) 13/145 (9.0) 8.8 (4.7–15.5) 0.24 (0.08–0.52)

Asian* (n �201) 10/14 (71.4) 9/179 (5.0) 14.2 (6.8–28.4) 0.30 (0.12–0.58)

Chinese/Japanese (n �69) 1/2 (50.0) 2/61 (3.3) 15.3 (2.1–73.4) 0.52 (0.10–0.94)

Mixed (n �27) — 0/27 (—) — —

*People originating from India, Pakistan, Bangladesh, Sri Lanka and Philippines.
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828 Fetal nasal bone in screening for Down’s syndrome

Table 76.3 Prevalence of absent nasal bone (NB) in chromosomally normal and trisomy 21 fetuses and likelihood
ratio (LR) according to crown–rump length (CRL) (from Cicero et al.18)

LR (95% CI) for trisomy 21

CRL (mm) Trisomy 21; n (%) Normal karyotype; n (%) NB absent NB present

Total (n �5851) 229/333 (68.8) 129/5223 (2.5) 27.8 (23.1–33.5) 0.32 (0.27–0.37)

45–54 41/49 (83.7) 32/675 (4.7) 17.6 (12.3–25.2) 0.17 (0.09–0.30)

55–64 78/118 (66.1) 63/1850 (3.4) 19.4 (14.7–25.5) 0.35 (0.27–0.44)

65–74 85/118 (72.0) 25/1805 (1.4) 52.0 (34.8–77.8) 0.28 (0.21–0.37)

75–84 25/48 (52.1) 9/893 (1.0) 51.8 (25.8–102.8) 0.48 (0.35–0.62)

Table 76.4 Prevalence of absent nasal bone (NB) in chromosomally normal and trisomy 21 fetuses and likelihood
ratio (LR) according to nuchal translucency thickness (NT) (from Cicero et al.18)

LR (95% CI) for trisomy 21

NT (mm) Trisomy 21 n (%) Normal karyotype; n (%) NB absent NB present

Total (n �5851) 229/333 (68.8) 129/5223 (2.5) 27.8 (23.1–33.5) 0.32 (0.27–0.37)

≤95th 23/38 (60.5) 53/3245 (1.6) 37.1 (25.0–52.5) 0.40 (0.26–0.56)

> 95th–3.4 48/83 (57.8) 40/1500 (2.7) 25.1 (16.7–37.4) 0.45 (0.34–0.56)

3.5–4.4 49/67 (73.1) 16/294 (5.4) 13.4 (8.2–22.1) 0.28 (0.19–0.41)

4.5–5.4 26/41 (63.4) 5/84 (6.0) 10.7 (4.6–25.3) 0.39 (0.25–0.55)

≥5.5 83/104 (79.8) 15/100 (15.0) 5.3 (3.4–8.7) 0.24 (0.16–0.34)

about 1% of chromosomally normal fetuses and in
67% of the fetuses with trisomy 21.

Malone et al.27 reported the results of a multicenter
study which included 6316 fetuses scanned at 10–14
weeks’ gestation. The nasal bone could be evaluated
in only 75.9% of the cases. The NB was apparently
present in all nine of the trisomy 21 fetuses where the
NB could be evaluated. Their results contrast with the
above published studies in a number of ways. The fact
that the fetal nose could be examined only in 75.9%
of the cases bring up questions regarding the level of
training involved in this study and the fact that the
NB was reported as being present in all nine trisomy
21 fetuses bring up questions regarding the technique.
Furthermore, images published by the lead authors of
this study suggest that their technique may not be
consistent with that used by others.28 Similarly, De
Biasio and Venturini,29 who retrospectively examined
the images obtained for measurement of NT, reported
that the NB was present in all five fetuses with trisomy
21. However, the five images that they published did
not meet accepted criteria for either the measurement
of NT or for examination of the NB.

Based on the vast majority of the currently avail-
able data (Table 76.5), it can be concluded that at
11–13+6 weeks the fetal profile can be successfully
examined in about 98% of cases. The NB is absent in
about 65% of trisomy 21 fetuses but only in about 1%
of chromosomally normal fetuses.16–25 Consequently,
absence of the NB is an important marker of trisomy
21. However, appropriate adjustments need to be
made on the basis of maternal ethnic origin, fetal
CRL and NT when calculation of individual patient-
specific risk for trisomy 21 is performed.18

Second trimester: 15–24-week scan
Absence or hypoplasia of the NB represents a new
ultrasound marker in the second trimester of preg-
nancy as well, and it is likely to have a major impact
on screening for trisomy 21 during the 16–24-week
scan. Its benefit has now been confirmed in large
trials.

Bromley et al.30 assessed the NB using ultrasound
in 239 fetuses between 15 and 20 weeks’ gestation.
Six (37%) of the 16 Down’s syndrome fetuses had no
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detectable NB. Among the fetuses with a normal
karyotype, absence of the NB had a prevalence of
0.5%. In this study, absence of the NB was associated
with a likelihood ratio for Down’s syndrome of 83.
Interestingly, in 2 of the 16 (13%) Down’s syndrome
fetuses, NB absence was the only abnormal finding.
In addition, the NB length was found to play an
important role. Biparietal diameter (BPD) to NB
length (NBL) ratio was generated to control for the
gestational age and the size of the fetus. This ratio
increases as the NB becomes shorter. Using the
BPD/NBL ratio of 10 or greater as a cut off in screen-
ing for Down’s syndrome gives this test sensitivity
of 81% with a false positive rate of 11%. This study
confirmed that NB length increases linearly with
gestation in chromosomally normal fetuses. However,
the NB length in Down’s syndrome fetuses was found
to be uniform over the gestational age investigated
(3.5 ±0.47 mm) suggesting the possibility that a single
cut-off value for NB length may be appropriate in
Down’s syndrome screening in the first half of the
second trimester.30

Such approach was used in another study31 looking
at the utility of NB evaluation in the second trimester
(15–22 weeks). The authors examined the fetal profile
in 1046 singleton pregnancies undergoing amniocen-
tesis for fetal karyotyping at 15–22 weeks. The NB
was absent or hypoplastic (< 2.5 mm) in 21 of the
34 (61.8%) fetuses with Down’s syndrome, in 12 of
982 (1.2%) chromosomally normal fetuses, and in 1 of
the 30 (3.3%) with other chromosomal defects. It was
noted that the prevalence of NB hypoplasia was

higher in the euploid Afro-Caribbean population
(8.8%) in comparison to the Caucasian population
(0.5%), suggesting for the first time that adjustments
based on ethnicity may need to be made when using
the NB for screening in the second trimester as well.
Furthermore, the overall likelihood ratio for trisomy
21 for hypoplastic NB was 50.5 (95% CI 27.1–92.7)
and for present NB it was 0.38 (95% CI 0.24–0.56).31

Bunduki et al.32 looked at the utility of NB meas-
urement in the second trimester (16–24 weeks’ gesta-
tion) in 1631 patients. The association between
hypoplasia of the NB and Down’s syndrome was also
demonstrated. Using the 5th percentile of the normal
curves generated in the same study as a cut off for
screening for trisomy 21, a sensitivity of 59% was
achieved.32

Vintzileos et al.33 looked retrospectively at profiles
of 29 Down’s syndrome fetuses between 17.7 and 20.7
weeks’ gestation. The NB was absent in 12 of the 29
(41%) fetuses with trisomy 21 and in none of the 102
chromosomally normal fetuses.33

A prospective study involving ultrasound evalua-
tion of the fetal NB between 19 and 22 weeks’ gesta-
tion34 also looked at the utility of NB length and its
presence or absence in screening for Down’s syndrome.
The normal NB ranges were based on examinations of
1913 fetuses. All five Down’s syndrome fetuses in the
study had either an absent NB or a NB length below the
2.5th percentile. None of the fetuses with other chro-
mosomal abnormalities had a short or absent NB.34

It is premature to speculate on the precise detection
rates that could be achieved in the second trimester

Sonographic studies 829

Table 76.5 Summary of studies reporting on the prevalence of absent nasal bone in first-trimester trisomy
21 fetuses

Absent nasal bone

Author(s) Study Successful examination; n (%) Normal; n (%) Trisomy 21; n (%)

Cicero et al. (2001)16* Pre-CVS 701/701 (100) 3/603 (0.5) 43/59 (72.9)

Otano et al. 200219 Pre-CVS 183/194 (94.3) 1/175 (0.6) 3/5 (60.0)

Zoppi et al. 200320 Screening 5525/5532 (99.8) 7/3463 (0.2) 19/27 (70.0)

Orlandi et al. (2003)21 Screening 1027/1089 (94.3) 10/1000 (1.0) 10/15 (66.7)

Viora et al. (2003)22 Screening 1752/1906 (91.9) 24/1733 (1.4) 8/10 (80.0)

Senat et al. (2003)23 Retrospective 956/1040 (91.9) 4/944 (0.4) 3/4 (75)

Wong et al. (2003)24 Pre-CVS 119/143 (83.2) 1/114 (0.9) 2/3 (66.7)

Cicero et al. (2003)17* Pre-CVS 3788/3829 (98.9) 93/3358 (2.8) 162/242 (67)

Cicero et al. (2004)18 Pre-CVS 5851/5918 (98.9) 129/5223 (2.5) 229/333 (68.8)

Orlandi et al. (2005)25 Screening 2411/2411 (100) 9/2396 (0.4) 8/15 (53.3)

Total 17,824/18,133 (98.3) 185/15,048 (1.2) 282/412 (68.4)

*Included in Cicero et al. (2004)18.
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by a combination of maternal age, serum biochemistry,
and ultrasound examination for the fetal NB and other
sonographic markers. Nevertheless, on the basis of
currently available data, nasal hypoplasia is likely
to be the single most sensitive and specific second
trimester marker of trisomy 21.

Ultrasound examination of
the nasal bone: technique
Ultrasound evaluation of the NB requires strict adher-
ence to standard criteria and it is essential that the
operators performing this examination undergo
adequate training and gain extensive experience.35,36

The need for adequate training is highlighted by a
study published in 2003,37 which looked at the extent
of training needed for 15 sonographers experienced in
measuring fetal NT, to become competent in examin-
ing the fetal NB at 11+0–13+6 weeks’ gestation. The
study demonstrated that the number of supervised
scans required to achieve proficiency is on average 80
with a range of 40–120. However, evaluation of the
NB does not appear to significantly impact the length
of the ultrasound examination.37

This was confirmed in a study of 501 consecutively
scanned fetuses by experienced sonographers. The
authors reported that the fetal NB could be success-
fully examined and measured in all cases without
extending the length of time required for scanning.38

With a few minor exceptions, the method of NB
evaluation is very similar in both the first and second
trimesters of pregnancy. The NB should be seen as
an echogenic line within the nasal bridge, i.e., under-
neath the nasal skin. This is usually not a difficult task
in the second trimester. The following is a description
of the technique at 11–13+6 weeks’ gestation:

1. The fetal CRL should be 45–84 mm. There is no
value on examining the fetal NB before this gesta-
tional age, as the NB first appears at a CRL of
42 mm.8

2. The image should be magnified so that the head
and the upper thorax only are included in the
screen (Figures 76.1 and 76.2).

3. A mid-sagittal view of the fetal profile should be
obtained with the ultrasound transducer held in
parallel to the direction of the nose (i.e., ultra-
sound beam perpendicular to longitudinal axis of
the NB). The ultrasound transducer should then
be gently tilted from side to side to ensure that the
NB is seen separate from the nasal skin. The fetus
should be facing the transducer.

4. When the correct view is obtained, three distinct
lines will be visualized: the first two lines, which
are close to the forehead, are horizontal and par-
allel to each other resembling an ‘equal sign’
(Figure 76.1). The top line represents the skin and
the bottom one, which is usually thicker and more

echogenic than the overlying skin, represents the
NB. Therefore, it is the absence of the bottom line
of the ‘equal sign’ that represents absence of
the NB (Figure 76.2). A third line located distally
to the ‘equal sign’ and at a slightly higher level,
represents the tip of the nose.

5. If the bottom line of the ‘equal sign’ is completely
absent, the diagnosis of NB absence is fairly
straightforward. Occasionally, a line that is thinner
and less echogenic than the skin line is noted
within the nasal bridge. This may either represent
a NB that is not yet ossified or an unusually promi-
nent cartilage. Either way, this finding should also
be classified as nasal bone absence. Similarly, the

830 Fetal nasal bone in screening for Down’s syndrome

Figure 76.1 Fetal profile at 12 weeks of gestation in a normal
fetus showing the nasal bone.

Figure 76.2 Fetal profile at 12 weeks of gestation in a trisomy
21 fetus showing absence of the nasal bone.
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presence of a tiny echogenic dot that can occa-
sionally be seen in the area of the nasal bone
should not be interpreted as NB presence.

6. If the NB is noted to be absent at 11–11+6 weeks’
gestation, it is our recommendation to repeat
the examination 1–2 weeks later because of
the relatively high false positive rate at this early
gestational age. Risk assessment is based on the
results of the repeat examination.

Two techniques for caliper placement have been
employed to measure the NB in the first trimester of
pregnancy: measuring the central hyperechogenic
region only or including the entire length of the
echogenic line.21,39

The angle of insonation used to evaluate the NB is
extremely important. The best angle of insonation used
to simply differentiate between the presence and the
absence of the NB is 90° to the longitudinal axis of
the NB (i.e., the beam of the ultrasound perpendicular
to the longitudinal axis of the NB) (Figure 76.3).
Evaluation of the NB should not be attempted with
either a 0° or 180° angle of insonation (i.e., with the
ultrasound beam parallel to the longitudinal axis of the
NB) (Figure 76.3). At this angle, the NB is insonated at
its thinnest dimension and the lateral resolution of the
ultrasound equipment available today is not sufficient
to reliably detect the NB in this view. When the trans-
ducer is adjusted to an angle of insonation approach-
ing 45° or 135°, the lateral scatter at the ends of the NB
is reduced rendering the NB ends as more sharply
delineated (Figure 76.4). This is helpful in the second

trimester to improve the accuracy of NB length meas-
urement. Figures 76.5–76.7 show absence, hypoplasia,
and presence of NB in the mid-second trimester.

Several factors make the ultrasound examination
challenging; the foremost of these are maternal habitus
and an unfavorable fetal position, such as hyperexten-
sion or vertical position. Others factors, such as large
uterine fibroids or, early in pregnancy, retroflection of
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Figure 76.4 Diagrammatic representation of the bony
structures of the fetal face with angles of insonation. Reprinted
and adapted with permission from O’Brien W, Cefalo R.
Simpson J, eds. Obstetrics: Normal and Problem Pregnancies,
3rd edn. New York:  Churchill Livingstone, 1996:393.

Figure 76.3 The best angle of insonation to assess the nasal bone in the first trimester is 90◦ to the longitudinal axis of the nasal
bone (i.e., the beam of the ultrasound perpendicular to the longitudinal axis of the nasal bone) (left). Evaluation of the nasal bone
should not be attempted with either a 0◦ or 180◦ angle of insonation (i.e., with the ultrasound beam parallel to the longitudinal axis
of the nasal bone) (right).
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the uterus can also make the examination difficult.
Fetal small parts, especially the hand, often lie in
close proximity to the fetal face, especially early in
gestation. This can lead to erroneous results in two
ways. If the digits are actually resting on the fetal face
they can mimic the NB. Small parts in front of the
fetal face, but not actually resting on it, can produce
an obscuring effect and may create an erroneous
impression of NB absence. Finally, fetal face contains
other echogenic structures, which are located laterally
to the NB, which can give the incorrect impression
that the NB is present if the correct technique is not
followed. These structures include the medial aspect

of the orbis oculi and the maxilla. Being able to
demonstrate either the presence or the absence of the
NB from several different angles will make the correct
diagnosis more certain.

Occasionally, the addition of transvaginal sonogra-
phy can be a helpful adjunct. However, the directions
and angles with which the fetus can be viewed using
this approach are limited. Rarely, the patient may
need to be asked to return for a follow-up if the initial
examination is not satisfactory.

Three-dimensional assessment
of the nasal bones
The role of three-dimensional (3D) sonography and
its potential benefit in the assessment of the fetal
NB, has been investigated in the last 2 years in the
first, second, and third trimesters of pregnancy. The
published studies have focused on trying to overcome
the technical difficulties encountered during routine
two-dimensional (2D) sonography, and on further
investigating aspects of the NB development, by using
different techniques such as multiplanar imaging and
3D rendering of the facial bones.

First trimester of pregnancy
The two major technical problems in the assessment
of the fetal NB during the 11–13+6-week scan are the
need to obtain a mid-sagittal view of the fetal profile
and the need for the angle between the ultrasound
beam and the fetal profile to be about 45◦ (i.e., ultra-
sound beam perpendicular to the NB). In the acquired

832 Fetal nasal bone in screening for Down’s syndrome

Figure 76.6 Fetal profile at 20 weeks of gestation in a trisomy
21 fetus showing absence of the nasal bone.

Figure 76.7 Fetal profile at 20 weeks of gestation in a normal
fetus showing presence of the nasal bone.

Figure 76.5 Fetal profile at 20 weeks of gestation in a trisomy
21 fetus showing absence of the nasal bone.
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3D volume, multiplanar imaging permits to view a
true mid-sagittal section of the fetus using the optimal
angle. However, in the first study published on 3D
assessment of the NB in the first trimester of preg-
nancy, Rembouskos et al.40 found that the optimal
visualization of the fetal NB in a reconstructed view
of the nasal bridge by 3D multiplanar imaging, is
entirely dependent on the initial 2D section. In this
study, the authors demonstrated that in order to
obtain a good quality volume, the initial section
should be taken with a sagittal view of the fetal pro-
file facing upwards, and that the angle between the
fetal profile and the ultrasound beam should be in a
range of 30–60◦, with maximum quality at 45◦. In vol-
umes obtained in any other initial 2D view, the visu-
alization of the fetal NB was poor at this gestation,
and could lead to an erroneous diagnosis of absent
NB. Consequently, the inability to examine the NB by
2D scanning because of the fetal position cannot be
overcome by 3D ultrasound.40

In correctly acquired volumes, 3D multiplanar
mode permits further assessment of both NBs. Peralta
et al.41 used this technique to examine the gap between
the two NBs at 11–13+6 weeks of gestation, and com-
pared the 3D findings to those obtained following 2D
examination. The authors found that a gap between
the NB is present in about 20% of the fetuses exam-
ined by 3D. When the gap measured 0.6 mm or more
(40% of cases), it was possible to obtain a perfect mid-
sagittal plane where the NB could erroneously be
considered absent. By contrast, in all cases in which
the gap was less than 0.6 mm, the NB was visualized
in the perfect mid-sagittal plane. These findings can
be explained by the limit of the lateral resolution of
the ultrasound equipment. However, none of the cases
with a gap was associated with a diagnosis of absent
NB when the examination was performed with the
2D scan, and therefore the false positive rate would
not increase. Furthermore, the authors observed that,
when using the multiplanar mode, unilateral or bilat-
eral absence of the NB could be demonstrated in
about 1% of the chromosomally normal fetuses, and
in 61% of the fetuses with trisomy 21. In about 10% of
trisomy 21 fetuses only one of the two NB was absent.
However, all the cases with unilateral absence demon-
strated with the 3D scan, were classified as ‘absent’
NB during the 2D ultrasound examination, and there-
fore the sensitivity of the test, when performed by 2D
sonography, would not decrease.41

In the original description of the technique for
examination of the fetal NB by 2D ultrasound,16 it was
suggested that, once obtained the mid-sagittal section
of the fetus, the transducer should be gently tilted
from one side of the fetal profile to the other, in order
to adequately examine the NB. Therefore, by using
this technique, it is extremely unlikely that the pres-
ence of a gap can lead to a false positive diagnosis of
absent NB when 2D sonographic assessment of the NB
is undertaken.16

Second and third trimesters of pregnancy
The role of multiplanar imaging and 3D rendering
of the NB have also been evaluated in the second
and third trimesters of pregnancy. It has been sug-
gested that 3D ultrasonography allows a better
description of normal, absent, hypoplastic and unilat-
erally absent NB.42–44

Lee et al.,42 used the multiplanar mode to evalu-
ate the NB of 20 fetuses with Down’s syndrome and
20 fetuses with normal karyotype, between 16 and
30 weeks’ gestation. Two examiners independently
evaluated the same images. The prevalence of absent
NB in the fetuses with Down’s syndrome was 40%
(8 of 20) and 45% (9 of 20) by examiner #1 and exam-
iner #2, respectively. These results were similar to
those observed by 2D sonography. However, the
prevalence of absent NB in the normal population was
20% (4 of 20) and 10% (2 of 20) by examiner #1 and
examiner #2, respectively. These prevalences are
much higher than those reported using 2D sonography
during this gestational time period (< 1.3%). These
data suggest that routine application of 3D assessment
of the NB in screening for trisomy 21 could increase
the false positive rate.42

More recently, Benoit and Chaoui44 assessed the
unilateral absence of NB by using 3D rendering of
the facial bones in the second and third trimesters.
Out of the 20 fetuses with Down’s syndrome, 9 (45%)
had nasal bone absence noted on the 2D ultrasound.
Six had bilateral nasal bone absence documented on
the 3D ultrasound and three had unilateral absence
with the discernible nasal bone being hypoplastic in
two fetuses and normal in length in one. None of the
18 euploid fetuses evaluated had an absent nasal bone
on 2D ultrasound and all had both nasal bones pres-
ent on 3D. In this study, similarly to what Peralta
et al.41 found in the first trimester, in all Down’s syn-
drome fetuses with unilateral absent NB, that the 2D
assessment of the nasal bridge was consistent with an
‘absent’ NB.44 It appears that unilateral nasal bone
absence does not increase the false negative rate.

Integrated first-trimester sonographic
and biochemical screening
A retrospective case–control study,45 comprising 100
trisomy 21 and 400 chromosomally normal singleton
pregnancies at 11–13+6 weeks of gestation, and a subse-
quent study which extended this series of data46 looked
at the feasibility of combining the NB evaluation the
NT measurement and maternal serum free β-hCG and
PAPP-A in screening for Down’s syndrome. Firstly, it
was concluded that the presence or absence of the NB
is independent of the serum biochemistries. Secondly,
it was estimated that combining all four markers and
maternal age would yield a Down’s syndrome detection
rate of 96% for a false positive rate of 5%.45,46

Integrated first-trimester sonographic and biochemical screening 833
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Nasal bone reference
ranges by ultrasound
First trimester
Cicero et al.39 reported that in the chromosomally
normal group the fetal NB length increases signifi-
cantly with CRL from a mean of 1.3 mm at a CRL of
45 mm to 2.1 mm at CRL of 84 mm. The Down’s syn-
drome fetuses with a detectable NB tended to have a
shorter NB than the chromosomally normal fetuses.
However, the difference in the NB lengths was not
sufficiently great to be of clinical utility.39

Second trimester
Guis et al.47 published reference ranges for NB lengths,
based on 376 cases, between 14 and 34 weeks’ gesta-
tion. Sonek et al.48 provided reference range based on
a larger number of patients (3547) and for a wider ges-
tational range (11–40 weeks) using the ultrasound
technique described above was published in 2003.

Impact of the nasal bone evaluation
in screening for trisomy 21 in the
first trimester of pregnancy
This chapter reviews studies to date, which over-
whelmingly support the significant contribution
which NB evaluation makes to ultrasound screening
for Down’s syndrome. The clinical implementation of

this method may take form in essentially two ways.
The optimal approach would be for operators who
perform NT screening to be also proficient in NB
evaluation. However, since the preliminary data indi-
cate that NB evaluation may require more expertise
and experience than NT evaluation an alternative
approach was recently proposed by Nicolaides et al.50

Their proposed policy involves a two-stage screening
approach (Figure 76.8). The first stage consists of
screening using the combination of maternal age,
fetal NT, and maternal serum free β-hCG and PAPP-A
at 11–13+6 weeks’ gestation. The results of the initial
screen would be then divided into three categories:
high risk (risk estimate of 1:100 or greater), intermedi-
ate risk (risk estimate of 1:101 to 1:1000), and low risk
(risk estimate of 1:1001 or less). The authors proposed
that the high-risk group should be offered chorionic
villus sampling and that the low-risk group can be
reassured that their fetus is unlikely to have a chro-
mosomal abnormality. The intermediate group would
undergo further ultrasound evaluation to determine
the presence or absence of NB. The patients where the
fetus is noted to have an absent NB would be offered
chorionic villus sampling and those with a present
nasal bone would be reassured. The authors modeled
the performance of this approach on their prospective
experience with combined screening in 75,821 single-
ton pregnancies and their published experience
with NB evaluation. They estimated that using this
approach the detection rate for an overall false posi-
tive rate of 2% would be approximately 92%. This
compares favorably to using the combined screen
alone where the detection rate is approximately 80%
for the same false positive rate.50–53

834 Fetal nasal bone in screening for Down’s syndrome

Figure 76.8 New individual risk orientated two-stage approach to first-trimester screening, (Nicolaides et al.50). Screening by
maternal age, fetal nuchal translucency and maternal serum free β-human chorionic gonadotropin and pregnancy-associated plasma
protein-A.
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Conclusion
Trisomy 21 is the most common chromosomal
abnormality found at birth, with an incidence of
about 1:600. However, the sonographic appearance of
individuals with Down’s syndrome, is often quite
similar to those with normal karyotype, making
screening for Down’s syndrome more difficult com-
pared to that of other chromosomal abnormalities.
Hence the importance of a continued search for mark-
ers, that would accurately discriminate between
affected and unaffected fetuses.

The sonographic appearance of increased NT and
absent/hypoplastic NB could be due to connective
tissue abnormalities.54–56 The increased thickness of
subcutaneous tissues in association with Down’s syn-
drome has lead to the development of screening based
on the NT measurement between 11 and 13+6 weeks
of gestation, which is the most sensitive and specific
ultrasound marker for this condition.57

Several studies have demonstrated that the best
screening test for trisomy 21 in the first trimester of
pregnancy is based on the combination of maternal
age, fetal NT thickness, and maternal serum free
β-hCG and PAPP-A. This test allows a detection rate
of 90% for a false positive rate of 5%.5,34,50 By adding
the ultrasonographic evaluation of the NB, a sensitiv-
ity of over 90% could be achieved for a false positive
rate of about 2%.45,46,50 In the second trimester, the
finding of an absent NB yields likelihood ratios for
Down’s syndrome of 51–83.30,31

Although extensive studies have demonstrated that
absence of the NB is a highly sensitive and specific

marker of trisomy 21, its examination in the first
trimester requires highly skilled operators. Therefore,
incorporation of this marker into the 11–13+6-week
scan can come about only after extensive training and
experience. It may be that this sonographic marker
will be primarily used in specialized centers to reeval-
uate the risk in patients with an intermediate risk
level category after an initial screening using fetal
NT and maternal serum biochemistry as a part of a
two-stage screening method.50

The introduction of individual risk-orientated
two-stage screening for trisomy 21,50 which includes
examination of the fetal NB in those women with a
individual risk between 1:101 to 1:1000, could
increase the detection rate to more that 90%, and the
false positive rate could be decreased to about 2%.
This is important for three main reasons: firstly, the
low false positive rate reduces the number of miscar-
riages of chromosomally normal fetuses associated
with invasive testing;58,59 secondly, the decrease in
the number of invasive tests results in a reduction
of economic costs; thirdly, this approach provides an
early reassurance to pregnant women and, for those
with an affected fetus, allows the possibility of an
early termination of pregnancy.

In order to reproduce these results, it is imperative
that sonographers receive appropriate training and
adhere to a standard technique for the measurement
of NT and the assessment of the NB. Furthermore, the
success of a screening program necessitates the pres-
ence of a system for regular audit of results and con-
tinuous assessment of the quality of images such as the
one established by the Fetal Medicine Foundation.60
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77 Second-trimester ultrasound
screening of fetal anomalies
L. Yeo and A. M. Vintzileos

Introduction
It is an unfortunate fact that birth defects sometimes
occur in human development.

In fact, they are the single most common cause of
perinatal mortality in many countries. It is important
to detect fetal congenital anomalies prior to birth for
various reasons, such as delivering at a tertiary care
center, offering prenatal surgical correction, giving the
option of invasive testing, and appropriately and
accurately counseling parents.

While there are varying modalities that currently
exist to screen for fetal anomalies (such as magnetic
resonance imaging and fetoscopic examination), the
most accepted method is ultrasonographic imaging.
The concept of prenatal ultrasonography as a screen-
ing tool has received widespread acceptance among
both physicians and patients. Unlike biochemistry
screening, ultrasound is a very tangible and realistic
tool that provides a visible assessment for patients.
Accordingly, the second trimester is often utilized
because fetal anatomic structures are readily assessed
at this time of pregnancy. Once sonographic screening
in the second trimester reveals the presence of abnor-
malities, further diagnostic testing may be offered to
the patient such as amniocentesis or percutaneous
umbilical blood sampling. Although the advantage of
performing sonography in patients at high risk for
fetal structural anomalies is clear, the benefits and
cost-effectiveness of routine ultrasound screening in
low-risk pregnant patients are not as clear.

This chapter focuses on the components of a
normal fetal anatomic survey, second-trimester sono-
graphic markers for aneuploidy, and describes the
value of sonographic second-trimester screening.

Second-trimester fetal anatomic
survey and its contents
Because ultrasonography utilizes sound waves to pro-
vide imaging capability, it has rapidly become the

most commonly used method for imaging during
pregnancy. Its major advantages include lack of
adverse fetal effects,1 the ability to view the fetus in
real-time mode (with capabilities of observing and
studying fetal behavior/movements), and most
recently the ability to acquire a volume of data to gen-
erate three-dimensional imaging. With the introduc-
tion of two-dimensional static scanning in the early
1970s, physicians were allowed to view the fetus for
the first time. Subsequently, in the late 1970s and
early 1980s, real-time B-mode imaging became wide-
spread as a clinical tool. However, despite its many
technological advancements over the years, many in
the USA still believe that the appropriate use of fetal
sonography should be limited to only where there is
an indication. This is despite the fact that detailed
examination of the fetus for both aneuploidy markers
and structural abnormalities has become a true reality.
In contrast, many European countries perform ultra-
sound examinations routinely during pregnancy.

In order to screen for fetal abnormalities on a
second-trimester ultrasound, the sonographer must
be able to recognize normal fetal anatomy first.
Accordingly, we will describe the features of a tar-
geted, complete fetal anatomic survey on ultrasound.
There are many possible indications to undergo an
obstetrical exam, such as estimating gestational age
and/or growth, vaginal bleeding, multiple gestation,
history or prior congenital anomaly or syndrome, pla-
cental localization, adjunct to interventional or inva-
sive procedures, biophysical profile, and evaluation
of amniotic fluid quantity. In most cases, ultrasonogra-
phy will provide reassurance of a normal and healthy
fetus. Because most anomalies are sporadic and often
occur in otherwise low-risk women, we believe that
all patients regardless of risk should have uniform
access to obstetrical sonography in the second
trimester. Most importantly, this should be performed
with a high level of expertise, since both false-positive
and false-negative information can have a detrimental
impact. A systematic fetal anatomic survey is able to
detect the majority of fetal malformations,2 and can
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also evaluate fetal growth, amniotic fluid, placenta,
and cervix. To be effective, the sonographic exam
should be performed systematically, and with complete
thoroughness.

Recently, we examined the value (from the patient’s
perspective) of a targeted ultrasound performed after
an abnormal karyotype was discovered.3 All patients
valued the ultrasound because it provided visualiza-
tion of anomalies, and this additional information
influenced pregnancy management. Interestingly, all
patients thought that the impact of sonography was
superior to chromosomal diagnosis alone, and all
believed that sonography should be utilized in
patients facing likewise clinical situations. These
patients found sonography invaluable because it pro-
vided more information and helped them to accept
the diagnosis of fetal aneuploidy.

Published guidelines exist that describe the com-
ponents of a complete obstetrical ultrasound. This
involves both biometric measurements, which reflect
gestational age, growth or size, and evaluation of spe-
cific organ structures for the absence/presence of anom-
alies. In 1994, the American Institute of Ultrasound in
Medicine published standards for the performance of
obstetrical ultrasound.4 In the first trimester, the require-
ments include evaluation of the uterus, adnexa, cul-
de-sac, gestational sac, crown–rump length, fetal
number, and presence/absence of cardiac activity. In the
second and third trimesters, the requirements include
fetal life/number/presentation/activity (with multiple
gestations requiring additional documentation), amni-
otic fluid, placental location/appearance/relationship
to the internal os, fetal biparietal diameter (BPD) or head
circumference (HC), limb measurement, estimated fetal
weight (requires abdominal diameter or circumference),
uterus, cervix, adnexa, cerebral ventricles, posterior
fossa, four-chamber view of the heart and position,
spine, stomach, kidneys, bladder, abdominal cord inser-
tion site, and umbilical cord.

However, in order to increase the diagnostic sensi-
tivity for fetal anomalies, a more comprehensive exam
above and beyond what is required by the American
Institute of Ultrasound in Medicine should be per-
formed. Table 77.1 depicts the components of a second-
trimester fetal anatomic survey that we routinely
perform via ultrasonography. Of course, to carry out this
task, other criteria should also be met. For instance,
proper sonographic equipment and transducers with
the highest-frequency probe should be utilized to
maximize fetal anatomic resolution. The sonogra-
phers should be adequately and appropriately trained
to ensure that these detailed exams are performed
at the highest level. To properly recognize fetal
anomalies, one must be familiar with normal fetal
anatomy, normal variants, and the various sono-
graphic landmarks.

Factors that can limit the ability to adequately
examine the fetus sonographically in the second
trimester include sonographer expertise, quality of
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Table 77.1 Components of second-trimester sono-
graphic fetal anatomic survey (at Robert Wood
Johnson Medical School)

Anatomic structures
Head

Cranial shape, degree of mineralization
Cerebral hemispheres, cavum septum pellucidum,
thalami, cerebral peduncles, lateral ventricles,
choroid plexus, third and fourth ventricles,
cerebellum and vermis, cisterna magna

Face/neck
Orbits, nasal bone, lips/palate, profile,
nuchal fold, ear length

Thoracic cavity
Lungs
Configuration of bony thorax, including ribs and
clavicles

Heart
Four-chamber views (apical and subcostal), both
outflow tracts, aortic and ductal arches, inferior
and superior vena cavae, valves, atria
and ventricular septums

Abdominal
Situs
Stomach
Liver, gallbladder, spleen
Umbilical vein, portal vein
Bowel
Wall/cord insertion site

Genitourinary system
Kidneys
Bladder
Genitalia

Spine
Extremities

Upper (including bilateral hands)
Lower (including bilateral feet)

Umbilical cord
Number of umbilical arteries
Placental insertion site

Biometry measurements
Biparietal diameter
Head circumference
Atria of lateral ventricles, cisterna magna,
nuchal fold (when applicable)
Cerebellum
Thoracic circumference (when applicable)
Abdominal circumference
Femur lengths, humerus lengths, radius and
ulna lengths, tibia and fibula lengths
Foot length
Nasal bone length
Orbital diameters

Other
Estimation of dates or evaluation of growth
Number of fetuses, position
Placenta
Amniotic fluid
Cervix/lower uterine segment
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ultrasound equipment, length of time spent scanning,
incompletely filled or overfilled maternal bladder,
maternal habitus, depth of penetration, tissue density,
and other scanning characteristics, fibroids, early or
advancing gestational age, ossification of fetal bony
structures (later in the second trimester), fetal posi-
tion, and amniotic fluid abnormalities (increased or
decreased). Techniques that can improve fetal visual-
ization include using various probes (including trans-
vaginal scanning, for instance, in the obese patient)
and changing maternal position (which effectively
changes the fetal position).

The timing of scans in the second trimester may
vary, depending on the scanning center, indication for
the exam (amniocentesis), or physician preference.
Later scans (for example, 23–24 weeks) can improve
visualization of certain fetal anatomic structures such
as the heart and improve overall sensitivity. However,
scanning later in the second trimester of pregnancy
may limit the window of opportunity for patients who
desire termination of pregnancy for various reasons.
On the other hand, patients who desire amniocentesis
testing may choose to undergo a sonographic survey
earlier, such as 16–17 weeks of gestation. Some
patients who have had a previous child affected with
structural anomalies or genetic syndromes may
choose to undergo an initial early scan for some reas-
surance, and then a more detailed repeat exam later in
the pregnancy. At our own center, we schedule fetal
anatomy surveys around 18–21 weeks in order to
optimize anatomy assessment, and yet still provide
patients the opportunity for amniocentesis if neces-
sary. Some studies suggest that among low-risk
women, second-trimester ultrasound screening is
easier to perform and less likely to require an addi-
tional scan at 20–22 weeks than at 18 weeks.5 Fetal
echocardiograms are best performed between 22 and
24 weeks when cardiac structures are large enough,
and better visualization and assessment are possible.

With multiple gestations, not only should the fetal
anatomy be evaluated, but the number, position of
fetuses, and type of dividing membrane should be
delineated. In addition, when screening for fetal
anomalies sonographically, the placenta and amniotic
fluid volume must also always be assessed. Placental
appearance, thickness, echogenicity, location, and
characteristics should be examined, along with amni-
otic fluid volume, to rule out polyhydramnios, oligo-
hydramnios, or anhydramnios. These structures can
provide clues to a potential anomalous fetus. For
instance, polyhydramnios is associated with esophageal
atresia, anyhydramnios is associated with renal agen-
esis, and a thickened placenta can be seen with fetal
hydrops.

At the beginning of the examination, the entire
uterus should be imaged both transversely and longi-
tudinally to assess fetal position, amniotic fluid vol-
ume, and placental location. Determining the right
and left sides of the fetus is crucial. Situs solitus is the

term used when there is the usual arrangement of
organs and vessels within the fetal body. Finally,
examination of the lower uterine segment and cervix
is important.

The examination of the fetal intracranial anatomy
is extremely important since the presence of central
nervous system abnormalities can have a major and
devastating impact on perinatal morbidity and mor-
tality. From the late first trimester until delivery, the
calvarium can be identified. Thus, the BPD and HC
can be readily measured. The calvarium should not be
hypomineralized (which can indicate a skeletal dyspla-
sia), and should be elliptical in shape. Reverberation
artifact from properly mineralized bone will usually
obscure the proximal hemisphere. ‘Strawberry’- or
‘lemon’-shaped heads can indicate the presence of
trisomy 18 or neural tube defects, respectively.
Brachycephaly (anteroposterior shortening) can also
be a sign of fetal trisomy 21 or trisomy 18 (‘strawberry’
head). Dolicocephaly (elongation of the anteroposte-
rior length) can be a normal variant, or secondary to
decreased amniotic fluid and compression of the fetal
head. Tangential imaging through the fetal calvarium
may identify cranial sutures (hypoechoic spaces
between bones), which are best visualized early in
gestation since ossification progresses with time. In
certain syndromes (such as craniosynostosis and
skeletal dysplasias), premature closure of the sutures
can be seen.

The transthalamic view (Figure 77.1) is an axial
view through the cranium at the level of the thalami.
At this level, the BPD and HC are obtained. Because of
excessive variation in the BPD shape which can occur,
when the head is either brachycephalic or dolico-
cephalic, the HC is the preferred measurement. The
BPD is obtained with the cranial bones perpendicular
to the ultrasound beam, and is measured from the
outer margin of the near-calvarium to the inner mar-
gin of the far-calvarium. The HC is measured circum-
ferentially at the outer margin of the calvarium. Other
anatomic structures that should be assessed in the
transthalamic view are the cavum septum pellucidum
(fluid-filled midline structure anterior to the thalami
and between the lateral ventricles), midline falx, third
ventricle (located between the thalami), and frontal
horns of the lateral ventricles. Visualization of the
cavum septum pellucidum implies proper formation
of midline intracranial structures. Its absence can be a
sign of agenesis of the corpus callosum, holoprosen-
cephaly, or other brain anomalies.

The transventricular view (Figure 77.2) is found just
superior to the transthalamic view, and is marked by
the lateral ventricles, which contain sonolucent cere-
brospinal fluid. Within this system is the echogenic
choroid plexus, which normally fills the body of the
lateral ventricle extending into the atrium. The frontal
horns are seen as prominent sonolucent anterior com-
ponents of the lateral ventricles. Through an axial
plane of the atrium, the cerebral ventricle is measured.
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To rule out ventriculomegaly/hydrocephalus, normally
it should be < 10 mm.

The transcerebellar view (Figure 77.3) contains the
biconvex cerebellar hemispheres and midline vermis,
cisterna magna (between the dorsum of cerebellar
hemispheres and inner calvarium), and nuchal fold.
Importantly, the transcerebellar diameter can also be
measured and utilized as a one-point estimate of ges-
tational age. The transcerebellar view is obtained by
angling the scan plane down posteriorly from the
transthalamic view. This area is of vital importance in
ruling out open spina bifida, since obliteration of the
cisterna magna and a ‘banana’ shape of the cerebellum
may be seen with this disorder. Other anomalies that
can be ruled out in this view include Dandy–Walker
malformation/variant, cerebellar agenesis/hypoplasia,
and occipital encephaloceles. The cisterna magna
normally ranges from 3 to 9 cm.6 On occasion, this
measurement may be increased, but is a usually nor-
mal finding if the transcerebellar diameter is normal
for gestational age and the vermis is well seen and
intact. An incorrect scan plane can lead to a false-
positive appearance of Dandy–Walker variant or to an
abnormally large measurement of the cisterna magna.7

An increased nuchal fold (6 mm or greater) may be
secondary to fetal aneuploidy (especially Down’s
syndrome, DS) or may be falsely thickened due to
breech presentation. In certain clinical scenarios, the
intracranial major vessels (such as middle cerebral
artery) can be identified with color and/or power
Doppler imaging (Figure 77.4). This information may
be quite useful in assessing for anemia (Rh isoimmu-
nization, parvovirus infection) or intrauterine fetal
growth restriction. On occasion, the fetal head may be
low in the pelvis that it prohibits an adequate exami-
nation of the intracranial anatomy; transvaginal scan-
ning may be quite useful and solve this dilemma.

Although examination of the fetal face is not
required, we believe it should be examined routinely
because it can add tremendous information when dis-
criminating between genetic disorders/syndromes,
including aneuploidy, and it completes the full exami-
nation of the fetus. Three distinct planes can be exam-
ined: axial, coronal (Figure 77.5), and sagittal (profile)
(Figure 77.6) although a combination of these planes is
the most optimal. In evaluating for cleft lip/palate
(anterior palate), both axial and coronal images toward
the anterior surface of the nose/upper lips provide the
best visualization. The posterior or hard palate cannot
be imaged sonographically, since it is obscured by over-
lying osseous structures. Other anatomic structures
that should be evaluated include the chin (to rule out
micrognathia), nasal bone (Figure 77.6), nose, lower
lips, tongue, orbits (and diameters if necessary, to
exclude hyper/hypotelorism), and ear length (which
can be shortened in both aneuploid and non-aneuploid
fetuses). Multiple studies have found sonographically
absent or short fetal nasal bone in both the first and
second trimesters to be sensitive for the detection of
DS.8–10 Structures in the anterior neck that may have to
be examined on occasion include the fetal thyroid, and
the fluid-filled trachea and hypopharynx.

Examination of the fetal spine should be performed
in three planes: sagittal, transverse, and coronal. Each
vertebral segment is composed of three echogenic ossi-
fication centers (two posteriorly and one anteriorly,
which is the vertebral body), which are positioned in
a symmetric triangular-shaped configuration in the
transverse plane. In this plane, the posterior processes
are also oriented toward the midline like the roof of a
house. When these processes appeared splayed, a neural
tube defect must be ruled out. Transverse imaging of
the spine is perhaps the most sensitive method of
examination for a spinal defect, since it allows a
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Figure 77.1 Axial view through the fetal head with calipers
demonstrating measurement of the biparietal diameter. This is
also the view for measurement of the head circumference. Both
thalami (T) are also depicted.

Figure 77.2 Transventricular view of the fetal head
demonstrating measurement of the atria of the lateral ventricle
(0.42 cm) and the echogenic choroid plexus.
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simultaneous examination of posterior ossification
centers and overlying soft tissue. Sagittal imaging of
the fetal spine (Figure 77.7) should show two rows of
approximately parallel ossification centers with over-
lying intact skin. Both sagittal and coronal views are
useful to observe this ‘lining up’ of the ossification
centers, and should be able to rule out scoliosis or
hemivertebrae (which can cause disorganization or
absence of ossification centers). The sacrum normally
should curve slightly upward. The overlying skin and
soft tissues should also be examined carefully to rule
out masses/tumors, or open spina bifida.

In examining the fetal thorax, the scapulae, clavicles,
and ribs should be assessed, especially when ruling
out certain types of skeletal dysplasias. Abnormal lung
tissue and echogenicity (such as bronchopulmonary
sequestration, cystic adenomatoid malformations),

diaphragm, pleural effusions, and thoracic circumfer-
ence (to rule out pulmonary hypoplasia) should all be
examined.

Performing an adequate and detailed fetal cardiac
examination on ultrasound can be one of the most dif-
ficult and challenging tasks, since it is dynamic, com-
plex, and can depend significantly on fetal position.
First, the situs should be established along with the
presence of a normal cardiac rate and rhythm. In a
transverse image of the fetal chest, the heart should
occupy about one-third of the fetal thorax, and its
normal axis and position should be verified (apex
points to the left, bulk of the heart occupies left side
of chest, 45 ±20° angle of the heart relative to the
midline). Any alterations in position, axis, or both
can suggest intrinsic malposition or an intrathoracic
mass. In order to sufficiently rule out cardiac defects,
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Figure 77.3 Transcerebellar view demonstrating cerebellar
hemispheres, cisterna magna, and nuchal fold measurement
(0.44 cm, normal).

Figure 77.4 Normal middle cerebral artery Doppler
waveform. The systolic/diastolic ratio is high (4.5), consistent
with normal high-resistance pattern.

Figure 77.5 Coronal view of fetal face showing nose, upper
and lower lips.

Figure 77.6 Normal sagittal profile of fetus showing nasal
bone.
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multiple planes and views (in addition to the four-
chamber view) should be examined in real-time
imaging. A single static four-chamber view is no
longer acceptable or adequate to completely examine
the heart. Both outflow tracts should be evaluated to
increase the sensitivity for cardiac defects, such as
tetralogy of Fallot, transposition of the great vessels,
truncus arteriosus, etc. In screening second-trimester
fetuses, we advocate visualization of the four-chamber
apical (Figure 77.8) and subcostal views, both outflow
tracts, longitudinal parasternal arches (aortic and
ductal), inferior/superior vena cava, valves, and the
atria/ventricular septa. All chambers should have
approximately equal sizes, the great vessels should
cross each other, the pulmonary veins should be seen
entering the left atrium, and there should be no peri-
cardial effusion. Depending on the indication or
clinical scenario, color, M-mode, or pulsed Doppler
sonography can also be performed of the fetal heart
and its great vessels. In about 3–4% of normal second-
trimester fetuses,11 an echogenic intracardiac focus
can be seen, usually located in the left ventricle. It is
caused by specular reflection from the papillary
muscle and chordae tendinae. However, some studies
have also confirmed an association between this and
fetal DS in high-risk populations.12

Fetal abdominal organs that can be identified
on second-trimester ultrasonography include liver
(majority of the upper abdomen), gallbladder (right
upper quadrant at inferior edge of the liver and ‘tear-
drop’-shaped), spleen (solid organ posterior to stom-
ach), stomach, bowel, umbilical vein, and cord
insertion site/adjacent anterior abdominal wall. The
abdominal circumference (AC) is taken at the trans-
verse level where stomach and spine are visualized,
and the umbilical vein joins the right portal venous
system, which should curve away from the stomach
(Figure 77.9). If, however, the curve is toward the

stomach, persistence of the right umbilical vein
should be suspected. The AC has its greatest value in
evaluating fetal growth later in pregnancy, and also
comprises a parameter used for fetal dating. This is
because AC deviations are a result of changes in both
liver size and subcutaneous fat. The stomach should
always be located below the diaphragm as a fluid-
filled structure in the left upper quadrant. An absent
or small stomach in the usual location despite pro-
longed scanning to allow for filling can be indicative
of esophageal atresia with or without tracheo-
esophageal fistula, or diaphragmatic hernia (stomach
located within the chest). The rest of the abdomen is
filled with bowel, with the appearance changing with
advancing gestational age. In the second trimester,
the fetal bowel appears as midlevel to increased
echogenicity filling the abdominal cavity; when using
higher-frequency transducers, it often appears mildly
echogenic when compared to the liver.13 True hyper-
echoic bowel is diagnosed when its echogenicity is
similar to that of bone. It can be a normal variant, or
associated with aneuploidy, infection, cystic fibrosis,
fetus swallowing blood, intrauterine growth restriction,
and bowel malformations/atresias. To exclude ventral
wall defects such as omphalocele or gastroschisis, the
umbilical cord insertion site into the abdominal wall
(Figure 77.10) must be evaluated to confirm the cord
penetrating the abdomen, with the adjacent abdomi-
nal wall intact. No fetal ascites or hydrops should be
seen under normal circumstances.

The fetal genitourinary tract is a common site
for fetal anomalies. The kidneys appear as bilateral,
hypoechoic, paraspinal structures that contain the
urine-filled renal pelvis and can sometimes be diffi-
cult to visualize. Dilation of the renal pelvis/calyx or
ureter, renal masses, hyperechogenicity, parenchymal
cysts, or enlargement/absence of the kidneys may
reflect anomalies. To delineate the renal arteries, color

842 Second-trimester ultrasound screening of fetal anomalies

Figure 77.7 Normal sagittal view of fetal spine. Note the
overlying skin is intact, and the parallel features of the spinal
centers.

Figure 77.8 Apical four-chamber view of the fetal heart,
demonstrating left atrium and left ventricle (LV) and right atrium
and ventricle (RA, RV).
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or power Doppler imaging is frequently used. The
fetal adrenals can be seen cephalad to their kidneys.
While the right adrenal lies immediately posterior to
the inferior vena cava, the left adrenal lies lateral to
the aorta. The fetal bladder is sonolucent (contains
urine) and located in the midline, anteriorly, and low
in the pelvis (Figure 77.10). Absence of the bladder
may be secondary to recent voiding or bladder/cloacal
exstrophy, while a very enlarged bladder may be a
sign of lower obstructive uropathy. Male genitalia
is confirmed only if penis and scrotum are seen.
Occasionally, the hypoechoic umbilical cord lying
between the thighs can be mistaken for the solid
penis. Also, a prominent clitoris seen during the early
second trimester can also sometimes be confused for
a penis. The echogenic testicles usually do not
descend into the scrotum until the seventh month.
Female genitalia are identified by the presence of
several parallel linear echoes, which represent the
margins of the labia, and not by the observed absence
of penis/scrotum. One should never forget that
ambiguous genitalia may also be present.

Although routine evaluation of all fetal upper and
lower extremities is not a part of routine obstetrical
sonographic guidelines, it is our opinion that a com-
plete survey of all extremities (including hands/feet)
may provide important diagnostic information and
can screen for abnormalities. Both the hands should
contain five fingers, should be open (full extension of
all fingers in the same plane as the metacarpals), have
normal movement and tone, and the middle phalanx
of the fifth digit must be visualized (Figure 77.11).
The presence of clenched hands with overlapping
digits is a highly sensitive (95%) sonographic marker
of trisomy 18.14 All the long bones (femur, humerus,
radius, ulna, tibia, fibula) should be present and there
should not be demineralized, shortened, fractured,
contracted, or bowed bones. The ulna normally

extends farther into the elbow, and the tibia extends
farther into the patella. Routinely on our second-
trimester surveys, we measure all long bone lengths.
These measurements should be obtained with the
long bone located horizontally within the image,
since vertical measurements can falsely ‘shorten’ the
actual length (Figure 77.12). Also, only the ossified
portions of the bone should be measured, with the
hypoechoic cartilaginous epiphyses excluded. Both
lower extremities should not be clubbed, nor the
plantar surface appear ‘rocker-bottom’. Five toes
should be present, and they should not appear
dysplastic. Foot length (Figure 77.13) is also another
biometric parameter than can be obtained.

Normally, the umbilical cord is comprised of three
vessels: two smaller umbilical arteries and one larger
umbilical vein; this can be confirmed by directly imag-
ing the cord or by observing the umbilical arteries
coursing around the fetal bladder. Depending on the
clinical situation, an umbilical artery Doppler wave-
form can be obtained (Figure 77.14). Its flow is a
reflection mainly of the placental resistance, and to a
certain extent, of the fetal systemic circulation. Once
the umbilical vein enters the fetal abdomen, it turns
superiorly, enters the liver, and communicates with
the portal vein. The umbilical vein also continues into
the ductus venosus, and then the inferior vena cava
and right atrium.

Sonographic aneuploidy markers
in the second trimester
Aneuploid fetuses account for approximately 6–11%
of all stillbirths and neonatal deaths.15 Prenatal ultra-
sonography can often detect many abnormalities in
fetuses with aneuploidy. These can include major
structural defects or other ‘soft’ sonographic markers
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Figure 77.9 Correct view of taking the abdominal
circumference measurement.

Figure 77.10 Transverse view of fetus depicting abdominal
wall cord insertion site. The sonolucent bladder is also
visualized with each of the two umbilical arteries starting to
course around its periphery.
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of aneuploidy. Aneuploidy ‘soft’ markers are usually
non-specific, most commonly seen in normal fetuses,
are often transient (such as choroid plexus cysts), and
may not be significantly linked to perinatal outcome.
The aneuploidy markers that we use in our institution
include shortened long bones, pyelectasis, increased
nuchal fold thickening, hyperechoic bowel, choroid
plexus cysts, hypoplastic middle phalanx of the fifth
digit, clinodactyly, sandal gap (wide space between
first and second toes), two-vessel cord, echogenic
intracardiac focus, short ear length, and absent nasal
bone. Each marker alone has only low to moderate
sensitivity for detecting fetal DS. Many of these sono-
graphic findings when found in isolation in low-risk
patients do not necessarily increase the risk for aneu-
ploidy. However, when found in the context of multi-
ple other sonographic abnormalities or markers (in
low-risk patients), or when isolated markers are seen
in high-risk patients, the risk for fetal aneuploidy may
increase. In general, as the number of markers present
increases, the risk for chromosomal abnormality also
increases directly.

The presence of most fetal congenital abnormalities
will increase the risk for underlying aneuploidy
except for some disorders felt to be ‘acquired’ (rather
than inherent) from tissue or vascular disruption.
Such disorders include hydranencephaly, gastroschi-
sis, tumors, amniotic band syndrome, limb–body wall
complex, etc. Examples of specific structural anom-
alies that can be associated with fetal aneuploidy
are cerebral ventriculomegaly, holoprosencephaly,
agenesis of the corpus callosum, Dandy–Walker
malformation/cerebellar hypoplasia, spina bifida,
cleft lip/palate, ocular abnormalities, craniofacial
anomalies, cystic hygroma, non-immune hydrops,
cardiac abnormalities, diaphragmatic hernia, duodenal
atresia, omphalocele, genitourinary anomalies, clubfeet,
and extremity malformations.

The most common autosomal trisomy in liveborn
infants is DS. Because only 25% of DS fetuses in the
second trimester have a sonographically detectable
major anomaly (unlike trisomies 18 and 13 where the
majority will have anomalies visualized), several
investigators have been searching to find aneuploidy
ultrasonographic markers in order to increase the
sensitivity for fetal DS.16 Genetic sonography is per-
formed in the second trimester, ideally between
18 and 20 weeks. It is a specific, targeted exam for
fetal aneuploidy (most specifically for trisomy 21)
where the examiner evaluates for abnormal fetal bio-
metry, fetal structural anomalies, and other markers
of aneuploidy. By combining multiple aneuploidy
markers, the sensitivity for DS can be increased to
>80%, with false-positive rates of 10–15% (by defin-
ing as abnormal the ultrasound exam with at least one
abnormal marker present). Information derived from a
normal genetic sonogram is used to generate an
adjusted (lower) DS risk to guide a high-risk woman’s
decision on genetic amniocentesis. Thus far, many
studies have been published that examine the accu-
racy of genetic sonography for detecting DS in high-
risk populations.17 By defining as abnormal the
ultrasound with at least one abnormal marker, the
overall sensitivity is 77% (50–93%) and the false-
positive rate is 13% (7–17%).17 In 1998, a large multi-
center collaborative study involving 11 centers
(including our own) examined the sensitivity of
sonography in detecting fetal DS.18 They found that
85% of DS fetuses (n �241) had at least one abnormal
finding on ultrasound. In 2003, an eight-center study
(including our own) evaluated the utility of second-
trimester genetic sonography among high-risk preg-
nancies, including 176 DS fetuses.19 The sensitivity
for DS was 72%, with a range from 64% to 80% at
the various sites. Significantly, about half (47%) of
DS fetuses had a thickened nuchal fold of 5 mm or
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Figure 77.11 Fetal hand demonstrating echogenic phalanges
of four fingers, including the fifth digit.

Figure 77.12 Femur length measured from proximal end to
distal metaphysis, including only the ossified portions. Note the
other femur lying parallel and directly below the measured
femur length.
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more, making this marker the one with the highest
sensitivity.

Nuchal fold thickening is the single most sensitive
and specific marker for fetal DS (sensitivity 40% and
false-positive rate of 0.1%),20 although absent nasal
bone has also recently been shown by us to have a
41% sensitivity and 100% specificity for fetal DS.8

Short femur length (measured to expected length
< 0.91) has been found in 24% of DS fetuses,21 while a
short humerus (measured to expected length <0.90)
identified 50% of DS fetuses, with a false-positive rate
of 6.25%.22 Unfortunately, there tends to be a large
overlap in bone measurements between affected
and normal fetuses. The sensitivity for pyelectasis
(anteroposterior diameter renal pelvis > 4 mm in second
trimester) for DS is 25%.22 Echogenic bowel has a
reported sensitivity of 7–12.5%, while echogenic
intracardiac focus has a sensitivity of 18%.22 Recently,
we examined the sensitivity for fetal DS by sono-
graphic ear length.23 We found that of 51 DS fetuses,
41% (n �21) had ear length ≤10th percentile. How-
ever, short ear length was not as sensitive a marker for
DS as it was for trisomies 18 (96%) and 13 (100%).
Although an association between choroid plexus cysts
and trisomy 18 has been established,24 the association
with fetal DS has been controversial, especially when
isolated. When the choroid plexus cyst(s) are isolated,
obstetrical management should not be altered in the
absence of any other high-risk factors.25 Single umbil-
ical artery has been found to be associated with aneu-
ploidy and congenital malformations. The risk for
fetal aneuploidy depends on the presence of associ-
ated anomalies: the greater the number of anomalies
the greater the chances for aneuploidy. In a low-risk
patient, an isolated single umbilical artery on ultrasound
is probably not an indication for fetal karyotyping,
provided that a search for additional malformations
is negative.

In 1996, our group was the first to publish data on
using second-trimester genetic sonography to guide
clinical management of women at high-risk for fetal
DS.26 Subsequently, once we analyzed our 1999 data,
in the presence of a normal genetic ultrasound, we
counseled patients that the likelihood for fetal DS was
reduced by at least 80% from the a priori risk (triple
or quadruple screen, or if unavailable, maternal age).17

Over almost a 10-year period (since November 1992),
we have evaluated 5299 fetuses by genetic sonogra-
phy; the overwhelming majority (85%) had no mark-
ers seen (normal scan), 12% had one abnormal marker
present, and 3% had two or more markers present.
When one or more abnormal sonographic markers
were present, the sensitivity, specificity, positive and
negative predictive values for DS were 87% (52/60),
91% (4395/4831), 11% (52/488), and 99.8% (4395/
4403), respectively. Approximately two-thirds of DS
fetuses had two or more abnormal sonographic
markers seen.

Second-trimester ultrasound
screening for fetal abnormalities
While there are numerous acceptable indications for
performing a second-trimester sonographic exam
during pregnancy, perhaps one of the most common
indications is to rule out the presence of fetal abnor-
malities. While the advantages of performing a screen-
ing ultrasound in the pregnancies at high risk for fetal
anomalies is clear, the benefits and cost-effectiveness
of routine sonographic screening in pregnancy are not
as obvious. In the USA, approximately 60–70% of all
pregnant women undergo an ultrasound at various
times in the gestation.27 However, the efficacy of rou-
tine sonographic screening for fetal abnormalities
varies widely. One of the first studies to determine the
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Figure 77.13 Measurement of second-trimester fetal foot
length, with all five toes demonstrated.

Figure 77.14 Normal Doppler waveform of umbilical artery in
a second-trimester fetus. The systolic/diastolic ratio is 3.7.
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diagnostic accuracy of ultrasonography in high-risk
pregnancies was performed during the late 1970s and
early 1980s in the UK.28 It was around this time that
real-time imaging became widespread as a clinical
tool. This study found that 95% of malformations were
correctly diagnosed.28 Other published sensitivities
have ranged broadly anywhere from 13.3% to 82.4%,29

with the average collaborative world experience being
50%.30 After reviewing these extremely wide and dif-
ferent detection rates, it becomes apparent why the
reliability and utility of sonographic screening for fetal
abnormalities have become very controversial in some
countries. Even for those who already advocate rou-
tine sonographic screening, when to perform scans
and the number of sonographic exams are debatable
and inconsistent. Since 75% of patients with abnormal
fetuses will be ‘low risk’, it is reasonable to review
data in the literature that assess the impact of routine
screening sonography.29

Diagnosing fetal anomalies prior to birth can provide
many advantages. Prenatal sonographic diagnosis can
lead to further diagnostic testing (such as amniocente-
sis), prepare parents for an adverse pregnancy outcome,
alert the clinician to the possibility of other abnormali-
ties, and determine appropriate management choices
(such as intrauterine therapy, early delivery, delivery
at a tertiary care center, or termination of pregnancy).
However, all these advantages are achieved only if
the ultrasound exam is performed by qualified, knowl-
edgeable individuals, who possess expertise performing
ultrasonographic exams. Sonographic screening done
by individuals who are inexperienced and unqualified
may not only increase the costs of health care, but can
create high false-negative and false-positive results
with significant consequences.

There are a multitude of biases and problems that
can account for the sensitivity variation across various
studies.29 Fetal abnormalities that resolve, technical
factors (obesity, fetal positioning), quality of sonographic
equipment, and undetectability of certain anomalies
comprise some of the reasons. In addition, each center
has differing criteria and interpretations as to what
exactly constitutes a detailed sonographic exam. There
is no doubt that the less detailed the exam, the higher
the chances are for having a lower diagnostic accuracy.
Selection bias can also play an important role in affect-
ing diagnostic accuracy, depending on whether the
patient source is a hospital, or office practice-based.
Perhaps the most important bias is the variation in
sonographic skills, capability, and experience of indi-
viduals performing the ultrasound examination. In the
Helsinki study that incorporated patient populations
from two hospitals, the ultrasonographic sensitivity
for detecting anomalies was more than twofold higher
in the university hospital than in the city hospital
(77% vs. 36%).31 A study in Vienna examined the
influence of the experience of the investigator on the
rate of sonographic diagnosis of fetal malformations.32

Of 323 cases of fetal malformations, obstetricians in

private offices detected 22%, hospital examiners
detected 40%, and examiners in the prenatal diagnosis
and therapy center detected 90% of all fetal malforma-
tions.32 The selection of pregnant women is also sig-
nificant. Screening high-risk women is likely to be
much more effective. In this scenario, the chances of
discovering an anomaly is higher, and the sonogra-
phers may be more attentively focused. For instance,
in one study they found that the average sensitivity in
low-risk populations is 55%, while in high-risk popu-
lations it is 92%.29

The gestational age at the time of ultrasound screen-
ing also impacts sensitivity, since various anomalies
are manifested at differing gestational weeks or may be
easier to visualize/detect, and some anomalies may
present only later in gestation (duodenal atresia). In
general, the more sonographic exams a patient under-
goes during the pregnancy, the higher the rate of
anomaly detection. Levi found that the average sensi-
tivity from studies including scans performed once
before 20 weeks was 45%; when scanning was done
several times during the pregnancy, the sensitivity rose
to 60%.29 The prevalence of specific malformations
within a given population may also have a significant
impact on the overall sensitivity of ultrasound. A low
frequency of anomalies in a certain population can
introduce bias in diagnostic accuracy. Studies that
exclude certain anomalies because they are felt to be
‘minor’ or undetectable may have dramatically differ-
ent sensitivities than when all fetal anomalies are
included. In 1996, one study found that the sensitiv-
ity of sonography for diagnosing both minor/major
anomalies was only 8.7%; however, if only major
anomalies detectable by ultrasound were included, the
sensitivity was increased up to 75%.30 Finally, other
factors that can affect the reported fetal abnormality
detection rates in sonographic screening may be
related to ascertainment biases, such as lack of autop-
sies (considered the ‘gold standard’), suboptimal or
incomplete neonatal evaluation at birth, and insuffi-
cient length of neonatal follow-up since some abnor-
malities may not express themselves immediately
after birth and can take time to manifest.29

In the USA, the RADIUS (Routine Antenatal
Diagnostic Imaging with Ultrasound) study was the
first randomized clinical trial of second-trimester
ultrasound.33 This trial was performed to determine
the benefits, if any, of routine sonograms among preg-
nant women at low risk. It compared routinely
scanned pregnant women to those having ultrasounds
only when indicated. An additional ultrasound exam
was performed in the early third trimester in the
study group. Although the identification rate of anom-
alies was found to be three times better with routine
ultrasound vs. indicated ultrasound (35% vs. 11%,
respectively), the sensitivity in detecting anomalies
by ultrasound performed between 15 and 22 weeks
was extremely low (17%). A possible source of bias
was that practice-based patients were utilized, which
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may have created an inadvertent selection bias (rather
than a community or hospital-based population). This
study reported a relative detection rate of 2.7 (95% CI,
1.3–5.8) in tertiary vs. non-tertiary ultrasound units.33

Within a subgroup evaluated at tertiary care centers,
the detection rate of anomalous fetuses was 35% vs.
13% in non-tertiary centers. This trial found that
sonographic screening did not significantly influence
the management or outcome of pregnancies compli-
cated by congenital malformations. A 1998 study at a
tertiary care center found that the sensitivity of anom-
aly detection in women at risk for anomalies was very
high (89.7%).34 In the screening group, or lower-risk
population, although the sensitivity was less (47.6%),
it was still sufficient to ensure cost-effectiveness for
their patients.34

In 1999, the Eurofetus study was designed to eval-
uate the sensitivity of routine sonographic screening
for fetal malformations.35 In the largest among screen-
ing studies, ultrasound screening was applied to almost
200,000 pregnant women in 60 hospital laboratories
and 14 European countries. They found a sensitivity
rate of 64% (2363/3685), which at first glance, was
much higher compared to the RADIUS study. How-
ever, for various reasons these two studies may not be
exactly comparable. For example, patients studied in
the RADIUS trial were low risk (and probably not
relevant to the average population), since very strict
exclusion criteria had been applied prior to patient
recruitment. The criteria used to designate major
fetal anomalies (gold standard) were also very liberal,
and both of these facts could have lowered the sensi-
tivity. On the other hand, in the Eurofetus study, all
patients were studied regardless of their risk status,
and only ‘truly’ major abnormalities were considered
as endpoints. This could have artificially raised the
sensitivity of the sonographic screening.

The Helsinki trial had patients undergo one ultra-
sound screening exam within the second trimester;
40% of major fetal anomalies were detected.36

Although screening did detect most anomalies of the
central nervous system, genitourinary system, and
cases with multiple anomalies, it was less satisfactory
in detecting cardiac and gastrointestinal tract anom-
alies.36 The Belgian Multicentric Study found that of
381 structurally abnormal fetuses, 154 were correctly
detected by ultrasound (sensitivity 40%).37 The speci-
ficity, positive and negative predictive values were
99.9%, 95%, and 98.6%, respectively.

In 2002, we examined the value of our aforemen-
tioned complete anatomic sonographic survey in
detecting fetal abnormalities, and correlated our sono-
graphic findings with perinatal autopsy results.38

Autopsy findings were considered the ‘gold standard’.
Of 88 abnormal autopsies, 85 fetuses had one or more
abnormal structural sonographic findings, for a sensi-
tivity of 97% (for anomalous fetuses). From autopsy,
a total of 372 separate abnormalities were found; of
the 299 major and 73 minor abnormalities, prenatal

ultrasonography detected 75% and 18%, respectively.
Thus, we found that the sensitivity for detecting minor
abnormalities was poor, even when utilizing a com-
plete sonographic survey. We found either complete
agreement or only minor differences between sono-
graphic and autopsy findings in 65% of the cases.38

In examining the literature, it is evident that there
is a wide range in sensitivity of ultrasonography to
detect fetal anomalies, and it depends highly on the
clinical setting in which the exam is performed, along
with the varying skills, expertise, and experience of
those performing the sonographic exam. Therefore,
there appears to be insufficient evidence to comment
on a single estimate of the sensitivity of routine ultra-
sound in screening for fetal anomalies. However, in
many studies, the specificity of a fetal anatomic sur-
vey has been found to exceed 99%.33,39–41 This fact
indicates that in the low-risk population, sonography
may be helpful in ruling out abnormalities and detect-
ing the normal, but may not be equally reliable in
detecting abnormalities. It is expected that with time,
the sensitivity of sonographic screening programs
should improve. This can be partly attributable to
improvements in equipment quality, training, and
experience of sonographers, along with the emergence
of new technological advances such as three- and
four-dimensional sonography. It is thought that uni-
form and detailed training for practitioners is the best
guarantee for an efficient screening program.29 In
addition, standardization of the scanning process for
each and every scan should also improve overall
sensitivity. In a 1996 review article, Seeds argues
that the diagnostic sensitivity of the screening obstet-
rical ultrasound examination appears to be highest in
high-risk patients examined by highly specialized and
experienced personnel.42 However, diagnostic sensi-
tivity may be quite good even in low-risk patients
with a basic or routine examination if recognized
guidelines for content are followed and referral to
experienced referral resources for unclear or suspi-
cious images is liberally practiced.42

A common and often touted benefit of the prenatal
detection of fetal abnormalities, especially those that
are life-threatening, is the delivery of these infants in
tertiary care centers that are capable of providing
immediate and appropriate care. A valid and legiti-
mate question often asked is whether routine sonog-
raphy improves the survival rates of anomalous
neonates. Ten years ago, the RADIUS study examined
this question.33 Screening ultrasound was not found
to have any impact on the detection, management,
and outcome of fetuses with anomalies. Although
survival rates for fetuses with anomalies were not
affected by sonographic screening, in an analysis of
infants with life-threatening anomalies, 75% (21/28)
in the routinely screened group survived, vs. 52%
(11/21) in the routine-care group.33 While this dif-
ference did not reach statistical significance, this
may be attributed in part to the small sample sizes.
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At present, there is insufficient evidence to either
refute or support the benefit of routine sonography
in reducing mortality of those neonates with life-
threatening anomalies, although this may not be
intuitively apparent to those families affected with
these problems. It is clear that further studies are
required to address this issue.

A significant question regarding routine ultrasono-
graphy is whether this improves overall perinatal
morbidity and mortality. It is known that routine diag-
nostic sonography can lead to accurate determination
of gestational age, multiple gestations, and placental
abnormalities, thus theoretically improving perinatal
risk. Three trials have examined perinatal morbidity
and mortality in patients undergoing routine ultra-
sonography. In both the RADIUS and Stockholm trials,
perinatal mortality rates were similar between the
routine sonography and control groups.27,43 However,
the Helsinki trial found that the perinatal mortality
rate was significantly improved in the routine ultra-
sound group (4.6/1000 vs. 9.0/1000); this 49.2%
reduction was mainly attributable to improved early
detection of major malformations, which led to termi-
nation of pregnancy.31 In all three trials, no differ-
ences were found between the study and control
groups in terms of perinatal morbidity.27,31,43 Perinatal
morbidity was defined as admission to the neonatal
unit,31,43 moderate morbidity (neonatal sepsis, grade I
or II intraventricular hemorrhage, stay of > 5 days in
neonatal unit), or severe morbidity (ventilation
> 48 h, stay of > 30 days in neonatal unit).27 In terms
of birth weight and number of low birth weight
(< 2500 g) infants, the RADIUS and Helsinki trials
found a similar birth weight distribution between the
routine ultrasound and control groups.27,31 However,
the Stockholm trial found fewer births of < 2500 g
(2.5% vs. 4%) in the routine ultrasound group.43

Finally, this same trial found that for women smokers,
there was a higher mean birth weight (3413 vs. 3354 g)
in the routine ultrasound group, and the authors sur-
mised that this improvement could be attributed to
healthier maternal behaviors after women visualized
their fetuses on ultrasound.43 The RADIUS trial inves-
tigators concluded that adopting sonographic screening
in the USA would increase health-care costs without
either improving perinatal outcome or providing any
measurable benefit from early detection of fetal anom-
alies. In contrast, however, another group found that
routine abnormality screening improves perinatal out-
come by leading to termination of pregnancies for
certain anomalies, and selected delivery at tertiary care
centers for life-threatening malformations.34

An important issue to examine is the cost–benefit
analysis of routine second-trimester sonography. Our
group recently performed a cost–benefit analysis based
on the RADIUS results, and compared a policy of rou-
tine second-trimester sonography in low-risk pregnant
women vs. not offering such screening.44 We concluded

that routine second-trimester sonographic screening
is associated with net benefits only if the ultrasound
was performed in tertiary care centers. Another
tertiary center also assessed the cost-effectiveness
of anomaly screening in their patient population, and
found that routine screening appeared cost-effective.34

Leivo and associates demonstrated that a one-stage
second-trimester screening ultrasound was cost-
effective, and was associated with fewer perinatal
deaths.45 In the UK, a prospective study was per-
formed to evaluate the cost–benefit of changing from
selective to routine ultrasound screening for fetal
anomaly.46 They found that routine sonography was
the sole method of detection for 11 major and 18 less
severe congenital abnormalities found in low-risk
pregnancies, which would not previously have quali-
fied for selective ultrasound. They felt that routine
fetal anomaly ultrasound would seen to be economi-
cally justifiable.46 In 2002, Roberts reviewed evidence
from the literature and found a need for more data
on the costs and cost-effectiveness of routine sono-
graphic screening for fetal anomalies.47

All published trials have shown that more twin
pregnancies are diagnosed earlier with routine ultra-
sound. The Helsinki trial found that with the routine
ultrasound group, 100% of twins were detected prior
to 21 weeks, compared with 76% in the control
group.31 In addition, they found that the perinatal
mortality for the twins was 27.8/1000 vs. 65.8/1000,
respectively. The RADIUS trial also performed sub-
group analyses for small for gestational age infants
and neonates born at 42 weeks.27 The data did not
show improvement in overall outcome for these con-
ditions when routing sonography was performed.

In conclusion, examination of the available evidence
shows that in low-risk pregnancies, routine ultrasono-
graphy may reduce perinatal mortality because of
induced abortions following the detection of fetal
abnormalities. In the USA, the current standard of
care remains at performing ultrasound only for spe-
cific indications. However, some would argue that
every obstetrical patient should have an ultrasound
examination only if it is competently performed,
properly recorded, and if the patient is aware of
appropriate goals and limitations.42

Although ultrasonographic screening for fetal abnor-
malities may have widely varying sensitivities depend-
ing on the particular unit, in our opinion it still offers
great value to both patients and physicians that may not
be quantifiable. Psychological reassurance, referrals,
genetic counseling, antepartum management, and
preparation of families and health care providers are
just some examples of the possible advantages. Overall,
these reasons may outweigh the ‘risks’ of ultrasound,
such as false-positive diagnoses. If patients are given the
choice and counseled regarding the diagnostic capabili-
ties of present-day sonography, most would choose to
undergo fetal anomaly screening. It is important to
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remember that pregnant women often do not perceive
ultrasonography as a ‘test’, but rather utilize it as a tool
to evaluate their fetus as a patient. We concur with this
philosophy, and would also argue that examining the
fetus as a patient via ultrasound should be offered
routinely, as in all other aspects of adult medicine.

Conclusions
Second-trimester sonographic screening for fetal
anomalies and prenatal diagnosis is performed for
many reasons. It can provide useful information and
knowledge for patients, may give them reassurance
regarding their pregnancy and the health of their
fetus, provides the opportunity for further diagnostic
testing such as amniocentesis, provides counseling

regarding prognosis, and can modify management
(such as location and method of delivery, termination,
fetal surgery). Some patients will utilize this informa-
tion to prepare ahead of the delivery date by consult-
ing geneticists, pediatric surgeons, neonatologists,
and other specialists. In addition, for the physician,
information regarding specific abnormalities or aneu-
ploidy can optimize pregnancy management, along
with the labor and delivery process. Importantly,
knowledge of anomalies can raise the possibility of
genetic syndromes, can impact future pregnancies,
and can influence counseling regarding genetics and
prognosis. Therefore, because of its many advantages,
it is our opinion that all patients should have access
to sonographic screening within the second trimester
of pregnancy, and a complete, targeted, and thorough
exam should be performed to increase sensitivity.

Conclusions 849
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78 First-trimester maternal serum
markers of fetal anomalies
D. A. Krantz, T. W. Hallahan and J. N. Macri

Historically, prenatal screening for Down’s syndrome
and other chromosomal abnormalities had been con-
ducted in the second trimester of pregnancy with
results available between 16 and 18 weeks of preg-
nancy. Such screening can detect 60–70% of Down’s
syndrome cases with a false-positive rate of 5%.1

Now, first-trimester Down’s syndrome screening has
become an important option for prospective parents
providing risk information as early as 11–12 weeks of
pregnancy and detecting up to 90% of Down’s syn-
drome cases at the same 5% false-positive rate.2–16

The advantages of first-trimester screening are that
most patients (95%) receive very early reassurance
that they are at low risk, the test provides a signifi-
cantly higher detection efficiency compared to most
second-trimester screening methods, patients have
more time and more diagnostic options to consider,
and in cases where patients choose to terminate an
affected pregnancy safer procedures are available in
the first trimester. Further, pregnancies that may have
ended in an unexplained fetal loss may now have
karyotype information available.

First-trimester Down’s syndrome and trisomy 18
screening includes the biochemical analysis of free
beta human chorionic gonadotropin (free beta hCG)
and pregnancy-associated plasma protein A (PAPP-A)
combined with the ultrasound evaluation of nuchal
translucency. This protocol has been studied exten-
sively, and the first-trimester risk estimates have been
validated.17

Free beta hCG
During normal pregnancy free beta hCG rises to peak
levels at 8–9 weeks of pregnancy and then steadily
declines to about 20 weeks when concentrations begin
to level off. In second-trimester Down’s syndrome
pregnancies, free beta hCG is significantly elevated
with a median MoM (multiple of the median) of
2.64.18 By contrast, free alpha hCG has been observed
to be unchanged (median MoM �0.99)19 or marginally

elevated (median MoM �1.31)20 in cases of Down’s
syndrome. This proportionally higher increase
observed in the beta subunit relative to the alpha sub-
unit observed at the protein level is reflected at the
mRNA level. Indeed, Eldar-Geva et al. demonstrated
that the beta subunit MRNA content was proportion-
ally increased compared to the alpha subunit in cul-
tured second-trimester trophoblasts.21 This suggests
that the increase of the beta subunit in maternal
serum may be due in part to increased synthesis.
More recently, beta subunit MRNA has been detected
in maternal serum and has also been demonstrated to
be elevated in cases of Down’s syndrome.22

In the first trimester, free beta hCG is significantly
elevated in Down’s syndrome pregnancies and is the
only Down’s syndrome marker that is effective in both
first- and second-trimester screening. In two recent
studies the median free beta hCG MoM in Down’s syn-
drome increased with increasing gestational age from
about 1.5 MoM at 9 weeks’ gestation to 2.1 MoM at 13
weeks 6 days’ gestation.23,24 In the Serum, Urine and
Ultrasound Screening Study (SURUSS) case–control
study the median MoM of free beta hCG in Down’s
syndrome cases increased from 1.6 MoM at 10 weeks’
gestation to 2.6 MoM at 13 weeks 6 days.25 Therefore,
free beta hCG becomes more effective with increasing
gestational age. In trisomy 18 affected pregnancies, a
study of 28 cases showed the median free beta hCG
MoM to be 0.18 in the first trimester representing an
80% reduction from normal pregnancies.7

Pregnancy-associated
plasma protein-A
Pregnancy-associated plasma protein-A (PAPP-A) is
a 750 kDa zinc metalloproteinase. It is produced by
the trophoblast and exists in maternal circulation as
a disulfide bridged dimeric glycoprotein and as a
2:2 complex with the proform of eosinophil major
basic protein (proMBP). Circulating levels are
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detectable as early as 4 weeks in pregnancy and
double approximately every 6 days throughout the
first trimester. PAPP-A concentrations rise exponen-
tially in the second trimester to reach approximately
50 mg/l in the third trimester.

In the first trimester, PAPP-A is significantly
decreased in Down’s syndrome pregnancies. The dis-
crimination between unaffected and Down’s syndrome
pregnancy is greatest earlier in pregnancy. Our own
data on 163 cases of Down’s syndrome showed a
median MoM of 0.3 at 9 weeks and 0.8 MoM at 13
weeks 6 days.23 Spencer et al.24 showed a median MoM
of 0.37 at 9 weeks and 0.70 at 13 weeks 6 days while
the SURUSS study showed a median MoM of 0.29 at
9 weeks and 0.62 at 13 weeks 6 days.25 Therefore,
PAPP-A becomes less effective with increasing gesta-
tional age and by the second trimester is no longer a
marker for Down’s syndrome. In trisomy 18 pregnan-
cies, the median first trimester level of PAPP-A is 0.33
representing a 2/3 reduction from normal levels.7

Combining free beta hCG
and PAPP-A
The levels of both free beta hCG and PAPP-A in
Down’s syndrome affected pregnancies tend to
increase with increasing gestational age. As a result,
with increasing gestational age free beta hCG becomes
more effective while PAPP-A becomes less effective.
These two trends tend to offset each other, such that
the combination is effective in screening for Down’s
syndrome between 9 weeks and 13 weeks 6 days.
However, the combined performance of free beta hCG
and PAPP-A is optimized in the earlier gestations. For
example, at a 5% false-positive rate, the detection rate
is 69% if the blood is drawn at 10 weeks while it is
63% if the blood is drawn at 13 weeks.26 These detec-
tion rates are as good as or better than those seen with
second-trimester triple test.

Dried blood collection
Maternal serum screening has largely involved
venepuncture collection of whole blood into red-top
tubes. Recently, whole blood sample collection using
finger-stick lancets and filter paper has become more
common. The ease of collection and transport of
dried blood specimens allows for greater flexibility in
screening logistics. Since no phlebotomist is required,
the simple finger-stick procedure can easily take place
in the physician’s office, ultrasound lab or ultimately
in the patient’s home. Quantitative analysis of prena-
tal screening markers in dried blood samples is highly
correlated with liquid serum samples.27 In addition,
dried blood technology stabilizes serum proteins and
therefore provides better overall analyte precision

leading to both higher detection rates and lower false-
positive rates.

Combined biochemistry and
ultrasound screening
In addition to maternal serum markers, the evalua-
tion of fetal nuchal translucency in ultrasound has
been demonstrated to be a highly effective marker
for Down’s syndrome.28 As a result, for the first time,
biochemical and biophysical markers are combined
in a single screening protocol for the detection of
Down’s syndrome. The challenge has been to intro-
duce nuchal translucency assessment in a standard-
ized, quality-controlled fashion to allow for efficient
population screening. Laboratories perform a signifi-
cant number of quality control procedures prior to
releasing the results of biochemical tests to the clini-
cian. Nuchal translucency, as a quantitative marker
in the screening process must meet similar standards
of quality control as biochemical markers. Therefore,
sonographers must be specifically trained to perform
nuchal translucency measurement using a standard-
ized methodology and their results audited on a
regular basis. The improved effectiveness of nuchal
translucency screening when a quality control pro-
gram is in place is dramatic (Table 78.1). In the study
of Snidjers et al.,28 in which sonographers underwent
training and quality review, nuchal translucency
detected 77% of Down’s syndrome cases while in
the study of Haddow et al.,29 in which there was no
specific training or quality control, the detection was
only 31%.

Currently, the standard first-trimester Down’s
syndrome and trisomy 18 screening protocol com-
bines the biochemical analysis of free beta hCG and
PAPP-A with the ultrasound evaluation of nuchal
translucency. A summary of 15 studies encompassing
over 80,000 patients using the free beta hCG, PAPP-A
and nuchal translucency protocol demonstrates a
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Table 78.1 Impact of training and quality review of
nuchal translucency measurements on first-trimester
Down’s syndrome screening detection rates

Study Snidjers et al.28 Haddow et al.29

Training and Yes No
quality review

Centers 22 11

Patients 96,127 3991

False-positive rate 5% 5%

Detection rate 77% 31%

Results based on nuchal translucency only without biochemistry
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88% detection rate for Down’s syndrome at a 5%
false-positive rate (Table 78.2).2–16

Combined biochemical and biophysical screening
significantly improves the detection and false-
positive rates for Down’s syndrome compared to either
mode alone. The study by Krantz et al.,7 for example,
showed the additional detection rate attributable to

each marker in the protocol. In that study, free beta
hCG added 10%, PAPP-A added 11% and nuchal
translucency added 28% detection beyond that
achieved by the corresponding other two markers
alone (Table 78.3). Therefore to reach the optimal
detection rate it is necessary to include all of these
markers in the analysis.

Combined biochemistry and ultrasound screening 853

Table 78.2 Summary of first-trimester Down’s syndrome screening studies using free beta hCG, PAPP-A and
nuchal translucency

Down’s syndrome Detection 
Study N FPR cases rate (%)

Number
detected Total

Orlandi et al.2 744 5.0 6 7 86

Biagiotti et al.3 232 5.0 24 32 75

De Biasio et al.4 1467 3.3 11 13 85

De Graaf et al.5 300 5.0 31 37 84

Spencer et al.6 1156 5.0 187 210 89

Krantz et al.7 5718 5.0 30 33 91

Niemimaa et al.8 1602 5.4 4 5 80

Schucter et al.9 4939 5.0 12 14 86

Von Kaisenberg et al.10 3864 6.6 16 19 84

Bindra et al.11 15030 5.0 74 82 90

Wapner et al.12 8514 5.0 48 61 79

Spencer et al.13 10458 5.0 23 25 92

Sheffield et al.14 18140 5.0 60 64 94

Borrell et al.15 2780 3.3 7 8 88

Stenhouse et al.16 5084 5.9 14 15 93

Total 80,028 5.0 547 625 88

FPR, false-positive rate

Table 78.3 Relative contribution of biochemistry and nuchal translucency (NT) in first-trimester Down’s
syndrome screening at a 5% false-positive rate (reprinted from Krantz et al.7)

Free beta Free beta 
Initial protocol PAPP-A +NT hCG +NT hCG +PAPP-A NT

A. % detected 81% 80% 63% 74%

B. % undetected 19% 20% 37% 26%

Additional marker(s) Free beta hCG PAPP-A NT Free beta hCG +PAPP-A

C. Combined detection (%) 91% 91% 91% 91%

D. Extra detection with inclusion 10% 11% 28% 17%
of additional marker(s) �(C −A)

E. % of remaining undetected 53% 55% 76% 65%
cases detected with inclusion of
additional marker(s) �(D ÷B)
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Combined screening is also highly effective in
detecting trisomy 18 and other chromosomal abnor-
malities. Using an independent algorithm for the
calculation of patient specific trisomy 18 risk detects
97% of trisomy 18 cases with only an additional 1.2%
false-positive rate.7 In the biochemistry and ultra-
sound nuchal (BUN) translucency study, all 11 cases
of trisomy 18 and 16 of 29 (55%) cases of other chro-
mosomal abnormalities were detected.12 Spencer et al.
have shown that triploidy is associated with abnormal
combined screening results with triploidy types I and
II having different patterns of marker levels.30 Type I
triploidy, in which the additional chromosome is of
paternal origin is associated with extremely high free
beta hCG, mildly decreased PAPP-A and increased
nuchal translucency. Type II triploidy, in which the
additional chromosome is of maternal origin is associ-
ated with extremely low free beta hCG, extremely low
PAPP-A and normal nuchal translucency.

Other perinatal risks
Abnormal free beta hCG and PAPP-A are both associated
with increased perinatal risk. Low levels of PAPP-A are
associated with increased risk of intrauterine growth
restriction.31–37 For example, Krantz et al.31 found that
PAPP-A values less than the 1st percentile were associ-
ated with a 5.4-fold increase in the odds of intrauterine
growth restriction with a positive predictive value of
24.1%. Krantz et al.31 also found that free beta hCG val-
ues less than the 1st percentile were associated with a
2.7-fold increase in the odds of intrauterine growth
restriction with a positive predictive value of 14.3%
while other studies that evaluated less extreme cut-offs
for free beta hCG or treated free beta hCG as a continu-
ous variable did not find an association with intra-
uterine growth restriction.32,33,36–39 Goetzl et al.40 have
found that low levels of both free beta hCG and PAPP-A
are associated with increased risk of spontaneous
abortion. Free beta hCG levels below the 1st percentile
were associated with an 8.5-fold increase in the odds
of spontaneous abortion while levels below the 5th per-
centile were associated with a 4.3-fold increase in
the odds ratio. PAPP-A levels below the 1st percentile
were associated with a 5.4-fold increase, while PAPP-A
levels below the 5th percentile were associated with a
2.4-fold increase in the odds of spontaneous abortion.
Most importantly, patients with normal free beta hCG,
PAPP-A and nuchal translucency (i.e., those with
levels between the 5th and 95th percentiles) had a very
low risk of fetal loss before 20 weeks (0.36%). Yaron
et al.34,38 found a similar association between free beta
hCG and PAPP-A with fetal loss.

Maternal factors
As with second-trimester screening, maternal factors
play a role in first-trimester Down’s syndrome screening.

Several studies have shown that patients with
increased maternal weight tend to have lower free
beta hCG and PAPP-A levels.41–43 Spencer et al.42

showed that there can be a twofold difference in
Down’s syndrome risk estimates if maternal weight is
not accounted for. The effect on trisomy 18 risk can be
even greater since heavier patients would have lower
levels of both free beta hCG and PAPP-A which would
increase the trisomy 18 risk based on both markers.

Ethnic differences in biochemical results have also
been observed.43 After weight adjustment, free beta
hCG levels are higher for African Americans (15%)
and Asians (6%) but lower for Hispanics (11%) com-
pared to Caucasians. For PAPP-A, African Americans
have 30% higher levels than Caucasians after weight
adjustment.

The effect of assisted reproduction techniques
on first-trimester combined ultrasound and biochem-
ical Down’s syndrome screening is minimal. Orlandi
et al.44 found that the false-positive rate for intra-
cytoplasmic sperm injection (ICSI) (5.2%) and IVF
pregnancies (4.2%) was only slightly higher than the
false-positive rate in naturally conceived pregnancies
(3.3%). Similarly, Liao et al.45 found that the false-
positive rate increased by only 1.2 percentage points
in IVF pregnancies. Wojdemann et al.46 found no sig-
nificant difference in the false-positive rates among a
group of naturally conceived pregnancies (4.9%),
in vitro fertilization (IVF) pregnancies (4.7%) and
ovulation induction pregnancies (5.1%).

Screening in twin pregnancy
First-trimester screening of twin pregnancies offers a
distinct advantage over second-trimester screening
in that it can be used to evaluate the risk of each
individual fetus. In second-trimester screening, which
is based on biochemical markers alone, the risk is
pregnancy specific. For monozygotic twins, in which
either both are affected or both are unaffected, second-
trimester detection efficiencies can be expected to
be similar to that observed in singleton pregnancies.
However, 67% of naturally conceived and 93% of
assisted reproduction twin conceptions are dizygotic,
and therefore the majority of Down’s syndrome
affected twin pregnancies can be expected to be dis-
cordant. In such cases, since the observed maternal
serum marker levels are the sum contributions from
each fetus, not only is it impossible to determine
which fetus is contributing abnormal analyte levels
but the detection efficiency will be decreased due to a
dilution effect from the contribution of the normal
fetus. Indeed the detection of Down’s syndrome in
twins by second-trimester maternal serum screening is
estimated at about 50%, significantly lower than that
expected in singletons at a 5% false-positive rate.47

In first-trimester screening, nuchal translucency,
a biophysical marker, is fetus specific. Fetus-specific
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risks can be calculated based on nuchal translucency
and the detection rate should be similar to that
observed in singleton pregnancy. However, each fetus
will carry an approximate 5% false-positive rate and
therefore the false-positive rate per twin pregnancy
based on nuchal translucency only is significantly
greater than in singleton pregnancy. For example, in
a study by Sebire et al.,48 7.3% of fetuses had an
increased nuchal translucency. However, among
pregnancies, 11.6% had at least one twin with an
increased nuchal translucency.

Incorporating biochemistry into the first-trimester
protocol along with nuchal translucency can reduce
the false-positive rate. In our own data on a group of
212 twin pregnancies the false-positive rate was
reduced from 13.2% using maternal age and nuchal
translucency to 6.6% by also including the biochem-
istry.49 Detection efficiency in twin pregnancy is diffi-
cult to document because Down’s syndrome affected
twin pregnancies are rare. However, modeling indi-
cates that combining free beta hCG and PAPP-A with
nuchal translucency can result in 80% detection rate
for a 7% false-positive rate in twin pregnancy.49

Therefore it is feasible to screen twin pregnancies for
Down’s syndrome in the first trimester. However until
larger datasets of affected twin pregnancy are avail-
able a caution that risk estimates in twin pregnancy
are less precise than in singleton pregnancy should be
indicated on patient reports.

Free beta hCG vs. intact hCG
HCG is a noncovalently bound heterodimeric glyco-
protein consisting of an alpha and beta subunit. It
exists in maternal circulation predominantly as the
biologically active intact dimer. It is also found in
the unbound state as both the free alpha and free
beta subunits (Figure 78.1). The genes for the alpha
and beta subunits of hCG are separate and distinct
with the alpha subunit located on chromosome 6 and
the beta subunit located on chromosome 19.50 The
separate synthesis and unbalanced secretion of sub-
units provides the rationale for monitoring levels of
hCG subunits in obstetrical and gynecological dis-
orders. Thus, assays for free beta hCG and intact hCG
measure distinct proteins in the maternal blood.

Assays used to measure intact hCG are commonly
called ‘total beta’ or simply ‘beta hCG’ assays. These
assays use a capture antibody directed to the beta
subunit of hCG and a detecting antibody directed to
another epitopic site on the beta subunit (Figure 78.2).
As a consequence, these assays detect both intact
hCG and free beta hCG. However, since the intact
molecule is present in a 200-fold molar excess rela-
tive to the free beta subunit, these assays reflect the
concentration of intact hCG. During pregnancy intact
hCG is measurable as early as 5 weeks in pregnancy
making it an excellent indicator of pregnancy. An

immediate and steep increase is observed with hCG
levels peaking at about 120 IU/ml at 9 weeks followed
by a steady decline to about 20 weeks when concen-
trations level off at 10–20 IU/ml.

Free beta hCG exists in maternal blood at a level of
about 1/200th that of intact hCG. Assays that measure
free beta hCG utilize an epitopic site that is located at
the interface with the alpha subunit such that it is
covered in the intact hCG molecule (Figure 78.3). As
a result, antibodies directed toward this site capture
free beta hCG but not intact hCG which is washed
away in the assay procedure.

Prior to the prospective evaluation of the first-
trimester combined screening protocol free beta hCG
and intact hCG were evaluated in a number of stud-
ies.29,51–76 Overall, it was seen that intact hCG was not
an effective marker in the first trimester of pregnancy
with a median MoM in 463 cases of Down’s syndrome
of just 1.30 while free beta hCG was an effective
marker with a median MoM of 2.0 based on 858 cases
of Down’s syndrome (Tables 78.4 and 78.5). Hallahan
et al.,64 summarized seven case–control studies57–60,64–66

in which both intact hCG and free beta hCG were
measured in the same samples and showed that free
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Figure 78.1 Schematic representation of hCG and its free
subunits.

Figure 78.2 Schematic representation of assay commonly
used to measure intact hCG.

Kurjak-78.qxd  5/9/2006  12:49 PM  Page 855



beta hCG detected nearly twice as many cases of
Down’s syndrome as intact hCG (Table 78.6). On the
basis of these results prospective first-trimester
screening studies using the combined protocol have
all included free beta hCG.

Recently, Spencer et al.24,26 have suggested that
the evaluation of all the Down’s syndrome markers
should be conducted on a week by week basis since
the performance of the markers varies by gestational
age. Spencer et al. showed that the combination of free
beta hCG and PAPP-A had detection rates that were

7–11% better than the combination of intact hCG and
PAPP-A at each gestational week from 10 to 13 weeks
at a corresponding 5% false-positive rate (Table 78.7).

In a case–control study, Wald et al.25 modeled the
performance of free beta hCG and PAPP-A in com-
bination with nuchal translucency. The model indi-
cated that free beta hCG significantly outperformed
intact hCG within the combined protocol at 10 and
11 weeks’ gestation but that at 12 weeks the two mark-
ers had similar performance and that at 13 weeks
intact hCG performed better. However, Krantz et al.77

determined that a more appropriate analysis would
show that free beta hCG was better than intact hCG at
10, 11 and 12 weeks and that the two markers only
appear similar in the model at 13 weeks. In response,
Wald et al.78 concluded that their data at 13 weeks
were probably due to chance and that there was an
advantage to using free beta hCG compared to intact
hCG in the first trimester. An analysis79 combining the
results from Spencer et al.72 and Wald et al.23 demon-
strated that using free beta hCG was better than intact
hCG in a protocol that includes PAPP-A and nuchal
translucency at 10–13 weeks. When false-positive
rates were evaluated the difference between the two
markers was even more apparent. For example at
10 weeks, the false-positive rate with free beta hCG
was half that of intact hCG (Table 78.8).

856 First-trimester maternal serum markers of fetal anomalies

Table 78.4 Median first-trimester intact hCG
multiples of the median (MoM) values in Down’s
syndrome cases

Median Down’s
Study Cases syndrome MoM

Cuckle et al.51 22 1.10

Bogart et al.52 6 1.14

Brock et al.53 21 1.43

Johnson et al.54 11 0.91

Kratzer et al.55 17 1.23

Van Lith56 24 1.19

Aitken et al.57 16 0.97

Macintosh et al.58 20 1.45

Biagiotti et al.59 41 1.12

Brizot et al.60 41 1.50

Forest et al.61 12 1.83

Cassals et al.62 19 1.35

Aitken et al.63 8 1.05

Wald et al.64 77 1.23

Jauniaux et al.65 17 0.96

Haddow et al.29 48 1.54

Hallahan et al.66 63 1.37

Overall 463 1.30

Table 78.5 Median first-trimester free beta hCG
MoM in Down’s syndrome cases

Median Down’s
Study N syndrome MoM

Spencer et al.67 13 1.85

Aitken et al.57 16 1.96

Macri et al.68 38 2.20

Brambati et al.69 13 1.13

Macintosh et al.58 21 2.10

Biagiotti et al.59 41 2.00

Brizot et al.60 41 2.00

Noble et al.70 102 2.13

Forest et al.61 12 1.60

Krantz et al.71 22 2.09

Scott et al.72 8 2.00

Wald et al.64 77 1.79

Jauniaux et al.65 17 1.46

Berry et al.73 47 1.99

Spencer et al.74 22 1.72

Haddow et al.29 48 2.08

Wheeler and Sinosich75 17 2.06

Spencer et al.76 210 2.15

Hallahan et al.66 63 1.89

Overall 828 2.00

Figure 78.3 Schematic representation of free beta hCG assay.
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Screening strategies
First-trimester screening is usually conducted between
11 weeks 1 day and 13 week 6 days’ gestation. In
general, the patient comes in for an ultrasound exam,
crown–rump length (CRL) is measured for accurate
gestational dating and a nuchal translucency value is
obtained. At the time of the ultrasound exam a blood
specimen is collected and forwarded to the laboratory
along with the ultrasound information. The biochem-
ical analytes are analyzed in the laboratory and risk

results based on free beta hCG, PAPP-A and nuchal
translucency are available usually within a few days.

One-stop clinic for the assessment of risk
The one-stop clinic for the assessment of risk (OSCAR)
approach represents a procedural variation of first-
trimester screening in which the blood sample is
collected and analyzed on a rapid assay instrument
during the patient’s ultrasound appointment. The
advantage of this modality is that the biochemical
result is ready during the patient’s visit allowing her to
have her combined risk result immediately with the
option of having chorionic villus sampling (CVS) the
same day. This screening strategy is currently prac-
ticed very effectively in many European clinics.11,13

The disadvantage is that in order to analyze the bio-
chemistry specialized equipment and personnel are
required at the ultrasound center. Therefore, this strat-
egy is best suited for settings with high volume in order
for the biochemical screening to be cost effective. The
rapid assays needed to provide a blood result in under
a half hour have not yet been approved by the Food
and Drug Administration (FDA) and are therefore not
currently available in the United States. Even with the
rapid assays the total time required to interview the
patient, draw a blood specimen, allow time for clotting
and centrifugation, perform the biochemical assays
and conduct the ultrasound examination could easily
last more than 1 h. Further, the burdens of data entry,
quality control and risk assessment in this modality are
all the responsibility of the ultrasound clinic.
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Table 78.7 Comparison of the performance of free
beta hCG vs. intact hCG in combination with PAPP-A
and maternal age in first-trimester screening using an
overall 5% false-positive rate (data from Spencer et al.26)

Gestational Intact Free beta 
age (weeks) hCG +PAPP-A hCG +PAPP-A

FP DR FP DR

10 4.7 58 4.7 69

11 4.9 56 4.8 67

12 5.1 56 5.0 65

13 5.2 56 5.3 63

FP, false positive; DR, detection rate

Table 78.6 Meta-analysis of intact hCG vs. free beta hCG in case–control studies in which both analytes were
measured in the same sample set (reprinted from Hallahan et al.66)

Study N Intact hCG Free beta hCG

Unaffected DS cases Unaffected DS cases

%DS* > 95th %DS* > 95th 
Unaffected DS Median SD Median SD percentile Median SD Median SD percentile

Aitken et al.57 320 16 1.0 0.2190 0.97 0.3150 11.8% 1.0 0.2580 1.96 0.2560 30.3%

Macintosh et al.58 258 21 1.0 — 1.45 0.4512 — 1.0 — 2.10 0.4280 —

Biagiotti et al.59 246 41 1.01 0.2458 1.12 0.2555 8.2% 1.0 0.2208 2.00 0.2294 39.3%

Brizot et al.60 394 41 1.0 0.2054 1.50 0.1939 20.2% 1.0 0.2911 2.00 0.3168 28.7%

Wald et al.64** 383 77 1.0 — 1.23 0.1957 13.0% 1.0 0.2833 1.79 0.2870 22.9%

Jauniaux et al.65 51 17 1.0 0.2375 0.96 0.1347 0.0% 1.0 0.3474 1.46 0.1673 0.1%

Hallahan et al.66 400 63 1.0 0.1697 1.37 0.2158 25.5% 1.0 0.2157 1.89 0.2322 36.8%

Overall 2052 276 1.0 0.2083 1.27 0.2421 16.2% 1.0 0.2545 1.89 0.2782 30.4%

DS, Down’s syndrome; SD, standard deviation
*Based on normal distribution parameters
**Author provided observed %DS cases > 95th percentile for intact hCG
— indicates data was not available
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Finger-stick blood collection with instant risk assessment
Instant risk assessment (IRA) is a variation of the
OSCAR approach that takes advantage of the simpli-
fied blood collection and transport of dried blood.
In this approach, patients draw their own blood at
home about 1 week before their ultrasound appoint-
ment using a sterile lancet and a dried blood collec-
tion card. The sample is mailed to the laboratory
and the biochemical results are ready in time for the
ultrasound exam. Like the OSCAR approach the risk
results are available immediately at the conclusion
of the ultrasound exam but with IRA the ultrasound
center has no need for specialized equipment and
personnel. Additional time is not required for draw-
ing blood and waiting for a biochemical result. That
time may be better spent performing more detailed
ultrasound evaluations such as ductus venosus, nasal
bone and tricuspid valve regurgitation for those
specific patients that have a borderline risk.

Independent sequential screening
The first-trimester combined screening test with free
beta hCG, PAPP-A and nuchal translucency can detect
approximately 90% of Down’s syndrome pregnancies
with a 5% false-positive rate. In sequential testing both
first-trimester screening and second trimester multiple
marker screening are performed independently. In this
case, the false-positive rate in first trimester is addi-
tive with the false-positive rate in second trimester.
For example, in the BUN study, a group that contained
about 50% advanced maternal age patients, 9.9% of
patients had increased risk results in the first trimester
and another 9.0% had increased risk results in the
second trimester.80 Thus, the overall false-positive rate
for the screening program using data in both trimesters
was nearly doubled.

Modified sequential screening
Alternatively, the Down’s syndrome risk can be cal-
culated based on both the first- and second-trimester

markers. Such an approach can reduce the increase
in the false-positive rate compared to the independent
sequential approach described above. However, sophis-
ticated software is required to ensure that the patient’s
results in the second trimester are appropriately
matched with those from the first trimester.

The modified sequential screening approach
requires 95% of the population to return for second-
trimester multiple marker screening. A refinement
to this approach could be to offer second-trimester
screening only to those patients with a borderline
result.81 For example, those patients with very high
risks (e.g., greater than 1 in 100) in the first trimester
can be immediately offered CVS. Those patients with
low risk (e.g., less than 1 in 1500) can be reassured
that no further screening is necessary. Patients with
borderline first-trimester risks (e.g., between 1 in 100
and 1 in 1500) could be offered second-trimester mul-
tiple marker screening and have their final risk calcu-
lated based on the marker results in both the first and
second trimester. This so-called ‘contingency’ screen-
ing approach has the advantage of reducing by as
much as 75% the number of second-trimester screen-
ing tests that are performed, reducing the overall cost
of the screening program and minimizing the number
of added false positives generated by second-trimester
testing.81

The sequential screening approaches outlined
above have been described with respect to multiple
marker serum screening in the second trimester.
Nyberg et al.82 and Bromley et al.83 have determined
likelihood ratios for second-trimester ultrasound
markers. Any of the sequential screening method-
ologies described above could be conducted by sub-
stituting the second-trimester serum markers with
second-trimester ultrasound markers. More data is
needed to determine whether one approach is supe-
rior to the other. However, in settings where a second-
trimester anomaly scan is common practice, use of
the ultrasound screen may provide significant logisti-
cal advantages.

858 First-trimester maternal serum markers of fetal anomalies

Table 78.8 Free beta hCG vs. intact hCG within a Down’s syndrome protocol including PAPP-A and nuchal
translucency and maternal age

Gestational Detection rate at a 5% False-positive rate at a fixed 85%
age (weeks) false-positive rate detection rate

Intact hCG Free beta hCG Intact hCG Free beta hCG

10 84% 88% 6.0% 3.1%

11 83 86 6.7 4.1

12 82 86 6.9 4.3

13 85 85 5.1 4.7

Analysis79 performed using results from Spencer et al.24,26 and Wald et al.25
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Future improvements
Future goals are to improve upon the already excellent
screening performance while still maintaining screening
in the first trimester. The most promising advancement
may be the inclusion of ultrasound assessment of fetal
nasal bone. Cicero et al.84 observed that 73% of Down’s
syndrome cases had absent nasal bone while only 0.5%
of unaffected cases had absent nasal bone in the first
trimester of pregnancy. The results of Cicero et al. have
been confirmed in several studies.23,85–90 but one study
by Malone et al.91 had divergent results. The promising
results with the nasal bone marker open up the possi-
bility of significantly reducing the false-positive rate of
first-trimester Down’s-syndrome screening while main-
taining a 90% detection rate or alternatively increasing
the detection rate to better than 95%.

Conclusion
One of the first questions that expectant parents ask
after discovering they are pregnant is ‘Will my baby
be normal?’ Although there are no guarantees that a
baby will be healthy, screening can reassure the vast
majority of couples that they are not likely to have a
baby with a major birth defect. Along with the bene-
fits of early reassurance and diagnosis, first-trimester
screening with free beta hCG, PAPP-A and nuchal
translucency has raised the standards in terms of
detection efficiency. As a result, the ability to screen
for Down’s syndrome and trisomy 18 in the first
trimester of pregnancy represents the most signifi-
cant advancement in prenatal screening in the past
10 years.

Conclusion 859
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79 Influence of ethnicity
on prenatal screening
F. Sethna and B. Thilaganathan

Introduction
With each passing day, the Western world becomes
increasingly multicultural, multiethnic, and multilin-
gual. Statistics from the last census (2001) carried out
in the UK revealed that 7.9% of the population (4.6
million people) were from a minority background,
with the majority being from the Indian subcontinent
or Africa and the Caribbean.1 In comparison, in the
USA, approximately 28% of the population at the
present time are from a minority background (African
Americans, Hispanics, Asians, Pacific Islanders,
Native Americans, and Alaskan Natives representing
the majority).

It is anticipated that immigrants and their descen-
dents will continue to shape and alter the demographic
landscape for several years to come. Consequently, it
can be predicted that women from the ethnic minori-
ties will form a growing proportion of the obstetric
populations of many health districts. As clinicians
assume responsibility for caring for an increasingly
diverse population, genetic and ethnic connections to
disease will become clearer. All health professionals
must be prepared to meet the challenges such diver-
sity will pose, if a uniform standard of health care is
to be provided for all patients. It is important to be
aware of the variations in need between individuals
within similar communities, and not just across the
population as a whole.

Prenatal screening allows women to make
informed decisions about their reproductive choices.
The vast majority of structural and chromosomal
abnormalities arise in pregnancies without any risk
factors. Therefore, aneuploidy and anomaly screening
is offered to all women. However, certain genetic dis-
orders occur with an increased frequency, or are con-
fined to certain ethnic groups, and in these cases
screening will be targeted at these individuals. It is
important to ensure that prenatal screening is avail-
able and accessible equally to all women regardless of
their background. In this chapter, we will be examin-
ing the influence of ethnicity on screening methods

within the field of prenatal diagnosis, targeted screen-
ing in ethnic groups and finally the effect of ethnicity
on uptake of screening.

Effects of ethnicity on
screening methods
Down’s syndrome
Down’s syndrome is the commonest congenital cause
of severe mental retardation.2 In developed countries,
there are approximately 100,000 deliveries per year,
per 10,000,000 of the population. The birth incidence
of trisomy 21 is about 1 in 500, and therefore, in such
a population the total number of affected neonates is
about 200.3 The incidence of Down’s syndrome rises
sharply with increasing maternal age;4 however, as
the majority of children are born to women in their
20s and early 30s, 75% of babies with Down’s syn-
drome are born to women in this age group. Screening
women of all ages for Down’s syndrome is now com-
mon practice in the West.

There is substantial variation in screening services
for Down’s syndrome throughout the world. Options
for screening include nuchal translucency measure-
ment (alone, in combination with first-/second-
trimester biochemistry, fetal nasal bone assessment
or ductus venous Doppler measurement), maternal
serum screening in the second trimester or ultrasound
for the detection of fetal defects and markers at 16–23
weeks. The influence of ethnic origin on screening
efficacy by each of these modalities will now be
examined in turn.

Nuchal translucency
Babies born with Down’s syndrome show a distinct set
of physical characteristics. Langdon Down first reported
in 1866 that the skin of individuals with trisomy 21
appeared to be too large for their bodies.5 This excess
skin, in the form of nuchal translucency thickness, has
formed the basis of one of the main non-invasive pre-
natal tests for this disorder since the early 1990s. Since
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this time, the association between increased nuchal
translucency at 11–14 weeks’ gestation and chromoso-
mal abnormality has been well established and docu-
mented.6–8 For an invasive testing rate of 5%, about
75% of trisomic pregnancies can be identified using
this method of screening alone. Two studies have
shown that nuchal translucency screening can be effec-
tively and equitably delivered to a multiethnic popula-
tion. Thilaganathan et al. performed an observational
study in a district general hospital with a large multi-
ethnic population serving African, Asian, Caribbean,
and Caucasian women.9 In comparison, Chen et al.
examined the effect of ethnic origin on nuchal translu-
cency in a multiethnic Asian population comprising
Chinese, Indian, Pakistani, Nepalese, and Filipino
women.10 Significant differences in the nuchal translu-
cency measurement were obtained between the differ-
ent ethnic groups in both studies. The magnitude of the
differences was small, ranging from 0.08 to 0.22 mm.
However, when compared to reported nuchal translu-
cency intraobserver and interobserver variabilities
of 0.54 and 0.62 mm, respectively,11 the differences
are clinically insignificant. No correction for ethnic
origin is, therefore, required when first-trimester
nuchal translucency screening for Down’s syndrome is
performed in multiethnic populations.

Ductus venosus
There is a clear association between abnormal Doppler
flow in the ductus venosus (absence/ reversed) and fetal
aneuploidy. The use of ductus venosus Doppler velo-
cimetry in combination with nuchal translucency is
better than either test alone, since it increases the sensi-
tivity in the detection of Down’s syndrome to 94% and
decreases the likelihood ratio of a negative test to 0.08.12

Although, the effect of ethnicity on ductus venosus
Doppler indices are unknown, this screening method
is so technically demanding that it is only likely to be
performed on selected high-risk populations.

Nasal bone
In 2001 Cicero and colleagues demonstrated the pos-
sibility of using absence of the nasal bone at 11–14
weeks as a marker for Down’s syndrome. They exam-
ined 701 routine ultrasound scans performed on
women about to undergo prenatal diagnosis because
of positive results on nuchal translucency screening.13

The same group subsequently reported that nasal
bones were absent in about 3% of chromosomally
normal fetuses, in two-thirds of those with trisomy 21,
and in about one-third of babies with other chromo-
somal defects.14 The estimated likelihood ratio for
trisomy 21 in the latter study was over 120 when the
nasal bone cannot be seen. Given the significance
of this ratio, and before nasal bone assessment is
integrated into routine screening programs, knowl-
edge about how to correct for ethnicity is required
if this test is to be used equitably in multiethnic
populations.

It is known that morphometry of the splanchnocra-
nium, and of nasal bones in particular, differs
between adults of various ethnic origins.15 Likewise,
ethnicity is known to influence whether the nasal
bones are seen in second-trimester fetuses. It has been
shown that second-trimester nasal bone hypoplasia is
commoner in fetuses of Afro-Caribbean mothers than
in Caucasian mothers.16 More recently, studies have
demonstrated a similar significant difference in the
rate of visualization of the fetal nasal bones in the first
trimester in chromosomally normal fetuses in mothers
of different ethnic origins.17

In 2004 Cicero et al. produced data to update the
likelihood ratio for trisomy 21 in fetuses with absent
nasal bone at the 11- to 14-week scan. They examined
5918 pregnancies undergoing first-trimester karyo-
typing and found that the incidence of absent nasal
bone was higher in fetuses of Afro-Caribbean and Asian
origin than in Caucasians; it decreased with increasing
fetal crown–rump length and increased with increased
fetal nuchal translucency.18 The authors provided data
on the incidence of absent nasal bone in chromosomally
normal and trisomy 21 fetuses and likelihood ratios
according to ethnic group (see Table 79.1).

These data suggest that appropriate corrections
may be applied for maternal ethnic origin and the
absence of the nasal bones. However, as both parents
contribute to a baby’s phenotypic appearance, it
remains to be determined whether any correction is
also required for the father’s ethnic origin.

Second-trimester maternal serum screening
In 1984, a major advancement in screening for chromo-
somal defects was made by Merkatz et al. who reported
low levels of maternal serum alpha-fetoprotein (AFP)
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Table 79.1 The prevalence of absent nasal bones
(NB) in normal and aneuploid pregnancies and their
associated likelihood ratios (LR) for trisomy 21 (from
Cicero et al.18)

Caucasian Afro-Caribbean Asian

Number 5284 170 201

Absent NB 
in aneuploid 
fetuses (%) 68.3 78.6 71.4

Absent NB 
in normal
fetuses (%) 2.2 9.0 5.0

LR for
trisomy 21
with absent NB 31.3 8.8 14.2

LR for
trisomy 21
with NB 0.32 0.24 0.3
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in trisomy 21 pregnancies.19 Since this time, prenatal
screening for trisomy 21 based on the analysis of bio-
chemical markers in maternal serum between 15 and
22 weeks of pregnancy has become an established
part of obstetric practice. The principal markers found
to be of value are AFP, total human chorionic
gonadotrophin (hCG) (or its individual subunits: free
β-hCG and free α-hCG), unconjugated estriol (uE3) and
dimeric inhibin-A. On average, in Down’s syndrome
affected pregnancies, the AFP and uE3 levels are about
three-quarters that of an unaffected pregnancy (multi-
ple of the median, MoM < 0.84), whereas inhibin-A
and free β-hCG levels are about double (MoM > 1.3
and > 1.6, respectively). Most screening programs use
multiple markers in combination with maternal age to
generate a risk. Performance is known to vary accord-
ing to the choice of markers used and whether ultra-
sound has been used to determine the gestational age.
When the latter is used in combination with maternal
age, the detection rate for a 5% false-positive rate is
estimated to be 59% for the double test (AFP and
either total hCG or free β-hCG), 69% for the triple test
(AFP, total hCG, and uE3), and 76% for the quadruple
test (AFP, hCG, uE3, and inhibin-A).

The results of second-trimester maternal serum
biochemistry are expressed as MoM values for gesta-
tion. MoM values normalize results for gestation to
provide an equivalent measure between laboratories.
The majority of published population data used to
derive median values for the individual markers
relate to European and American Caucasian popula-
tions. The degree of risk to an individual pregnant
woman relies on combining the results with maternal
age in a complex mathematical algorithm using com-
mercially available software programs. The test is
interpreted as positive or negative according to
whether or not risk exceeds a fixed cut-off point. It is
known that smoking, maternal weight, parity, previ-
ous pregnancy results, multiple pregnancy, and
insulin-dependent diabetes can influence the concen-
tration of the markers. It has been proposed that
adjusting the risk algorithm, by taking into account
these factors, can lead to an improvement in detection
efficiency, although to what extent is not clear.

Another factor known to have an impact on the bio-
chemical marker levels is ethnic origin. Gilbert et al.20

raised the issue that racial differences existed in both
age ranges for Down’s syndrome and in the medians
for biochemical markers. They proposed that outcome
data on serum screening should be collected by ethnic
groups, so that validated risk estimations could be
formed, thereby making serum screening in ethnic
groups more effective.

There have been several publications documenting
differences in the marker levels in Afro-Caribbean,
South Asian, Oriental, and Hispanic women compared
to Caucasian women. Maternal serum AFP and hCG
levels have been shown to be approximately 10–15%
higher in black women compared to Caucasian women.

In contrast, uE3 levels hardly differ, and dimeric
inhibin-A levels are about 8% lower in pregnancies in
African Women. One of the largest published studies21

evaluated data from more than 21,000 pregnancies to
determine the extent of race-specific differences in
median concentrations of analytes used in the triple
test. This study found that at most gestational ages,
median AFP, hCG, and uE3 values for Caucasian, Afro-
Caribbean, Hispanic, and other patients were all signif-
icantly different. Further, these differences remained
significant even after the data were corrected for
patient weight. For the individual analytes the extent of
the variation was not the same at different gestational
ages. It is important that screening laboratories follow
the literature to keep abreast of new findings to ensure
that they continue to provide the best possible screen-
ing service for women from minority backgrounds.

Correcting for ethnic origin has a small overall
effect on screening performance. The detection rate
increases by about 0.5% for a false-positive rate of
5%.22 Having said that, the adjustment is worthwhile
because it does not require resources and because of its
established value in screening for open neural tube
defects (NTDs) using serum AFP, where the false-
positive rate is higher in Asian and Afro-Caribbean
women compared to white women for a fixed AFP cut-
off level. In fact, The American College of Medical
Genetics recommends that a correction be made when
screening for NTD also.23 If Down’s screening is being
carried out in isolation and there is no risk of NTD for
the mother, it could be argued that an adjustment for
ethnicity need not be made because of the counterbal-
ancing effect of the different analytes used in combina-
tion. For example, a Hispanic patient was screened at
16 weeks with median values (1.00 MoM) of AFP, hCG,
and uE3 when interpreted against a Hispanic patient-
derived data set. If a primary Caucasian population
data set had been used, her AFP value would have
remained the same, hCG would have been 1.06 MoM
and the uE3 value 1.12 MoM. Although the higher hCG
MoM would increase the Down’s risk, the higher uE3
MoM value would counteract to reduce the risk.

First-trimester maternal serum screening
All the serum markers used or considered in the second
trimester have been assessed in Down’s syndrome
and unaffected pregnancies during the first trimester.
Only two serum markers have stood out as being useful
in screening at 11–14 weeks, namely, pregnancy-
associated plasma protein-A (PAPP-A) and free β-hCG.
Maternal serum PAPP-A levels are lower in pregnan-
cies affected by trisomy 21, with the difference in
PAPP-A levels between trisomy 21 and normal preg-
nancies decreasing with increasing gestational age. In
comparison, the maternal serum-free β-hCG level is
higher in trisomy 21 pregnancies, and the difference
in levels between unaffected and affected pregnancies
increases with advancing gestation.24
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The consensus estimate of screening performance
by using PAPP-A and free β-hCG in combination with
maternal age is a 60% detection rate with a 5% false-
positive rate. This is similar to the screening perform-
ance of second-trimester double markers, but not as
good as the screening performance of second-
trimester triple or quadruple markers. However, there
is a significant improvement in screening efficiency
when biochemistry analysis is combined with ultra-
sound in the first trimester. This form of screening can
be provided in the setting of a one-stop clinic for
assessment of risk (OSCAR), and is associated with a
detection rate of about 90%, when the fetal nuchal
translucency is also measured.

In 2000, Spencer et al. examined the influence of
ethnic origin on first-trimester biochemical markers of
chromosomal abnormalities. It was seen that the
median maternal serum marker MoMs for free β-hCG
and PAPP-A were 19% and 48% higher in Afro-
Caribbean women, and 19% and 35% higher in Asian
women compared to Caucasian women. Correcting for
maternal weight made very little difference to the
Afro-Caribbeans (21% and 57% higher after weight
correction), but reduced the effect in Asians (4% and
17% higher after weight correction). Correcting first-
trimester biochemical markers for maternal ethnicity
and weight has little impact at the population level
for detection rates (an increase in the overall detection
rate by a mere 1.4%). However, the effect on the indi-
vidual patient-specific risk can be substantial (up to a
twofold increase), and can certainly make a difference
to the patient’s decision on whether to have an inva-
sive test. For example, in a 67-kg, 25-year-old Afro-
Caribbean, with an uncorrected free β-hCG of 2.10
MoM, and a PAPP-A of 0.65 MoM, the risk of trisomy
21 without correction for weight and ethnicity would
be 1 in 540. After correction, the free β-hCG MoM
would be 1.73, while the PAPP-A MoM would be
0.41, with a corrected screening risk of 1:260.25

It would appear that ethnic origin has a greater
impact on first-trimester biochemical markers than
second-trimester biochemical markers. However, fur-
ther larger data sets are required to develop robust
methods of correcting for ethnic origin and to assess
the biological significance of such marker production
between various ethnic groups.

Sixteen to twenty-three weeks’ ultrasound scan
If the midtrimester 16- to 23-week scan demonstrates
major structural defects, it is advisable to offer fetal
karyotyping, even if these defects are isolated. The
prevalence of these defects is low and therefore the
financial cost implications are relatively small. Even
if the defect is potentially correctable by surgery, such
as exomphalos, it would seem appropriate to exclude
an underlying chromosomal abnormality. The man-
agement policy for major fetal structural abnormality
is unlikely to require changing on an ethnic basis. The

same does not follow for the so-called ‘minor’ markers
of chromosomal abnormality.

Minor defects or markers are common and they are
not usually associated with any handicap, unless
there is an associated chromosomal abnormality. Most
practitioners adopt an individualized approach to the
assessment of risk depending on the marker identi-
fied either using the appropriate likelihood ratio or a
genetic sonogram score.3 In high-risk populations as
defined by advanced maternal age or positive maternal
serum biochemistry, this approach has been shown
to maintain a high sensitivity for fetal aneuploidy
without significantly increasing the invasive prenatal
testing rate.

However, routine karyotyping of all low-risk preg-
nancies with these markers would have major impli-
cations, in terms of both miscarriage and financial
costs. As a general concern, this process of sequential
screening assumes the unproven independence
between the findings of different screening results.
For example, second-trimester intracardiac echogenic
foci are known to increase in prevalence when first-
trimester nuchal translucency measurements are
elevated in fetuses of normal karyotype.26 Hence,
prior screening test results should be followed until
data evaluating the interdependence of such markers
become available.

Additionally, only a few have attempted to evaluate
ethnic variation in such minor markers for fetal aneu-
ploidy. Despite this, they have all invariably estab-
lished significant ethnic variations in prevalence of the
markers such as nasal bone, intracardiac echogenic
foci, humeral, and femoral length.27–33 Hence, if these
markers are to be used for modulating the risk of fetal
chromosomal abnormality, the ethnic influence of the
exact markers used need to be evaluated. In the long
term, it would seem more reliable to use first-trimester
nuchal translucency and maternal serum biochemistry,
where corrections are not required or are easily made.

Neural tube defects
NTDs have a complex etiology in which both genetic
and environmental factors appear to be involved.
Analysis of recurrence patterns within families and of
twin-concordance data provides evidence of a genetic
influence in sporadic cases, but factors such as socio-
economic status and geographic area (independent of
race or ethnicity) are also associated with variations
in the incidence of NTDs. Furthermore, exposure
during pregnancy to various drugs, most commonly
antiepileptics, are associated with increased risk of
NTDs. Recently, Rothenberg et al. demonstrated the
increased prevalence of autoantibodies against folate
receptors in serum of women with a current or previ-
ous pregnancy complicated by a fetal NTD.34,35 It
remains to be established whether there is a causative
relationship between the presence of these antibodies
and the development of NTDs.

Effects of ethnicity on screening methods 865
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Screening by midtrimester ultrasound appears to be
superior to maternal serum AFP assessment, but the
latter modality is still widely used as a prior screening
modality before detailed ultrasound assessment. The
ethnic variation in AFP levels are well established and
corrective formulas may be applied to produce accu-
rate risks for NTDs in various ethnic groups as recom-
mended by the American College of Medical Genetics
guidelines for the screening of NTDs.23

Targeted screening in ethnic groups
There are certain inherited disorders that occur more
frequently in every ethnic, demographic, or racial
group, than in the general population. Small genetic
differences are known to exist between individuals
from different ethnic groups. Certain ethnic groups
have a higher risk of certain genetic conditions, espe-
cially autosomal recessive disorders, than the general
population. Prenatal diagnosis is available for many
genetic conditions, and a growing number of women
are seeking advice regarding prenatal testing for a pres-
ent or planned pregnancy. Knowledge of a patient’s
ethnicity can, therefore, help make a diagnosis, or help
to identify individuals or couples at an increased risk
of having a child with a specific genetic condition. The
American College of Obstetricians and Gynecologists
(ACOG) recommends genetic counseling for couples at
increased risk of birth defects. Counseling enables the
couple to become more informed about the disorders
involved, the current availability of prenatal and post-
natal testing, the accuracy and limitations of such test-
ing, and their reproductive options.36

“Jewish” genetic disorders
The “Jewish” genetic disorders are a group of dis-
orders that occur at a higher frequency among Jews
compared to the general population, yet are not exclu-
sive to the Jewish population. There is no official list
of conditions; however, it is known that Mendelian
disorders and diseases associated with predisposition
genes have a higher incidence in an individual of
Ashkenazi or Sephardic ancestry. As different Jewish
groups are at risk of different disorders, it is important
to establish not only a patient’s religion, but also their
ethnicity and ancestral countries of origin.

Ancestors of the Ashkenazi Jews lived in Central
and Eastern Europe (Germany, Poland, Lithuania, and
Russia). Approximately 95% of Jews living in North
America are Ashkenazi. This population are more likely
to carry genes for Tay–Sachs disease, Canavan disease,
familial dysautonomia, Niemann–Pick (type A) disease,
Fanconi anemia (group C), Bloom syndrome, Gaucher
disease (the non-neuronopathic type), mucolipidosis
type IV, and cystic fibrosis (CF; see Table 79.2).
As these conditions can be severely incapacitating, trag-
ically debilitating, or lead to death in infancy or early
childhood, some orthodox communities encourage

the use of premarital carrier screening to discourage
the marriage of two carriers.

In comparison, the Sephardic Jews ancestry can be
traced to Spain, Portugal, North Africa (Morocco and
Tunisia), and the Middle East. This Jewish population
is more likely to be carriers for beta-thalassemia,
familial Mediterranean fever, glucose-6-phosphate
dehydrogenase (G6PD) deficiency, and Type III glyco-
gen storage disease.

The Ashkenazi Jewish community is a unique and
ideal population that provides screening of multiple
diseases because detection rates are high (> 95%) when
tested for a limited number of mutations. The ACOG
recommends screening couples with European-Jewish
ancestry at a minimum for Tay–Sachs disease, Canavan
disease, and CF.37,38 No standards of care have been set
for the Sephardic population.

Hemoglobinopathies
Hemoglobinopathies are the commonest single gene
recessive disorders in the world. They occur as a result
of mutations in the globin gene and are primarily seen
in populations whose ancestors are from Africa, the
Middle East, the Caribbean, the Mediterranean, Asia,
and the Far East. These disorders have appeared in
the West due to global migration. In the UK, the NHS
Sickle Cell and Thalassaemia Screening Programme
are working toward a policy of universal antenatal
screening that will allow the offer of sickle cell and
thalassemia screening to all women as an integral part
of early antenatal care.

The population of Cyprus (both Greek and Turkish)
has one of the highest rates of beta-thalassemia carri-
ers in the world, and in the past one of every 158
infants was born with the condition. Today in Cyprus,
antenatal screening for thalassemia has been almost
totally superseded by premarital screening. The reli-
gious authorities had ethical objections to screening
during pregnancy, on the grounds that it excluded most
options other than termination of affected pregnancies.

866 Influence of ethnicity on prenatal screening

Table 79.2 Common genetic disorders and carrier
frequency in the Ashkenazi Jewish population

Disease Carrier frequency

Tay–Sachs disease 1 in 26

Canavan disease 1 in 38

Familial dysautonomia 1 in 30

Niemann–Pick disease (type A) 1 in 70

Fanconi anemia (group C) 1 in 89

Bloom syndrome 1 in 110

Gaucher disease 1 in 10

Mucolipidosis IV 1 in 100

Cystic fibrosis 1 in 25
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The church in Cyprus, therefore, insists on testing
as a formal prerequisite to church weddings. The cer-
tificate required states merely that the partners have
been tested and appropriately advised. In this way,
the confidentiality of the test result is preserved and
the couple can exercise an informed choice about
reproduction. This societal approach to inherited
genetic disorders is to be applauded, and it would be
a suitable model for other communities to adapt.

Cystic fibrosis
CF is a common inherited condition that affects many
systems in the body, most often resulting in chronic,
progressive lung disease, problems with digestion,
and subsequent malnutrition. CF is the most com-
monly inherited disease in Caucasians, affecting
approximately 1:2500 individuals, but it has been
identified in people of all races and ethnicities around
the world. The incidence in other ethnic groups varies
from 1:15,000 for African Americans to 1:90,000 in
Asians. In 2001, the ACOG and the American College
of Medical Genetics38 recommended that CF carrier
screening be offered to all Caucasian couples who are
pregnant, or are considering pregnancy. These groups
additionally recommended that carrier screening be
made available to other ethnic populations with the
understanding that the likelihood of being a CF carrier
may be much lower in non-Caucasian populations
(see Table 79.3).39

Although there have been over 1000 mutations
identified that cause CF, only 25 have been recom-
mended for carrier screening as additional mutations
are rare, not well understood, and have minimal
impact on the overall probability of affecting a child.
Mutations of the CF also vary with ethnicity. The
∆F508 mutation accounts for 70% of the CF muta-
tions in Caucasians of Northern European descents
but only 30% of CF mutations in individuals of
Ashkenazi Jewish descent. A different mutation,
W1282X, is more common in the Ashkenazi Jews.

Glucose-6-phosphate dehydrogenase deficiency
G6PD deficiency is the most common human
enzyme deficiency. G6PD deficiency can result in
the rapid destruction of blood cells in the presence
of infection or certain drugs. Different populations
have different types of mutations, but within a spe-
cific population, common mutations are usually
shared. There are a wide variety of normal genetic
variants of the enzyme G6PD. The main races
affected are in West Africa, the Mediterranean, the
Middle East, and South East Asia. The degree of
deficiency varies, often being mild in black Africans,
more severe in Orientals, and most severe in
Mediterraneans. Severe deficiency also occasionally
occurs in Caucasians. Antenatal screening is avail-
able for at-risk patients.

Effects of screening on ethnicity
Knowledge
The uptake of any screening test is influenced by
knowledge of the condition being screened for.
Parents need appropriate knowledge of Down’s syn-
drome, what it is, and how it affects the child and
adult, both mentally and physically. They also need
appropriate knowledge of the screening test, together
with the limitations of the test, so they can decide
whether they wish to be screened. A study by Chilaka
et al.40 at Leicester General Hospital in the UK looked
at the knowledge of Down’s syndrome amongt preg-
nant women from different ethnic groups. The study
showed that racial groups other than Caucasian had a
poorer understanding of Down’s syndrome. Fifty-one
percent of Caucasians in the study had a good knowl-
edge of Down’s syndrome compared to 8% of Asians
born outside the UK. The factors affecting knowledge
included the quality of spoken English, knowing an
affected child, parity, and religion. Only five women
in the study could not speak English; however, none
of these women had any reasonable knowledge of
Down’s syndrome compared to those who could
speak English. The importance of the study results are
highlighted by its main finding that knowledge of the
condition was the most influential factor in the deci-
sion making process about accepting or declining a
Down’s syndrome screening test. In addition, infor-
mation retention about prenatal screening also varies
significantly by ethnicity and level of education.41
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Table 79.3 The detection rate for the cystic fibrosis
�F508 mutation test in various populations, including
carrier frequency before and after a negative �F508
mutation test39

After 
Detection Before negative

Ethnicity rate (%) test test

Ashkenazi 
Jewish 97 1/29 1/934

Caucasian 
(northern
European) 90 1/25 1/241

Caucasian 
(southern
European) 70 1/25 1/81

African
American 69 1/65 1/207

Hispanic
American 57 1/46 1/105

Asian 30 1/90 1/128

This is a pooled set of data based on ∆F508 deletion and requires
additional information to accurately predict risk of specific Hispanic
populations. Residual carrier risk after a negative test is further
modified by the presence of a positive family history of CF and/or by
mixed ethnicity
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Access and equity
Women from ethnic minorities can experience finan-
cial, linguistic, and cultural barriers to access health
care services, limiting utilization of genetic and other
maternal child health services. Genetic conditions
may go undetected with deleterious impact during
prenatal, perinatal, and newborn periods. Society has
an ethical obligation to ensure equitable access to
health care for all, yet there remains a persistence of
health disparities across race, income, and ethnicity.

The extent and quality of prenatal care is important
for the health of women and their babies. Early prena-
tal care can encourage healthy habits during pregnancy,
help to identify potential medical problems, facilitate
screening and involvement with parenting support,
nutrition, and other educational resources. Women
from ethnic groups have been shown to use antenatal
services less intensely with a high proportion booking
too late for screening to be useful. Although the per-
centage of women receiving prenatal care during the
first 3 months of pregnancy has increased over the
past two decades for white, black, Asian, and Hispanic
women, white women are still the most likely to
receive prenatal care in their first trimester. Sadly, a sig-
nificant proportion of women from the ethnic minori-
ties still receive no care until the third trimester.

In some countries in the world, a substantial barrier
to health care access for some people is the lack of
either public or private health insurance. Another dif-
ficulty in accessing health services is the problem of
communication and language barriers. The difficulties
for the patient, if English is not the first language, with
respect to screening can be divided into problems of
recruitment into a screening program, of giving the
patients enough information to allow informed con-
sent, and of problems arising if detailed information
needs to be provided in follow up. To counter language
difficulties interpreters may be used and information
leaflets can be produced in different languages.
Interpreting skills continue to be a scarce resource in
any health service. One way to cope with this problem
has been the setting up of a language service, which
enables remote interpreting via a shared telephone line.
Another is by asking relatives to act as interpreters.
However, this can be problematic as it is often assumed
that they are knowledgeable in all aspects of both lan-
guages, and this may place them under a great deal of
stress. Also, patients may feel uncomfortable with even
close relatives knowing about their medical conditions,
as it may have profound cultural implications such as
impacting on marriage prospects for themselves or
their close family.

In many cultures, the concept of having to go out-
side the family for health education or infant care is
an alien concept, and would indicate an unacceptable
lack of respect for the older women in the family who
traditionally are an important part of the child care
system, and who expect to instruct the young mother
in the care of her baby. To be obliged to seek such

education from members of another culture whose
values and beliefs are different from one’s own is
almost bizarre. However, if the concept of instruction
in parentcraft by a midwife is accepted, the actual
attendance at parentcraft may present considerable
difficulties. The ‘usual’ inhibitions to attendance
experienced by young women, e.g. child care, the
need to take time off work, may be further compli-
cated by the need for a young woman to be escorted
(particularly in the evenings), or by difficulties with
communication or socioeconomic issues.

Despite these constraints, with an ethnically sensi-
tive strategy, it is still possible to provide equal access
to prenatal screening. For example, in a previous
study on ethnic differences in nuchal translucency
measurement, it was noted that the ethnic balance of
the population accepting and declining prenatal
Down’s syndrome screening was not significantly dif-
ferent in an obstetric population from one of the most
socially deprived regions of the UK, where over 15%
of the women did not speak English.42

Culture and religion
Understanding and valuing cultural diversity is criti-
cal to ensure the best possible care. For example, a
woman is likely to decline prenatal screening and
diagnosis because of fears that she may be divorced by
her partner or shunned by her in-laws in the event
that a fetal abnormality is diagnosed. The difficulties
such attitudes create are further amplified by the fact
that such women may well have a poorer understand-
ing of the local language, be financially insecure, and
be reliant on their partner for right of residency in the
country. This maternal perception, often unbeknown
to the clinician, may be interpreted by health care
workers as denial or lack of knowledge.

It is also important not to make the assumption that
all women from a particular community follow the
same customs and religion. For example, attitudes to
termination vary even within the Muslim community.
Some Muslim parents do not see termination as ‘halal’
(permitted) but as ‘haram’ (not permitted). They know
their child is diseased but they choose to keep it
believing that God’s will (inshaallah) created that
child and they expect to get their rewards in heaven.
Even when termination of pregnancy is acceptable,
there are different interpretations of the gestation up
to which such a procedure may be carried out.43

Clinicians, therefore, need to develop an apprecia-
tion and respect for cultures and religions that differ
hugely from their own. This may be often impossible
to attain unless members of the local ethnic and reli-
gious communities are co-opted into health service
delivery as health care workers of aides.

Consanguinity
In the West our knowledge and understanding of con-
sanguinity is limited. While marriages between close

868 Influence of ethnicity on prenatal screening
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biological kin are preferred in many parts of the world,
such unions are not commonplace in the West. First-
cousin marriages are legal in countries such as the UK
and Australia, but are against the law in others. The
1981 marriage law of the People’s Republic of China
prohibits marriage between couples related as first
cousins or closer, and in the USA, consanguineous
unions are prohibited in 30 States. Irrespective of pre-
vailing legislation, a future decline in the prevalence of
consanguineous unions can be predicted, accompany-
ing the expected reduction in family sizes. Regardless,
it is important that health care providers have an
understanding of the potential genetic consequences of
such unions. This was recognized by the National
Society of Genetic Counselors (NSGC) in America, who
developed guidelines providing recommendations on
counseling and screening for consanguineous couples
defined as being second cousins or closer.44

Most of the genetic fall-out of consanguinity is in the
form of autosomal recessive disorders, which in fact
adversely affect only a minority of such families. The
more closely two people are related, the more genes
they share, and the more likely that both will carry a
copy of the same recessive mutation, thereby increas-
ing their chances of having a child affected by that dis-
order. Although it is not possible to come up with one
number for all populations of consanguineous couples,
the risk is not as high as was previously envisaged. It is

estimated that the additional risk of significant birth
defects, including mental retardation or genetic dis-
orders, above the general population risk is about
1.7–2.8% for first-cousin unions. The consensus from
the NSGC is that beyond a thorough medical family
history, with follow-up of significant findings, no addi-
tional preconception screening is recommended for
consanguineous couples. Consanguineous couples
should be offered similar genetic screening as sug-
gested for any couple of their ethnic group.

Conclusions
Ethnic differences in the delivery of health care are
prevalent across various domains of health, including
mortality, morbidity, behavior, and utilization of health
services. This chapter highlighted some areas of ethnic
differences and potential inequalities in access to pre-
natal testing. The elimination of health inequality
will first require a reliable assessment of the disparity
in care provision as well as a clear understanding of
differences across populations identified in terms of
race/ethnicity. Further research is required to improve
our understanding of why testing may not be offered,
the reasons for failure to take up testing when offered,
and to identify whether there are other social inequali-
ties in the access to prenatal testing.
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80Ultrasound screening of
congenital heart defects
R. Chaoui

Introduction
Congenital heart defects (CHD) are one of the most com-
mon anomalies in human fetuses (5/1000 livebirths)
and are the leading cause of death due to malformations
in the first year of life. Heart abnormalities and soft
markers are present in a substantial amount in fetuses
with chromosomal aberrations and fetal echocardiogra-
phy and are thus an intrinsic part of the genetic scan.1

A prenatal diagnosis can be reliably achieved by
means of ultrasound during pregnancy and the accurate
prenatal diagnosis improves in many conditions of the
fetal outcome by delivering the baby at a specialized ter-
tiary center. In this chapter the examination of the fetal
heart is reviewed, focusing on the role of screening and
how to imply the heart into the genetic scan.

Examination techniques
of the fetal heart
No organ in the fetus can be examined with as many
diagnostical techniques as the heart. Detailed infor-
mation on structure, function and time-related events
has become available thanks to the development of
sophisticated tools.1 However, this has not been
accompanied by a significant increase in prenatal
detection rate of anomalies, but rather in the increas-
ing reliability of precise diagnosis.

Real-time gray-scale ultrasound and
two-dimensional (2D) echocardiography
Gray-scale 2D ultrasound is still the gold standard for
the structural evaluation of the fetal heart. Resolution
has continuously increased over the last two decades
in step with the huge progress in the development of
computer technology and fast processors. In most
sophisticated (and expensive) ultrasound machines
there is an ideal setting for fetal heart examination,
which is based on a high image resolution (using scan
heads with 250-1012 acoustic lines), a high frame rate

and good penetration. Visualization of very tiny
structures like the coronary arteries using real-time
ultrasound has become possible as well as of other
structures such as the fetal thymus that has not been
seen before. The increased resolution using 5–7-MHz
transducers has also led to the identification of new
details like the echogenic intracardiac focus with the
discussion on whether or not it is associated with
chromosomal or other anomalies (see below).

Two main features, however, have facilitated enor-
mously the fetal heart examination and are now
standard even on mid- to low-range machines: the cine-
loop and the zoom functions. The magnification of
the image allows better assessment of the structures
of interest and visualization of the different cardiac
cycle phases image by image facilitates assessment of
the structures during systole and diastole. In recent
years, image resolution in gray scale was increased by
completing the native image with harmonic and/or
compound imaging.

Time motion or M-mode
Time motion application in the fetus was not possible
until simultaneous real-time visualization became
available. Cardiac biometry first performed with
M-mode was very soon abandoned since such meas-
urements became easier using cine-loop technique to
image selectively diastole and systole.2,3 Two main
fields of interest are still in the domain of M-mode:
one is the classification of fetal arrhythmia and the
other is the calculation of indices used in cardiology
to assess contractility, e.g. shortening fraction, ejec-
tion fraction, etc.

Spectral Doppler flow velocity waveform 
Doppler ultrasound enables a non-invasive quantifi-
cation of perfusion across different fetal cardiac
valves and vessels. Peak velocities can be assessed
and indices calculated. By measuring the area of a
valve the perfusion can then be calculated either as
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stroke volume or involving the heart frequency as
cardiac output. The advent of color Doppler enabled a
more reliable use over spectral Doppler across the
known valves, but also the evaluation of more diffi-
cult otherwise not assessable regions, as pulmonary
arteries and veins, ductus arteriosus, foramen ovale
and even coronary vessels.

Color Doppler
In addition to the gray-scale examination of the fetal
heart, color Doppler is now considered as the second
part of a complete cardiac evaluation. The method
allows rapid orientation within the fetal heart and
completes the evaluation supplied by gray-scale infor-
mation. Once abnormal flow is suspected, quantifica-
tion becomes mandatory using spectral Doppler. The
advent of color Doppler did not contribute to a huge
increase in detection rate of CHD but increased the
reliability of screening when routinely applied and in
the detailed fetal echocardiography in suspected heart
diseases.

We described a few years ago how most congenital
heart anomalies could be detected in only three
planes using color Doppler: the four-chamber view,
the five-chamber view and the three-vessel-trachea
view.4 The exact examination in gray scale completed
by the expected typical flow in color Doppler became
the basis of diagnosis of fetal CHD.

Three-dimensional fetal echocardiography
As soon as the first 3D ultrasound equipment became
available, an attempt to examine the fetal heart was
undertaken. It was hoped that 3D information of the
fetal heart could facilitate understanding of orientation,
especially the assessment of the great vessels’ anatomy,
which is difficult for many examiners. However, since
the heart is beating the main challenge is still the
gating of the signals and the acquisition of information
during systole or diastole.5 The advent of spatio-
temporal image correlation (STIC) technology a few
years ago allowed a reliable acquisition of a 3D with
systole and diastole as off-line 4D fetal echo.6 STIC can
be used in gray scale6 or in combination with color or
power Doppler mode.7 A detailed description of 3D of
heart and vessels is described elsewhere in this book
and I refer to the reader to this chapter. The technique
is however too new to be evaluated for its role in
screening for fetal heart defects or in genetic scan.

Screening of the fetal heart
or targeted examination based
on indications
CHD have a multifactorial etiology and therefore pre-
natal detection cannot be achieved solely by concen-
trating on the high-risk population defined by patient
history. Therefore, seeking for heart abnormalities

should be part of the midtrimester ultrasound screen-
ing. In many countries such a general screening is not
established (no insurance or mother care coverage),
but is often performed either on indication of risk or
because of the willingness of the patient.

Signs of cardiac disease are often subtle, necessi-
tating careful targeted examination. In the 1980s, the
four-chamber view was proposed as the most impor-
tant plane for screening, allowing a greater detection
rate for anomalies. Recently, however, incorporation
of views of the great vessels has been recommended
as part of the routine screening examination.

Many studies in the last 10 years have emphasized
the importance of cardiac screening, but they have
achieved widely divergent results, with reported
detection rates varying from 5 to 92%.8 However, it
should be noted that these studies employed different
approaches and are therefore not directly comparable
(see Chaoui 8 for details).

There is a list of indications, generally accepted as
referral reason for fetal echocardiography, which are
presented in another chapter. The percentage of detec-
tion of heart anomalies within single groups (the yield)
differs from 3–5% (i.e. diabetes, drugs and genetic
ultrasound) to more than 50% (i.e. suspicious four-
chamber view). In some indications fetal echocardiog-
raphy is performed  to calm the pregnant woman (low
recurrence risk in positive family history) and in other
conditions to seriously rule out a heart anomaly (non-
immune hydrops and extracardiac malformations).

Fetal cardiac examination in a
low-risk population and targeted
fetal echocardiography in a
high-risk population
It is generally agreed that the ‘four-chamber view’
should be part of every routine ultrasound in preg-
nancy. However, there are different reasons why
this plane was not successful in improving the detec-
tion rate of CHD in the recent past. In order to achieve
an accurate assessment of this plane we recommend
following a step-by-step checklist on every single
cardiac examination, including the list in Table 80.1.

It is agreed further that the assessment of the great
vessels belongs rather to an extended fetal cardiac
examination. We expect, however, that in future this
will be part of a basic cardiac examination as well,
since many anomalies of the great vessels are not
detectable in the simple four-chamber-screening and
their detection has been demonstrated to improve the
outcome in various CHD. Whereas the four-chamber
view can be examined in a single plane, the great
vessels can be only assessed by a dynamic scan, i.e.
by tilting and moving the transducer.9 The checklist
for assessing the great vessels will include the list as
presented in Table 80.2.
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Targeted fetal echocardiography should be performed
by those familiar with the prenatal diagnosis of CHD and
the wide spectrum of possible anomalies. In this chapter
I cannot recommend whether the examiner should be an
obstetrician or a pediatric cardiologist, as this may be
decided by the local specificities of the country. I rec-
ommend, however, a close cooperation between both
groups, especially while counseling a pregnant woman
with a suspected heart anomaly in the fetus.

Often the expectations are bigger and therefore
the time, equipment and expertise needed for an exam-
ination are greater. In these conditions the use of color
and pulsed Doppler techniques increases the accuracy
of the examination. In cases of arrhythmia M-mode or
pulsed Doppler should be used to demonstrate the rela-
tionship between atrial and ventricular contractions.

The checklist in these conditions is longer and the
dynamic examination of the heart in different planes9

is mandatory, as shown in Tables 80.1 and 80.2.

Fetal echocardiography and the
detection of a congenital heart defect

There are two steps in the detection of a fetal heart
defect, namely, first, the suspicion of an abnormality
and second, the detailed precise description and
classification of the heart defect. Generally, the first is
easily achieved when the examiner is able to get the
four-chamber view and the great vessels in nearly all
patients as described in Tables 80.1 and 80.2 and
he/she knows the typical hints for an abnormal heart
in these planes. The second step can be solved chiefly
by getting experience of many CHD and knowing the
spectrum of the different diseases. In many countries
the latter examination is either achieved together with
a pediatric cardiologist or by referring the pregnant
woman to a pediatric cardiologist specialized in fetal
echo examination.

Fetal echocardiography and the detection of a congenital heart defect 873

Basic Examination Targeted Fetal Echo

Upper Abdomen Stomach and heart on the Same
same side of the fetus

Descending aorta/ – Aorta on the left side of the spine 
Inferior Vena cava – Normal arrangement of Aorta and

Inferior vena cava in the upper abdomen

Heart Size about 1/3 of the thoracic cavity Same 

Heart Position 2/3 of the heart is in the left Same
hemithorax

Same

Heart Axis septum at an angle of Same
about 45° to the midline

Heart rhythm 120–180 Beats/min, no arrhythmia Same

Ventricles Two equally contracting ventricles, Right Ventricle is shorter than the left and
of approximately equal cavity has the moderator band at the apex. Heart 
size and wall thickness apex is build by the left ventricle

Atria Two atria of approximately Same
equal size with foramen
ovale defect in middle third
of atrial septum

Valves Two opening atrioventricular valves Same

Crux of heart Intact Intact and slightly lower insertion of
the tricuspid valve than to the mitral valve

Ventricular septum Intact from apex to crux Same

Pulmonary vein(s) at least one should be seen by colour flow
mapping connecting to the left atrium

Color Doppler flow shows – antegrade perfusion across
atrioventricular valves 

– no aliasing (turbulences) 
– no regurgitation 
– no crossing over the ventricular septum

Table 80.1 Checklist for the basic cardiac examination and the targeted fetal echocardiography for the
four-chamber view
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It is important to know the most common ‘abnor-
malities’ detected during fetal cardiac scan and lead-
ing to a referral. In my experience the most common
signs detected in the four-chamber view and the great
vessel planes are summarized in Table 80.3. The
differential diagnosis of most common suspicions of
referrals is summarized in Table 80.4.

Fetal echocardiography
in genetic scan

Fetal examination allows detection of fetuses at high
risk for chromosomal aberrations owing to malforma-
tions or signs called soft markers.10 The latter

874 Ultrasound screening of congenital heart defects

Table 80.3 Common suspicions leading to referral to targeted fetal echocardiography

Common suspicions in the four-chamber view Cardiomegaly
Arrhythmia 
Heart to the right/heart-stomach on different site 
Single ventricle 
One small ventricle (right or left)
Discrepant size of the ventricles 
Defect in the ventricular septum, AV-junction
One common AV-valve 
Echogenic focus in the LV
Tumors in the heart

Common suspicions in the great vessels assessment Perimembraneous VSD in the five-chamber view
VSD with overriding aorta 
Dilated aortic root 
Discrepant calibre of ascending aorta and pulmonary trunk
Hypoplastic or non-continuing aorta or pulmonary trunk 
Parallel great vessels arrangement 
One single vessel only visualized 
Aortic arch on the right side of the spine (and trachea) 

Extended Basic Examination Targeted Fetal Echo

Aorta arises from the left ventricle arises from the left ventricle
continues toward the aortic arch

Ventricular septum continuous with ascending aorta Same

Pulmonary trunk – arises from the RV Same
– is slightly larger than aorta
– crosses over the ascending aorta
– bifurcates to give the left and right

pulmonary arteries 
– connects to the ductus arteriosus

Duct and aortic arch  – are of approximately equal size 
– point to the left side of the spine 
– the trachea is on the right of

both vessels
– Thymus is present 
– No left superior vena cava on

the left of the pulmonary trunk

Color flow shows – antegrade perfusion across
both semilunar valves 

– no aliasing (turbulences) except
in the ductus region in third trimester

– no regurgitation  
– no reverse flow in either the

ductus arteriosus or the aortic arch

Table 80.2 Examination of the great arteries as part of an extended basic cardiac examination or as targeted fetal
echocardiography
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increases the risk to a specific malformation, without
being obligatorily per se a structural malformation.
The fetal heart belongs to the organs often evaluated
carefully when looking for a chromosomal anomaly,

either the common numerical aberrations such as
trisomy 21, 18, 13 or monosomy X or more specific
deletions such as the microdeletion 22q11 involving
often the heart. In numerical aberrations except

Fetal echocardiography in genetic scan 875

Figure 80.1 Fetuses with atrio-
ventricular septal defect during
diastole (left) and systole (right). In
the left image the gap in the crux
of the heart is easily recognized.
On the right side on the one hand
both AV valves are linear and on
the other the measurement of atrial
to ventricular length reveals a ratio
0.6 suspicious for an AVSD.

Table 80.4 Differential diagnoses of some common suspicions 

Single ventricle Mitral atresia
Tricuspid atresia
Double inlet ventricle
Large Atrioventricular septal defect 

Small left ventricle Hypoplastic left heart syndrome
Coarctation of the aorta
Mitral atresia with VSD 
Double outlet right ventricle

Small right ventricle Pulmonary atresia with intact septum
Tricuspid atresia with VSD

Ventricular Septum Defect Isolated VSD
Atrioventricular septal defect
Double inlet ventricle 
Interrupted aortic arch 
Aortic coarctation
Conotruncal anomalies (see overriding aorta)

Overriding aorta over the VSD Tetralogy of Fallot 
Pulmonary atresia with VSD 
Truncus arteriosus communis 
Absent pulmonary valve syndrome
Double outlet right ventricle

Parallel Vessels Double outlet right ventricle 
Complete Transposition of the great arteries 
Congenitally corrected Transposition of the great arteries 

Tiny ascending aorta Hypoplastic left heart syndrome
Aortic coarctation 
Tubular hypoplasia of the aortic arch 
Interruption of the aortic arch

Two normal appearing ventricles, but one single  Double outlet right ventricle (vessels over each other)
great vessel recognized Transposition of the great arteries  (vessels over each other)

Truncus arteriosus communis 
Dilated Aorta (in pulmonary atresia with VSD)
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Down’s syndrome, the other anomalies have many
extracardiac signs leading to an invasive procedure
independent from the heart finding.

Structural heart anomaly
Atrioventricular septal defect (AVSD) (Figure 80.1) is
the most common heart anomaly associated with a
chromosomal aberration, mainly trisomy 21 and 18.
The diagnosis can be achieved by detecting the gap in
the crux of the heart (the combination of defects
within the interventricular and interatrial septa). The
association with trisomy 21 or 18 is between 50 and
80%; however, when in AVSD the left ventricle is

small as in combination with aortic coarctation, the
rate of aneuploidy is lower (10% or less) and if there
are signs of isomerism (i.e. stomach on the right side)
there is no association with chromosomal aberrations.

We proposed recently a new simple cardiac mea-
surement the atrial to ventricular length (AVL) ratio,11

in order to increase the detection rate for AVSD on rou-
tine scan. After a standardized four-chamber view, the
ratio of the atrial length to the length of the ventricle in
the midline is measured. Whereas the normal
AVL-ratio during the second trimester is constant
around 0.5, almost all fetuses with AVSD had a ratio
exceeding 0.6.11

Other anomalies that are found in association with
trisomy 21 are the ventricular septal defect (VSD) and
the tetralogy of Fallot. Typical anomalies for trisomy
18 are besides the VSD and AVSD, the overriding of
the aorta (Figure 80.2) with or without the pulmonary
stenosis, a double-outlet right ventricle and occasion-
ally a left outflow tract obstruction. Trisomy 13 car-
diac anomalies are besides the VSD, left outflow tract
obstructions such as aortic coarctation of the aorta
and occasionally a hypoplastic left heart syndrome
(HLHS). Turner syndrome has in almost all cases been
detected prenatally, generally in combination with a
cystic hygroma, also the left ventricular outflow tract
obstruction, typically the aortic coarctation, and also
occasionally the HLHS.

Cardiac soft markers

Intracardiac echogenic focus
The debate on this unspecific sign will not be dis-
cussed in this chapter. There are controversial data in
the literature supporting the echogenic focus (EF) as a
sign for Down’s syndrome10 as well as a benign sign
with no relationship to chromosomal anomalies.

As most cases (around 90%) are found as isolated
EF in the left ventricle (Figure 80.3), it is to be empha-
sized that EF in the right ventricle or two EF in the left

876 Ultrasound screening of congenital heart defects

Figure 80.3 Two fetuses with
echogenic foci. On the left the
echogenic focus is present in the
left ventricle and is the most
common condition found. In the
right figure two echogenic foci are
present in the left ventricle. This
fetus had a heart defect associated
with a del.22q11.

Figure 80.2 This is an overriding of the aorta over a VSD (*),
which can be detected in the visualization of the five-chamber
view. This is a sign and its differential diagnosis is listed in
Table 80.4.
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(Figure 80.3), right or both ventricles increase signifi-
cantly the risk for chromosomal anomalies. The iso-
lated EF in the left ventricle was accepted in the past
year as increasing the background risk of a factor of
1.5 or even only 1. This led recently to a debate
whether the findings of an EF should be told to
younger women or not.12,13

In an observation of a series with CHD we found
that 11% of all cardiac defects were associated with
an EF,14 some with malformations not detectable in
the four-chamber plane such as the tetralogy of Fallot
or a transposition of the great arteries (TGA). A total
of 50% of all the cases were, however, not isolated left
ventricular EF. Therefore, not only chromosomal

anomalies but also cardiac defects should be ruled out
in fetuses with a detected EF.

As the use of nuchal translucency (NT) in the risk
assessment for chromosomal anomalies, the impor-
tance of second-trimester soft markers is reduced,
especially the EF.

Discrepant LV/RV width
Devore15 described an increased risk for trisomy 21 in
early second-trimester fetuses with a narrow left ven-
tricle compared with the right ventricle, without the
additional signs of an aortic coarctation.

Fetal echocardiography in genetic scan 877

Figure 80.6 Thymus sign in
predicting fetuses with del.22q11.
In the left figure the thymus is
recognized (arrows) as a slightly
echogenic structure in front of
the three-vessels and behind the
sternum. In the right figure the
fetus had an absent pulmonary
valve syndrome with gross dilated
pulmonary arteries. No thymus
was visualized between the
vessels and sternum (?) and FISH
technique revealed the suspected
del.22q11.

Figure 80.4 In this fetus with Down’s syndrome there is a
pericardial effusion at 20 weeks.

Figure 80.5 In this fetus with Down’s syndrome at 20 weeks,
an aberrant right subclavian artery (ARSA) is present. It is
demonstrated in the three-vessel-tracheal view as a vessel with
a course behind the trachea toward the right arm.
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Tricuspid regurgitation
Isolated tricuspid regurgitation detected by the rou-
tine use of color Doppler is present in ca. 4% of all
normal fetuses at the 20–22-week scan.16 Tricuspid
regurgitation was, however, also discussed as associ-
ated with Down’s syndrome when detected at 16–18
weeks15 or at the 11–14-week scan.17

Pericardial effusion
An isolated pericardial effusion was described to
increase the risk of association with Down’s syndrome
(Figure 80.4).18 It is not known whether in these cases,
the effusion is the remaining of early hydrops with a
thickened NT in early pregnancy. This sign was unfor-
tunately not evaluated in recent years in the age of NT
measurement.

Linear insertion of the AV valves
This is an interesting new sign presented by a French
group a few years ago. Fredouille et al.19 found on
autopsy specimens of hearts from fetuses with Down’s
syndrome that in some cases, even with the absence of
structural heart anomalies both atrioventricular valves
(AV valves) inserted at the same level and not the tri-
cuspid valve inserting lower in the right ventricle as
under normal conditions. This is a very subtle and
interesting sign, used also in the detection of AV-septal
defect, but it should be evaluated by other groups.

Aberrant right subclavian artery (ARSA):
the new cardiac sign for Down’s syndrome
The normal right subclavian artery arises as a first
vessel from the brachiocephalic artery and courses
ventral of the trachea. An aberrant right subclavian
artery (ARSA) arises separately from the aortic
arch in the region of the junction of the aortic arch
and the ductus arteriosus. It courses to the right
arm behind the trachea and is thus detectable with
color Doppler in the three-vessels-trachea view20

(Figure 80.5).
In a few pediatric cardiology studies it was

described that an ARSA (also called lusorian artery) is
found in 1% of the normal population but is as high
as 35% in persons with Down’s syndrome with or
without heart defects.

We were the first to describe this sign in fetuses with
Down’s syndrome in a paper published recently,20

where we found that 5/14 (36%) of consecutive
fetuses with Down’s syndrome had this aberrant
vessel, which we detected prenatally. Only one had it

as an isolated sign, three in association with an EF in
addition to extracardiac signs, and in only one case
was it associated with an AVSD.

Personal experience and communication from pathol-
ogists support the fact that this sign is also common in
trisomy 13, 18 and recent reports emphasized the occur-
rence in Turner syndrome and in microdeletion 22q11.

Further observations from other groups are neces-
sary to confirm our new finding.

Cardiac signs for microdeletion 22q11
The del.22q11 is reported to have a frequency of
1:4000 livebirths and is considered to be after trisomy
21 the second most common chromosomal anomaly
in liveborn children with a CHD. The earlier used and
now abandoned acronym CATCH-22 summarizes the
combination of finding in these patients: C � cardiac
anomaly, A � abnormal facies, T � thymus hypo or
aplasia, C � cleft palate, H � hypercalcemia and 22
for del.22q11. Prenatally, the clinical features of an
abnormal facies are generally very subtle and we can
mainly rely on the heart anomaly and, as we showed
a few years ago, also on the thymus sign.

Among the heart anomalies, conotruncal and aortic
arch malformations are the leading defects permitting
a concrete suspicion of a del.22q11. The occurrence of
this deletion is present in ca. 50% of all cases with
interrupted aortic arch, 40% of absent pulmonary
valve syndrome, 30% of Truncus arteriosus commu-
nis, 20% of pulmonary atresia with VSD, 15% with
tetralogy of Fallot, and in around 5% in other anom-
alies such as complex transpositions, double-outlet
right ventricle and others.21

A few years ago we examined a group of 147 fetuses
with CHD, including 76 with conotruncal defects. In
this study we examined the role of analyzing the
absence or hypoplasia of the thymus in predicting a
del.22q11. Ten of the 147 cases had a del.22q11, all
being in the group with conotruncal anomaly. Nine of
the 10 fetuses with microdeletion had an abnormal
thymus detected prenatally (sensitivity 90%, speci-
ficity 98.5%). In our experience the examination of
the thymus region helps in defining a group at high
risk for del.22q1121 (Figure 80.6).

According to other studies additional signs were
described to increase the risk of 22q11 (in predefined
high-risk groups) and some of these are increased NT
in early pregnancy, intrauterine growth retardation,
polyhydramnios, renal or facial abnormality, right
aortic arch, aberrant right subclavian artery, aberrant
pulmonary artery, etc.22,23
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81 Ultrasound screening of
chromosomal abnormalities
by nuchal translucency 
M. A. Zoppi and G. Monni

Introduction
Nuchal translucency (NT) is the term that has been
used for 10 years to describe the echo-free space
behind the fetal neck visible by ultrasound in almost
all fetuses at 10–14 weeks1 (Figure 81.1). Before this
gestational age the NT is not clearly evident in all
cases and after 14 weeks the NT reduces, becoming
less transonic and turning into the nuchal fold space
visible in the second trimester.

The NT is in fact the ultrasound image of some soft
tissues that cover the occipital bone and cervical
spine (muscles, connective tissue, lymphatic vessels,
subcutaneous tissues and cutis).

In physiological condition these tissues can accu-
mulate more or less fluids and as a result the thick-
ness of the NT is expected to differ among normal
fetuses.

Moreover, during the 11–14-week period, the
thickness of the NT increases with the crown–rump
length (CRL) and with the age of the fetus. Tables of
reference for NT thickness in normal fetuses have
been generated by cross-sectional studies. Some
studies have calculated the ranges by using linear
regression formula; however, the quadratic regres-
sion approach seems to better fit the trend of nuchal
thickness.2–5

Other studies have shown that longitudinal assess-
ments of NT in the same fetus showed a tendency
toward increase of the thickness to a peak that is
reached individually and differently by each fetus,
mostly around 12 weeks, followed by a decrease.6

It is evident that due to local contingent condi-
tions (operators, machines, approach to the ultrasound
technique and ethnicity), there are subtle differences
among different centers that perform the measure-
ment of the NT. Therefore, it has been suggested that
local reference ranges for normal NT be preferred to
assess the thickness whenever it is possible.7

At 10 weeks, essentially, the NT thickness in normal
fetuses most frequently measures around 1–1.2 mm,
and at 13–14 weeks, around 1.7–1.9 mm.

The visualization and measurement of the NT is
not included among the main identified objectives of
first-trimester ultrasound as recommended in most
guidelines issued by ultrasound scientific societies.
Ascertaining the presence of the gestational sac in the
uterine cavity, the number of fetuses, the embryonic
or fetal heartbeat and the duration of pregnancy is
usually done in the first-trimester scan.8–10

Therefore, during the first-trimester ultrasound
examination, only if it is specifically requested is a
normal NT visualized and measured. Because of the
implications that the measurement of the NT can carry
for the pregnancy (reducing or increasing the risk of
chromosomal abnormalities, opening a scenario for
invasive prenatal diagnosis), it is advisable to perform
the measurement only in the correct setting (by a

Figure 81.1 Nuchal translucency.
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skilled operator and in a certified screening program,
after a request for screening by the informed patient).11

The enlarged nuchal translucency
Sometimes there can be a surplus accumulation of
fluid in the nuchal tissues (Figure 81.2). The accumu-
lation of nuchal fluid can be caused by either an
increased amount of fluid directed in the nuchal
region or some difficulty in the drainage of the normal
quantity of fluid present in the neck.

Regardless of the underlying cause of the accumula-
tion of fluids, what is apparent on the ultrasound is the
increased thickness of the echo-free space behind the
fetal neck, which has been labeled ‘enlarged NT’.12 This
space can be absolutely transonic or faintly echogenic,
and can be limited to the neck or extended the whole
length of the fetus as a ‘space suit’13 (Figure 81.3).

When the NT is very enlarged at 10–14 weeks, it
can easily be visualized during the scan without espe-
cially looking for it. This is a situation comparable
with that which occurs with some soft markers for
chromosomopathies in the second trimester (hypere-
chogenic focus, hyperechogenic bowel, dilated renal
pelvis, etc.),14 when these signs are evident, without
our having to look for them. Although these signs are
not malformations, and they can be visible during an
ultrasound examination, which does not have the
finality of chromosomopathy screening, the guide-
lines of some scientific societies that have faced this
problem recommend disclosing the presence of evi-
dent soft markers to the patient, in order to offer the
opportunity for adequate genetic counseling.8

It has been noticed since the early 1990s that
fetuses with trisomy 21 can show an enlarged NT at
first-trimester examination15 (Figure 81.4).

When an ultrasound scan is performed with the
specific intention of measuring the NT, it is essential
to correctly visualize the fetus and to perform the NT
measurement in an adequate way in order to compare
the actual measurement with the reference values.
The range of NT thickness varies with CRL, so that the
95th percentile for a CRL of 45 mm is quite different
from that for a CRL of 82 mm, and it is evident that a
fixed cutoff for NT measurement cannot be used effi-
ciently to assess the enlargement of an NT.16

It has been noted that the majority of fetuses with
trisomy 21 show an NT greater than the 95th per-
centile of ranges obtained for normal fetuses with a
standard technique of NT measurement. Fetuses with
chromosomal abnormalities other than trisomy 21
(trisomy 18, trisomy 13, Turner syndrome, Klinefelter
syndrome and triploidy) can have an enlarged NT16

(Figures 81.5–81.7).
In fetuses with normal and abnormal chromosomes

the enlarged NT is frequently a transient sign. In an
early study of trisomies 21, at the beginning of the
second trimester, a reabsorption of the nuchal edema

has been longitudinally described in six cases.17 A
study of the evolution of enlarged NT during the first
trimester described a decrease in the thickness that
occurred in both chromosomally normal and abnormal
fetuses. In the second measurement performed in the
same fetus, the frequency of decreasing NT was greater
in the normal than in the abnormal karyotype fetuses.18

In fetuses with Turner syndrome the evolution of
first-trimester enlarged NT is frequently described as
a cystic hygroma (cystic malformation of the lym-
phatic system) in the second trimester19 (Figure 81.8).

Pathophysiology of enlarged NT
The term ‘enlarged NT in the first trimester’ that is
used in ultrasound practice may indicate many differ-
ent background conditions.

An accumulation of fluids in the neck is presumed
to come from either an abnormal local composition
of the tissues that tend to capture more fluids or a
situation of hampered reabsorption of a normal quan-
tity of fluids regularly passed from the vessel to the

Figure 81.2 Enlarged NT.

Figure 81.3 ‘Space suit’ nuchal translucency.
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interstitial spaces, or from a condition of increased
passage of fluids from the vessel to the connective,
due to an abnormal hydrostatic pressure as a con-
sequence of impairment of the arterial or venous
circulation.20–26

In trisomy 21, some alteration in the composition
of the skin, with an increased expression of type VI
collagen and a rise in the quantity of hyaluronic acid,
could justify an increased entrapment of liquids that
for reasons not yet explained, in the first-trimester
fetus, is evident only in the nuchal region.23,24 An
extra accumulation of fluid that exceeds the normal
capacity of the mechanism deputed for drainage may
be the cause of enlarged NT in trisomy 21 fetuses.26

In Turner syndrome, the accumulation of fluid in
the nuchal region seems to be related to a failure in
the drainage by the lymphatic system, because of an
abnormal structure that involves the minor lymphatic
vessels in the skin, and the greater vessel, with a lack

882 Ultrasound screening of chromosomal abnormalities by nuchal translucency

Figure 81.4 Trisomy 21 fetus with enlarged nuchal translucency.

Figure 81.5 Trisomy 18 with enlarged NT.

Figure 81.6 Trisomy 13 with enlarged NT.

Figure 81.7 Turner syndrome with enlarged NT.

Figure 81.8 Turner syndrome fetus at 16 weeks.
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of definitive connections between the jugular lymphatic
sacs and jugular veins system, as an expression of
a failure in the development of the lymphatic
system, due to the underlying karyotype anomaly22,26

(Figure 81.9). In fetuses with Turner syndrome, the
first-trimester translucencies are typically large, bilat-
eral and septated, occupying the lateral and posterior
regions of the neck of the fetus. In Turner syndrome,
the first-trimester NT is in fact often not transient,
with a tendency to evolve into a second-trimester
‘cystic hygroma colli’.26

A different mechanism related to a temporary lym-
phatic failure due to a delay in the connection with the
venous system has been considered in trisomy 21 and
normal fetuses. In these cases, the evolution toward a
reabsorption in the second trimester is frequent.26

Pathological studies carried out on fetuses with
enlarged NT with normal karyotype and trisomies 21
and 18 have in fact shown in the posterior side of the
neck of the fetus, exactly where the NT is visualized
by ultrasound, the presence of some cavities, negative
for immunohistochemical markers for lymphatic
vessel endothelium and arteries. These cavities seem
to be the result of coalescence of edematous mes-
enchymal spaces (due to an edematous mesenchy-
mal). In these cases, a lymphatic distension of jugular
lymphatic sacs in the lateral side of the neck has been
shown to occur prior to the manifestation of the
nuchal edema (Figures 81.10 and 81.11). The hypoth-
esis was that the first occurrence would be the delay
in the lymphatic drainage, which may then cause the
accumulation of mesenchymal fluid and nuchal
edema. At 14 weeks, when the jugular lymphatic sacs
are fully developed, making definitive connections
with the venous system, both nuchal edema and
dilatation of lymphatic sacs finally resolve.26–27

In trisomy 21 another mechanism has been postu-
lated to cause the accumulation of fluids and enlarge-
ment of the NT, due to an increase of the perfusion of
the vessel directly to the neck and the upper part of
the fetus. In pathology studies, a narrowing of the

isthmus of the aorta, associated with a dilatation of the
supravalvular portion of the vessel, has been descri-
bed. An increased passage of fluids into the connective
tissue due to an increase in hydrostatic pressure could
be involved in the enlargement of the NT.28

An accumulation of extravascular liquids, as it is
present in adults with an impairment of cardiac func-
tion, can also be present in fetuses with chromosomal
abnormalities or normal karyotype fetuses with struc-
tural heart abnormality. The subcutaneous edema
depends on an impaired reabsorption of fluids due to
an increase of the hydrostatic pressure in the venous
system. A wide spectrum of heart defects has been
described to be present in fetuses with chromosomal
abnormalities and normal fetuses with enlarged NT,
but a clear connection between specific cardiac dis-
eases and the development of the enlarged NT in the

Figure 81.9 Turner syndrome fetus at 12 weeks.

Figure 81.10 Multiplanar view of a trisomy 21 fetus with
enlarged jugular lymphatic sacs.

Figure 81.11 Three-dimensional surface rendering of a trisomy
21 fetus with enlarged jugular lymphatic sacs.
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first trimester of pregnancy has not been demon-
strated28,29 (Figures 81.12–81.15).

A relationship between an impaired diastolic func-
tion and enlarged NT has been hypothesized on the
grounds of some alteration signs on the velocimetry of
the ductus venosus in fetuses with abnormal kary-
otype, cardiac defects and NT thickness.30–31 The duc-
tus venosus is a vessel that connects the umbilical
circulation with the right atrium. In the first trimester
of pregnancy the pulsed Doppler waveform of this
vessel is characterized by a forward flow with a peak
during systole, a second peak in diastole and a for-
ward velocity during atrial contraction (Figure 81.16).
In cases where the pressure in the atrium at the end of
the diastolic phase is increased (which could be a sign
of cardiac dysfunction due to several factors, includ-
ing some structural malformations of the heart), the
velocity during the atrial contraction in the ductus

venosus decreases: it can be zero or reversed (Figure
81.17–81.18). In fetuses with chromosomal abnormal-
ities that are suspected to have a greater occurrence of
cardiac abnormalities and that show frequently an
enlarged NT, the velocimetry of the ductus venosus is
frequently altered (70–90%), with an absent or
reversed atrial contraction velocity.

Another parameter that has been used to evaluate the
alteration of the velocimetry in the ductus venosus is
the pulsatility of the wave form, which in chromosomal
abnormalities appears increased.32 If there is a single
cause that determines at the same time two parallel con-
sequences such as the altered ductus venosus flow and
the enlarged nuchal thickness, or if there is a conse-
quential connection between the two findings, which of
these findings occurs first needs to be demonstrated.

An impairment in the diastolic function has been
shown in fetuses with enlarged NT in the first

884 Ultrasound screening of chromosomal abnormalities by nuchal translucency

Figure 81.13 Heart defect in a first-trimester fetus with trisomy
21 and enlarged NT.

Figure 81.14 First-trimester tachycardia in a first-trimester
fetus with normal karyotype and enlarged NT.

Figure 81.15 First-trimester second-degree heart block in a
normal karyotype fetus with enlarged NT.

Figure 81.12 Heart defect in a first-trimester fetus with normal
karyotype and enlarged NT.
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trimester and normal karyotype, which persists in
the second trimester, and this is demonstrated by an
alteration of the velocimetry of the atrium-ventricular
valves.33

In fetuses with enlarged NT, no impairment in the
ventricular systolic function has been described. In
fact, no difference of umbilical pulsatility index in the
first trimester has been shown in normal karyotype
fetuses with normal and enlarged NT and in trisomy
21 fetuses with enlarged NT.34

A mechanism of increased hydrostatic pressure in
the thorax has been postulated to be involved in cases
of first-trimester enlarged NT and venous congestion
as in cases of diaphragmatic hernia and skeletal
dysplasias.21

Enlarged NT for trisomy 21 screening
Amniocentesis and chorionic villus sampling (CVS)
are invasive prenatal diagnosis techniques for fetal

karyotype analysis, which carry a procedure-related
risk of abortion of about 1%. Since the introduction of
invasive prenatal diagnosis, karyotype analysis has
been offered only to high-risk cases due to medical
and financial reasons, and the maternal age-related
risk of Down’s syndrome was the older and most com-
monly used approach to prenatal screening. The aim
of the screening is to select those women who are at
high enough risk of Down’s syndrome to justify an
invasive prenatal diagnosis procedure.35

In the last 20 years, prenatal ultrasound examina-
tion has been able to identify some of the malforma-
tions in trisomy 21 fetuses and other aneuploidies,
and some of the anatomical features that differ
slightly from those of normal fetuses. The ultrasound
approach has been proposed for identification of
cases at a higher risk.14 In the mid-1980s the first find-
ing of trisomy 21 that has been identified by ultra-
sound as a marker for trisomy 21 was the increased
nuchal fold thickness in the second-trimester
fetuses.36 Later, in the mid-1990s, the association
between first-trimester increased NT thickness and
trisomy 21 and other chromosomal abnormalities was
described.1

For NT, an algorithm for the calculation of individ-
ualized risk and a specific quality control for the test
have been proposed since its introduction, while for
serum markers for trisomy 21 this is a consolidated
approach, for ultrasound in prenatal diagnosis was
relatively new.2

Frequencies of trisomy 21 cases and normal fetuses
were compared for the deviation of the measured NT
from the normal expected values, in order to calculate
likelihood ratios.2 Two principal methods have been
used to calculate the deviation from the normal: the
Delta value and the multiple of the median (MoM).2,37

The Delta value approach is considered to give some
advantages.38 Delta value in millimeters indicates the
difference between the measured NT and the
expected median of NT calculated for normal fetuses

Figure 81.17 Absent velocity during atrial contraction in the
ductus venosus.

Figure 81.18 Reversed velocity during atrial contraction in the
ductus venosus.

Figure 81.16 Normal velocity flow in the ductus venosus in a
first-trimester fetus.

Kurjak-81.qxd  5/9/2006  12:47 PM  Page 885



for a given CRL. An estimate of the risk for trisomy 21
was calculated by multiplying the maternal age-
related risk for trisomy 21 by the likelihood ratios
obtained from the NT thickness, giving a new indi-
vidual numerical risk.16 The risk estimate for trisomy
21 based on the ultrasound measurement of NT is
based on a few but important principles. First of all,
the maternal background risk is the essential factor of
the screening test for trisomy 21, and each time it
needs to be considered in the calculation. Second, the
results are not given as ‘tested positive’ or ‘tested neg-
ative’ on the ground of an arbitrarily chosen cutoff,
but the patient is faced with a numerical result, on
which she can base her decision according to her
wishes and anxieties. Third, a quality control method
is applied to ultrasound measurement (this is new for
this field of medicine, although it has been used for
decades, e.g. laboratory serum markers). There is evi-
dence that the NT test is reliable, because the interop-
erator and intercenter variability can be reduced and
comparable results are obtained, in cases where the
measurement is performed according to a defined
technique, with adequate training of operators and
constant audit of the results.39 Using this approach, in
a multicentric study (22 centers involved), performed
over 100,000 cases, with an average maternal age of 28
years, for a risk greater than or equal to 1 in 300, the
sensitivity for trisomy 21 has been estimated to be
82%, with a false-positive rate of 8%.40 With these
performance results the NT test was considered to be
the most effective prenatal screening to identify cases
at risk of trisomy 21. Comparable results were
obtained by other centers where guidelines for NT
screening were observed.5

Fetuses at higher risk of trisomy 21 because of
enlarged NT were at the same time found to be at
higher risk of other chromosomopathies such as tri-
somies 18 and 13, triploidy and sex aneuploidies.40

Clinical importance of NT screening
The availability of an accurate screening test in the
first trimester, such as NT, is useful to recognize cases
at a higher risk of trisomy 21 at an early stage, in order
to offer an early invasive prenatal diagnosis that could
be performed preferably by CVS. It is true that when
the performance of NT test is considered, the sponta-
neous intrauterine mortality of affected fetuses from
the first trimester to term has to be taken into account.
A number of those fetuses identified to be at high risk
in the first trimester, and on which an invasive prena-
tal diagnosis procedure is performed, would be spon-
taneously demised in the uterus before birth, without
all the trouble and anxiety that the prenatal screening
procedure can carry. About 30% of trisomy 21 fetuses
that are detected by first-trimester NT screening are
destined to die during the pregnancy. This percentage
is about 10% greater than the lethality of fetuses
detected by a second-trimester screening test, which
is about 20% to term.41

However, there is evidence that for pregnant women
there are some aspects of prenatal screening that are of
value. A test that gives the result early in pregnancy,
and that obviously has at the same time a low rate of
false negatives and false positives, with a reduced num-
ber of invasive procedures and fetal demises due to
procedure-related risk, is considered to be better.42,43

Enlarged first-trimester NT could identify, at the same
time, fetuses at higher risk of abnormalities other than
chromosomopathies. Cardiac defects, some structural
abnormalities and genetic syndromes can occur more
frequently in fetuses with enlarged NT than in the gen-
eral population.29

Women at high risk of trisomy 21 because of
advanced age can gain some advantage from having
the NT test done. In fact, a more precise estimate of
individual risk for trisomy 21 can be made, with the

886 Ultrasound screening of chromosomal abnormalities by nuchal translucency

Figure 81.19 Acceptance of invasive prenatal diagnosis.
Figure 81.20 Procedure used for prenatal diagnosis of
chromosomopathies.
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opportunity to decide about prenatal diagnosis with
more autonomy. Reduction in requests for invasive
prenatal diagnosis in women aged 35 years or over
and earlier detection of cases at risk by first-trimester
CVS are the chief advantages of the NT screening test
over invasive prenatal diagnosis due to maternal age44

(Figures 81.19 and 81.20).
NT screening can be used for screening of chromo-

somal abnormalities with the same accuracy in twin
and multiple pregnancies.45,46

Recent developments in NT
screening
At its introduction in clinical practice, it was pro-
posed that the NT screening test be performed from 10
weeks 3 days (a CRL of 38 mm). With evidence that at
around 12 weeks a better evaluation of fetal anatomy
could in most cases be achieved, it was suggested that
screening be performed after the CRL reaches 45 mm,
so that at the same time, structural abnormalities can
be detected early.47

In order to decrease the false negatives and the rate
of invasive testing, the risk obtained by maternal age
and NT has been combined with other markers, which
occur more frequently in trisomy 21 cases than in
normal fetuses, but are not related to the increase of the
thickness of first-trimester NT. First-trimester maternal
serum markers, pregnancy associated plasma protein-A
(PAPR-A) and free beta human chorionic gonadotropin,
combined with the NT test, increase the sensitivity to
90% and decrease the false-positive rate to about 3%.48

The combination of NT test with the sign of absent
nasal bone in the first trimester is still under assess-
ment.49,50 The integration of the NT test with maternal

screening markers of the first and second trimesters has
been shown to improve the accuracy of the test, but it
is necessary to wait until the second trimester to dis-
close the result and eventually to offer the diagnosis.51

With the possibility of combining and integrating
different tests, a new scenario for prenatal screening for
trisomy 21 is now emerging. Different tests can be per-
formed at different times (one stop, two step, one step),
the results can be disclosed after every single test or
integrated, successive tests can be performed only in
established cases, for example, only in borderline cases
(contingent test), and each test could obtain different
performances.35 Some tests carry a greater sensitivity,
others a greater specificity. There are many options to
screen for trisomy 21, but the choice of the direction in
which to move is delicate. If the screening test for tri-
somy 21 is performed on a financial basis, and the
national health care system is the purchaser, it can offer
a policy of screening that is more cost-effective after a
rigorous cost–benefit analysis.

When a screening program concerns a disease for
which the definitive diagnosis exposes a human being
to a potential lethal risk, and, in case of ascertained dis-
ease, there is no cure as there is for trisomy 21 at pre-
natal diagnosis, many ethical problems come to light
and they put doctors and patients in a great dilemma.

In this specific case of screening, the principle of
self-determination for the patient, for decades applied
to the field of invasive prenatal diagnosis, should be
the fundamental issue of the entire process, and should
be the goal to be achieved.11 From the start, all the steps
of the screening procedure should be accurately con-
sidered, leaving nothing to chance, such as, for exam-
ple, the first apparently innocent question about how
old she is, that everyone asks a completely unaware
(about prenatal screening troubles) prospective mother.
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82 First-trimester ultrasound
screening for Down’s syndrome
in multiple gestations
G. Monni and M. A. Zoppi

Introduction
In the last decades, the older maternal age at concep-
tion and the more frequent use of assisted reproduc-
tive techniques have moved to a constant increased
rate of multiple pregnancies. Some specific prenatal
and perinatal problems make these pregnancies at
higher risk.1–4 Neonatal mortality and morbidity are
higher in multiple pregnancies, and maternal compli-
cations are more frequent.

Moreover, mostly because of the advanced maternal
age, multiple pregnancies are at higher risk for chromo-
somal defects. At the same time, as these pregnancies
(frequently obtained after years of infertility) are espe-
cially precious to the prospective parents, there is no
unanimous acceptance of the need of invasive prenatal
diagnostic procedures, which are more difficult to per-
form than in singleton pregnancies.5,6

Non-invasive screening tests for chromosomal
abnormalities in multiple pregnancies are more
acceptable. Maternal serum biochemistry for trisomy
21 in multiple pregnancies has been proposed.7,8

However, interpretation may be difficult because of
the interference between serum marker concentra-
tions and assisted reproductive therapies, and the
identification of which of the fetuses is positive at the
biochemical test is of great concern.

For invasive prenatal diagnosis, the risk of miscar-
riage related to the procedure is increased, depending
mostly on the number of needle insertions.9,10 Prenatal
diagnosis of a chromosomal abnormality in multizy-
gotic multiples allows an informed decision about the
management of the pregnancy. Therefore, an accurate
estimate of individual fetal risk for chromosomal
abnormality is advisable in multiple pregnancies.

Ultrasound screening for trisomy 21 by first-
trimester nuchal translucency (NT) measurement is
correctly applicable for twins and multiples.11–13 The
test gives an individual risk for each fetus and it is

comparable in the accuracy to the screening test for
trisomy 21 in singleton pregnancies.14–17

Type of multiples
Zygosity depends on the type of conception.

Monozygotic pregnancies originate from the divi-
sion of a single zygote, and account for about 30% of
twin pregnancies. The frequency of monozygotic
pregnancy is stable in the world and among different
populations at around 1 in 250 deliveries. The origin
of monozygotic pregnancy is unknown. Next to the
theory of an accidental event, a delay in the implan-
tation of the zygote, with a reduction of oxygen trans-
port, has been hypothesized.18

Multizygotic pregnancies originate from the fertil-
ization of two or more oocytes by two or more
spermatozoa (Figure 82.1). Dizygotic pregnancies
account for about 70% of the total twin pregnancies.
The frequency of dizygotic pregnancy varies among
population, and the origin appears to be multifac-
torial. High levels of follicle stimulating hormone
(FSH), advanced maternal age, high grade of parity,
tall maternal stature and proportionate maternal
weight (reflecting a good nutritional maternal status
and probably higher levels of FSH), ethnical and
familiar inherited factors, seasonality (peak of those
kind of conceptions in summer), the application of
technologies of assisted reproduction and the use of
drugs for the induction of ovulation support an
increased frequency of multiple conceptions.1,2,18 The
in vitro manipulation of embryos in techniques of
assisted reproduction and the use of special culture
mediums seem to induce a greater frequency of iatro-
genic monozygotic pregnancies.19 (Figure 82.2).

The chorionicity depends on the type of placenta-
tion. Dizygotic and multizygotic pregnancies are
always dichorionic and multichorionic (Figure 82.3).
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Monozygotic pregnancies can be dichorionic or
monochorionic, and the chorionicity depends on the
time of the division of the conceptus (Figure 82.4).

If the division occurs by the third day from fertil-
ization (and this happens in about 30% of monozy-
gotic pregnancies), two placentas are generated. If
the division occurs between the fourth and the
eighth days from fertilization (and this happens in
about 70% of monozygotic pregnancies), the placenta
will be single with two amniotic cavities (mono-
chorionic, diamniotic pregnancy). If the division
occurs between the 9th and 13th days from fertiliza-
tion (it happens in less than 1% of monozygotic preg-
nancies), the placenta and the amniotic cavity will be
only one (monochorionic, monoamniotic pregnancy).
In very rare cases, the division occurs between the
14th and 16th days from conception, and the result is
conjoined twins.

Monozygotic twins are at higher risk for structural
anomalies than multizygotic ones because of higher
potential errors in the division of the zygote and
pre-embryo.1

Prenatal ultrasound determination
of chorionicity
Prenatal diagnosis of chorionicity can be made easier
by ultrasound in the first trimester. By transvaginal
ultrasound, gestational sacs can be seen at 5 weeks of
gestation (from 4 weeks plus 2 or 3 days), and the

Figure 82.1 A dichorionic diamniotic twin pregnancy at 9
weeks.

Figure 82.2 A dichorionic triamniotic triplet pregnancy
obtained by in vitro fertilization.

Figure 82.3 3D rendering of a multizygotic pregnancy (nine
fetuses).

Figure 82.4 A monochorionic diamniotic pregnancy at
9 weeks.
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number of sacs indicates the number of placentas
(monochorionic, dichorionic, trichorionic, etc.). As
the gestation proceeds, the septum between the sacs
become thinner, and only a triangular structure, the
‘lambda sign’ or ‘twin-peak sign’ remain from 10 to 14
weeks (Figure 82.5). In monochorionic pregnancy
there is no chorionic tissue between the two amniotic
sacs, and the joint of membranes to the chorionic sac
is called the ‘T sign’ (Figure 82.6). In dichorionic
pregnancies, later in pregnancy, the ‘lambda sign’ is
difficult to visualize in all cases, and it can com-
pletely disappear around 20 weeks (Figure 82.7).20

The visualization of the ‘lambda sign’ is an
unequivocal sign of dichorionicity, while the absence
in the second trimester is not sufficient to exclude the
presence of two placentas. In triplet trichorionic preg-
nancies, the junction of interfetal membranes is called
‘ipsilon zone’ (Figure 82.8).21

The accurate identification of chorionicity is one of
most important goals of obstetric ultrasound in multi-
ple gestations, and in all cases it should be ideally
performed in the first trimester so that the risk of each
individual pregnancy can be assessed.

Monochorionic pregnancies are at higher risk than
dichorionic pregnancies for prenatal and perinatal
problems, as they are monozygotic and because of the
occurrence of specific problems due to transplacental
circulation imbalance, which is the twin-to-twin trans-
fusion syndrome. This complication occurs in about
20% of monochorionic pregnancies and frequently
manifests itself at 16–22 weeks, by polyhydramnios
in one sac and oligoanhydramnios in the other sac. If
untreated, the mortality is about 90%. Amniodrainage
or laser coagulation of arterovenous connections in the
placenta is the therapy proposed in the second
trimester, allowing a survival of about 50% of cases.22

Figure 82.5 First-trimester lambda sign in a dichorionic
pregnancy.

Figure 82.7 Second-trimester dichorionic pregnancy: the
lambda sign has disappeared.

Figure 82.8 The ipsilon sign in a trichorionic pregnancy.Figure 82.6 Absence of lambda sign (T sign) in a
monochorionic twin pregnancy.

Prenatal ultrasound determination of chorionicity 891
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Risk of chromosomal abnormalities
in multiples
To calculate the risk of chromosomal abnormalities in
multiple pregnancies, it is fundamental to estimate
the zygosity.

For monozygotic pregnancies, if cases with mitotic
non-disjunction that determine ‘heterokaryotypia’ are
excluded, the karyotype in both fetuses would be the
same.23 Fetuses can be discordant for anomalies that
are generated by the splitting phenomenon, but are
concordant for anomalies genetically determined.
Both fetuses have the same karyotype either normal or
abnormal.

For multiple pregnancies derived from multizygo-
tic conception, discordant karyotypes are expected.
Therefore, prenatal sonographic estimation of zygos-
ity is fundamental in the process of risk calcula-
tion.9,24 In prenatal life, ultrasonographic evaluation
of the placentas can give information in this direction.
DNA analysis of the fetal or neonatal sampling allows
a definitive diagnosis of zygosity.

When a monochorionic pregnancy is diagnosed
by prenatal ultrasound (whether monoamniotic or
diamniotic), monozygosity can be supposed, and an
equal risk for trisomy 21 for both fetuses, similar to
the maternal age-related risk, can be calculated. When
dichorionic or multiple placentas are evidenced, a
little probability of monozygotic pregnancy cannot be
excluded, but the most frequent condition is multi-
zygotic pregnancy. If the assessment is made in a
period when it is possible to define by ultrasound the
fetal gender, and the placentas are multiple, in cases
with discordant sex, the probability of multizygosity
is validated. The risk for the pregnancy of having one
fetus with trisomy 21 is calculated by the sum of the
risk for each fetus. For example, in a triplet trizygotic
pregnancy, if the maternal trisomy 21 background risk
is 1 in 150, the final risk for the entire pregnancy is 1
in 150 +1 in 150 +1 in 150. For calculations, risks can
be expressed as odds (that is 1:149 +1: 149 +1:149),
that is about 3:149 or 1:47, for a final risk for the preg-
nancy to have one fetus with trisomy 21 of 1 in 48. In
multichorionic pregnancies, the risk for all fetuses to
have trisomy 21 is very rare, this being calculated by
multiplying the maternal age risk for one fetus by the
risk of the other. For example, in a dichorionic and
‘hypothetical’ dizygotic pregnancy, where the mater-
nal age risk for trisomy 21 is 1 in 150, the background
risk of the entire pregnancy is calculated by multiply-
ing 1:149 × 1:149, then 1:22,201, that is a risk of 1 in
22,202.

A sort of uncertainty is originated by the presence
of those cases of monozygotic dichorionic pregnan-
cies that are unrecognized in prenatal life, where the
background risk of the pregnancy would be the same
as the age-related risk for trisomy 21 of the pregnant
woman.

Invasive prenatal diagnosis
procedures for karyotype
analysis in multiples
When a multiple pregnancy is discovered, extra coun-
seling is due regarding procreative risks, pregnancy-
related risk for the mother, prenatal management of
the pregnancy, screening and prenatal diagnosis of
fetal anomalies and chromosomal abnormalities.9,10

When an invasive procedure for prenatal diagnosis
is planned, whatever be the approach considered
(chorionic villus sampling, amniocentesis, fetal blood
sampling), some fundamental conditions should be
fulfilled.

The knowledge of the type of placentation is imper-
ative (mono- or multichorionic placenta). Each sample
obtained from a distinct twin should be defined (or
checked by biological tests that analyze the fetal phe-
notype or genotype); each fetus should be mapped
carefully by ultrasound during the procedure to later
allow the precise identification when the result from
diagnosis becomes available. We should consider the
increased risk of procedure-related abortions, of inva-
sive diagnosis in multiples, compared to singles,
which depends among others factors mostly on multi-
ple needle entrances through the uterus.

When the operators are faced with invasive proce-
dures in multiple pregnancies, a specific experience
and skill in this particular field of prenatal diagnosis
is required.

Selective fetocide and multifetal
embryo reduction
The diagnosis of a single affected twin after a procedure
of invasive prenatal diagnosis can lead to consent to
plan a selective termination of the affected fetus and to
continue the pregnancy of the normal fetus.

Multifetal embryo reduction is an option that could
be considered for therapeutical options in cases of
high-order multiple pregnancies. Maternal and fetal
risks (related to high prematurity) are increased in
these pregnancies. The neonatal and pregnancy out-
come have been shown to improve in cases of four or
higher multiples reduced to twin, because of a signifi-
cant increase of the gestational age at delivery and a
better maternal outcome. At present, the role of
embryo reduction for the management of triplet preg-
nancies is under discussion.25,26

Embryo reduction is usually performed in the first
trimester, because it carries fewer complications than
in the second, by intrathoracic or intracardiac injec-
tion of potassium chloride at 11–13 weeks, under
ultrasonographic continuous guidance. When the
number of fetuses is high, it is preferable to perform
the reduction by steps.

892 First-trimester ultrasound screening for Down’s syndrome in multiple gestations
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At the beginning, when performing this procedure,
the choice as to which fetus to reduce was based fun-
damentally on technical considerations (the fetus near-
est to the uterine surface or the one easier to reduce for
the operator). The likelihood of reducing a normal fetus
while maintaining some abnormal cases (affected by
structural anomalies or chromosomopathies) was con-
sidered. Therefore, it was proposed to offer invasive
prenatal diagnosis for karyotype by chorionic villus
sampling in all cases before performing embryo reduc-
tion.27 Because of the difficulties and costs of such
invasive prenatal diagnosis in multiples, and the
greater risk of miscarriage related to the numerous pro-
cedures carried out, this approach has not been univer-
sally approved and performed.

To avoid a non-selective reduction and to decrease
the use of invasive procedures, NT screening before
embryo reduction has been considered. In fact, the
finding of an enlarged NT, allowing the possibility of
calculating the individual risk for trisomy in each
fetus, can identify cases at higher risk for chromoso-
mal abnormalities and for structural malformation in
multiple pregnancies.28

NT in multiples
The ultrasound measurement of the soft tissues
behind the fetal neck (NT thickness or NT) (Figure
82.9), and the combination of the likelihood ratios
obtained with the maternal background risk for tri-
somy 21, is a valid test of screening to identify fetuses
with chromosomal abnormalities.

In multiple pregnancies an individual risk for tri-
somy 21 can be calculated for each fetus, and, as for
the background risk due to maternal age, the risk for
the entire pregnancy can be considered.

In twin and multiple pregnancies, screening for
chromosomal abnormalities by NT can be performed
and it is as accurate as in singleton pregnancies.14–17

In a large collaborative study on 448 twin pregnan-
cies, Sebire et al. have found an enlarged NT in 7.3% of
all cases and in seven out of eight cases of trisomy 21.15

NT measurement can be used in high-order multiple
pregnancies and in those cases obtained by assisted
reproductive technologies because no evident differ-
ence has been found in the rate of enlarged NT than in
spontaneous multichorionic pregnancies, and the
sensitivity was the same.17

The increased accumulation of fluid in the fetal
nuchal, leading to the ultrasound finding of an enlarged
NT, can be determined by several different mechanisms:
cardiac failure, abnormal or delayed development of the
lymphatic vessels, altered composition of the connec-
tive tissue of the skin or venous congestion due to an
increased pressure in the fetal thorax.29,30

The presence of an enlarged NT is associated with
an increased rate of chromosomal abnormalities,

but the risk for structural malformations and mostly
cardiac defects in fetuses with normal karyotype is
increased.31,32

It has to be considered that a higher frequency of
fetal malformation per pregnancy is expected in mul-
tifetal pregnancies than in singleton pregnancies, and
in a dizygotic twin pregnancy there is a slight chance
of a double risk per pregnancy for fetal malformations
(because of the independent probability that is carried
by each fetus).

In multiple pregnancies, the absence of nasal bone
visualization, which is another accurate soft marker for
trisomy 21 in the first trimester, can be used with the
same efficiency as in singleton pregnancies (Figure
82.10). About 70% of trisomy 21 and an important per-
centage of other chromosomal abnormalities such as
trisomy 18 and 13, 45, X0, can manifest the sign of the
absent nasal bone at ultrasound examination per-
formed at 11–14 weeks33,34 (Figures 82.11–82.13).

Figure 82.9 Nuchal translucency.

Figure 82.10 Absent nasal bone in a trisomy 21 fetus.
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Figure 82.13 Dichorionic pregnancy: the fetus with trisomy 21
with enlarged NT and absent nasal bone.

Figure 82.14 Discordant NT in a monochorionic diamniotic
twin pregnancy.

Figure 82.11 Dichorionic pregnancy with a normal fetus and
a fetus with trisomy 21.

Figure 82.12 Dichorionic pregnancy: the fetus with normal
karyotype with normal NT and present nasal bone. Figure 82.15 The fetus with enlarged NT in another mono-

chorionic diamniotic twin pregnancy with discordant NT.

Figure 82.16 The same fetus with enlarged NT in the
monochorionic diamniotic twin pregnancy with discordant NT
showed an enlarged bladder.
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The case of enlarged NT in
monochorionic pregnancies

In monozygotic pregnancies the rate of Mendelian
disorders and chromosomal abnormalities are identical
to those of singleton pregnancies, while there is an
increased risk of structural malformations. Malforma-
tions due to disruption mechanisms such as midline
facial, heart and abdomen anomalies are more frequent.

A higher rate of enlarged NT has been described in
monochorionic pregnancies. The enlarged NT has been
described in both fetuses or in one. The enlarged NT
in monochorionic pregnancies can indicate fetuses at
higher risk for chromosomal abnormalities or structural
defects or can be a possible early manifestation of heart
failure due to twin-to-twin transfusion.35

When in a monochorionic pregnancy, the NT is dis-
cordant between fetuses, a consideration should be
made (Figures 82.14–82.18). An enlarged NT in only
one fetus may indicate a greater risk for chromosomal
abnormality for the entire pregnancy. The chromoso-
mal abnormality if present, should be present in
both fetuses (in the fetus with enlarged NT and in
the fetus with normal NT). In fact, excluding the
extremely rare case of heterokaryotypia, due to a

mitotic non-disjunction, where a normal karyotype
can co-exists with a 45, X0 or a trisomy fetus, it
should be considered that the two fetuses of the
monochorionic diamniotic pregnancy have the same
karyotype, either normal or abnormal.

However, in the same pregnancy, there is evidence
of a fetus that shows a normal NT, that gives a very
small risk for chromosomal abnormality, for the entire
pregnancy. To rule out this kind of problem, it has
been recently suggested in monochorionic pregnan-
cies with discordant NT, to calculate the risk for
Down’s syndrome by using the average NT measured
in the two fetuses.36

Moreover, it should be considered that an enlarged
NT could be indicative for a structural anomaly that
could be present in only one of the monozygotic
fetuses, both with normal karyotype. Concordance for
the most common structural abnormalities that occur
in monochorionic-monozygotic twins is rare.

In monochorionic diamniotic pregnancy, an
enlarged nuchal translucency could be caused by pla-
cental circulation problems, rather than chromosomal
abnormalities. This early imbalance of fluids between
the fetuses can anticipate in the first trimester the
inter-twin-to-twin transfusion, that manifest the most
important diagnostic sign after only 16 weeks.

Figure 82.17 The fetus with normal NT in the monochorionic
diamniotic twin pregnancy with discordant NT.

Figure 82.18 The same fetus with enlarged NT in the
monochorionic diamniotic twin pregnancy with discordant NT
showed a normal bladder.
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83Maternal hemodynamic
changes of pregnancy
J. Nizard

Introduction
Adaptation to pregnancy begins rapidly after
conception. Most probably, all described modifica-
tions of maternal hemodynamics are triggered early
every menstrual cycle, before conception, but are
too small to be detected. These modifications are
reversible, either at the end of the cycle with menstru-
ations, or within the first weeks or months after deliv-
ery. Physiological modifications are only detectable
when the amplitude of changes is sufficient, thus
most of the time at the end of the first trimester of
pregnancy. Functional as well as anatomical changes
are observed in most systems, of which the cardiovas-
cular and volume homeostasis systems are among the
most important.

These changes in maternal physiology are asymp-
tomatic in normal pregnant women, resulting from an
adapted process. They are nevertheless important to
know for their implications in pathology and its treat-
ment. Most data we have derive from radioactive mole-
cules and cells, or dye techniques previously used in
pregnant women. Modern non-invasive techniques do
not provide the same reliability. If echocardiography, for
instance, can replace invasive measurements of cardiac
output, we still lack non-invasive techniques for param-
eters, such as plasma volume.

Cardiovascular system
Blood volume
Plasma volume increase starts as early as 6 weeks and
reaches a maximum volume of 5200 ml by the end
of the third trimester, which represents an increase of
1200–1600 ml or 45% from non-pregnant values.1,2

Although absolute volume values vary from indi-
vidual to individual, and among studies, the overall
percentage of increase is constant, between 45% and
50%.3 It is not clear whether the importance of plasma
volume is constant for an individual.2,3 or depends
on parity.4,5 Interestingly, plasma volume increases
throughout pregnancy, even when indexed to weight.2

The plasma volume increase is greater in multiple
gestations and the increase is proportional to the
number of fetuses.6–8 More fetuses also means more
placental volume. It is probable that the amplitude of
these changes is proportional to placenta volume,
since the plasma volume increase is greater, on aver-
age, in cases of molar pregnancy.9 In the study of
Pritchard on hemodilution in patients with molar
pregnancies, after accounting for blood loss associated
with the pathology, he describes in five out of eight
patients anemia associated with significant hyper-
volemia.9 The increase in blood volume ranged from
25% to 51% at 9–24 weeks when compared with non-
pregnant values in the same patients. This is consis-
tent with the increase in cases of multiple pregnancy
or increased fetal weight, where placenta volume is
proportionally increased.

On the other hand, in cases where placenta volume
is likely to be decreased, such as pre-eclampsia and
intrauterine growth restriction, plasma expansion is
reduced.10–12

What happens at the very end of the third trimester
of pregnancy is largely debated in the literature.
Contradictory data on whether maternal plasma
volume declines in the last month of pregnancy seem
to be related to maternal positioning. The increase in
plasma volume seems to continue even in the last
month of pregnancy when mothers are in the left
lateral position, at least in twin pregnancies. According
to some authors, plasma volume reaches a plateau at
around 32 weeks in singleton pregnancies, but con-
tinues to increase in twin pregnancies.6 This peculiar-
ity explains the increased risks of pulmonary edema
in twin pregnancies when using β-mimetics or plasma
expansion in the third trimester.

Why does plasma volume expand?
There are several theories to explain why plasma

volume expands during pregnancy

• Hyperaldosteronism: Physiologic hyperaldostero-
nism during pregnancy can be responsible for
plasma increase. Primary hyperaldosteronism is
responsible for hypervolemia in non-pregnant
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patients, with an increase in plasma volume
of 48% and 76% in the two cases described by
Briglier and Forsham, with no changes in total red
blood cell volume.13

• Influence of estrogens: Estrogens affect plasma
volume in many circumstances. Plasma volume
expansion has been described in women using
oral contraception or hormonal replacement ther-
apy (i.e. estrogens in postmenopausal women).14,15

Estrogens are responsible for an increase in renin
levels, which are responsible for an increase in
aldosterone level.

• Placental growth hormones implications are
uncertain.

• Placental circulation: The placenta acts like a
low-pressure maternal arterio–venous shunt, affect-
ing arterial blood pressure and cardiac output.
Placental circulation could thus explain part of the
plasma expansion by induced hyperaldosteronism.

Red blood cells
Total red blood cell mass increases by 20–40%
by term, which represents an absolute increase of
250–450 ml. The rise is the consequence of greater
production of red blood cells, not longer lifetime,
since iron supplementation increases even more the
red blood cell mass.1 The increase in total red blood
cell volume is proportional to the weight gain in sin-
gleton pregnancies as opposed to plasma volume,
which increases more than the weight gain.2 The
lesser increase in total red blood cell volume than the
physiologic plasma volume expansion is responsible
for pseudoanemia (Figure 83.1). Biologically, women
have hemoglobin values at one standard deviation
below the mean, but the value should always be above
10.5 g/dl.16 Hematocrit can physiologically go as low
as 33%.17 The increase in red blood cell mass starts,
or is detectable, later than plasma volume, by the end

of the first trimester. Twin pregnancy is responsible
for an increase in total red blood cell mass, but
is not as proportional to weight gain as in single-
ton pregnancy. This increase in erythropoiesis is
probably influenced by placental secretion of placen-
tal chorionic somatomammotropin, progesterone, or
prolactin.18 This increase in erythropoiesis increases
maternal needs for iron by about 500 mg.18 More-
over, maternal hemoglobin, by an increase in 2,3-
diphosphoglycerate concentrations in red blood cells,
has less affinity for oxygen to facilitate dissociation
across the placenta to the fetus.19

This hemodilution, as a result of a greater increase
in plasma volume than total red blood cell mass, has
beneficial effects:

• It limits hemoglobin loss in cases of prepartum or
postpartum hemorrhage

• It facilitates heart function by limiting blood
viscosity

• It facilitates placental microcirculation by limiting
blood viscosity

• It facilitates venous circulation to limit throm-
boembolic events16,20

• It limits impaired venous return, reduction in
cardiac output, and hypotension in the supine
position.

Heart anatomical changes

Ventricles
End-diastolic ventricular volume and ventricular
mass increase throughout pregnancy. These modifica-
tions, which include anatomical modification of the
maternal heart during pregnancy, take place without
end-systolic volume or end-diastolic pressure increas-
ing.21,22 The combination of increasing end-diastolic
ventricular volume and stable end-systolic volumes

900 Maternal hemodynamic changes of pregnancy

Figure 83.1 Evolution of different parameters throughout pregnancy. Adapted from Ayala et al.,40 Capeless and Clapp,36 Robson
et al.,33 Thomsen et al.,8 and Pitkin.17
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and end-diastolic pressure are the consequences of an
increased compliance of the myocardium. It is not
clear when cardiac compliance starts to increase dur-
ing pregnancy.

Ventricular mass increases as soon as the first
trimester23 and the end-diastolic volume increase is
detectable only in the second trimester,21 and although
the changes are not detected at the same moment, they
are part of a continuum.

Atria
Left atrial diameter increases during pregnancy to
reach a plateau at around 30 weeks.24 Left atrial diam-
eter is related to vascular filling. The increase in left
atrial diameter during pregnancy is in relation with
physiologic plasma volume expansion.

Vessels
Changes are observed in large vessels during preg-
nancy. Aortic compliance increases, which, combined
with decreasing vascular tone, results in lower after-
load and enhanced left ventricular performance.25

Venous distensibility increases throughout pregnancy
from the first trimester.26 Increasing capacity of the
venous system is essential to the physiological adap-
tation to plasma volume increase. It allows stability
in venous pressure and protects the right heart from
too high preload pressure. The fall in vascular resist-
ance occurs at the same time as increasing com-
pliance of large arteries and veins as early as the
fifth week of gestation.27 The causal relation between
increased vascular compliance, fall in vascular resist-
ance, physiologic plasma volume expansion, and
increasing cardiac output during pregnancy are yet to
be determined.

Cardiac output
Cardiac function was initially studied using invasive
techniques. It has even been used in term pregnancies
more recently.28 Echocardiography combined with
pulse- or continuous-wave Doppler measurements of
cardiac output was validated against invasive tech-
niques in non-pregnant patients.29 These techniques
were later validated in pregnant women.30,31 Since
then, most available data collected have used non-
invasive techniques.

Cardiac output depends on heart rate and stroke vol-
ume. Stroke volume increases throughout pregnancy
as demonstrated by the mid-20th-century invasive
procedures and more recent non-invasive ultrasound
examinations.32–34 The major causes responsible for
stroke volume increase are:

• A moderate increase in preload and greater
venous return

• A decreased afterload, increased arterial compli-
ance, and fall in vascular resistance

• An increased cardiac compliance and an intrinsic
myocardial contractility increase that is independ-
ent of loading conditions.35

Cardiac output increases by 30–50% during preg-
nancy.28,30,32–35 The increase in cardiac output is
detectable as early as the fifth week of gestation. Early
in pregnancy, the cardiac output increase is mostly
the result of a stroke volume increase.33,36 Heart rate
increase occurs later in pregnancy and contributes,
then, to the increase in cardiac output observed in the
second half of pregnancy33,37 (Figure 83.1).

Caval syndrome in pregnancy was described by
Holmes in 1960.38 Maternal position influences hemo-
dynamics. When in the supine position, the uterus
compresses the inferior vena cava, affecting venous
return to the right atrium. The reduction in preload
affects all hemodynamic parameters. Ueland et al.
compared stroke volume, heart rate, and cardiac out-
put at three different intervals in pregnancy, 20–24
weeks, 28–32 weeks, and 38–40 weeks.39 They per-
formed their measurements in the supine, lateral
decubitus, and sitting position. Their main findings
were:

• In the lateral decubitus, there is a fall in cardiac
output by the end of the third trimester, as a result
of the fall in stroke volume.

• In the supine position, cardiac output values at
the very end of pregnancies are lower than non-
pregnant values, as a result of a major fall in stroke
volume partly compensated by an increase in
heart rate.

Evolution of cardiac output in late pregnancy was not
clearly described in the literature. This issue seems set-
tled by the work of Clark et al. in 1989.28 In a study on
10 healthy singleton pregnant patients between 36 and
38 weeks of gestation, using invasive central hemody-
namic assessment, they found a 44% increase in car-
diac output, with a 17% increase in heart rate and 27%
increase in stroke volume.28 They concluded that car-
diac output does not fall in late pregnancy. Therefore,
the variations in cardiac output measurements in late
pregnancy observed in older studies were probably
related to maternal positioning during measurements.

Blood pressure

Arterial blood pressure
Arterial blood pressure declines from the seventh
week.36

Using 24-h mean blood pressure measurements
in normal pregnancies, Ayala et al. found a steady
decrease of systolic blood pressure, diastolic blood
pressure, and mean arterial pressure up to the 21st
week of gestation, followed by an increase to near
non-pregnant values by the end of pregnancy40
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(Figure 83.1). When the circadian variations of blood
pressure were studied, the lowest pressures were
measured at 4–5 h, and the highest at 12–21 h.41 The
magnitude of the difference between the highest and
the lowest blood pressure within the same circadian
period is maximal in the second trimester. These
modifications in blood pressure are influenced by
maternal age, but not by parity.42

Vascular systemic resistance
The total vascular resistance drop early in pregnancy is
probably due to the low-resistance placental vas-
cularization. It seems actually to be the first parameter
to be significantly modified in early pregnancy.43

Duvekot et al. performed serial weekly measurements
from 5 to 8 weeks of gestation. They unfortunately did
not have non-pregnant values and compared the results
with the 5 weeks’ gestation data. It is not clear if this
drop in total vascular resistance, due to the placental
low-resistance effect on the maternal circulation, is a

cause or a consequence of plasma expansion and
hyperaldosteronism. The only significant changes
observed from the sixth to the eighth week of gestation
compared to the fifth week were a rise in plasma
17-estradiol and a drop in plasma 17β-hydroxyproges-
terone. Interestingly, Walters and Lim described in
1969 a fall in total vascular resistance when estro-
progestative contraceptives were given to women.15

The total vascular resistance remains low throughout
pregnancy and is still 21% lower than non-pregnant
values at 36–38 weeks of gestation.28

Conclusion
Pregnancy is characterized by early modifications in
most hemodynamic parameters. These modifications
are a consequence of normal adaptation to pregnancy
and serve as control values for inadequate adaptation
of pathologic pregnancies.

902 Maternal hemodynamic changes of pregnancy
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84 Pathophysiology of
pre-eclampsia
T. Podymow, P. August and D. Skupski

Pre-eclampsia is a hypertensive condition unique to
pregnancy with both maternal and fetal mani-
festations. The maternal disease is characterized by
vasospasm, endothelial dysfunction, activation of
the coagulation system and high blood pressure. The
maternal pathophysiologic changes are mainly
ischemic, affecting the vasculature of the placenta,
kidney, liver and brain. Pre-eclampsia is diagnosed in a
woman with new onset of hypertension >140/90 mmHg
after the 20th gestational week accompanied by pro-
teinuria >300 mg/day. Other common clinical and lab-
oratory abnormalities include facial and peripheral
edema, thrombocytopenia, elevated uric acid levels
(greater than 5.5 mg/dl or 327 mmol/L) and elevated
transaminase levels (greater than twice the normal).
The greatest concern is that pre-eclampsia can progress
to eclampsia, which is life-threatening convulsions
associated with cerebral hemorrhage, or to hemolysis,
elevated liver enzymes and low platelets (HELLP) syn-
drome. Eclampsia is frequently preceded by severe
headaches, visual disturbance (halos or auras) and
hyper-reflexia, while HELLP syndrome is frequently
preceded by right upper quadrant or epigastric pain.
The consequences of pre-eclampsia for the fetus are a
result of decreased placental perfusion and include
intrauterine growth restriction and fetal loss. Delivery
is the only definitive cure of pre-eclampsia/eclampsia,
and in order to prevent serious maternal complications
premature delivery is often necessary; as such hyper-
tensive disorders in pregnancy are the leading cause of
indicated premature delivery. In this chapter, the
pathophysiology of pre-eclampsia and the pathogene-
sis of these manifestations will be examined.

Pathophysiology
The pathophysiology of pre-eclampsia has been
described divided into two stages:1 alterations in pla-
cental perfusion (stage 1) and the maternal syndrome
(stage 2).

Placenta – Stage I
The pathophysiology of pre-eclampsia begins with
abnormalities in the development of the placenta,
leading to the production of abnormal vasculogenic
substances, which upon reaching the maternal circu-
lation produce the maternal clinical syndrome. There
is considerable evidence for the importance of the
placenta in the pathogenesis of pre-eclampsia; pre-
eclampsia can develop without a fetus in the case of
molar pregnancies (a rapidly growing placenta with
trophoblastic tissue) and in multiple gestations
(increased placental mass). There are also case reports
of twin pregnancies where pre-eclampsia is reversed
upon termination of the severely growth-restricted
twin and involution of the pathologic placenta.2

In normal gestation, the uterine artery’s terminal
branches, the spiral arteries, invade the placenta and
are transformed from muscular arteries into relaxed
flaccid vessels to accommodate an eventual 10-fold
increase in uterine blood flow. This transformation is
dependent on the placental trophoblasts that invade
and surround the uterine spiral artery’s vascular
walls.3 The placental trophoblasts, normally epithe-
lial cells, replace their adhesion molecules with those
of endothelial cells to assume vascular endothelial
cell phenotype prior to invading the uterine arteries,4

a process termed pseudovasculogenesis. This vascular
remodeling results in increased blood flow and sup-
ply of nutrients and oxygen to the fetus by the end
of the first trimester. In pre-eclampsia, pseudovascu-
logenesis is defective; cytotrophoblast invasion from the
placenta is shallow, the arteries remain small
and muscular5 and the ensuing placental ischemia
is thought to trigger the release of placenta-derived fac-
tors (Figure 84.1). Of considerable interest is the
increased incidence of pre-eclampsia in women with
medical conditions associated with microvascular dis-
ease such as hypertension, diabetes and collagen vascu-
lar disease, as the impaired placental perfusion leading
to ischemia may be the common source of this disease.1

Kurjak-84.qxd  5/13/2006  12:34 PM  Page 904



Pathophysiology 905

Figure 84.1 Hypothesis on the role of sFlt-1 in pre-eclampsia. (a) During normal pregnancy, the uterine spiral arteries are infiltrated
and remodeled by endovascular invasive trophoblasts, thereby increasing blood flow significantly in order to meet the oxygen and
nutrient demands of the fetus. (b) In the placenta of pre-eclamptic women, trophoblast invasion does not occur and blood flow is
reduced, resulting in placental hypoxia. In addition, increased amounts of soluble Flt1 (sFlt-1) are produced by the placenta and
scavenge VEGF and PlGF, thereby lowering circulating levels of unbound VEGF and PlGF. This altered balance causes generalized
endothelial dysfunction, resulting in multi-organ disease. It remains unknown whether hypoxia is the trigger for stimulating sFlt-1
secretion in the placenta of pre-eclamptic mothers and whether the higher sFlt-1 levels interfere with trophoblast invasion and spiral
artery remodeling. Adapted from Luttun and Carmeliet8 with permission.

The idea that impaired placental perfusion leads
to release of ‘factors’ into the maternal circulation to
cause the clinical manifestations of pre-eclampsia is
not new, although the precise nature of these ‘factors’
awaits ultimate description. The placenta-derived
pre-eclampsia factors causing systemic endothelial
dysfunction have for decades been elusive. Maynard
et al. have reported that angiogenic proteins such as
placental growth factor (PlGF) and vascular endothelial
growth factor (VEGF) are both required for normal
angiogenesis and endothelial function in pregnancy,
and are reduced in women with pre-eclampsia. Recent
studies report elevated maternal serum levels of a pro-
tein, which in pre-eclampsia appears to scavenge

these factors and induce endothelial dysfunction: a
soluble fms-like tyrosine kinase 1 (sFlt-1) (also called
soluble vascular endothelial growth factor receptor 1,
sVEGFR-1). This molecule is a circulating modified
VEGF receptor, whose function is to neutralize VEGF
and PlGF, and is found in excess quantities in both the
placenta and the serum of pre-eclamptic women6,7.
When administered to pregnant rats, sFlt-1 has been
shown to induce a pre-eclampsia-like phenotype with
albuminuria, hypertension and renal pathologic
changes of glomerular endotheliosis.6 In human stud-
ies, increased serum levels of sFlt-1 and reduced
levels of PlGF have been found to predict the subse-
quent development of pre-eclampsia,7 and decreased
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urinary PlGF in the early second trimester is strongly
associated with subsequent early development of pre-
eclampsia.9 The mechanism for the upregulation of
sFlt-1 and whether normalization of VEGF and PlGF
levels might halt progression of pre-eclampsia are yet
unknown.

Other factors that may be derived from the placenta
and are postulated to be related to pre-eclampsia are
substances that increase oxidant stress, leptin and a
variety of cytokines including tumor necrosis factor α.
Oxidative stress due to hypoxia-driven free-radical
generation at the fetal–maternal interface has been
suggested as a cause of pre-eclampsia. The by-prod-
ucts of increased oxidative stress, possibly released
by the placenta in response to hypoxia or ischemia,
have been implicated in endothelial cell damage in
pre-eclampsia.10,11 Small studies using antioxidants to
prevent pre-eclampsia have been encouraging and
vitamins E and C are under study in larger trials to
determine their potential role in prevention.12

Pathologically, the lesion of the placenta in pre-
eclampsia is termed acute atherosis and is character-
ized by an accumulation of fat-laden macrophages and
infiltrates in the arteries not invaded by trophoblast
cells. In a study of 400 placentas from pre-eclamptic
women, vascular lesions in the placenta correlated
with the severity of clinical disease.13 Pre-eclampsia
is also associated with a greater degree of placental
infarction than in normal gestation; however, the pla-
centa has considerable reserve, explaining why some
infants are growth-restricted or die but more often are
normal for gestational age.

Pathophysiology of the maternal
syndrome of pre-eclampsia – Stage II

Blood pressure in pre-eclampsia
High blood pressure in pre-eclampsia is due mainly
to a reversal of the vasodilatation of normal preg-
nancy, replaced by a marked increase in peripheral
vascular resistance.14 Pre-eclamptics do not develop
overt hypertension until late gestation (after 20 weeks,
and usually not until the third trimester), but vaso-
constrictor influences may be present much earlier.
For instance, longitudinal and epidemiologic surveys
show that women destined to develop pre-eclampsia
have slightly higher ‘normal’ blood pressure (e.g.
diastolic levels >70 mmHg) as early as the second
trimester.15–17

The precise mechanism of pre-eclamptic hyper-
tension is obscure. During normal pregnancy the
renin–angiotensin system is stimulated, most likely
in response to vasodilatation and lower blood
pressure. In contrast with normal pregnancy, women
with pre-eclampsia have suppressed plasma renin
activity, aldosterone, urinary aldosterone excretion
and angiotensin II levels. There is evidence that the
renin–angiotensin system is stimulated early in

pregnancy in women who later develop pre-eclampsia
and that the developing vasoconstriction and hyper-
tension turn off renin secretion. This decrease in
renin has been used as a screening test to identify
gravidas in midgestation who are at risk for the devel-
opment of pre-eclampsia.18

Blood pressure in pre-eclampsia is also characteris-
tically labile, and exaggerated responses to norepi-
nephrine and angiotensin despite normal plasma
levels have been noted.19 There is a reversal of the
normal circadian rhythm, with blood pressures often
being higher at night.20 In addition, increases in
peripheral vascular resistance and blood pressure that
characterize pre-eclampsia have been found to be
mediated partly by a substantial increase in sym-
pathetic vasoconstrictor activity, which reverts to
normal after delivery.21 These observations lend
mechanistic support for the use of methyldopa, which
is metabolized to α-methylnorepinephrine and
replaces norepinephrine to decrease sympathetic tone
centrally.

Changes in eicosanoid metabolism occur in normal
pregnancy, particularly prostacyclin (PGI2) and
thromboxane (TXA2) production, and further alter-
ations arise in pre-eclampsia. Prostaglandins such as
PGI2 are increased in normal pregnancy, particularly
vasodilatory prostanoids (mostly PGI2) by vascular
endothelial cells,22 and this may contribute to the
generalized vasodilatation characteristic of pregnancy.
Reduced PGI2, but not TXA2, has been found to occur
months before the clinical onset of pre-eclampsia.23,24

There is substantial literature suggesting that alter-
ations in prostaglandin metabolism underlie the
pathogenesis of pre-eclampsia.22–26 Manifestations
such as increments in vascular reactivity and blood
pressure, as well as intravascular coagulation, have
been proposed to be due to an imbalance between
PGI2 and TXA2 synthesis, resulting in a relative or
absolute PGI2 deficiency. These findings are consis-
tent with evidence that pre-eclampsia is characterized
by generalized vascular endothelial cell dysfunction,
leading to diminished production of PGI2, as well as
other vasodilatory endothelial cell products.

In spite of the large body of evidence supporting a
role for alterations in prostaglandin metabolism in
pre-eclampsia, it is important to emphasize that these
substances are difficult to measure, and act locally, so
measurements from peripheral blood may not reflect
local effects. Nevertheless, the notion that pre-
eclampsia is characterized by a deficiency of PGI2
with stable or increased TXA2 production has been
the basis of several large multicenter randomized tri-
als evaluating low-dose aspirin (which inhibits
platelet TXA2 generation but spares vascular PGI2
production) in the prevention of pre-eclampsia.
Despite early, relatively small studies that reported
striking reductions in the risk of pre-eclampsia in
women treated with low-dose aspirin, a recent
Cochrane review including data from 36,500 women
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did not reveal the overall beneficial effect of aspirin
on pregnancy outcome.27

Endothelial cell function
In recent years, the role of the vascular endothelial
cells in the modulation of vascular smooth muscle
contractile activity, as well as in coagulation and
regulation of blood flow, has increased the under-
standing of endothelial cell function in the patho-
physiology of pre-eclampsia and other chronic
cardiovascular conditions, such as atherosclerosis
and essential hypertesion. Endothelial cells, which
have receptors for numerous vasodilators and con-
strictors, produce hormones, autacoids, and mito-
genic cytokines, including PGI2, nitric oxide and
endothelin. The pathophysiologic changes of pre-
eclampsia, particularly those present before clinically
apparent disease, support the hypothesis that altered
endothelial function contributes to many of the changes
observed in the pre-eclamptic syndrome.28 Women with
pre-eclampsia manifest increased circulating markers of
endothelial activation (von Willibrand Factor, cellular
fibronectin, thrombomodulin, endothelin, V-CAM).29

Pre-eclamptic blood vessels demonstrate reduced
endothelial-mediated vasodilation in vitro,29 and in
vivo studies have shown that flow-mediated (endothe-
lium-dependent) dilatation is impaired in women
with previous pre-eclampsia.26 Most recently, raised
plasma concentrations of asymmetric dimethylarginine
(ADMA), the endogenous inhibitor of endothelial nitric
oxide synthase, has been shown to be elevated in
women with evidence of abnormal endothelial func-
tion prior to the development of pre-eclampsia.30

There are numerous reports of a hypertensive syn-
drome produced by inhibiting nitric oxide synthase in
various experimental models of gestation, with some
features similar to human pre-eclampsia.31,32 Results
from women with pre-eclampsia are conflicting, with
reports of increased as well as decreased serum and uri-
nary metabolites of nitric oxide in pre-eclampsia.33–35

Endothelins represent other vasoconstrictors
postulated to play a role in pre-eclampsia.36–39 In this
respect, circulating levels of endothelin-1 are gener-
ally (but not universally) reported as increased in this
disorder, but it is unclear if such levels have patho-
genic significance or are a by-product of endothelial
damage.

The evidence for endothelial cell dysfunction in
the pathogenesis of the maternal manifestations of
pre-eclampsia is strong, and its cause continues to be
actively investigated. As mentioned, circulating factors
of placental origin, e.g. sFlt-1, are likely involved.
Indeed, sera from women destined to develop pre-
eclampsia have the capacity to alter endothelial cell
function or cause endothelial cell activation in vitro
(assessed by nitric oxide and PGI2 generation).40 Sera
from pre-eclamptic patients are also mitogenic and
increase messenger RNA for, as well as production

of, the platelet-derived growth factor β in culture.41

There is also a growing body of evidence implicating
increased lipid peroxides as well as by-products
of increased oxidative stress, possibly released by
the placenta in response to hypoxia or ischemia,
in the genesis of endothelial cell damage in
pre-eclampsia.10,42–44

Metabolic disturbances in pre-eclampsia
Hyperinsulinemia, obesity, glucose intolerance and
dyslipidemia (e.g. increased triglycerides, reduced
high-density lipoproteins) are associated with cardio-
vascular disease and essential hypertension. Insulin
resistance and hyperinsulinemia (mediated by hor-
monal changes) are also characteristic of normal preg-
nancy, and are maximal in the third trimester.45 Several
laboratories have reported exaggerated metabolic dis-
turbances in patients with pre-eclampsia, including
hypertriglyceridemia, increased levels of free fatty acids,
decreased levels of lipoprotein a, increased insulin
levels, and glucose intolerance.46–50 These observations
are intriguing, particularly because they may be related
to the evidence for increased oxidative stress in pre-
eclampsia (lipid abnormalities may result in increased
oxidative stress.

Obesity remains an important risk factor for pre-
eclampsia, with strong positive association between
maternal prepregnancy body mass index and the risk
of pre-eclampsia.51 Early pregnancy dyslipidemia52

and gestational diabetes53 are also associated with an
increased two- to threefold risks of pre-eclampsia. At
this time it is uncertain if these are the cause or mark-
ers for endothelial dysfunction, or if they may repre-
sent oxidative stress in pre-eclampsia.

Cardiac function in pre-eclampsia
Blood pressure normally declines in early pregnancy,
systolic pressure changes little, while diastolic pres-
sure falls by 10 mmHg at 13–20 weeks and then rises
again to prepregnancy levels in the third trimester.
Normal pregnancy is characterized by primary vasodi-
latation and increased cardiac output is due in part to
the decreased afterload. As noted, high blood pressure
in pre-eclampsia is due mainly to a reversal of the
vasodilatation of normal pregnancy, replaced by
marked increases in peripheral vascular resistance.
Most studies of cardiovascular hemodynamics in
women with pre-eclampsia have been performed in
women with established disease and may be con-
founded by ongoing treatment. Invasive hemodynamic
monitoring of untreated pre-eclamptics as well as
limited careful echocardiographic studies demonstrate
that women with pre-eclampsia have either normal or
slightly decreased cardiac output in association with
increased systemic vascular resistance and increased
afterload. Serial echocardiographic studies throughout
gestation have shown that in women who eventually
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developed pre-eclampsia, increased cardiac output
and decreased peripheral vascular resistance were
found early in pregnancy followed by high-resistance
low cardiac output states when pre-eclampsia devel-
oped.54 Other studies of nulliparous gravidas with
pre-eclampsia in the third trimester using pulmonary
artery catheter, show decreased cardiac output in
pre-eclamptic patients compared with controls.14,55

Peripheral vascular resistance was increased and pul-
monary capillary wedge pressure was below normal.
This has been confirmed in other studies, and amounts
to a normal ventricle contracting normally against
a markedly increased afterload.56 Peripartum heart
failure can occur in this setting, though it is usually
a complication of pre-existing heart disease.57

Plasma volume and red blood cell mass are increased
in normal pregnancy, as physiologic vasodilatation
leads to stimulation of the renin–angiotensin system,
and volume retention ensues. In pre-eclampsia, how-
ever, plasma volume is decreased, which is docu-
mented by measurement with Evans blue dye.58,59 The
decrease in plasma volume may be secondary to vaso-
constriction and hypertension, although there are some
reports that decreases in plasma volume may precede
hypertension.58,60,61 These latter reports have led to the
use of volume expansion therapy with vasodilator drugs
in the treatment of pre-eclampsia. In view of the sup-
pressed renin–angiotensin system in pre-eclampsia, the
decreased plasma volume seems likely secondary to
vasoconstriction and a ‘smaller’ intravascular compart-
ment. Reports that the decreased plasma volume may
have preceded hypertension61 led to the experimental
use of volume expansion therapy, although in Cochrane
analysis, this treatment remains unproven.62

Renal changes in pre-eclampsia
Consistent with the effects of pre-eclampsia on the
endothelium, the renal lesion characteristic of pre-
eclampsia is glomerular endotheliosis.19,63,64 The
glomeruli are enlarged and swollen but not hypercel-
lular, due primarily to hypertrophy of the intracapil-
lary cells (mainly endothelial but mesangial as well),
which encroach on the capillary lumina, giving the
appearance of a bloodless glomerulus. The basement
membrane is usually not thickened and foot processes
are usually well preserved, even when severe protein-
uria is present. Interestingly, sFlt-1, which is elevated
in women with pre-eclampsia, has been administered
to pregnant rats and induces hypertension, protein-
uria and glomerular endotheliosis, the classic lesion
of pre-eclampsia.6 Similarly, these renal alterations
are also observed in experimental models that are
characterized by reduced VEGF levels in the case of
VEGF knockout mice.65

Localized lesions resembling those of focal and seg-
mental glomerulosclerosis (FSGS) are present in about
20% of women with pre-eclampsia. The significance

of this finding is not clear; some consider it to be a
sequelae of pre-eclampsia, a form of secondary FSGS,
whereas others consider that it may be a manifestation
of pre-existing subclinical nephrosclerosis.

In pre-eclampsia, both glomerular filtration rate and
renal blood flow decrease, the former more so than the
latter, leading to a decrease in filtration fraction.19

The decrement is usually modest (25%) even when
morphologic changes are pronounced. Because renal
function normally rises 35–50% during pregnancy, cre-
atinine levels are usually still below the upper limits of
normal. The basis for the altered renal hemodynamics
is not certain and renal histological and hormonal
changes are probably involved. Recent evidence sug-
gests that the hormone relaxin, a natural vasodilator
produced by the corpus luteum and placenta, is
reduced in women with pre-eclampsia and may con-
tribute to the renal changes observed.66,67 Fractional
urate clearances decrease, often before overt disease is
apparent, with a uric acid level greater than 5.5 mg/dl
(327 mmol/L) being an important marker of pre-eclamp-
sia. This appears to be a sensitive marker of decreased
renal clearance and glomerular filtration. Proteinuria
> 0.3 g/day (but in some cases nephrotic range, i.e.
> 3 g/day), is another hallmark that may appear late in
the clinical course of the disease. Rarely, renal insuffi-
ciency may develop due to acute tubular or cortical
necrosis associated with pre-eclampsia.68

Sodium excretion appears to be impaired in pre-
eclampsia, documented in studies of renal excretory
ability after saline infusion,69 though the reduction in
intravascular volume and decreased placental perfu-
sion are major reasons to avoid diuretics in pre-
eclampsia.19 Renal handling of calcium is also
abnormal in pre-eclampsia, with hypocalciuria, low
plasma 1,25-dihydroxyvitamin D3 and high parathy-
roid hormone noted.70,71

Coagulation system
Pregnancy is associated with an increase in hemostatic
factors and decrease in fibrinolytic proteins; factors II,
VII, X, VIII, XII and fibrinogen increase 20–200%
whereas the fibrinolytic protein S has a 40% decrease
during pregnancy.72 The inherited coagulopathies are
major causes of thromboembolic disease in both preg-
nant and non-pregnant individuals; the most common
are autosomal dominant deficiencies of antithrombin
III, protein C, protein S, as well as activated protein C
resistance due to the factor V Leiden mutation, and a
function-enhancing mutation in the prothrombin gene
(prothrombin G20210A) and hyperhomocystinemia.
The pregnancy-associated changes in hemostatic and
fibrinolytic proteins exacerbate the clinical effect of
heritable coagulopathies. A postulated mechanism for
pre-eclampsia in relation to the coagulopathies is
the development of microthrombi in the placental
circulation, with decreased placental perfusion leading
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to pre-eclampsia, hypertension and proteinuria.73

Factor V Leiden mutation is the most common herita-
ble coagulopathy, affecting 5–9% of European popu-
lations, though it is rare in Asian and African
populations.74,75 A recent meta-analysis suggests that
factor V Leiden is associated with a twofold increased
risk for pre-eclampsia.76 The risk of the prothrombin
202210 polymorphism though suggestive as a risk fac-
tor is less clearly so, and the MTHFR genotype (lead-
ing to hyperhomocystinemia) does not appear to
confer an increased risk.76 Increased incidence of
pregnancy-related complications including pre-
eclampsia has been found for deficiencies in protein
C, protein S, antithrombin III, but determination of
the specific odds of developing pre-eclampsia with
these thrombophilias is ongoing.77 Clinically, some
advocate screening for thrombophilias in women with
early (< 34 weeks) or severe (> 160/110 mmHg) pre-
eclampsia with consideration of heparin treatment in
those found to be positive. Primary preventive treat-
ment for women with known thrombophilic muta-
tions but no clotting history is less certain until more
trial data are available.

Falling platelet counts are a known manifestation
of pre-eclampsia. The precise mechanism is unclear,
but it appears that microangiopathy and endothelial
cell damage stimulate platelet activation and con-
sumption.78,79 When severe, this may lead to dissemi-
nated intravascular coagulation.80 Platelet activation
may lead to increased generation of TXA2, which may
in turn increase vasoconstriction and platelet aggrega-
tion.81 Increased release of platelet products such as
serotonin may also contribute to vasoconstriction,
and pharmacologic agents that inhibit serotonin such
as ketanserin have been used successfully in the treat-
ment of pre-eclampsia.82

Hepatic abnormalities
The liver dysfunction that may accompany pre-
eclampsia is correlated to the histological findings,
which include periportal hemorrhages, ischemic
lesions and fibrin disposition. These are consistent
with both endothelial damage and activation of the
coagulation system leading to some amount of liver
tissue edema or necrosis. Involvement may range
from mild enzyme abnormalities to HELLP with
markedly elevated transaminase levels, to subcapsu-
lar bleeding or hepatic rupture. HELLP syndrome is
well described in the clinical literature83 and requires
the presence of hemolysis on peripheral smear and
platelet counts below 100,000/mm3 and transaminase
levels greater than twice the normal for diagnosis.
Liver involvement in pre-eclampsia generally signi-
fies more serious disease and is associated with an
increased risk of maternal complications compared to
pre-eclampsia alone.84

Central nervous system
Eclampsia and seizures in pre-eclampsia that cannot
be attributed to another cause are the most common
central nervous system complication and are respon-
sible for the most maternal deaths in this disease. In
one small series, seizures were preceded by headache
in 64% and by visual changes in 32%.85 Visual dis-
turbances include blurred vision, scotomas and,
rarely, reversible cortical blindness (reversible poste-
rior leukencephalopathy). In these cases, CT and MRI
studies showed extensive bilateral white-matter
abnormalities suggestive of vasogenic edema without
infarction in the occipital and posterior parietal lobes
of the cerebral hemispheres.86,87

Postmortem pathologic specimens of eclampsia
reveal hemorrhages and petechiae, vasculopathy and
ischemia with microinfarcts.88 The cause of cerebral
hemorrhage is debated; vasospasm, thrombosis and
rupture have been postulated and transcranial Doppler
studies document increased cerebral blood flow velo-
city consistent with vasospasm in women with pre-
eclampsia and eclampsia.89–91 Convulsions have been
observed in women with only mild to moderate hyper-
tension; the mechanisms for the seizures are not known,
though by computed tomography and magnetic reso-
nance imaging92,93 cerebral edema has been described, as
have hemorrhage and edema in the vascular watershed
areas of the posterior hemispheres.94 Predominance of
posterior lesions may explain the increased incidence in
pre-eclampsia–eclampsia of visual disturbances. Rarely,
hemorrhages may be major and associated with perma-
nent neurologic sequelae. Cerebral edema observed on
some computed tomography studies may be a conse-
quence of excess administration of fluids in patients
with low oncotic pressure due to hypoalbuminemia.
Rarely, reversible posterior leukoencephalopathy may
develop in patients with eclampsia, which is transient
blindness that resolves completely in most cases.86 The
findings on neuroimaging are characteristic of subcor-
tical edema without infarction.

Long-term sequelae of pre-eclampsia
The pathophysiologic changes of pre-eclampsia appear
to confer a long-term risk for cardiovascular disease in
the mother. In an analysis of follow-up of over 30,000
hypertensive pregnant women, gestational hyperten-
sion, mild pre-eclampsia and severe pre-eclampsia
were associated with 2.8-, 2.2- and 3.3-fold greater risks
for premature cardiovascular events;95 a magnitude of
excess risk that is on par with smoking. Severe pre-
eclampsia was also associated with a 2.3-fold greater
risk for thromboembolic events95 and in a separate
study the rate ratio for later death from stroke for the
pre-eclampsia/eclampsia group was 3.59.96 Whether
this is a result of permanent endothelial injury or if pre-
eclampsia is a manifestation of an underlying predis-
position to vascular disease is not known.
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85 Physiological changes of the
uterine cervix during
pregnancy and delivery
V. N. A. Breeveld-Dwarkasing and F. K. Lotgering

Introduction
During most of human pregnancy, the uterine cervix is
a dynamic anatomical structure that serves as a barrier
between the fetus in its intrauterine environment and
the vagina as the portal to the outside world. In the
prelude to parturition a process called ripening takes
place in which the cervix changes from a structure that
is firm and rigid to one that is soft and elastic that
can be pulled open by uterine contractions, allowing
passage of the fetus. It functions reliably, but is not
foolproof: in preterm delivery the cervix opens prema-
turely and in cervical dystocia it may fail to dilate
adequately. Recent work has improved our under-
standing of the mechanisms that underlie these
changes, but current knowledge still cannot truly
explain its dysfunctions. From the many factors and
cells that are involved, it is now concluded that cervical
ripening and softening are caused by an inflammatory-
like mechanism. In this chapter we summarize what is
known and not known about the physiological changes
of the uterine cervix in pregnancy and delivery, with
emphasis on the remarkable remodeling of its viscoelas-
tic properties.

Anatomy
The cervix is positioned between the muscular body
of the uterus and the vagina, connecting the uterine
cavity with the vagina through its canal, which can
dilate during delivery. The cervix consists predomi-
nantly of fibrous connective tissue (collagen 80% of
total protein content) and 10–15% smooth muscle
fibers.1 The proportion of smooth muscle cells is
higher near the myometrium (28%) than near the
vagina (6%).1 Through most of gestation the cervix is
a firm structure but the fibrous tissue which is respon-
sible for this has to change its structure to become soft
and pliable during delivery. This process of cervical

ripening is characterized by a gradual phase which
starts in the early third trimester, preparing the cervix
for the second phase (during delivery) in which it
becomes soft and pliable in a few hours time. During
the first phase of cervical ripening, both collagen syn-
thesis and denaturation increase, with denaturation
dominating the process. During this stage the cervix
may already feel soft to the touch but the highly dena-
tured collagen network still provides sufficient resist-
ance against uterine contractions. During dilatation
further digestion of denatured collagen leads to loss of
collagen and, consequently, of firmness.2 The cervical
ripening takes place mainly in the deep stromal layer
of the cervix, a fact that emphasizes the importance of
tissue sampling sites in biochemical studies of cervi-
cal ripening.

The cervix receives its blood supply primarily from
the cervical branch of the uterine artery and anasto-
moses with the vaginal arteries are common. Blood
flow increases markedly in the first trimester, when
blood flow of the portio vaginalis uteri in healthy
pregnant women was found to be increased to
69 ml/min/100 g.3 The cervix contains abundant auto-
nomic and sensory nerves, and they are derived from
the hypogastric (T13-L4), splanchnic (L6-S2) and
vagus nerves.4 The sensory information transmitted
through the vagus nerves includes pain and other
reflex information from the cervix during labor and
delivery that seems to bypass the spinal cord.5 In
addition, afferent unmyelinated C-fibers of these
nerves which are associated with cervical vasculature
and smooth muscle cells produce neuropeptides that
play a role in the local neurogenic inflammatory
processes associated with cervical ripening such as
causing the vasculature to leak, edema and migration
of inflammatory immune cells.4 However, the cervix
apparently functions normally to retain the fetuses
during pregnancy even in the absence of neuronal
connections, as in the transplanted uterus in the

Kurjak-85.qxd  5/13/2006  12:34 PM  Page 912



Introduction 913

mouse,6 and in women with a preexisting spinal cord
lesion.

Clinical considerations
The readiness of the uterine cervix to dilate not only
after pharmacological induction of labor, but also in
spontaneous preterm or term labor, is traditionally
assessed with the use of the modified Bishop score.7

The score takes into account the dilatation, length,
consistency, and position of the cervix. The ripeness
of the cervix increases with advancing dilatation,
reduction in length, progressive softening, and a more
anterior position of the cervix. These changes are the
result of the changes in viscoelastic properties, uterine
contractions, and descent of the fetus. Although clini-
cians use these variables to predict the risk of preterm
delivery and/or the chance of successful induction, the
subjectivity of the assessment and interobserver vari-
ability limit their predictive value. As a consequence,
investigators have sought methods to measure the
same variables objectively.

Cervical dilatation has been measured with the use
of ultrasound crystals attached to the vaginal surface
of the cervix, close to the cervical canal in humans8,9

and in cows.10 Because the propagation velocity of the
ultrasound pulse in cervical tissue is approximately
1500 m/s and remains constant, the distance between
the two ultrasound crystals can be calculated from the
time it takes for the pulse to travel from one to
another. The method is somewhat limited in that it
measures dilatation at the external opening of the
cervix, instead of at the internal os where softening
and opening (funneling) may begin. Both species
demonstrate a similar picture, as represented in
Figure 85.1 for nulliparous women.

Initially, during the latent phase, uterine contrac-
tions do not result in an increase in distance between
the crystals attached to the vaginal cervix. The first
measurable response, during the early dilatation
phase, is an increase in distance during a contraction
followed by an almost complete rebound after the
contraction. During the acceleration phase, the dis-
tance increases with each contraction and does not
return to its prior position, thus resulting in progres-
sive dilatation. A deceleration phase, as originally
reported by Friedman,12 does not normally occur.8,13

The initial cervical response to a uterine contraction
as well as the onset of the acceleration phase occur at
a smaller cervical diameter in parous than in nulli-
parous women. The initial response in parous women
occurs at 2.9 cm and in nulliparous women it occurs
at 3.6 cm. The onset of acceleration begins at 3.4 cm in
parous and at 4.8 cm in nulliparous women.8 As a
consequence, calculated myometrial work per cm of
cervical dilatation in parous parturients is less than in
nulliparous parturients, which means that less force
is needed to dilate the cervix in parous than in nulli-
parous women.

Cervical length has been measured extensively in
recent years with the use of transvaginal ultrasound
transducers. The method is limited in that there is
substantial intra- and interobserver variability in meas-
urements of cervical length, even when experienced
observers perform the measurements under standard-
ized conditions.14 In singleton pregnancies, the uterine
cervix on average is 40 ±7 mm at mid-gestation and
only slightly less at 30 weeks’ gestation.15 A short cer-
vical length in asymptomatic women before 20 gesta-
tional weeks is a successful predictor of preterm
delivery before 34 weeks’ gestation, with a likelihood
ratio of a positive test (cervical length < 25 mm) of
6.3 (CI 3.3–12.0) and that of a negative test of 0.8 (CI
0.65–0.95).16 Likewise, a short cervical length is a
useful predictor of successful labor induction, with a
total rate of cesarean sections of 21% in women with
a cervical length of ≤25 mm and 43% in women with
a longer cervix.17 Transvaginal sonographically meas-
ured cervical length itself was found to be a better
predictor of successful labor induction than the tradi-
tional Bishop score,17 with the notion however, that
the differences were significant only in those women
with an unripe cervix (Bishop score ≤5), which sug-
gests that other factors, including the viscoelastic
properties, are also important.

Softening of the cervix has been difficult to quanti-
tate. However, light-induced fluorescence (LIF) of
collagen has been used to investigate the changes in
collagen content of the cervix during gestation and fol-
lowing labor induction with sodium nitroprusside, a
nitric oxide donor, in the guinea pig18 and in humans.19

Collagen fluorescence decreased towards delivery
and increased gradually postpartum, and treatment
with sodium nitroprusside caused a significant reduc-
tion in fluorescence. Collagen gives a characteristic

Figure 85.1 Cervical dilatation in women as measured with
ultrasound crystals attached to the cervix. In the early latent
phase the cervix does not respond to contractions by dilatation,
in the late latent phase dilatation increases temporarily with
contractions, in the acceleration phase the cervix dilates
progressively with contractions. From van Dessel11 with
permission. 
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fluorescence spectrum with a peak around 390 nm.
One of the major cross-links of collagen, pyridinoline,
is believed to be the intrinsic fluorophor. A decreased
fluorescence suggests a reduction in collagen cross-
links, associated with cervical ripening.

In the unripe cervix the cervical lips are positioned
against the posterior fornix, and while ripening and
softening, the cervix gradually moves forward so that
the cervical canal lines up with the vagina. It has been
attempted to study the position of the cervix with
transvaginal ultrasound. However, the anterior cervi-
cal angle was found not to be either a useful predictor
of induction success (sensitivity 22%, positive pre-
dictive value 40%) or of preterm birth.20,21

The cervix is always involved in cases of preterm
delivery, even if the primary cause is not the cervix. In
the case of cervical insufficiency, or cervical incom-
petence, a preexistent weak cervix is unable to retain
a pregnancy in the absence of uterine contractions.
Historically, cervical incompetence is a clinical diag-
nosis based on a history of two or more second-
trimester pregnancy losses, after painless dilatation
up to 4 cm.22 The incidence of cervical incompetence
has been estimated as 2/1000 births in Denmark.23

Such an intrinsic weakness of the cervix may be sur-
gically treated by a cerclage. Cervical incompetence
may be suspected in case of Mullerian abnormalities
[cervical hypoplasia, as with in utero diethylstilbe-
strol (DES) exposure], surgical trauma as in prior late
abortion, cone excision, trachelectomy, obstetrical
trauma, or in the case of connective tissue disease
(Ehlers–Danlos syndrome). A cervix which appears
to be short by transvaginal sonography is also a risk
factor for preterm delivery, but is not always caused
by cervical incompetence. Therefore, the entities that
could lead to preterm delivery should not be used
interchangeably with cervical incompetence. Cervical
incompetence may vary in degree and it may be
expressed differently in subsequent pregnancies and
although a short cervix may indicate a higher risk for
preterm delivery it does not discriminate between
underlying pathologies.24 In normal pregnancies the
cervix also shortens progressively between the 10th
and the 40th week.25 That is why the American
College of Obstetricians and Gynecologists recom-
mends not to screen women at low risk routinely and
to perform serial cervical length measurements only
in women with a historical risk factor for preterm
delivery.26 These, include bacterial vaginosis, placen-
tal and intra-amniotic infections, extreme uterine dis-
tension as in multiple pregnancies, blunt abdominal
trauma leading to placental abruption, diabetes, and
smoking. When these causes lead to preterm delivery,
irrespective of the etiology, a common biochemical
pathway has to become active that will lead to cervi-
cal effacement and dilatation just as in normal deliv-
ery. Strategies to prevent preterm deliveries that are
less invasive than cerclage, such as reduction of
physical activities or even the application of vaginal

pessaries are likely to be effective in the mere
presence of risk factors, when clinical symptoms or a
typical obstetrical history are absent.27

The change in cervical function from retaining the
fetus in utero during pregnancy to allowing the fetus
a smooth passage during delivery requires an exten-
sive and intriguing remodeling of the viscoelastic
properties of the cervix, as we will discuss in greater
detail.

Tissue remodeling
Proper timing of the tissue remodeling in the cervix
may make the difference between a severely prema-
ture, a healthy term, or a postterm infant, and between
spontaneous delivery, a cesarean section, or a failed
induction. Our understanding of the intriguingly
complex mechanisms that underlie this remodeling
process is still far from complete. We will first des-
cribe the physiological changes that occur in the extra-
cellular matrix (ECM) which is responsible for both
the strength and plasticity of the cervix, subsequently
the cellular events that are responsible for the changes
in the ECM, and finally the hormonal changes that
induce the invasion of cells and regulate the actions
of both the resident and the invasive cells.

Extracellular matrix
The cervix is not a static tissue but a dynamic organ
and the ECM plays a major role in the dynamic
changes in strength and plasticity of the cervix during
pregnancy and parturition and the different phases of
the menstrual cycle. The ECM constitutes collagens,
proteoglycans, and elastin, which are synthesized by
the smooth muscle cells and fibroblasts that represent
the majority of the cells that are usually present in the
cervix. During ripening the structural integrity of
the ECM changes as a result of structural changes in
the collagen network, a shift in the composition of the
total proteoglycan content and possibly a change in
the arrangement of elastin fibers. During ripening the
resident cells are mostly involved in releasing inflam-
matory mediators and proteolytic enzymes, while
during labor an additional number of neutrophils and
macrophages invade the cervix and release the
enzymes stored in their granules, which are responsi-
ble for the much faster softening. We will discuss the
dynamic regulation of collagen, elastin, and other
constituents of the ECM in more detail.

Collagen
The fibrous connective tissue of the cervix consists
largely of collagen type I (70%) and type III (30%),
and taken together they represent 80% of the total
protein content of the cervix. Collagen molecules are
three stranded molecules typically arranged in a triple
helical configuration. Their strands are bound
together by disulfide bridges and the molecules are

914 Physiological changes of the uterine cervix during pregnancy and delivery
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cross-linked by pyridinoline side chains to form
strong nonextendable fibers. The synthesis of colla-
gen triple helices is complex in that it requires co-
translational and posttranslational steps in addition
to the protein synthesis per se. Two relevant co-factors
are vitamin C and copper. Copper is a co-factor for
peptidyl-lysine oxidase, an enzyme involved in the
cross-linking of collagen fibers that is inhibited by
smoking.28 Normally, the synthesis and degradation of
collagen are in a dynamic balance, depending on the
stage of pregnancy.

In the nonpregnant state, the collagen bundles are
densely packed together. During pregnancy the collagen
is gradually remodeled, during the process of ripening
that prepares the cervix for labor and dilatation. Yet,
even during the first trimester of pregnancy the collagen
fibers become less tightly packed.29 Through these
changes, the pregnant cervix feels softer than the non
pregnant cervix, while a more parallel alignment of the
fibers assures proper closing function.

As long as the helical conformation of the molecule
remains intact, collagen is not readily accessible for
proteolytic enzymes. Even when the collagen mole-
cules are denatured, they can still maintain their
three-dimensional network conformation through
cross-bridges and still offer considerable resistance to
physical stress, as is the case during cervical ripen-
ing.2 Unwound, denatured, collagen is subject to fur-
ther digestion by proteolytic enzymes, including
collagenases which may result in a greater solubility
of collagen,30 and this could be responsible for the
decreased collagen content of the cervix shortly
before delivery as observed in cows.2 In pathologic
conditions, including cervical incompetence and in
utero diethylstilbestrol exposure, a too extensive
ripening process may occur in mid-pregnancy.29 The

difference between an unripe and a maximally ripened
cervix are clearly demonstrated in Figure 85.2.
Subsequently, during parturition macrophages and
neutrophils progressively invade the cervix, release
their catabolic enzymes that dissolve the dispersed
collagen fibers, and allow the cervix to dilate within
hours.

Immediately after delivery, the involution of the
cervix is accompanied by a two- to threefold increase
in the synthesis of collagens I and III,32 thereby start-
ing the repair that will allow the successful carrying
of a subsequent pregnancy.

Elastin
Although elastin constitutes only 1% of the total con-
nective tissue and its content does not appear to
change with the stage of pregnancy, it is an important
component of the ECM of the cervix.33 Elastin does
not offer the same resistance against the mechanical
forces of uterine contractions and the fetal presenting
part as collagen does,34 but it adds to the cervix
the quality of elasticity. Added to the strength of the
collagen, the elastic component may serve to keep the
cervix closed during pregnancy, while allowing it to
dilate during labor. But maybe even more importantly,
it may enable the cervix to bounce back to its original
diameter after delivery. Elastin is localized to specific
regions of the cervix and is not dispersed through the
cervical stroma. Elastin seems to be concentrated at
the external os and from there on it spreads to the
periphery in a band upwards to the internal os where
it becomes sparse in the muscular area below the
internal os.33 The elastin fibers of the cervix are made
up of membranes and fibrils which are organized in a
fishnet-like structure34 so they can be stretched in any
direction. They are likely to be responsible for the

Figure 85.2 Electron micrographs of the cervix of pregnant guinea pigs obtained before term (left) and following ripening at term
(right). Note the large number of collagen fibers present during early pregnancy and the decrease in fibers during ripening. From
Garfield et al.31 with permission.
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dynamic changes in cervical length and temporary
funneling at the internal os of the cervical canal that
occur during pregnancy in response to maternal posi-
tional changes, fetal movements and uterine contrac-
tions as observed by ultrasound.35 Biopsies from
incompetent cervices have shown a reduction in total
elastin, fragmented fibers and an abnormal arrange-
ment of the elastin compared with those of uncompli-
cated term pregnancies.36

Proteoglycans and hyaluronic acid
Proteoglycans play an important but complex role in
the spatial arrangements and stabilization of the ECM.
In addition, they regulate the induction of cytokines.
Proteoglycans are glycoproteins that contain one or
more glycosaminoglycan (GAG) side chains in addi-
tion to a protein core. In the past, the nomenclature
of the proteoglycans was based on these side-chains
and studying the changes in content of the various
GAGs during pregnancy showed a complex pattern
(Figure 85.3).

The changes in GAG concentrations (nmol/g dry
weight) are most pronounced during late gestation and
labor. The change in total GAGs content is already pro-
nounced in the third trimester and is caused predomi-
nantly by an increase in chondroitin-6-sulfate, while
the further increase during labor is largely caused by
an increase in hyaluronic acid. From a functional

point of view, however, the relevance of these changes
in total and individual GAG concentrations may be
questioned as the complete proteoglycan molecule
and its spatial arrangement rather than the content of
side chains is important with regard to their role as
building blocks of the ECM. Thanks to modern gene
technology, a new appreciation of the molecular
design has lead to a new and simplified nomenclature
based on homologies of the protein core and to the
grouping of distinct gene families and subfamilies,
often with similar or identical structural and func-
tional relationships.38 Members of at least two proteo-
glycan subfamilies are present in the cervix, i.e., the
small leucine-rich proteoglycans (formerly called
small dermatan-sulfate proteoglycans) that include
decorin and biglycan,32,39 and the hyalectan (hyaluro-
nan and lectin interacting) proteoglycans that include
versican (a large chondroitan/dermatan sulfate pro-
teoglycan), aggrecan (a chondroitin sulfate proteo-
glycan), and a large (220 kDa) keratan sulfate
proteoglycan.40 Decorin seems relevant as it coats and
stabilizes the collagen fibrils through a tight align-
ment of the fibrils, by binding its protein core with
different sites of the collagen fibrils. The decorin con-
centration is lower in the cervix of term and parturi-
ent women than in nonpregnant and early pregnant
women41 and the decorin to collagen ratio correlates
inversely with the softness of the cervix. This suggests
that the dispersion of collagen near term is in part
mediated by loss of decorin. Biglycan interacts with
collagen via its GAG side chains and like decorin its
concentration decreases during cervical ripening.32

The hyalectans probably enhance the water binding
capacity of hyaluronic acid. The concentrations of
versican and the large keratin sulfate proteoglycan
increase in the ECM during labor,32,40 when a signifi-
cant increase in the hyaluronic acid content also
occurs.37 Hyaluronic acid is a glycosaminoglycan
which is produced by fibroblasts; it is hydrophilic
and attracts water to the ECM, and helps to disrupt
the collagen. In addition, it is involved in PGE2 syn-
thesis and cytokine production,42 while its break-
down products have angiogenic, inflammatory,
immune-stimulating, antiapoptotic and heat-shock
protein-inducing properties,43 all of which may con-
tribute to accelerated ripening of the cervix in early
labor. In the immediate postpartum period, uterine
involution and cervical retraction are associated with
a two- to threefold increase in mRNA not only for col-
lagen I and III but also of the small leucine-rich pro-
teoglycans, including decorin and biglycan, as part of
the repair process.32

Mediators

Matrix metalloproteinases
Matrix metalloproteinases (MMPs) are the primary
mediators of ECM degradation in the cervix during

916 Physiological changes of the uterine cervix during pregnancy and delivery

Figure 85.3 Pregnancy-induced changes in the total
glycosaminoglycans (GAG) content and the content of the
individual GAGs (nmol/g dry weight) in the cervix of pregnant
women at delivery and postpartum. Adapted from Osmers
et al.37 with permission.
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pregnancy and parturition.44–47 These zinc-dependent
enzymes have been divided into four subgroups,
collagenases, gelatinases, membrane type MMPs
(MT-MMPs), and stromelysins. They are capable of
degrading collagen and elastin, as well as other ECM
components, including proteoglycans. All cell types
present in the cervix are capable of producing MMPs.
The physiologically important collagenases MMP-1
and MMP-8 are produced by the resident fibroblasts
(MMP-1) and the invading neutrophils (MMP-8).
They cleave the triple helices of the intact undena-
tured collagen, degrading it into smaller fragments.
MMP-1 preferentially cleaves type III collagen, and
MMP-8 type I collagen.48 MMP expression is regu-
lated at several levels, including gene transcription,
gene translation, latent enzyme secretion, pro-enzyme
activation and, importantly, inactivation by endoge-
nous inhibitors. Some MMPs, e.g., MMP-1 are synthe-
sized on demand in response to hormones, cytokines,
growth factors, and physical stress.49 They may be
secreted as latent enzymes into the ECM, or bound to
the cell surface and become activated by proteinases,
including other MMPs.50 Other MMPs such as MMP-
8 are synthesized by leucocytes, such as neutrophils
and macrophages and stored in their granules as
latent enzymes to be released when these cells are
stimulated. At the onset of labor, neutrophils are
attracted to the ECM. The MMPs present in neutrophil
granules as well as in the ECM are activated, in
response to increased cytokine activity resulting from
hormone induction. As a consequence, during labor,
MMP concentrations are increased both in the cervi-
cal tissue and in the circulation.

The ECM degrading activity of the MMPs is counter-
balanced by the activity of tissue inhibitors of metallo-
proteinases (TIMPs). These inhibitors are present in the
cervix throughout gestation29 and prevent it from
becoming too severely damaged by the MMPs. The syn-
thesis of TIMPs varies with the level of MMP activity,
which in turn is dependent of the stage of cervical
ripening and dilatation.51 Other suppressive factors of
MMP expression include TGF-β and glucocorticoid.52

Cytokines
Cytokines, including the interleukins (ILs) IL-1 (α and β),
IL-6, and IL-8, are causally linked to preterm and
term labor. Cytokines attract neutrophils to the cervix,
stimulate their extravasation, and the subsequent
release of MMPs from their granules and also stimu-
late fibroblasts to synthesize and secrete MMPs. IL-1α

stimulates MMP-1 secretion by human cervical
fibroblasts and iNOS mRNA expression in these
cells,53 while IL-1β, IL-6, IL-8, and tumor necrosis
factor alpha (TNFα) expression is linked to invading
neutrophils.54 When IL-1β or IL-8 are administered
intracervically, they induce premature ripening and
delivery.55,56 IL-1β, IL-6, and IL-8 are also found to be
increased during bacterial vaginosis or intra uterine

infections, and then they play a causal role in
early cervical ripening and premature delivery.57

Interleukin-levels in the lower uterine segment,58 pla-
cental blood, maternal serum, and amnionic fluid59

are also found to increase progressively with the
increase of the cervical diameter in normal labor
at term.

TGF-β is an immunosuppressant and a potent
chemo-attractant for monocytes and neutrophils.60 It
stimulates fibroblasts to synthesize collagen and pro-
teoglycans. TGF-β increases after delivery,32 and may
thereby contribute to the involution of the cervix.

Nitric oxide
Nitric oxide (NO) is a short-lived free radical gas that
is produced by nitric oxide synthases (NOS) in a reac-
tion in which arginine, oxygen, and NADPH are con-
verted into citrulline, NO, and NADP. There are three
forms of NOS, all of them have been identified in the
cervix. They are the constitutive calcium-dependent
isoforms bNOS (brain NOS) and eNOS (endothelial
NOS) and an inducible Ca-independent isoform
(iNOS).

An important effect of NO is smooth muscle relax-
ation and therefore it is believed to aid in myometrial
relaxation during pregnancy and possibly in cervical
relaxation during delivery,61 as may be concluded
from the observations in rats, where during active
labor NO production is upregulated manifold in the
cervix, it is simultaneously downregulated in the
myometrium.62 Interestingly, the relaxing effect of NO
on the myometrium appears to be mediated through
an effect on calcium-activated potassium channels
and not through cGMP as has been previously
assumed.63,64

The increase in cervical NO during labor is medi-
ated mainly by the increased expression of inducible
nitric oxide synthase (iNOS)65 in cervical stromal
cells and invading neutrophils, macrophages, and
mast cells.66 In addition to being a smooth muscle
relaxant, and probably functionally more important,
NO is also involved in the regulation of several
inflammatory mediators that induce cervical soften-
ing. NO-donors such as sodium nitroprusside induce
a rapid and significant softening of the cervix in early
pregnant women, when it is applied into the cervical
canal.67 Sodium nitroprusside given intracervically to
term pregnant guinea pigs induced changes in the
ECM that were similar to those observed in guinea
pigs that delivered spontaneously.18 NO stimulates
the release of prostaglandin (PG) E2 and PGF2α

by human cervical fibroblast, through stimulating
cyclo-oxygenase. It also stimulates the synthesis of
proteoglycans, probably through a PGE2-dependent
pathway. NO increases the production of MMP1 in
human fibroblasts.53 High concentrations in the cervi-
cal tissues may cause cell death.68 The view that NO
is actively involved in the pathways that lead to ECM
degradation which contributes to cervical ripening is
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supported by the observation in pregnant rats that the
NOS-synthesis inhibitor L-NAME significantly reduces
the distensibility of the cervix.62

Endothelial NOS (eNOS) and brain NOS (bNOS) pro-
vide low background levels of NO in the cervix. The
concentration of bNOS is significantly increased in
active labor69 while reports with regard to eNOS con-
centrations are contradictory. Both constitutive iso-
forms are believed to be more involved in smooth
muscle relaxation, while the massive increase in NO
synthesis which is caused through the greatly increased
iNOS expression may be more important for its involve-
ment in immune and inflammatory response.

Cellular compartment
The cervix contains epithelial cells, smooth muscle
cells, and fibroblasts, as well as a variable population
of migratory cells, neutrophils, macrophages, and
mast cells. All the various cell types in the cervix par-
ticipate in one way or the other in the process of cer-
vical ripening. The epithelial cells not only provide
local protection against invading organisms, but
secrete inflammatory modulators, including iNOS.66

The resident fibroblasts and smooth muscle cells in
the cervix are not only the source for collagens and
proteoglycans and several growth factors, they also
take part in the inflammatory-like response of the
ripening cervix through the secretion of cytokines and
proteolytic tissue-degrading enzymes. Early in gesta-
tion, smooth muscle cells and fibroblasts proliferate.
Late in gestation, especially in early labor, the rate of
proliferation is reduced, physiologic cell death (apop-
tosis) increases, and neutrophils and macrophages are
attracted to the cervical stroma. Most of the informa-
tion about the contribution of the individual cell
types to the process of cervical ripening has been
derived from in vitro studies, i.e., cell cultures and in
a lesser amount from immunohistochemical or in situ
hybridization studies, so the possible effect of inter-
actions between different cell types in most cases
cannot be specified. Based on these studies, hormones
or inflammatory mediators given to patients may not
always induce the desired effect. In the following sec-
tions we will discuss what is known about the cellu-
lar components of the cervical stroma and their role in
the physiological changes that occur during preg-
nancy and delivery.

Stromal cells
Smooth muscle cells are present in the muscular outer
layer of the cervix and in the stroma. Smooth muscle
cells in the cervix may have two functions, one of
muscle contraction and one of secretion of catabolic
enzymes. Although the literature does not offer any
clear guidance in this matter, it may be perceived as
logical that muscle contractions may be the more
important function in the outer layer, because of the
arrangement of muscle fibers in bundles while in the

stroma the more dispersed smooth muscle cells may
contribute to the inflammatory-like mechanisms of
the cervix. However, these two functions may not be
completely separated because of the observation that
an electromyogram (EMG) derived from the cervix is
higher in women with a clinically unripe compared to
a ripe cervix.70,71 During parturition contractile activ-
ity of the cervix diminishes in response to increased
levels of NO.72

The proposed mechanism by which NO exerts its
relaxing effect on the myometrial smooth muscle cells
has recently been revised. Previously it was thought
that the relaxing effect of NO was mediated through
soluble guanylyl cyclase (sGC) activation and cGMP
accumulation, like in vascular and gastrointestinal
smooth muscle cells. More recent studies, however,
have shown that NO-induced relaxation is independ-
ent of this pathway.64 It has been proposed that the
NO-induced relaxation in the myometrium is mediated
through the activation of calcium-activated potassium-63

or PKG-independent regulation of myosin phospha-
tase.64 Although it has been reported that an analog of
the cGMP inhibits contractile activity of the cervix,73

further studies are clearly needed to determine just
how NO exerts its effect on cervical smooth muscle
relaxation.

Besides contributing to the ECM by synthesizing col-
lagens and proteoglycans,38 cervical smooth muscle
cells also participate in the inflammatory-like mecha-
nism that leads to degradation of the ECM. They do
so through the production of cytokines, including
IL-1β and TNF-α, which in turn, induce expression of
MMP-1 and MMP-9.74 They also produce IL-8, upon
lipopolysaccharide- and cytokine-stimulation, which
stimulates neutrophil invasion and degranulation and,
consequently, the release of proteolytic enzymes,
including MMPs.75

In some aspects cervical fibroblasts are similar to
cervical smooth muscle cells in that they both con-
tribute to the ECM by synthesizing collagens and pro-
teoglycans and they are both capable of producing
cytokines, proteolytic enzymes such as MMPs and pro-
teolytic enzyme inhibitors such as TIMPs. However,
there are some fundamental differences in the way they
react to stimulation by pro-inflammatory cytokines.
For example, both cervical smooth muscle cells and
fibroblasts increase their gene expression of MMP-1
and not of MMP-2 when stimulated by IL-1β or TNF-α,
but fibroblasts also react by increasing TIMP expres-
sion, and cervical smooth muscle cells do not.74 So
fibroblasts have the primary function to provide the
cervix with strength through the secretion of collagen
and proteoglycans. Upon proper stimulation, they
produce MMP-1, MMP-2, and MMP–9 as well as
cytokines, including IL-6 and IL–8,76,77 which are
effective on the other side of the balance. Cultured
human cervical fibroblasts respond to mechanical
stress or the administration of PG-F2α, IL-1α, or NO
with the production or secretion of MMP-1.49,53

918 Physiological changes of the uterine cervix during pregnancy and delivery
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Invading cells
Inflammatory cells of all kinds are present in cervical
stroma throughout gestation41 as they are in all organs
that are in contact with the exterior. Shortly before the
onset of labor the cervix is invaded by a large number
of neutrophils, and to a lesser extent by macrophages.
They contribute to the increased levels of NO,
cytokines, and MMPs that are actively involved in
cervical ripening and dilatation.

In pregnant women, neutrophils are thought to be
the main source of the increased levels of col-
lagenolytic enzymes, including MMPs.78 During labor,
neutrophilic infiltration of the lower uterine segment
increases with cervical dilatation, as do the concen-
trations of MMP-8 and IL-8. At 2–3 cm dilatation,
neutrophils are present close to the endothelium of
the blood vessels but have not yet invaded the tissue.
When dilatation progresses, the process of neutrophil
invasion is associated with increased expression of
adhesion molecules, including intercellular adhesion
molecule-1, endothelial leucocyte adhesion molecule-
1 and vascular cell adhesion molecule-1.79 Shortly
after delivery, the neutrophil concentration shows a
marked further increase, and with it the expression of
IL-1β and IL-8.80 This may represent an anti-infectious
property rather than being associated with cervical
involution.

Macrophages are present in somewhat higher num-
bers in the cervical stroma of women during parturi-
tion,80 while other inflammatory cells, including mast
cells, T-cells, and plasma cells that are present in
small numbers during gestation, do not increase
appreciably during labor.41 Mast cells play a role in
angiogenesis during the first half of gestation, through
mast cell degranulation that causes the release of
vascular endothelial growth factor (VEGF), basic fibro-
blast growth factor (bFGF), IL-1, and IL-6.81 Macrophages
and mast cells do not seem to play an important role
in the initiation of labor.

Hormonal regulation
Progesterone and estrogen
Progesterone keeps the myometrium from contracting
and the cervix from softening. Spontaneous labor is
preceded by a reduction in the circulating concentra-
tion of progesterone and/or an increase in estrogen in
several but not in humans, and premature labor can
be induced successfully by estrogen injection in
sheep.82 This underlines the concept that proges-
terone dominance is important to maintain uterine
quiescence, while estrogen dominance would lead to
labor. The fact that parturition in humans is not pre-
ceded by a drop in serum progesterone concentration
or a shift in serum progesterone/estrogen balance does
not necessarily mean that the concept of the proges-
terone/estrogen balance is invalid in humans as cir-
culating hormone concentrations are only part of the

picture in which receptor quantity and sensitivity
also plays a role. In the guinea pig, progesterone
receptor expression decreases shortly before parturi-
tion, whereas estrogen receptor-α (ER-α) remains high
throughout late gestation and parturition.83 Humans
seem to be similar to guinea pigs in that the respon-
siveness of their cervix to progesterone and estrogen
is likely not to be mediated through changes in circu-
lating blood levels but by changes at the receptor
level. The fact that progesterone antagonists effec-
tively induce cervical ripening and labor in women
supports the functional importance of progesterone
blockade in the onset of labor.84,85 In addition, proges-
terone may upregulate the production of TIMPs,51 and
inhibit the IL1- (α and β) mediated induction of MMP-
9 in cervical fibroblasts of term pregnant rabbits,86 by
which it blocks the MMP-induced degradation of the
ECM. Estrogen stimulates the infiltration of eosinophils
in the rat87 and the enzymatic activity of the procolla-
genases in cell cultures from the guinea pig cervix.88,89

Furthermore, estrogens enhance the cytokine-induced
attraction of neutrophils to the cervix, an effect that is
blocked by progesterone,90,91 and the presence of ER-β
in neutrophils suggests that estrogens may attribute to
the release of MMPs from the neutrophils in the
cervix.92 Overall, the progesterone to estrogen ratio at
the tissue and cellular level is likely to be of major
importance for uterine quiescence and cervical clo-
sure during pregnancy as well as for the initiation of
cervical ripening and delivery.

Prostaglandins
Prostaglandins (PGs) are unsaturated cyclic fatty acids
derived from arachidonic acid in a reaction catalyzed
by cyclo-oxygenase (COX)-1 and COX–2. COX-1 is
expressed constitutively and COX-2 is induced by
cytokines and growth factors.

Local (vaginal and intracervical) application and
systemic administration of PGs (PGE1, PGE2, and
PGF2α

) and their synthetic analogs induce clinical
ripening of the cervix and the onset of labor. In current
obstetrical practice PGE2-gel applied vaginally is rou-
tinely used to induce cervical softening. Collagen
extractability from cervical biopsies of women treated
with PG increased significantly compared to the cervix
of nonpregnant women93 or term pregnant women
with an unfavorable cervix.94 However, incubating
biopsy samples with PGE2 from pregnant women at
different stages of pregnancy revealed that pregnancy
stage has a major influence on the response of cervical
tissues to PGE2. For example, in the early first-trimester
collagen synthesis is stimulated, and proteoglycan
synthesis is decreased, by PGE2. In cervical tissues
obtained from late first-trimester pregnancy until term
the effect of PGE2 on the synthesis of proteoglycans
and collagen is reversed, while in tissues obtained at
the start of labor, incubation with PGE2 causes a
decrease in both collagen and proteoglycan synthesis.95
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Several mechanisms are activated by PGs. PGE2
enhances the effect of IL-8, a potent neutrophil
chemoattractant,96 which is abundantly present in the
cervix and whose concentration in this tissue
increases progressively with cervical dilatation.97

If endogenous PGs play a role in the physiological
ripening and dilatation of the cervix it is to be
expected that PG levels should rise in cervical tissue
at late gestation and labor. However, analysis of cervi-
cal mucus samples shows no increase in PGE2 and
PGF2α

content during the period of cervical ripening.98

This suggests that if PGE2 and PGF2α
are active during

normal labor, their levels are under tight temporal and
spatial control and that they would be synthesized
locally in the tissues, acting in a paracrine way.
Incubated cervical tissues obtained from patients
during the first trimester of pregnancy produced PGs
and prostaglandin metabolites, an effect that may at
least in part be mediated by NO.99 Functional LH and
hCG receptors have been localized in the cervix of
women and treatment of endocervical tissue with
hCG induced a significant decrease in COX-2 expres-
sion and thus could inhibit PG synthesis. During the
last few days prior to labor in the baboon, PGE2 recep-
tor expression in the cervix increases and thereby sen-
sitizes the cervix to PGE2.

100 The PGE2 receptor, EP4 is
also present in human cervical fibroblasts and seems
to mediate GAG synthesis.101 PGE2 may also cause
an increase in cervical MMP-9 concentration in rats,
by a cAMP-dependent mechanism.102 Oxytocin infu-
sion is widely used to augment labor by stimulating
increased frequency and intensity of myometrial con-
tractions, although in two randomized clinical studies
intravenous infusion of low doses of oxytocin seemed
to be as effective as local application of PGE2 gel in
inducing cervical effacement.103,104 In cows, oxytocin-
receptor expression in the cervix increases markedly
during late gestation, predominantly in the mucosal
cells.105 In sheep, cervical oxytocin receptor levels
during pregnancy are low 106 and remain low during
late gestation and labor.107 However, in sheep oxytocin
is able to induce marked cervical softening in the
estrus period because the oxytocin receptor is maximally

present. The observations in sheep and the fact that in
clinical practice oxytocin infusion is not always as
effective in prelabor ripening of the cervix of pregnant
women, suggests that high oxytocin receptor levels are
necessary to make the cervix sensitive to oxytocin. In
cows it has been shown that oxytocin stimulates COX
expression and by this way the release of PGE2.

108 It
could be possible that in women the effect of oxytocin
is generated through an increased PGE2 synthesis at
the uterine level since oxytocin receptor expression in
the uterus is increased during labor.109 Preinduction
with PGE2, which is commonly practiced when oxy-
tocin infusion is used to induce labor, may overcome
the critical period when oxytocin receptors at the
uterine or the cervical level have not yet increased to
sufficiently high levels to induce endogenous PGE2.

The conclusion is that although prostaglandins and
oxytocin are able to induce cervical softening when
used in labor induction, their role in cervical ripening
and softening during physiological spontaneous
deliveries at the cervical level is still disputed as the
mechanisms that could possibly be involved have not
yet been clearly established.

Conclusion
Since the concept of cervical ripening as a local inflam-
matory reaction has been introduced by Liggins,110 the
intriguingly complex remodeling of the uterine cervix
in the onset of labor has shown to be an exciting field
for continued research. Although many factors and
mechanisms that could be involved in this process
have been identified, mostly from animal models and
in vitro studies, and have led to new concepts and
ideas, not all of them have been shown to actually
occur in the cervix of women that give normal birth.
We have made a selection of those factors of which the
clinical relevance is evident or could prove to be prom-
ising targets for pharmacological or mechanical inter-
ventions to prevent preterm and postterm delivery as
well as failure of ripening and dilatation in response to
pharmacological induction of labor.
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86 Physiology of maternal
sleep in pregnancy
K. Biedermann and R. Huch

Introduction
Pregnancy involves fundamental readjustment of the
maternal organism, often associated with unpleasant
changes, notably fatigue and reduced energy.1,2 It is pop-
ularly believed to impair sleep. Pregnant women try to
sleep more, but are still often tired and perform less effi-
ciently.3 Those affected tend to account for their resid-
ual fatigue in terms of progressive sleep deprivation,
due to altered and fragmented sleep in pregnancy.4 By
means of a questionnaire on wrist actimetry in daily life
and polysomnography in the sleep laboratory, we inves-
tigated the changes in sleep habit and quality in preg-
nancy and assessed their relationship to fatigue.

Background
Methods of sleep research
Polysomnography – a combination of electroencepha-
lography (EEG), electromyography (EMG) and elec-
trooculography (EOG) – is the gold standard for sleep
investigation and arbiter of sleep stage division into
rapid eye movement (REM) sleep and non-REM
(NREM) sleep, which is itself subdivided into four
stages of differing depths.5

The sleep EEG is the sum curve of the electrical
vectors on the scalp produced by the discharge of
thousands of neurons. This neuron activity consists of
waves differing in frequency and amplitude. The sum
curve is broken down by Fourier analysis into indi-
vidual frequency bands. The proportion of waves at a
given frequency (power density) is deduced from this
spectrum; in particular, the slow waves (1–12 Hz fre-
quency band) indicative of deep sleep are differenti-
ated from intermediate (13–17 Hz, α-rhythm of the
resting waking state) and rapid waves (18–25 Hz),
which occur in NREM sleep stages 1 and 2. Whole-
night spectral analysis shows waves of the whole fre-
quency spectrum in all sleep stages, but with different
power densities in the different frequency bands.

Figure 86.1 shows the different sleep stages (sleep
structure) combined with Fourier analysis of the sleep

EEG. The sleep stages are shown along the top, above
the waves at different frequency bands over the entire
sleep episode. Long-wave sleep (1–4 Hz) shows a
marked increase in the first sleep cycles, with the
maxima falling in NREM sleep stages 3 and 4. In the
later sleep cycles long-wave activity decreases continu-
ously until it eventually disappears almost completely.

Sleep stages and sleep control

NREM sleep
In stage 1 sleep, there is a decrease in the high-fre-
quency EEG waves, but muscle tone and autonomic
function (blood pressure, heart rate and respiration)
remain at their waking levels or only decrease
insignificantly. Dream-like experiences occur fre-
quently and mostly relate to the thought content of
the preceding waking stage. Stage 2 sleep follows after
approximately 5 min. The EEG shows the characteristic
spindles and spontaneous and evoked K-complexes.
Muscle tone is markedly reduced, the eyes are quiet,
and movement artifacts absent. Autonomic function
decreases further compared to stage 1; the arousal
threshold is raised. Consciousness and receptivity
to external events are absent. Stage 2 NREM sleep
accounts for over 50% of total sleep time and is hence
the chronologically dominant sleep stage. This pro-
tracted stage is followed by the transition to deep
sleep (stages 3 and 4), with the first occurrence of dis-
tinct σ-waves (0.5–4 Hz). Muscle tone is lower than in
stage 2; tendon reflexes are preserved. The eyes are
actively closed; eye movement is absent. Conscious-
ness is extinguished and autonomic function further
reduced. Low-frequency σ-waves dominate stage 4
NREM sleep (50%), and the EMG shows minimal
muscle tone. Arousal from the deepest stage of sleep
requires the strongest stimuli.

REM sleep
REM sleep, characterized by salvoes of REMs6 is also
termed paradoxical sleep because the EEG is domi-
nated by high-frequency waking waves. However,
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muscle tone is almost entirely absent. REM sleep is
dream intensive and altogether accounts for approxi-
mately 20% of the total sleep time, its share tending
to decrease as the sleep episode progresses.

Internal clock
Like many physical functions, the sleep–wake cycle is
subject to a circadian rhythm. Under normal condi-
tions, this is set to a 24-h-day, but it also operates in
experimental isolation, where it is set to a 25-h-day.7

Animal experiments have identified the oscillator of
the internal clock as a small neuron nucleus lying
above the optic chiasma: the suprachiasmatic nucleus.

Sleep factors
Several sleep factors have been discovered to date, e.g.
S factor,8 sleep promoting substance,7 σ-sleep-inducing
peptide,9,10 prostaglandin D2,

11 immune polypeptides,
such as interleukin-1, interferon and tumor necrosis
factor, and neurosteroids.12,13 None has yet been shown
to play a central role. Sleep modulation and control is
thus presumed to be multifactorial.14

Sleep and fatigue in pregnancy
Fatigue has been defined as a subjective and objective
decrease in energy with respect to various spontaneous

activities.15 It is primarily the result of physical activity,
or more precisely of inadequate recovery from such
activity. Many other factors can cause or increase
fatigue, e.g. psychological16 and hormonal influences,
in addition to anemia, hypotension, obesity, magne-
sium deficiency and infectious disease. Fatigue in preg-
nancy is multifactorial, involving psychological and
emotional factors, marked hormonal changes and obvi-
ous biological determinants, such as weight gain, preg-
nancy anemia and the tendency to hypotension.

Sleep disturbance and decreased drive are the
common complaints throughout pregnancy, present
in 20% and 40% of women, respectively, in the first
trimester, and increasing to 70% in the case of sleep
disturbance at term.17 A survey of 100 pregnant women
at term found that mean sleep time increased in the
first trimester and again in the third trimester; sleep
was increasingly shallow and interrupted, while birth
and baby themes came to dominate dream content at
the expense of daytime experience.18

Clinical study
Structure and methods
A total of 189 women attending the Zurich University
Hospital Obstetric Outpatients Clinic were recruited

Figure 86.1 Sleep stages (sleep structure) (top) and spectral analysis (sleep architecture) in a whole-night polysomnogram (bottom).
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over 2.2 years. The inclusion criteria, in addition to
informed consent, were a normal singleton pregnancy
and the absence of sleep disturbance and relevant
psychological or somatic complaints. At the booking
visit, subjects were questioned by a (female) physi-
cian about their lifestyle and occupation and sleep
behavior before pregnancy. At the end of each
trimester and 6 weeks postpartum, they were reinter-
viewed about any changes. The questionnaires were
drafted with the aid of the Institute of Pharmacology,
Zurich University, and psychologists.

Activity was monitored in 70 of the subjects using
wrist actigraphy:19–21 a wrist-worn matchbox-sized
monitor (Gähwiler Electronics, Zurich) converts
movement to electrical signals via a piezoelectric
transducer; the signals release an impulse if they
exceed a set threshold (0.1 g m/s2). Epochs were set to
1 min for optimal movement resolution compatible
with the device’s 1-week storage capacity. Subjects
were asked to wear the monitor as far as possible con-
tinuously for 1 week on the wrist of the non-dominant
hand, once per trimester and postpartum. They were
also asked to record sleep times together with specific
activities, e.g. driving, in a sleep and activity diary to
enable blank phases and passive vibration to be
excluded from the analysis. Monitors were down-
loaded onto an IBM PC and the raw data, comprising
10,080 measurements over the 7 days, were edited
according to the diary entries. It was these modified
data sets that were then analyzed (Figure 86.2).

In addition to interview and actigraphy, 10 subjects
also underwent polysomnography (Grass, with on-
line Fourier analysis) for two consecutive nights in
each trimester (weeks 10, 20 and 30), commencing at
lights out. Subjects could get up at their own discre-
tion and were woken at the time they requested. The
polygraphic data were manually scored according to
the criteria of Rechtschaffen and Kales5 for 20-s
epochs and fed into the computer as data files for
combined analysis of sleep stages and EEG spectra, in
addition to conventional sleep stage analysis.

The Mann–Whitney U rank test and Wilcoxon’s
signed rank test were used for statistical analysis, and

the significance level for longitudinal changes
through pregnancy adjusted with Bonferroni’s correc-
tion. The chi-squared test and Fisher’s exact test were
used for multiple comparisons.

Sleep study results

Population
The median age was 28 years (range 15–45 years). A
total of 87 women (46.0%) were expecting their first
child, 161 (85.2%) were married and 47.1% were in
full-time employment at the start of the pregnancy.
Median booking visit body weight was 56 kg (range
40–93 kg); median weight gain during pregnancy was
13.9 kg (range –4 to +28.5 kg), equivalent to 25.4% of
baseline body weight (range –9% to +53%).

Of the women 37.6% had smoked until their preg-
nancy; 20% smoked more than 10 cigarettes daily.
The remaining 62.4% described themselves as non-
smokers. Forty percent consumed virtually no alcohol
before their pregnancy, while 11% had a weekly alco-
hol intake equivalent to 180 ml of 100% alcohol, for
example, in 1.5l wine, 4.5l beer or 0.5l spirits, assum-
ing a medium alcohol content (12%, 4% and 36%,
respectively).

Sleep times
The most reliable sleep–time data were obtained by
actigraphy. These values were compared with the
questionnaire answers provided by the same women
and with control data for 20–40-year-old women from
a representative 1983 Swiss population survey.22

Mean actigraphic time in bed in pregnancy was 8 h
22 min on weekdays and 8 h 42 min at weekends
(Table 86.1). These values deviated somewhat from
the questionnaire responses: Weekday time in bed
was underestimated by 14 min, while weekend time
in bed was overestimated by 25 min. The actigraphic
weekday–weekend difference was only 20 min (8.42
vs. 8.22) vs. a subjective estimate of 59 min. Pregnant
women reported 20 min more sleep during weekdays,
and only 12 min more sleep during weekends, than
the reference population. When averaged over the
week, time in bed was longer in pregnancy by
18 min/night (+3.3%). This difference is slight and
illustrates the fact that pregnant women, like their
non-pregnant counterparts, adjust their sleep time to
their occupational and social commitments. A general
finding was that the pregnant women generally went
late to bed, thereby failing to use a possible means of
sleep compensation.(Table 86.1)

Sleep times showed no significant changes during
pregnancy, but actigraphic time in bed tended to be
longer in the first trimester, due to an earlier bedtime
than later in pregnancy (Table 86.2). Bedtime differed
significantly between the first and third trimesters
(P < 0.01). It was surprising that many women
(47.1%) were still working in the first trimester; their

926 Physiology of maternal sleep in pregnancy

Figure 86.2 Printout of modified 24-h (noon–noon) activity
data files. Arrows, onset and end of sleep; hatched areas, erased
recording phases (excluded from analysis).
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proportion decreased progressively during pregnancy
(20% in the third trimester). Rising time, on the other
hand, did not change during pregnancy, ranging from
07:34 to 07:44 h.

Employment affected the total sleep time. On
weekdays, housewives slept almost 1 h longer than
employed women (P < 0.001), went to bed at the same
time but sleeping some 40 min longer in the morning
(Figure 86.3). However, they reported fatigue with the
same frequency as their employed counterparts. At
weekends, employed women slept on average only
11 min longer than housewives (9 h 30 min vs. 9 h
19 min; not significant).

Dreams
Dream activity is typically more intense in pregnancy,
centered on themes of pregnancy, birth and baby,18

and frequently tinged with anxiety.23 A total 22% of
women reported more intense dreaming in the first
trimester, rising to 30% in the second and third
trimesters, and returning to prepregnancy levels days
after delivery. The increase in dream activity in preg-
nancy and postpartum was unrelated to energy levels,
despite nightmares being a frequent cause of waking
in pregnancy. Pregnancy dream content is non-prog-
nostic for pregnancy outcome or quality of subsequent
mother–infant bonding.24

Daytime naps
Before pregnancy, only 37% of the women took an
occasional or regular daytime nap. During pregnancy
the proportion increased to 41% in the first trimester
(mean 42.6 min) and 50% in the third trimester (mean
31.3 min). Only 26% took no nap at any time during
their pregnancy. Napping had little effect on sleep
behavior. In fact, total sleep time in 24-h periods that
included a daytime sleep was approximately 1 h longer
than in identical periods with no nap; nocturnal sleep
times were therefore unchanged. Naps were more often
associated with nocturnal sleep onset problems (21.7%
vs. 10.0%, P < 0.05). Napping had no effect on noctur-
nal motor activity (mean nil phase time and motor
latency). Employment had no effect on napping.

Sleep quality
Women reported sleep changes in early pregnancy in
85% of the cases. Increases in sleep time and sleep

Figure 86.3 Mean time in bed in housewives (n �21) and
full-time employees (n �24) on weekdays and weekends.
Housewives spent longer in bed than employees on weekdays
(P �0.008, Mann–Whitney test). Boxes: 25th, 50th and 75th
centiles; T bars: 10th and 90th centiles.

Weekends Weekdays

BT RT TIB BT RT TIB

Self-rating 23:38 (1:14) 8:45 (1:17) 9:07 (1:13) 22:47 (0:52) 6:55 (1:00) 8:08 (0:59)
Actigrapy 23:31 (0:45) 8:14 (0:50) 8:42 (0:46) 23:00 (0:43) 7:21 (0:50) 8:22 (0:40)
Non-pregnant 22:50 (1:53) 8:38 (1:33) 8:55 (1:23) 22:02 (1:35) 6:36 (0:56) 7:48 (1:07)

controls

Table 86.1 Whole pregnancy weekend and weekday bedtime (BT), rising time (RT) and time in bed (TIB)
(h:min; mean ±SD) in the actigraphy population (n=70) vs. age-matched non-pregnant controls19

Trimester

First Second Third Postpartum

Bedtime 22:59 (0:46) 23:08 (0:45) 23:15 (0:59) 23:14 (0:50)
Rising time 7:34 (0:51) 7:34 (0:57) 7:44 (0:59) 7:37 (0:56)
Time in bed 8:37 (0:50) 8:26 (0:47) 8:29 (0:46) 8:23 (0:49)

Table 86.2 Actigraphic bedtime, rising time and time in bed (h:min; mean ±SD; n=70) during and after pregnancy
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latency were reported by 43% and 36%, respectively.
Sleep was shallower (44%) and also disturbed by
arousal stimuli, which had not caused waking before
pregnancy. In the second trimester, 68% reported
improved sleep quality, followed by further deteriora-
tion in the third trimester when sleep was more easily
disturbed (52%) and more fragmented. These data were
confirmed by very similar values in a Japanese study.25

The main causes of sleep disturbance are bathroom
trips,26 unaccustomed sleep position,27,28 back pain,29

fetal movement,3 nightmares, hunger and thirst.
Sleep quality ran only partly in parallel with sleep

time during pregnancy. Often the changes were mutu-
ally contradictory, greater fatigue being reported
despite longer sleep or subjects describing themselves
as more rested despite shorter sleep. Approximately
90% of women reported fatigue during pregnancy,
from the first trimester onward; self-rated energy was
lowest in the first and third trimesters, unaffected by
the usual amplitude of sleep changes, and unrelieved
by longer sleep. Fetal sex did not affect maternal sleep
behavior or energy. Hypnotics were taken only in
exceptional cases (0.5%, mostly benzodiazepines);
approximately 10% of the women took ‘natural’ hyp-
notics (valerian, candy).

Sleep latency. Sleep latency (the interval between
lights out and the first stage 2 sleep) can only be
determined by polysomnography. However, we found
a significant correlation between subjective sleep
onset time and polysomnographic sleep latency.
Difficulty in falling asleep was one of the commonest
sleep disturbances, reported by 29%, including
almost 10% reporting sleep latency exceeding 30 min.
However, the great majority (63.7%) fell asleep in less
than 10 min. Sleep latency decreased with increasing
sleep pressure, i.e. the longer subjects had been awake
the more quickly they fell asleep. Mean time in bed
was longer in women taking a longer time to fall
asleep: women falling asleep in ≤10 min slept 23 min
less than those falling asleep in > 10 min (8 h 43 min
vs. 8 h 20 min, P < 0.01). The time taken to fall asleep
showed only small changes throughout pregnancy,
but was longest (not significantly) at term.

Actigraphic motor latency was defined similarly as
sleep latency as the interval between lights out and
the first nil activity phase lasting ≥5 min. It was
longer in pregnancy than postpartum (6 vs. 5 min,
P < 0.01), but unchanged during pregnancy itself. It
was also longer on weekdays than at weekends (7 vs.
6 min, P < 0.01), probably due to the earlier bedtime.
Restless sleep was associated with a longer motor
latency as motor activity in women with restless sleep
was also increased during sleep onset.

Nocturnal waking. Sleep in pregnancy was frag-
mented by nocturnal waking, reported by at least 40%
of subjects once per night even before pregnancy. The
most frequent causes were ‘internal’, e.g. bathroom
trips or thirst (58%), external factors, e.g. noise and

temperature (40%), and nightmares (21%); 9% had no
explanation.

In pregnancy, the proportion of women generally
waking at night increased to 78% in the first trimester,
fell to 69% in the second trimester and increased
again to 79% in the third trimester (vs. 23% postpar-
tum). The proportion of women waking up more than
once increased steadily from 30% in the first trimester
to 52% in the third trimester. Employed women
awoke less often than housewives (1.4 vs. 1.7 times
per night, P < 0.05) who more frequently already had
a young child to look after.

Nocturnal rising. Rising at night ran in parallel with
waking at night during pregnancy, following 59–66%
of waking episodes. Both sets of values were thus
largely similar. Getting up at least once a night even
before pregnancy was reported by 42.1% of women.
In contrast to other studies,16,30 this had no detectable
impact on sleep quality. In the first and second
trimesters, 58% and 51% of women rose at least once
per night, respectively (increases of 15% and 8%,
respectively); the proportion then increased in the
third trimester to 76% (P < 0.0001). Improvement was
only partial after delivery when, mainly because of
the baby, rising was still more frequent than in the
first and second trimesters (Figure 86.4). Bathroom
trips were the commonest cause of rising at night even
before pregnancy (43.8%), followed by caring for a
small child (24.4%), hunger and thirst (14.6%) and
uncomfortable environmental temperature and
nervousness (Table 86.3). Bathroom trips remained
the major cause throughout pregnancy, cited by
69.6% in the third trimester (Table 86.3), with a
proportionate decrease in risings caused by a small
child. The baby was, as expected, the dominant cause
after pregnancy.

Fatigue and energy. Fatigue has been defined as the
subjective and objective decrease in energy.l5 Fatigue
and energy thus represent opposite poles of the same
spectrum, describing the same reality in inversely
proportional terms. Only 26% of women reported
feeling rested on waking even before pregnancy; a
good third described themselves as ‘tired’ on waking.
Physical and mental energy is known to be decreased
early in pregnancy. A total of 70.9% of women
reported fatigue/decreased energy at the end of the
first trimester; 18.5% reported feeling marked
fatigue/markedly reduced energy (Table 86.4). Only a
minority (3.7%) felt more energy in the first trimester
than before pregnancy. Fatigue/decreased energy
was thus a common complaint in early pregnancy,
decreasing transiently to 34.6% in the second
trimester before reascending in the third trimester to
65%. It improved postpartum in two-thirds of
subjects, but was still reported in 31.6%.

Mean fatigue scores (1 � very tired, 6 � very ener-
getic) were determined in 70 subjects throughout

928 Physiology of maternal sleep in pregnancy
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pregnancy and were used to divide the population
into three groups. Sleep parameters and clinical find-
ings were then analyzed separately for the three
groups. Only one sleep parameter (bedtime) and two
clinical parameters (basal hemoglobin and minimal
diastolic blood pressure) correlated significantly with
fatigue in pregnancy (Table 86.5).

The mean difference in bedtime between tired and
energetic women was 23 min (P � 0.026) (Table 86.5).
There were no differences in rising time or time in
bed. Nocturnal activity [nil activity time, percentage
nil activity and mean nil phase length (mNPL)] and
nocturnal waking were unrelated to fatigue. Motor
latency appeared longer (not significantly) in the tired
group. Daytime napping was equally frequent in all
three groups.

The reasons advanced as possible causes of fatigue
on waking differed throughout pregnancy and post-
partum (Table 86.6): the most frequent were bathroom
trips, inadequate sleep or rest, evening coffee or tea,
workload, personal problems, unaccustomed sleeping
position, fetal movement and pregnancy complaints.
Interestingly, pregnancy-specific effects on fatigue
were not given; the causes were mostly those known
to cause fatigue even outside pregnancy.

Employment had little impact on the fatigue reported
by approximately 60% of housewives and employed

women alike. Energy was not therefore increased by a
reduction in workload. Instead, work was adjusted to
energy as decreased energy in pregnancy leads to work-
place stress and feelings of inadequacy. The increased
emotional vulnerability in pregnancy also led many
pregnant women to avoid such conflict by leaving their
employment. The proportion of full-time employees fell
from 47.1% in the first trimester to 20% in the third; the
proportion of part-time employees stayed constant
throughout pregnancy at 25%.

It is also interesting that performance was not
improved by more sleep. Fatigue/decreased energy
was no less frequent in women sleeping longer in the
first trimester vs. before pregnancy than in those not
sleeping longer. The fact that pregnancy fatigue was
not made good by longer sleep indicates that sleep
disturbance was not the cause, provided it remained
within the usual limits. Other complaints, e.g. nerv-
ousness, irritability and headache, were also often
attributed to sleep disturbance, although they may
themselves also be its cause.

Pregnant women are often worried that their
decreased energy could affect the course of preg-
nancy, birth or the baby. These fears can be allayed;
prematurity, birth weight and neonatal adjustment
were identical in women with markedly decreased
energy and those with high or only slightly reduced
energy. Duration of labor and spontaneous delivery
rates were also identical in both the groups. We failed
to confirm the association reported between birth
weight and mean sleep time during pregnancy,31 but
confirmed the finding that employment does not
affect the course of pregnancy or delivery.32

Motor activity during sleep. Like time in bed, the
nocturnal nil activity time, i.e. the sum of minute
measurement units showing nil activity, also
remained largely unchanged throughout pregnancy
(median 6 h 50 min). Individual fluctuation during
pregnancy was slight, ±18% in 80% of all subjects.

The percentage of nil activity of time in bed was
75–85% in most subjects, but fluctuated markedly
(56–93%) in individual cases. It increased from the
first to the second trimester (P < 0.01), evidencing
more restless sleep in the first trimester. Other

Figure 86.4 Mean frequency of nocturnal rising in pregnancy
and postpartum (n �70), showing an increase from the second
to third trimester (P < 0.0001).

Trimester

First Second Third Postpartum
Cause Prepregnancy* (n =422) (n =459) (n =438) (n =371)

Bathroom trips 43.8 58.0 67.4 69.6 12.5
Child, breastfeeding** 24.4 24.2 19.5 13.6 80.5
Hunger/thirst 14.6 10.1 8.1 5.1 1.3
Miscellaneous 17.2 7.7 5.0 11.7 5.7

*Booking visit data; **from a previous pregnancy

Table 86.3 Causes of nocturnal rising (%) before, during and after pregnancy in 70 patients (over 1690 nights)
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intertrimester comparisons showed no differences.
The percentage of nil activity did not differ between
weekdays and weekends, or between housewives and
employed women.

The number of nocturnal nil phases (intervals of
uninterrupted nil activity) was maximal (median 57) in

the first trimester, then decreased in the second
trimester (median 54) (P< 0.001), remaining unchanged
(median 55) in the third trimester before falling to a
minimum postpartum (median 44). The postpartum
value was lower than the pregnancy values (P< 0.0001).
Since total nil activity time remained unchanged

930 Physiology of maternal sleep in pregnancy

Trimester

Change in energy First Second Third Postpartum

None 13 (6.9) 36 (19.5) 50 (27.3) 2 (1.1)

Slight decrease 134 (70.9) 34 (18.4) 72 (39.3) 48 (27.1)

Severe decrease 35 (18.5) 30 (16.2) 47 (25.7) 8 (4.5)

Increase 7 (3.7) 85 (45.9) 14 (7.7) 199 (67.2)

Total 189 (100) 185 (100) 183 (100) 177 (100)

Table 86.4 Number of pregnant women (%) reporting self-rated energy changes

Parameter Tired (n �23) Indifferent (n �24) Rested (n �23) p*

Bedtime (h:min) 23:19 23:03 22:56 0.026

Booking hemoglobin (g %) 12.25 12.45 12.9 0.02

Minimal diastolic blood presure (mmHg) 55.5 58.0 59.5 0.02

Tired, fatigue score < 4; indifferent, fatigue score 4–4.9; rested, fatigue score ≥5; *tired vs. rested (Mann–Whitney U test)

Table 86.5 Self-rated and clinical determinants of sleep quality in pregnancy and postpartum

Trimester

Cause First Second Third Postpartum

Bathroom trips 118 (62.4) 135 (73.0) 134 (72.8) 5 (19.7)

Not enough sleep 74 (39.2) 66 (35.7) 93 (50.5) 49 (27.5)

Evening coffee/tea 64 (33.9) 76 (41.1) 75 (40.8) 62 (34.8)

Nervousness/anxiety 58 (30.7) 65 (35.1) 71 (38.6) 32 (18.0)

Workload 42 (22.2) 57 (30.8) 68 (38.2)

Personal problems 40 (21.2)

Unaccustomed sleep position 53 (28.6) 89 (48.4)

Pain, illness 49 (26.5) 79 (42.9)

Fetal movement 90 (48.9)

Crying child 113 (63.5)

Bold type, the three most frequent causes per interval

Table 86.6 Number of reported causes (%) of decreased energy in pregnancy and postpartum excluding those
reported by < 20% of subjects (n�189 per data point)
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throughout pregnancy, it was broken during pregnancy
into more individual nil activity phases by more fre-
quent interruptions. Sleep was at its most restless and
fragmented in the first trimester.

The increased number of nocturnal nil phases in
pregnancy resulted in a shorter mNPL (Figure 86.5) in
pregnancy vs. postpartum (7.36–7.59 min vs. 9.56
min, P < 0.0001). In addition, the increase in mNPL
from the first to the second trimester was significant
(P �0.0002), but not that to the third trimester
(P �0.27). Women with a low nocturnal percentage
of nil activity had, as expected, a shorter mNPL
(P �0.0001), also indicative of more restless sleep.

This means that during sleep in pregnancy, espe-
cially in the first trimester, motor activity was more fre-
quent than in non-pregnancy. However, such increased
motor activity had no effect on sleep quality. Motor

latency was also significantly increased throughout
pregnancy, indicating increased motor activity during
sleep onset.

Daytime activity decreased continuously during
pregnancy, in parallel with nocturnal activity, reach-
ing a minimum postpartum, which differed signifi-
cantly from the first trimester. Women with high
daytime activity had higher night-time motor activity.
There was a negative correlation between median
daytime activity and mean night-time nil phase length
(r �0.6), illustrated in Figure 86.6 (first trimester) and
present in all recording periods.

Polysomnography
Conventional sleep analysis. Sleep structure, i.e.
sleep stage distribution, remained largely unchanged
over pregnancy (Table 86.7). The only significant

Figure 86.5 mNPL in pregnancy and postpartum (n �70),
showing a longer mNPL postpartum than in any trimester
(P < 0.0001, Wilcoxon’s test with Bonferroni’s correction for
multiple comparisons).

Figure 86.6 Median daytime activity vs. mean nocturnal nil
phase length in first-trimester pregnancies (n �63), r �0.6.

Trimester (min) Change from
first to third

Parameter First Second Third trimester (s)

Time in bed 451.2 (13.7) 456.1 (15.5) 476.8 (10.7) +25.6 (5.7)
Total sleep time 388.6 (8.2) 400.8 (12.0) 382.1 (11.8) −6.5 (1.7)
Sleep latency 20.1 (4.2) 21.7 (8.4) 25.0 (4.0) +4.9 (24.4)
Rapid eye movement sleep 78.7 (8.1) 70.1 (2.6) 64.7 (3.2) −14 (17.8)

latency (from stage 2)
Waking after sleep onset 32.5 (9.6) 22.8 (5.0) 58.3*† (6.1) +25.8 (79.4)
Stage 1 33.7 (4.2) 31.1 (4.0) 36.1 (5.2) +2.4 (7.1)
Stage 2 214.9 (13.8) 234.3 (17.4) 220.9 (14.1) +6.0 (2.8)
Stage 3 40.0 (3.5) 39.2 (2.8) 36.3 (3.3) −3.7 (9.3)
Stage 4 20.4 (4.4) 23.8 (5.3) 18.2 (6.0) −2.2 (10.8)
Slow-wave sleep 60.3 (7.2) 63.0 (6.9) 54.6 (8.8) −5.7 (9.5)

(stages 3 and 4)
Rapid eye movement sleep 79.7 (2.4) 72.5 (2.7) 70.5* (5.9) −9.2 (11.5)
Movements in sleep 10.0 10.8 11.3 +1.3 (11.3)
Sleep efficiency (%) 86.5 88.1 79.9*† −6.6

Significant changes (p <0.05)* vs. first trimester; †vs. second trimester

Table 86.7 Mean sleep parameters (SE) during pregnancy
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changes from the first to the third trimester were an
increase in nocturnal wake phase time (from 32.5 to
58.3 min) – hence a decrease in sleep efficiency,
defined as time asleep/time in bed (from 86.5 to
79.9%) – and a decrease in REM sleep time (from 79.7
to 70.5 min) (Figure 86.7).33

The same changes – decreased REM sleep and
increased wake phase – have been found in previous
studies.34,35 An earlier report of an increase in para-
doxical sleep during pregnancy36 was based on the
sleep staging criteria of Dement and Kleitman,6 which
differ from the Rechtschaffen and Kales criteria5 in
current use.

Median wake-phase time after sleep onset was
longer in the third than in the first or second trimesters
(60 vs. 20 min, respectively; P < 0.05) (Figure 86.8).

Median sleep efficiency decreased significantly from
88.6% in the first trimester and 90.5% in the second
trimester to 79.9% in the third trimester, i.e. in the
third trimester more than one-fifth of the time in bed
was spent awake. These changes in sleep structure
were of secondary significance as causes of fatigue in
pregnancy. There was no difference in terms of time in

bed, distribution of NREM and REM sleep, waking after
sleep onset or nocturnal rising, between nights from
which subjects awoke tired and those from which they
awoke refreshed. The remaining sleep parameters (time

932 Physiology of maternal sleep in pregnancy

Figure 86.7 Mean REM sleep time in two nights per trimester
(78, 70 and 69 min in trimesters 1, 2 and 3, respectively) in nine
subjects, showing a significant decrease from the first to the
third trimester (P < 0.05).

Figure 86.8 Wake phase after sleep onset (mean of two nights)
per trimester in nine subjects, showing a longer wake phase in
the third vs. the first and second trimesters (P < 0.05,
Wilcoxon’s test).

Figure 86.9 Power density of slow-wave activity
(0.75–4.5 Hz) over six nights in the same pregnant woman (two
nights per trimester, chronological order from top to bottom)
showing decrease of slow-wave activity during pregnancy. TR1,
first trimester; TR2, second trimester; TR3, third trimester; REM,
rapid eye movement. From Levine et al.30

Table 86.8 Non-rapid eye movement (NREM) and rapid
eye movement (REM) sleep frequency bands (Hz) showing
significant power density changes during pregnancy

Trimester NREM sleep REM sleep

1–2 10–11
14–17

2–3 1–12 3–4
13–16 5–6

9–11

Kurjak-86.qxd  5/9/2006  12:57 PM  Page 932



Clinical study 933

in bed, sleep latency, total sleep time, REM latency,
REM sleep, stage 1 sleep, and sleep efficiency) also had
no effect on the recuperative value of sleep. This indi-
cates that sleep time and sleep stage distribution have
little effect on fatigue in pregnancy, at least where the
differences observed in this normal population are con-
cerned. The same conclusion may not apply to larger
differences in sleep parameters.

Whole-night spectral analysis. Sleep architecture
analysis was focused on slow-wave EEG activity
(0.75–4.5 Hz) as a measure of sleep depth. Slow-wave
activity also occurs outside deep sleep, but is not
recorded by conventional sleep staging. The contri-
bution of whole-night spectral analysis is that it
records power densities in the different frequency
bands independently of the conventional sleep stages.

Power density decreased significantly from the first
to the third trimester in the long-wave frequency band

in NREM and REM sleep33 (Figure 86.9), i.e. sleep was
shallower overall in the third trimester vs. the first,
even though the proportion of deep sleep was
unchanged in the third trimester.

The first-trimester power density at each frequency
band was used as the baseline (100%) in expressing
the values in each subject during pregnancy; subse-
quent values were expressed as percentage deviations
from this baseline. The collective deviations in the
second and third trimesters (the mean of both nights
in each trimester in nine subjects) are shown in Figure
86.10, which also shows the significant changes in
power spectra during pregnancy as thick bars in the
appropriate frequency band (Table 86.8).

There was a clear correlation between the decrease
in power density at 10.5 Hz in NREM sleep and fatigue
on waking from the first to the second trimester
(Figure 86.11). Thus, women with a decrease in power
density at 10.5 Hz of 10% all reported greater fatigue
in the second vs. the first trimester, while all those feel-
ing less tired in the second trimester showed a smaller
decrease, or in some cases an increase, in power den-
sity in the same frequency band.

Hormonal effects on fatigue
The central depressant effect of progestagens causes
symptoms such as fatigue, apathy, drowsiness,
decreased libido, decreased drive, fluctuating mood,
depressive mood and decreased energy,37 i.e. many of
the complaints typical of early pregnancy. But as
serum progesterone levels up to 10 weeks’ gestation
do not differ significantly from luteal values,38,39 addi-
tional mechanisms must be involved, notably changes
in brain hormone metabolism (steroids in particular)
and/or receptor status.

Neuroactive steroids, or neurosteroids, are proges-
terone derivatives, which bind not to the cytoplasmic
steroid receptor of the typical end organ but to neuron

Figure 86.10 Changes (collective mean % deviation per
trimester from first trimester baseline (100%) in power density in
NREM sleep and REM sleep in nine pregnant women. Bold,
frequency bands with significant changes; TR2, second
trimester; TR3, third trimester. From Levine et al.30

Figure 86.11 Correlation between fatigue and decrease in
power density in 10.5 Hz frequency band from first to second
trimester. r �0.8.
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γ-amino butyric acid (GABAA) receptors where they
exert benzodiazepine-like activity.40,41 The result is
marked fatigue, shown with several steroid hor-
mones.13,42–44 We used a binding assay [with the iono-
phore ligand (35S)-t-butyl-bicyclophospho-rothionate]
to screen for neurosteroids in a pilot study in 23 preg-
nant women between 10 and 40 weeks’ gestation.45 The
results showed a correlation between severe fatigue in
pregnancy and the presence of neurosteroids in periph-
eral venous blood throughout pregnancy (Table 86.9):
neurosteroid binding was present in six out of nine
pregnant women with severe fatigue vs. none out of
eight women without fatigue. The correlation requires
confirmation in further studies.

The sleep EEG changes seen toward the end of
pregnancy – a significant decrease in power density
in the slow-wave frequency band – have also been
described in association with benzodiazepine use.46–48

The physiological function of endozepines (diazepam
binding inhibitors or endogenous ligands of the
benzodiazepine receptors) remains to be elucidated,
though they have a demonstrated role in some disease
processes, such as idiopathic recurring stupor49 and
hepatic encephalopathy.50 No blood samples in the
above neurosteroid pilot study showed any evidence
of endozepine binding, making this an improbable
explanation for pregnancy fatigue.45

Progesterone also contributes to the sleep changes
in pregnancy. Experimental progesterone administra-
tion in men was associated with more frequent wak-
ing, decreased deep (stage 4) sleep and increased
sleep latency.51,52

Pregnancy fatigue can be interpreted as a biological
signal to the expectant mother to take things easy
physically. Reduced physical activity reduces uterine
contractions and increases uteroplacental blood flow.

Clinical impact of sleep impairment
Pregnancy, sleep and fatigue
The effects of pregnancy on sleep and fatigue can be
summarized as follows:

(1) Sleep changes during pregnancy. These changes
show little relationship with fatigue. Some sleep
parameters correlate with fatigue: later bedtime,
increased waking after sleep onset, decreased
power density in the low-frequency band.

(2) As pregnancy fatigue does not respond to longer
sleep or less work, sleep time and workload do
not appear to be its principal determinants. More
plausible candidates are endocrine causes, as in
the case of neurosteroids.45

(3) Sleep disturbance and fatigue do not affect the
course of pregnancy. The most frequent pregnancy
complications – prematurity, low birth weight
for gestational age, intrapartum asphyxia and
cesarean section rate – were no more frequent in
the women with severely disturbed sleep or exces-
sive fatigue than in the overall population.

Sleep disturbance in pregnancy:
management guidelines
Pregnant women who complain about fatigue and
sleep problems should be made aware that such com-
plaints are not only frequent but also have no demon-
strable impact on the pregnancy or baby and are best
viewed as the body’s invitation to take things easy.

Symptomatic management is required for pregnancy
complaints that may often cause sleep problems, e.g.
restricted respiration (increase the number of pillows
to leave the chest free), obstructed nasal respiration
(humidifiers, vasoconstrictor nasal drops) or nocturnal
carpal tunnel syndrome (splinting of the wrist
overnight). Early morning nausea can be managed with
drugs [vitamin B6, suppositories of meclozine dihy-
drochloride, pyridoxine hydrochloride and caffeine
(Itinerol®, Vifor, Switzerland)], and nocturnal calf
cramps with magnesium supplements. Nocturia may
respond to compression stockings, which reduce
dependent fluid accumulation during the day, and
hence the diuretic response to recumbency.53 Fatigue
due to anemia can be treated with prophylactic iron.

Falling asleep and remaining asleep can also be
assisted by further measures, such as discussing psy-
chosocial problems and sensitizing the patient to the
increased emotional vulnerability in pregnancy. A talk
with the partner or employer may also be of benefit.

Tips for active sleep preparation include a regular
bedtime, preceded by a short walk in the fresh air.
Evening coffee and tea should be avoided, together
with heavy meals and alcohol. It is also best to go to
bed only when tired; otherwise, reading or a similar
activity can be recommended and/or a warm bath.

Patients can also be helped by correcting their ideas
about ‘enough’ sleep. They need to understand that the
body basically gets the sleep it needs, if not today then
tomorrow or the day after.54 It must be emphasized that
it is not sleep so much as rest that is important.

Some non-drug remedies have been shown to be
harmless in pregnancy, e.g. valerian drops, which have
a documented hypnotic action,55 herbal tea (e.g. lemon
balm), alcohol-free beer and milk and honey mixtures.

934 Physiology of maternal sleep in pregnancy

Table 86.9 Fatigue and maternal serum neurosteroid
positivity in pregnancy

Neurosteroid
positivity Pregnanolone

equivalents
Fatigue n/N % (nmol/l)

None 0/8 0 –
Mild–moderate 1/6 17 185
Severe 6/9 66* 435 (255)†

Total 7/23 30

n/N, fraction of pregnant women investigated: *p =0.02 vs. no and
mild–moderate fatigue (Fisher’s exact test): non-significant vs.
mild–moderate fatigue; expressed as mean (SD)
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If none of the above are effective, a hypnotic can be
prescribed in exceptional cases. All medication is
contraindicated in principle during the first trimester.
In the second or third trimester, benzodiazepines or
barbiturates can be used as short-term symptomatic
therapy. Both may have adverse neuropsychological
effects on the child, especially with protracted
use.56–60 To reduce the risk of neonatal hemorrhage,
vitamin K supplementation is recommended in the
last three weeks of pregnancy in patients on long-term
barbiturates (e.g. epileptics) because of increased vita-
min K turnover due to hepatic enzyme induction.61

The fundamental message to get across is that
women should be receptive and ready to respond pos-
itively to the signals, which their bodies emit during
pregnancy. The sleep problems and fatigue associated
with pregnancy are transient in all cases and resolve
shortly after birth.

Summary
The main pregnancy-associated changes in sleep are a
decrease in depth and an increase in fragmentation,
primarily due to nocturnal bathroom trips. Some
50–75% of study women got up at night during preg-
nancy vs. only 8.5% of controls.22 On average, preg-
nant women sleep approximately 18 min longer per
night than non-pregnant women and do so throughout
pregnancy with certain individual fluctuations. Yet
despite longer sleep, significantly more pregnant than
non-pregnant women rated their sleep quality as poor
or very poor (40% and 27%, respectively, vs. 4%).

More intense dream activity was reported by approx-
imately one-fifth of the women in early pregnancy vs.
before pregnancy, and by one-third in the further course
of pregnancy. Dream content frequently revolved around
birth and baby themes often tinged with apprehension.

Sleep fragmentation was also shown by actigraphy.
Nocturnal nil activity duration did not change
through pregnancy; however, the number of nocturnal
nil activity phases increased and the mean nil activity
phase length decreased. Motor latency was also signi-
ficantly increased throughout pregnancy, confirming
the more-marked motor activity during sleep onset.
However, increased motor activity had no effect on
the recuperative value of sleep.

Daytime sleep, reported by only 37% of women
before pregnancy, increased during pregnancy to a
maximum of 58% in the third trimester. Women who
took a daytime nap did not differ from the others in
sleep times or employment status. Daytime napping
was not associated with the quality of waking or sleep
fragmentation by waking and rising. In summary,
there was no evidence that daytime napping was a
response to poor nocturnal sleep quality; rather, it was
taken if the opportunity arose.

Sleep structure showed two significant changes
during pregnancy: first, a decrease in REM sleep (from
79.7 to 70.5 min) and, second, an increase in nocturnal

waking after sleep onset (from 32.5 to 58.3 min). The
longer waking phase reduced sleep efficiency, from
86.5 to 79.9%, i.e. one-fifth of the total time in bed was
spent awake, with α-EEG activity. The main casualty of
the increased waking phase was REM sleep; NREM
sleep stages did not change during pregnancy.
Recuperative deep sleep decreased in pregnancy by
approximately 10% (not significantly). These changes
in sleep structure were only observed in late pregnancy
and cannot account for fatigue in early pregnancy.

Whole-night spectral analysis during pregnancy
showed a significant decrease in power density in the
slow-wave frequency band (1–12 Hz) and intermediate
band (13–17 Hz) in both REM and NREM sleep. The
decrease in power density at 10.5 Hz in NREM sleep
(from first to second trimester) correlated with increased
fatigue. From the second to the third trimester, we found
a correlation between decreased power density in the
13–16-Hz frequency band and increased fatigue. These
sleep changes need to be qualified by the fact that
fatigue was already present early in the first trimester.
The low-grade sleep changes cannot explain the often
marked fatigue. However, the correlation between
fatigue and the decrease in power density in the slow-
wave band suggests that changes in sleep architecture
may be at least partial determinants of fatigue.

In our study population of 189 pregnant women,
89.4% complained of definite fatigue and decreased
energy in the first trimester. The fatigue involved not
just physical energy but also concentration ability and
memory. Such complaints are common even before
women know that they are pregnant, thereby largely
excluding purely psychological causes triggered by
the awareness of pregnancy onset.

Workload was reduced through to the third trimester
by some 58% of full-time employees largely independ-
ently of fatigue. Fatigue did not decrease after the work-
load was reduced, indicating that the latter is not the
major determinant of pregnancy fatigue. Complaints of
fatigue were as frequent in housewives, despite being
able to adjust their workload more easily, and sleep a
mean 27 min longer than their employed counterparts.

Pregnancy fatigue thus appears multifactorial and
largely independent of sleep. Later bedtime, low basal
hemoglobin and low diastolic blood pressure showed
an individually significant association with fatigue.
Frequent rising at night, restless sleep and increased
weight gain in pregnancy were not significantly asso-
ciated with fatigue. Only the endocrine changes can
account for early pregnancy fatigue. Neurosteroids
may play a major role in this regard,44,45 in addition to
the recognized sedative effects of progesterone.
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87 Immunology at the
maternal–fetal interface
S. Scherjon and F. Claas

Introduction
The maternal acceptance of the semiallogeneic fetus
seems to ignore the concepts of transplantation
immunology. Elucidating the mechanism leading to
this unique phenomenon is essential for our under-
standing of processes leading to normal and abnormal
pregnancy, and may also result in important concepts
in the field of transplantation, autoimmunity and,
possibly, neoplasia control.

In 1953, Medawar explained the ‘immunological
paradox of pregnancy’ by considering pregnancy a state
of ‘immunological neutrality’.1 One of the three possi-
ble mechanisms he proposed was based on the idea
that the fetus is antigenically immature. However, the
idea of a complete absence of human leukocyte anti-
gens (HLA) on fetal tissues appeared to be too sim-
plistic. Billingham (a student of Medawar) showed in
1964 that non-classical transplantation (HLA) anti-
gens could be found on embryonic tissue from very
early gestational ages onward.2 It was later under-
stood that the presence of these non-classical HLA on
trophoblasts are essential for the mother to recognize
trophoblastic cells as ‘self’ and to prevent the normal
immune response to non-self tissues.3,4 Non-classical
HLA were demonstrated – in direct contact with the
deciduas – both on extravillous trophoblast (EVT) and
on the (amnion) chorion. The second possible expla-
nation by Medawar was based on a diminished mater-
nal responsiveness to pregnancy. A decreased ability
to elicit both a humoral and a cell-mediated immune
response should lead to the acceptance of the ‘foreign’
fetus. Indeed, antibody titers do decrease during preg-
nancy, but this decrease is caused by the physiologi-
cal hemodilution occurring especially during the first
trimester of pregnancy. The variety of the antibody
profile remains unchanged during pregnancy. On the
other hand, cellular immune responses seem to be
decreased during pregnancy,5 as reflected by the
improvement in some T-cell-mediated autoimmune
diseases and an increased incidence of infections. In
contrast, the innate defense mechanism is more

prominent during pregnancy.6 This increase in the
function of the native immune system may be a com-
pensatory mechanism for the decrease in specific
T-cell reactivity.7 Wegmann challenged the idea of a
systemic immune suppression in pregnant women
and suggested that cellular interactions within the
placenta lead to a local immune response.8 Also, a
third possible explanation, that the uterus and espe-
cially the decidua is an immunologically privileged
site, where mother and child are completely sepa-
rated, cannot be the (only) explanation as even term
pregnancies can be found outside the uterus with no
decidua in place. Furthermore, it is now evident that
during pregnancy there is cellular trafficking over the
fetal–maternal interface.

Already very early after fertilization, there is direct
contact between the blastocyst and the maternal
decidua. From those very early days onward the
immunological balance between mother and fetus has
to be established and maintained as there is no doubt
that the maternal immune system is certainly able to
recognize the paternal antigens inherited by the
fetus.9,10 The lack of a destructive immune response
mounted by the mother seems to be related to the
presence of an active immune process essential for
normal pregnancy. This concept is supported by find-
ings that an increase in the number of HLA differ-
ences between mother and child reduces the chance
of getting certain complications of pregnancy. Sharing
of HLA between mother and fetus is associated with
increased incidence of pre-eclampsia and fetal growth
retardation. This was confirmed by others, suggesting
that in women with a history of pre-eclampsia an
unusually high degree of immunological compatibil-
ity with the fetus was found.11–13 HLA-DR sharing
between pre-eclamptic women and their partners is a
risk factor for pre-eclampsia14 and is also associated
with a reduced birth weight, on average 200 g less.15

Supporting this hypothesis is the observation that
with more maternal–fetal HLA class II disparities, an
improvement in rheumatoid arthritis during preg-
nancy and in the period thereafter was found.16 This
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improvement cannot be directly explained by the
increase in Th2 cytokine bias occurring during nor-
mal pregnancy.17 Also, priming of the mother by
paternal antigens, e.g. by semen, might induce an
immunological hyporesponsiveness, essential for the
process of maternal acceptance of her ‘foreign’
fetus.18,19 The studies by Robillard20,21 showed that the
immunological response to trophoblastic invasion is
dependent on earlier confrontation with paternal
antigens during sexual intercourse, suggesting that
certain pregnancy complications might be related
to ‘primi-paternity’. Mucosal alloimmunization via
repeated exposure to HLA occurring during unpro-
tected sexual intercourse generates an active immune
tolerance to paternal antigens.

It has become evident that in the immunological
acceptance of the semiallogeneic or even fully allo-
geneic fetus – after oocyte donation – local immuno-
modulation at the maternal–fetal interface is of key
importance.

Implantation
The endometrium has through every menstrual cycle
a surprisingly high regenerating capacity. It consti-
tutes many cell types including glandular epithelium,
stromal (mesenchymal) cells and endothelial cells.
Decidualization of the endometrium during the men-
strual cycle implies the change of stromal cells of the
endometrium into decidual cells. Although already in
the 19th century William Hunter had given the first
description of the membrane decidua, it was only
recently accepted that the decidua is actually a mater-
nal membrane surrounding the (two) fetal mem-
branes.22 The process of decidualization, initiated by
the action of progesterone on estrogens induced
endometrium, facilitates the apposition of the blasto-
cyst and the acceptance and outgrowth of trophoblas-
tic villi. Trophoblast cells by their production of
human chorionic gonadotropin support the persist-
ence of the corpus luteum and by that the production
of progesterone by the ovary. This system is also sup-
ported by the production of prolactin by the pituitary
and by estrogen, inducing leukemia inhibiting factor
(LIF), which enhances the effect on progesterone pro-
duction.23 From 8 weeks onward the main source of
progesterone production becomes the syncythiotro-
phoblast. Although decidualization is essential for
implantation, it is independent of the blastocyst itself.
The process depends on progesterone, but also cytokines
such as transforming growth factor beta (TGF-β) and
insulin-like growth factor binding protein (IGFBP)24,25

play a critical role in decidualization.26

Trophoblastic cells can be divided into two sub-
types, villous trophoblast and EVT. Villous tro-
phoblast is located around the villi and is in direct
contact with maternal blood in the intervillous space.
The cytotrophoblastic cells form the inner layer and

are stem cells for the syncythiotrophoblast, which
forms the outer layer of the villous. EVT has a prolif-
erative and a migratory phenotype.27 It invades the
decidua and the uterine wall and forms the anchoring
cytotrophoblast. At the decidual layer behind the pla-
centa, the decidua basalis, there is direct contact
between the ingrowing trophoblast, forming the anchor
villi (interstitial trophoblast), and the endometrium
surrounding the endometrial capillaries. The tro-
phoblast that replaces the smooth muscle (intramural
trophoblast) and endothelial cells (intra-arterial tro-
phoblast) of these capillaries is called endovascular tro-
phoblast.27 At the other site of the developing fetus,
villous structures will gradually disappear as the grow-
ing fetus and amniotic cavity will obliterate the
endometrial cavity and the chorion will attach to the
decidua, which at that side is called the decidua pari-
etalis. The decidua is also considered of essential
importance in the limitation of trophoblastic growth,
which is necessary to prevent the occurrence of clini-
cal features such as placenta accreta and percreta.

Many biochemical active compounds are involved in
the implantation process. Cytokines such as interleukin
1β (IL-1β) induce the synthesis of prostaglandins and
IGFBP-1, both needed for sufficient trophoblastic
invasion. Invasion is also dependent on cell adhesion
molecules, such as integrins,27,28 and on matrix metal-
loproteinases (MMPs).29 The latter are produced by
trophoblast cells. Fibronectin, produced upon promo-
tion by TGF-β by the EVT and detectable in the extra-
cellular matrix of the deciduas, plays a critical role in
the attachment of trophoblast cells to the decidua and
supports the formation of cytotrophoblastic cell
columns.30

Implantation and the non-classical
major histocompatibility complex
(MHC) I molecules
King and Loke described in 1991 an attractive model
for a controlled permission of trophoblastic invasion –
and also for limiting this invasion – into the
endometrium and myometrium of the uterus.31

Trophoblastic cells express, besides the classical HLA
class I molecule HLA-C, only the non-classical class I
antigens HLA-G, HLA-E and HLA-F, which have a
very limited polymorphism. MHC class II antigens
are completely absent on trophoblasts.32 HLA-G is
expressed only on the invading extravillous cytotro-
phoblast and is not present on villous syncytiotro-
phoblast.33,34 By the expression of the non-classical
HLA molecules, fetal trophoblastic cells, in their
interaction with decidual leukocytes, are recognized
as ‘self’ and do not evoke an immunological response
by natural killer (NK) cells. This allows the EVT to
invade the uterus. HLA-G is expressed in five differ-
ent spliced, membrane-bound or soluble isoforms.35

Implantation and the non-classical major histocompatibility complex (MHC) I molecules 939

Kurjak-87.qxd  5/9/2006  12:56 PM  Page 939



940 Immunology at the maternal–fetal interface

Soluble HLA-G (sHLA-G) is secreted by the syncytio-
and cytotrofoblast. HLA-G has the ability to present
peptides derived from classical HLA class I molecules
and other intracellular molecules. Although some
data suggest that HLA-G expression at the maternal–
fetal junction is decreased in pre-eclampsia,36,37 this is
not confirmed by others.38

Decidua infiltrating cells
The decidua contains many different types of (immune)
cells, of which the frequency changes throughout the
menstrual cycle and during pregnancy.

Uterine NK (uNK) cells
In the early proliferative phase of the endometrium,
many small, round agranular cells with very little
cytoplasm are found, which enlarge and become more
granulated during the secretory phase. These cells,
formerly called uterine large granular lymphocytes,
turned out to be a special form of NK lymphocytes,
uNK cells, with a different phenotype than NK cells
found in peripheral blood. These cells do not express
the classical NK marker CD16, while the CD56 surface
density of these cells is more than 20 times higher
compared to peripheral blood NK cells.39,40 These
uNK cells are bone marrow derived and replicate
in situ in the endometrium.41 Their number is maxi-
mal around ovulation and remains high around the
period of implantation, accounting for at least 70%
of the uterine lymphocytes.40 uNK cells produce
cytokines, like TGF-β, macrophage colony stimulating
factor, tumor necrosis factor alpha (TNF-α), interferon
gamma (IFN-γ), vascular endothelial growth factor,
angiopoietin 1 (Ang1), Ang2, IL-3 and LIF, which are
essential in trophoblast invasion and tissue remodel-
ing.42,40,43 On the other hand, appreciable amounts of

granulocyte macrophage colony stimulating factor
and IFN-γ are produced by uNK cells, possibly stimu-
lated by IL-2, a factor related to trophoblast apoptosis,
limiting the invasiveness of trophoblast cells.44

Although there is a significant decrease of the uNK
cells during the second trimester of pregnancy, at term
age uNK cells are still present in appreciable amounts
in the endometrium.45

sHLA-G is able to block uNK cell function and
cytolytic T lymphocyte action, the latter possibly by
an increase in apoptosis of activated CD4+ and CD8+

T cells.35 By this effect on uNK cells and harmful
CD8+ T cells, trophoblast invasion is facilitated and
endothelial cell reactivity is diminished.46 In this con-
text, it is essential to realize the principle difference
in allorecognition between CD8+ T cells and NK cells.
CD8+ T cells are activated by foreign HLA, while NK
cells are programmed to lyse cells that lack self HLA
molecules. The absence of classical HLA would be a
trigger for NK cells, but the interaction of HLA-G with
KIR receptors on NK cells prevents such reactivity
(Figure 87.1).47,48

The interaction between uNK cells and HLA-G is
basic for a normal, successful pregnancy, although it
has been reported that women with a homozygous
deletion in the HLA-G gene can have completely nor-
mal pregnancies. HLA-C is also expressed by the EVT
cells and interacts with NK cells possibly in the same
way as HLA-G. Although the existence of a specific
receptor for HLA-G on the uNK cell is still discussed,
HLA-C – and most probably HLA-G also – is recog-
nized by receptors belonging to the KIR family, e.g.
ILT3 and KIR2DL1.49 HLA-G might, via binding of
these receptors, influence cytokine secretion by T cells
and modulate the Th1/Th2 balance.46 HLA-E, also
expressed by the EVT, is recognized by the NK cell by
its CD94/NKG2A receptor. This interaction prevents
cellular toxicity against the trophoblast.50 It seems
that HLA-E coexpression is at least necessary for the

Figure 87.1 Cytotoxic T cells will react against HLA-mismatched target cells. Downregulation of the surface expression of the
foreign HLA molecules will prevent this reactivity but will lead to activitation of NK cells that are triggered by the lack of HLA class I
molecules on the target cell. Expression of HLA-G will prevent activation of NK cells by its interaction with KIR receptors.
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prevention of trophoblast lysis.51 KIR receptors are
expressed besides by uNK cells and also by γδT cells.52

It seems that for implantation the cytokines produced
as a result of the interaction between trophoblastic cells
and uterine lymphocytes – especially uNK cells – are
essential. The process has many features in common
with an inflammation-like process, where cytokines
play a pivotal role as well. In early pregnancy, the role
of specific T cells is marginal as they seem not to be
involved in the implantation process.

B and T cells
B cells and plasma cells are considered irrelevant for
the regulation of trophoblast invasion as they are
almost absent in the deciduas.40 T cells form around
10% of the decidual leukocytes.40 The number of CD8+
T cells and CD4+ (helper) T cells may change during
pregnancy.53 Recently, it was found that activated
T cells are present at the placental site (decidua
basalis)40 and are even more numerous in the decidua
aligning the fetal membranes (decidua parietalis).54

Further functional characterization of T cells present
in the decidua parietalis and basalis45 should elucidate
whether these cells play an active role in the (down)
regulation of the maternal alloimmune response to the
fetus.

Most in vitro studies of T cells isolated from mater-
nal blood show a diminished T-cell activity and a
concomitant increase in B-cell function. These find-
ings are in line with clinical observations demonstrat-
ing an increased incidence of viral infections during
pregnancy and the amelioration of T-cell-mediated
autoimmune diseases such as rheumatoid arthritis. In
contrast, the severity of antibody-mediated autoim-
mune diseases such as systemic lupus erythematho-
sus shows an increase during pregnancy.

In peripheral blood a reduction of T-helper (Th) 1
cells is demonstrated, which is partly caused by prog-
esterone, associated with a downregulation of nuclear
factor (NF) κB, which has an inhibitory effect on Th1
cell differentiation.17 The consequence of this is that
the balance of Th cells is shifted to a Th2 bias, which
is the reason why normal pregnancy is characterized
by a dominance of the anti-inflammatory Th2-type
cytokines such as IL-4, -6, -10 and -13. The Th1 proin-
flammatory cytokines such as IL-2, IFN-γ and TNF-α,
which activate cytotoxic T cells, are thought to have a
detrimental effect on the development of pregnancy.
However, the relevance of a Th2 bias in pregnancy
was disputed from the beginning as it cannot be
excluded that the cytokines, beneficial for processes
important during implantation like spiral artery
development and local tissue remodeling, are detri-
mental later during pregnancy.55 Th1 cytokines espe-
cially, such as IFN-γ, are involved in the local
inflammatory response during implantation.56 More-
over, in the mouse IL-10 (Th2) knockout model, no
negative effect on pregnancy outcome, pregnancy

rate, litter size or birth weight was observed. In contrast,
uNK cell knockout mice showed that a maternal uNK
cell-deficient decidua is associated with fetal demise
and a reduction in birth weight.57 These postpartum
findings were related to abnormalities in the arterial
and microvascular architecture of decidual vessels.
Transplantation of these mice with normal bone mar-
row led to the development of uNK cells preventing
this pathology, whereby the decidual arterioles
looked normal and the placental became larger again.
uNK cells probably exert these effects in vascular
modification (dilatation, elongation and branching)
via the production of specific cytokines like IFN-γ 41

The complex network of cytokines and the cells con-
tributing to this balance during pregnancy still have
to be investigated, whereby it has to be considered
that not only T cells, but also uNK cells produce these
cytokines.

During pregnancy the adaptive immune system
is activated, as shown by the development in 30% of
the pregnancies of long-persisting antibodies against
paternal HLA and the activation of cytotoxic T lym-
phocytes specific for these HLA.58 In the decidual
environment T cells may be primed by paternal
antigens, but the normally expected T-cell-
mediated cytotoxicity of trophoblastic cells does not
occur. Through both elimination and suppression of
fetus-reactive T-cell clones and also because paternal
antigens are presented via non-classical HLA, the
balance of Th cells is shifted to a Th2 bias. For a suc-
cessful pregnancy the immunological acceptance of
the fetus is essential. This acceptance is considered
more and more an active process leading to the induc-
tion of immunological regulation, whereby the fetus is
not attacked. The development of blocking antibodies
may play a protective role by inhibiting the effect of
HLA antibodies and potential fetus-reactive maternal
lymphocytes. From the term placenta, activated allore-
active T cells can be isolated.59 Locally at the level of
the placenta, these activated T cells are probably down-
regulated by regulatory T cells. With a high level of
HLA compatibility between partners, this downregula-
tion might be less effective, explaining the higher inci-
dence of pregnancy complications in these couples.

Macrophages
Macrophages are the second most numerous type of
leukocytes present at the interface and are found in
greater numbers in the decidua basalis as compared to
the decidua parietalis.45 They are the main producers
of cytokine and growth factors and contribute to an
adequate balance between Th1 and Th2 cytokines in
the placenta, either by producing cytokines such as
IL-4, IL-10 and IFN-γ or by indirectly stimulating the
IFN-γ production by uNK cells.60 Placental apoptosis,
orchestrated by macrophages, is a normally occurring
phenomenon in the placenta. Apoptosis is higher in
third-trimester placentas compared to first-trimester
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placentas and it might also be higher in abnormal
pregnancies, complicated by intrauterine growth
restriction and/or pre-eclampsia.61 Apoptosis is
essential for the tissue remodeling occurring during
implantation. The clearance of these apoptotic bodies
is essential for placental homeostasis, preventing the
release of potentially proinflammatory intracellular
contents and of proteins that are foreign to the maternal
immune system. The clearance of apoptotic debris is
associated with the release of the anti-inflammatory
TGF-β and possibly of other Th2-associated cytokines.

Recent evidence suggests that an even more impor-
tant role for uNK cells lies in the production of cyto-
kines (or other active substances), which prevent
cytolytic actions by T cells, although these T cells are
already present in an activated state.54 LIF, and also
IL-10, might control the transcription of HLA-G. In
mouse, the absence of LIF is associated with total
pregnancy failure. Also, human data support a pivotal
role for LIF.

Apoptosis of EVT is related to the number of CD56+

NK cells, while the number of uNK cells declines in
parallel with apoptotic cells. The massive apoptosis
of EVT is suggested to be the mechanism reducing
invasiveness of the trophoblast.62

Fas-ligand (FasL) induced apoptosis
FasL expression on the trophoblast induces apoptosis
of T cells or NK cells via their Fas receptors. In the tro-
phoblast villi, FasL was found only on the cytotro-
phoblast, while the syncytiotrophoblast, which is in
direct contact with the maternal blood, showed no
expression of FasL. This FasL–Fas receptor inter-
action eliminates maternal lymphocytes specific for
fetal/paternal antigens.63–66

The active process of tolerance
induction
Several mechanisms may lead to an active downregu-
lation of a destructive alloimmunity by the maternal
immune system toward the fetus.

Dendritic cells (DCs) and regulatory T cells
DCs are important in the regulation of the immune
response and have the unique opportunity to coordi-
nate the innate and adaptive immune system. One can
consider the endometrium as a mucosal surface, where
DCs are confronted with trophoblastic antigens
during pregnancy. DCs process and present these
antigens to the maternal immune system for the
induction of regulatory cells (Treg),67 which may lead
to the induction of regulatory T cells and may explain
some of the findings of specific maternal tolerance to
paternal antigens during pregnancy.68 In humans in

early first-trimester deciduas, DCs with a myeloid
phenotype have been isolated,69 although at a low fre-
quency (1%). The dominance of plasmacytoid DCs in
the decidua might be essential for polarizing the
T-cell immune response to a Th2 bias.70 DCs have
been shown to produce TGF-α and also the T-cell
inhibiting factor indoleamine 2,3-dioxygenase (IDO)71

(see further). In the mouse model, immature DCs
isolated from the decidua contain predominantly the
pregnancy protective cytokine IL-10 and small
amounts of the Th1 type cytokine IL-12.72

The family of regulatory T cells consists of the nat-
urally occurring CD4+CD25+ T-regulatory cells (Treg)
and the induced secondary Th3 cells and Treg type1
(TR1) cells.73,74 Treg cells are present in early pregnancy
decidua.75 Treg cells may develop after antigenic stim-
ulation, under non-inflammatory conditions. Treg cells
inhibit CD4+ T cells to produce IL-2 and convert them
into IL-10 producing TR1-like cells and can also
induce TGF-β producing Th3-like cells. This suppres-
sion is an important factor in the Th2 bias occurring
during pregnancy.76,77 IL-10 might be functional in
three ways: suppression of cytotoxic T cells and their
cytokines (IL-12 and IFN-γ), induction of regulatory T
cells and inhibition of the maturation process of DCs
leading to a more tolerogenic type of DC. Also, IL-6
and IL-1β are produced by these cells.78,79 TGF-β is
involved in the inhibition of trophoblast invasion by
downregulation of collagenases and inhibition of met-
alloproteinases and integrins.25,40 TGF-α is supposed
to be a stimulator of trophoblast invasion. Some of
these Th cells express the regulatory T-cell marker
CTLA480 and have already been shown to induce the
production of IDO by DCs after interaction between
CD80 and CD86.81 In the mouse, Treg cells, carrying
the transcription factor FoxP3, are substantially
increased in uterine tissue during pregnancy.7 In
venous blood during pregnancy, a doubling of
CD4+CD25+ cells was found, which were increasing
in parallel with the duration of pregnancy.76 These
expanding cells in the pregnant endometrium (both in
mice and in humans) are pivotal for the suppression
of the maternal immune reaction against fetal derived
paternal antigens.7,82

Indoleamine 2,3-dioxygenase
Recently, a role for IDO regulating T-cell immunity
during pregnancy has been suggested.83 As a mecha-
nism to prevent trophoblast lysis, IDO secreted by
EVT, decidual macrophages and possibly DCs inhibits
lymphocyte proliferation and survival via a decrease
in extracellular tryptophan.71,83,84 Its immunosuppres-
sive effect might be exerted not only by a decrease of
tryptophan but also by an increase of the tryptophane
kynurenine metabolites. These metabolites might
have a selective apoptotic effect on Th1 cells. IDO
expression is induced by IFN-γ 85,86 and further stimu-
lated by CTLA-4 expressing Treg cells.76 It was shown
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that placental tissue, with a particularly high expres-
sion of IDO, made maternal CD8+ T cells specifically
tolerant for paternal class I MHC.83

Crry protein
Crry protein, a murine protective cell surface protein
and a component of the natural immunity system, is
also expressed on trophoblast. This protein sup-
presses the ongoing complement activation, espe-
cially C3, after its deposition on the membranes at
the feto–maternal interface. Complement activation,
promoting inflammatory reactions to the placenta,
resulting in embryonic lethality, is inhibited by the
expression of the Crry protein.87 It was shown in the
Crry protein knockout mice, that Crry is necessary for
embryonic development.88 In human placenta, three
other complement regulators, decay accelerating fac-
tor (CD 55), membrane cofactor protein (CD 46) and
CD 59, are present in high concentrations. These reg-
ulators have the same function as Crry, preventing
complement activation and placental inflammation at
the interface.

Progesterone
Progesterone has immune modulatory activity
because of its blocking effect on T-cell activity.89

Peripheral T cells from pregnant women have a much
higher progesterone sensitivity compared to non-
pregnant women, due to an increased number of prog-
esterone receptors (PR).90 There is an overlap between
the PR-positive T cells and γδT cells.91 PR receptors
also exist on uNK cells.92 PR-positive lymphocytes
and uNK cells produce, on binding with progesterone,
a progesterone inhibiting binding factor (PIBF). PIBF
inhibits NK cell cytotoxicity by a failure in degranu-
lation, to release perforin and granzymes,93 and it
might also induce the secretion of IL-10 by already
activated lymphocytes.

Progesterone may also play an essential role in the
local regulation of invasion. It regulates the genes,
effecting an increase of factors essential for the local
regulation of invasion like amphiregulin, IGFBP-325

and immune response gene-1.23

In animals, medroxyprogesterone rather than prog-
esterone had the best anti-inflammatory properties by
reducing the upregulation of type 2 cyclooxygenase
(COX-2) messenger RNA.94 COX-2 is essential for the
production of the labor-associated prostaglandins. Also,
other labor-associated genes are downregulated by
progesterone: e.g. IL-1β, IL-8, NF-κB94 and MMP8 and
MMP9.

Recently, it has been shown that progesterone
treatment results in a more than 40% reduction in the
incidence of preterm delivery in a high-risk group.95

Increased NF-κB levels have been found in preterm
deliveries even without signs of an infection, whereas
IL-10 has an inhibiting function on prostaglandin

production. Even term delivery is associated with this
inflammatory-like process.96 There is no doubt that
prolactin is produced by the decidua, partly con-
trolled by the action of progesterone. Prolactin might
have an immune modulatory role via receptors shown
to be present on immunocompetent cells, e.g. the uNK
cell.97,98

Cellular trafficking
There is a very intensive and reciprocal fetal–maternal
trafficking, both actively and passively, of many
different substances and cells through the placenta.
This process is important for the maintenance of and
maternal adaptation to pregnancy and also for the
maternal recognition and immunological acceptance
of pregnancy. The placental supply of maternal blood,
via the endometrial/decidual spiral arteries to the
intervillous space, bathes the fetal syncythiotro-
phoblast and its constituent immunocompetent cells.
Fetal villous tissue and fetal cells within the villous
capillaries are only separated from the maternal blood
by the capillary endothelial wall, the mesenchyme
within the villous trophoblast and the syncytiotro-
phoblast. Also, at other locations there is a very close
cell-to-cell contact. At the decidua parietalis there is
direct contact between the fetal membranes – e.g. the
chorion leave – and the maternal decidua. The con-
sideration that fetal and maternal circulations, and
through them the cells of the fetus and mother, are
completely separated during pregnancy has been chal-
lenged by the fact that chimerism, defined as the long-
term persistence of a small number of allogeneic cells,
both within the mother (maternal microchimerism)
and within the fetus (fetal microchimerism), is a regu-
larly occurring process. Chimerism is known to occur
after solid organ transplantation, but especially after
hematopoietic cell transplantation, where it can result
in a (chronic) graft-vs.-host disease, a disorder that
has a profound resemblance to autoimmune diseases.

During pregnancy, these trafficking cells have a
haematopoietic progenitor cell character.99 In the
third trimester 80–90% of the mothers will have cir-
culating fetal cells, with a proportion of around 1 fetal
cell in 1000 maternal cells. The occurrence of cellular
trafficking over the feto–maternal interface results
from a cellularly imperfect placental barrier. This cel-
lular trafficking confronts the mother with paternal
antigens, resulting in activation of alloreactive T cells
and HLA antibody formation, and possibly also the
induction of tolerance. HLA compatibility between
mother and fetus supports the persistence of fetal cells
in the maternal circulation. The migration of these cells
into maternal tissues like thyroid and bone marrow
have possible long-standing consequences.100,101 The
suggestion has been made that the long-term persist-
ence of fetal cells is associated with the development
of autoimmune diseases including sclerodermia,
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rheumatoid arthritis, thyroiditis, primary biliary
cirrhosis, Sjögren syndrome, systemic lupus erythe-
matosus and neonatal lupus syndromes. However,
microchimerism might also have positive effects. The
induction of tolerance to non-inherited maternal HLA
(NIMA) during pregnancy102 leads to a better accept-
ance of NIMA-mismatched transplanted organs103 and
a lower incidence of graft-vs.-host disease.104

Also, a neonatally occurring tolerogenic effect of
soluble maternal HLA resulting from breast-feeding
was shown.105 The presence of chimerism might be
used therapeutically, e.g. in bone marrow transplanta-
tion, where non-T-cell-depleted stem cells from
haploidentical family donors are successfully used
for transplantation provided that chimerism can be
demonstrated.106,107

Conclusions
There are many immune mechanisms playing
together at the fetal–maternal interface. These mecha-
nisms are characterized by their redundancy and
complexity. Any cytokine can be both down- and
upregulated. The absence of B cells and the relative
small numbers of T cells in the first-trimester decidua
suggest that the adaptive immune system is not as
important in that period of gestation as the innate

system. NK cells and macrophages, representing the
innate system, are more apparent in this period. As the
number of NK cells in interaction with non-classical
HLA (HLA-G) decreases substantially during preg-
nancy, other mechanisms resulting in maternal
acceptance must become more important while preg-
nancy progresses.108 Although trophoblast carries no
HLA class II and no HLA-A and HLA-B, the mother
and fetus might interact via HLA-C, as suggested by
the distribution of particular HLA-C allotypes and
specific KIR receptors in the population.109

However, it is important to realize that a success-
ful pregnancy cannot be based on only one mecha-
nism. In a murine model with class I expression
on trophoblast and the absence of FasL, a normal
tolerance to histoincompatible pregnancies was
shown, without an adverse effect on pregnancy out-
comes.110 Also, the recognition of HLA-G by the NK
cell is not essential for reproduction.111 As Chaouat
et al.112 have stated, for a successful pregnancy, it is
essential that there are ‘sequential windows and
extreme complexity mixed with very precise timing
and tuning’.

The classical immunological model of the fetus
being an allograft, which is not rejected, is less appro-
priate and newer models must be considered based on
local immune regulation operating in parallel for the
acceptance of the (semi) allogeneic fetal allograft.
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Introduction
For many years, the fetus has been considered to be
developing in a relatively safe surrounding. However,
this view changed dramatically when the accessibility
of the human fetus increased with the introduction of
ultrasonography. This was the start of an avalanche of
fetal behavioral research.1 Increasing insight into the
developing human fetus made it clear that the grow-
ing fetus could only be judged properly if one took
gestational age into account, and it also became clear
that intrauterine life was not so safe as one had always
assumed: ‘After all, the fetus is but a human being,
just as prone as a child or adult to have an accident, a
disease or an iatrogenic problem!’2

In this chapter, we will review the most important
data on fetal behavioral variables and behavioral
states and then discuss the clinical consequences of
this knowledge.

Basic studies
Fetal heart rate patterns
Electronic monitoring of the fetal heart rate in combi-
nation with contractions, if present, is used worldwide
for the assessment of fetal condition (cardiotocography,
CTG). The technique was introduced for intrapartum
use by Caldeyro-Barcia et al. in 1966,3 Hammacher
and Werners in 19684 and Hon in 1968.5 In 1969,
Kubli et al.6 also introduced the technique for
antepartum use. Although the intra- and interobserver
variability is still large, the specificity is such that
clinicians rely on the method.7,8 The sensitivity,
however, is rather poor. In general, good bandwidth
or beat-to-beat variability in the presence of accelera-
tions is indicative of a good fetal condition, a silent
pattern (small bandwidth, no accelerations) is indica-
tive of fetal distress, certainly in the presence of late
decelerations. One of the problems is that many scores
that were developed to improve the interpretation of
the CTG did not take the age of the fetus into account,
while Visser et al.9 had already shown a clear devel-
opmental trend during gestation in the amplitude and
duration of the accelerations. Timor-Tritsch et al.10

pointed out that the fetal heart rate pattern (FHRP)
was dependent on the fetal behavioral state. In 1982,
we defined four different FHRPs, A, B, C and D,
which were then used to define behavioral states in
combination with the presence or absence of body
and eye movements11 (Figure 88.1). It was also found
that not only the form of the accelerations changed
during gestation but also during gestation the length
of silent heart rate patterns (FHRP A) increased, i.e.
without any sign of fetal distress.11,13 More recently,
automated antepartum baseline fetal heart rate deter-
mination and detection of accelerations and decelera-
tions has been introduced.14

Fetal body movements

‘and the children struggled together within her’

Bible, Genesis 25:22

This is probably one of the first descriptions of fetal
movements. In 1976, Reinold15 was the first to show
that the fetus was already moving spontaneously in
the first trimester of pregnancy. He also showed that
absence of body movements might indicate impend-
ing fetal death, while the presence of body move-
ments is very reassuring. With modern ultrasound
techniques the very first ‘fetal activity’ that can be
observed is the fetal heart rate.16 In 1982, de Vries
et al.17 published their results on the observation of
fetal somatic activity in the first half of pregnancy.
They introduced a categorization of movement pat-
terns and described how the individual movements
were performed in terms of speed, force and ampli-
tude. This work clearly shows that the majority of the
repertoire of movements that can be distinguished in
the third trimester and after birth are already present
at 14 weeks’ gestation.17

In the second and third trimesters, much attention
has been paid to the presence of gross body move-
ments,18 but only in the last weeks of pregnancy does
the fetus exhibit quite clearly prolonged periods of
presence and absence of fetal movements. As gesta-
tional age progresses, the periods during which body
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movements can be absent increase dramatically. This
is nicely illustrated in Figure 88.2.

This observation emphasizes again that the fetal
age should be taken into account: what is normal in a
fetus at 20 weeks may be abnormal in the same fetus
at 38 weeks! Over the past decade it has also become
clear that counting the number of movements is not
very useful: even the mildly hypoxic growth-retarded
fetus will still make body movements. It seems to be
of much more importance to look at the quality of the
movements, the speed and amplitude, etc. De Vries
et al.17,19 started to use the concept of quality in the
first trimester and Bekedam et al.20 looked for this
aspect in 10 intrauterine growth-retarded fetuses
between 29 and 35 weeks.

Fetal eye movements
Bots et al.21 published their first observation on fetal
eye movements using ultrasound and they recorded
them by means of M-mode ultrasonography in 1981.
Their findings were confirmed in the same year by
Birnholz.22 The possibility of observing and recording
eye movements created a change allowing the study of
fetal motility in relation to a new variable. Of course,
at this stage fetal and neonatal data appeared to be
rather similar. It is, however, not always possible to
compare the fetal data with those of the neonate,
because in the neonate it is not the eye movements
that are used in behavioral studies but rather the cri-
terion ‘eyes open’ or ‘eyes closed’.23

Fetal breathing movements
It was Ahlfeld24 in Germany who published the first
observation of fetal breathing movements in 1888. His
observations were almost unanimously neglected

until the issue was reintroduced by Dawes et al.25 in
1970, who described breathing movements in fetal
lambs, and by Boddy and Robinson26 in 1971 in
the human fetus. Bots et al.27 published a detailed
analysis of human fetal breathing movements and
described them as ‘paradoxic’ because the ribcage
made an inward movement during ‘inspiration’ when
the diaphragm made a downward movement.
Originally, it was thought that breathing movements
could be used as a perfect indicator for the detection
of fetal distress, but soon it became apparent that
breathing movements are not continuously present
and are influenced by many conditions. A postpran-
dial increase in breathing movements has already
been described from 20 to 22 weeks onward,28 and
Nijhuis et al.29 showed an increase after glucose
intake by the mother at 24 weeks. Furthermore, smok-
ing diminishes the incidence of fetal breathing and
breathing is not only much more likely to be absent
during fetal rest periods,30 but also much more regu-
lar.31,32 During the last weeks of pregnancy, the inci-
dence of fetal breathing decreases and breathing
movements are absent during labor.33 The duration of
periods in which breathing movements can be absent
increases enormously during pregnancy, and near
term it is not unusual for breathing movements to be
absent for as long as 120 min.34 In general, for behav-
ioral studies, fetal breathing should not be studied as
an independent variable but always in combination
with other variables and preferably under highly stan-
dardized conditions.

Fetal mouth movements
With modern ultrasonographic equipment, the fetal
mouth is easy to visualize. Specific mouthing or suck-
ing behaviors can be observed: recurrent clusters of

948 Fetal behavior

Figure 88.1 (a) Definition of the four behavioral states. (b)
Examples given for each of the fetal heart rate patterns (HRP)
A–D, at a recording speed of 3 cm/min. Reproduced from van
Vliet et al.12 with permission.

Figure 88.2 Maximum and median duration (in minutes) of
periods in which body movements can be absent at different
gestational ages.
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‘regular mouthing movements’ can be observed
during quiet states (state 1F), while during state 3F
‘sucking movements’ can be observed (for an
overview, see van Woerden and van Geijn35). Both
activities, regular mouthing and sucking, are able to
entrain a fairly specific heart rate pattern, which may
confuse the clinicians.36,37

Fetal behavior
Certainly in the second half of pregnancy, the obser-
vation of fetal activity can be combined with the
simultaneous recording of the fetal heart rate and
such a combined recording is then called the registra-
tion of ‘fetal behavior’. In the beginning, it is as if all
sorts of movements occur more or less independently
of one another and they do not elicit specific FHRP.
However, with the increase of gestational age, an
increasing linkage can be observed between periods
with ‘absence of eye movements’, and periods with
‘absence of movements’ and with a silent heart rate
pattern, FHRP A.38 This increasing linkage, which has
been noticed by Drogtrop et al.39 at 25–30 weeks and
by Visser et al.40 at 30–32 weeks, is crucial for the
development of recognizable behavioral states.

Behavioral states in the neonate
‘Behavioral states are constellations of physiological
and behavioral variables (e.g. eyes closed, regular
breathing and no movements: quiet sleep) which are
stable over time and recur repeatedly, not only in the
same infant, but also in similar forms in all infants’
(modified from Prechtl et al.23). In the neonate,
Prechtl et al.23 defined five behavioral states: state 1
[quiet sleep, similar to non-rapid eye movement
(REM)-sleep], state 2 (active sleep, similar to REM-
sleep), state 3 (quiet awake), state 4 (active awake) and
state 5 (vocalization). Three major requirements have
to be fulfilled before a behavioral state can be recog-
nized. First of all, a specific combination of certain
variables must occur at the same time (‘coincidence’,
‘linkage’), e.g. presence of body movements, eyes
open and irregular breathing for state 2. Second, to be
able to recognize this combination, it should be stable
over time (by definition at least 3 min). Third, it must
be possible to see a clear change from one state into
another, a ‘state transition’. If the transitional periods
become too long (i.e. longer than 3 min of ‘no coinci-
dence’), it is no longer possible to clearly distinguish
behavioral states.13

Fetal behavioral states
Following the concept of behavioral states in the
neonate, Nijhuis et al.11 described four fetal behav-
ioral states. They recorded fetal behavior with two
ultrasound scanners and a simultaneous registration
of the FHRP. To emphasize the similarity with the

neonatal states they were called 1F (‘F’ for fetal) to 4F,
respectively.

State 1F (similar to state 1 in the neonate):
Quiescence, which can be regularly interrupted by
brief gross body movements, mostly startles. Eye move-
ments are absent. The FHRP A is a stable pattern with
a small oscillation bandwidth and no accelerations,
except in combination with a startle (Figure 88.1).

State 2F (similar to state 2 in the neonate): Frequent
and periodic gross body movements – mainly
stretches and retroflexions – and movements of the
extremities. Eye movements are present. FHRP B has
a wider oscillation bandwidth and frequent accelera-
tions during movements (Figure 88.1).

State 3F (similar to state 3 in the neonate): Gross
body movements are absent. Eye movements are pres-
ent. FHRP C is stable but with a wider oscillation band-
width than FHRP A and no accelerations (Figure 88.1).

State 4F (similar to state 4 in the neonate):
Vigorous, continual activity including many trunk
rotations. Eye movements are present. FHRP D is
unstable, with large and long-lasting accelerations,
often fused into a sustained tachycardia (Figure 88.1).

After the introduction of the definitions, many other
research groups were able to confirm the same find-
ings.41–43 The introduction of the concept of states had
a great influence on the research that was performed in
both animal and human research. As an example, it
appeared to be the case that breathing movements were
largely absent during state 1F,30 but if they were present
they were much more regular.32 Therefore, to study the
influence of a certain stimulus on breathing, it is now
clear that such a study needs to be standardized for
states. Otherwise one might think that the stimulus
used abolishes breathing while, in fact, only a state
transition from 2F (with breathing) into 1F (without
breathing) has been induced.

Following the description of fetal behavior under
normal conditions, many studies have been looking for
changes in behavior in growth-retarded fetuses,20,44,45

fetuses of diabetic mothers46 and of mothers who used
antiepileptic drugs,47 cocaine,48 methadone49 and corti-
costeroids.50 For reviews see Richardson,51 Groome and
Watson,52 Koyanagi et al.53 and Romanini and Rizzo.54

Furthermore, Doppler measurements in several fetal
vessels also appeared to be state related, although in
compromised fetuses this state dependency plays a
minor role.55

Clinical experiences
Studying fetal behavior is very time-consuming. This
means that a behavioral study will only be performed
if simpler techniques do not answer the question that
is posed. Fetal heart rate monitoring is the most fre-
quently used method, but insight into fetal behavior
has had a certain influence on the interpretation of
CTGs. The two most important examples are the
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‘silent’ heart rate pattern and the ‘sinusoidal’ heart
rate pattern. Obviously, a silent FHRP may indicate
fetal distress, but it may also reflect a physiological
behavioral state 1F. It is therefore of crucial impor-
tance that one considers a differential diagnosis if a
silent heart rate pattern is recorded56 (Table 88.1). The
most extreme example of a silent heart rate pattern is
entrained by the ‘intrauterine brain death syndrome’.
In such a case the FHRP is silent over a long period of
time, with a somewhat elevated baseline and the fetus
does not move (Figure 88.3). At birth – mostly via a
cesarean section due to ‘fetal distress’ – a floppy
infant is born and artificial ventilation will be needed.
An electroencephalogram will be isoelectric and a
diagnosis of ‘brain death’ will then finally be
made.56,57 This ‘intrauterine coma’ is probably the
consequence of a hypoxic accident that is mostly not
recorded. Hence, there has been a period of severe
asphyxia during which the fetus almost died, but then
recovered. In such a situation a cordocentesis would
reveal a normal pH value.

We have already mentioned that a fetus makes reg-
ular mouthing movements during state 1F,58 while
sucking movements can be seen during 3F.36,37 Both
categories of mouth movements may entrain a ‘sinu-
soidal-like’ FHRP, a heart rate pattern that can also be
recorded in combination with severe fetal anemia.
Again, also for this FHRP, a differential diagnosis can
be made (Table 88.1). We have only made a beginning

with the understanding of the human fetus in its
natural environment, but these examples make per-
fectly clear how important it is to be aware of these
behavioral states.

Another step forward was made by Mulder et al.,50

who showed a clear effect of betamethasone on fetal
behavior. This drug, which is used for the stimulation
of lung maturation, decreases heart rate variability
and the number of movements. Dexamethasone seems
to have a similar effect, but to a much lesser degree.59

Visser et al.60 have considered the change of con-
secutive variables in a deteriorating fetal condition,
and proposed that changes in fetal behavior and qual-
ity of fetal movements are among the first signs, while
a terminal heart rate pattern is of course the final step.

Future clinical aspects
In normal post-term pregnancies, van de Pas et al.61

showed that the fetus continues to mature further,
similar to the neonate already born. In the post-term
fetus, the amount of states 3F and 4F increased signif-
icantly at the expense of state 2F, implying that the
fetus is more ‘awake’ in utero. If one accepts that
the fetus exhibits clear behavioral states, similar to the
neonate, then it is perfectly understandable that birth
by itself does not seem to alter the developmental
pathway of this output of the central nervous system.
However, most neonatal tests are not applicable for
the fetus. It has already been noticed that fetuses with
congenital anomalies may show bizarre behavior62 or
dissociation of heart rate and movements.63 Other
authors have been studying state transitions rather
than behavioral states,64 but still it is difficult to draw
conclusions from a single behavioral recording in a
single fetus. Perhaps, it would be more promising if
we could develop a ‘neurological examination’ for the
fetus, knowing that we have limited possibilities. A
first step has been made by Tas et al.,65 who were able
to evoke an intercostal-to-phrenic inhibitory reflex
(IPIR): compression of the ribcage results in apnea. In
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Figure 88.3 An example of a persistently silent fetal heart rate
pattern without decelerations, and absence of fetal activity.
Note the relatively high baseline of 155 bpm, this recording
indicates fetal brain death. Reproduced with permission from
Nijhuis et al.56

Table 88.1 Differential diagnosis and proposed
management in silent heart rate pattern and
sinusoidal heart rate pattern

Differential diagnosis Management

Silent heart rate pattern

State 1F Extension of recording time

Effect of drugs Exclusion of use of drugs

Tachycardia Inspection of baseline

Anomalies Ultrasonographic examination,
behavioral study

Hypoxia Contraction stress test

Brain death Cordocentesis

Sinusoidal heart rate pattern

Fetal mouth movements

Sucking (‘major’ Behavioral study
or ‘marked’)

Regular mouthing Behavioral study
(‘minor’)

Effect of drugs Exclusion of use of drugs

Congenital anomalies Ultrasonographic examination

Fetal asphyxia Biophysical profile testing

Fetal anemia Cordocentesis
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a second series of experiments, they were not able to
find a different result in a group of growth-retarded
fetuses, defined as growth below the 10th percentile.66

Another possible approach is the study of fetal habit-
uation, i.e. the fetal learning pattern. A normal fetus
will habituate to a certain stimulus, which means that
it will cease to respond to repeated exposure to the
stimulus. For example, Hepper and Shahidullah67

demonstrated that fetuses with Down’s syndrome take
longer to habituate than normal fetuses. Recently,
Leader68 concluded in a commentary, ‘It seems likely
that no single, isolated aspect of behavior alone will
evolve but rather a combination of behaviors to form
a prenatal neurological examination’.68

Summary
The study of fetal behavior also plays an important
role in the understanding of normal fetal well-being
and in the evaluation of the possibly compromised
fetus. It has introduced a completely different way of
looking at the developing human being. It also has
become more apparent that birth by itself is not the
major cause for the neonatal neurological morbidity.
Morbidity does not, in the majority of cases, originate
from an (hypoxic) accident during birth, but rather

from an (hypoxic) accident somewhere during gestation,
or it may even be genetic. Most of these mild cases
will not be detected at birth and may therefore be
attributed to a difficult birth, which is seldom the real
cause.69 It may well be that ‘difficult birth in itself in
certain cases is merely a symptom of deeper effects
that influenced the development of the fetus’
(Sigmund Freud70).

The study of fetal behavior is still very time-con-
suming and therefore mostly used in research protocol.
In the forthcoming years, we should aim at the devel-
opment of a more appropriate way to analyze fetal
behavior because there is a definite need to get a better
insight into the condition of the fetus before birth and
in particular the condition of the fetal central nervous
system. The development of an adequate and practical
intrauterine neurological examination should have
high priority in clinical perinatology. The fetus can no
longer be regarded as a ‘growing organism’ that will
react independently of age and state. If one wants to say
something about the condition of the fetus or to learn
something about its development in its intrauterine
environment, then one should start to do so under stan-
dardized conditions with respect to fetal age, time of
the day, relation to maternal meals, etc. and last but not
least, certainly in the last trimester one should be aware
of fetal behavioral states.
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Introduction
The phenomenon that the sensory development of the
prenate is a quiet process of gradually responding to
the extrauterine world has been anticipated by mytho-
logical and religious stories, artists, writers and many
philosophers since ancient times.1 Aristotle argued
that the individual first acquires sensation during
pregnancy and might experience the extrauterine
environment. However, doubts remained about pre-
natal sensory capabilities. Jean Jacques Rousseau
referred to the fetus as a ‘witless tadpole’ and even the
first scientific approaches by Preyer2 in 1885 led to
doubtful conclusions about fetal hearing capacities.

Hearing is one of the primary modalities of human
beings for communicating and a prerequisite for the
development of language. Serious efforts to explore
prenatal recognition began in the 1920s and 1930s.
Peiper3 performed sonic stimulation with the aid of a
car horn to study movement responses of the fetus.
Forbes and Forbes4 were able to acknowledge the
amodal link between movement and sound by stimu-
lating a pregnant mother lying in a water bath which
was struck with a metal object. Ray5 attempted to
measure fetal reactions to the smacking of two boards
together. All these authors reported habituation
responses following the stimulus presentations.

Habituation and conditioning became more focal as
researchers attempted to tighten scientific controls for
analysis. Sontag and Wallace6 tried to experiment
with increased numbers and greater control of the
involved variables orientated to a stimulus– response
method by measuring physical responses towards
external stimuli. It became obvious that auditory mat-
uration does not solely function in isolation but is
part of an integrated development. The hypothesis
was put forward that intrauterine conditioning
accounts for certain behavioral characteristics of the
newborn and the refractory times of the habituation–
dehabituation processes were studied.7 Fetal move-
ment (FM) responses to sound stimulation were
observed as one major focus for fetal conditioning.8–10

New methods of perinatal medicine such as Doppler
registration of fetal heart rate (FHR) and FM, as well
as ultrasound, became extremely helpful to objectify
fetal responses to external stimuli.

The unborn is involved in a perceptual world with
increasing specification and differentiation. During
the first trimester self-generated movements are
combined with somatosensory awareness resulting
in coordination of early FM patterns. Later sensory
challenges may derive from two environments. The
‘intrauterine world’ includes the emotional state and
daily rhythms of the mother, touch with the umbilical
cord, the uterine wall and acoustic stimuli caused by
maternal circulation, digestion, movements, breathing
and, finally, her voice. As birth approaches, stimuli from
the ‘extrauterine world’ are increasingly responded
to. Neurological development allowing preparatory
interaction involves a considerable number of genetic
actions, which might be autoregulatory as well as acti-
vated or inhibited by positive- or negative-feedback
mechanisms.

Different disciplines have therefore become inter-
ested in the field of prenatal maturation of the auditory
system such as embryology, genetics, neurophysiology,
psychoanalysis and developmental psychology. Since
pregnant mothers and most of the current methods
used to register immediate responses are in the hands
of obstetricians, research and clinical investigations
in perinatal medicine have been directed towards
this field.

Embryology and developmental
anatomy
The special status of the ear is supported by the obser-
vation that the ossicles in the middle ear are of adult
size by 8 months of gestation,11 and thus the only
bones to attain their final form in the prenatal
period.12 Conventionally, the ear is described in terms
of the outer, middle and inner ear. Knowledge about
the complex development of the ear helps in under-
standing its integrated function and disturbances of
the auditory system.13–28

External ear and tympanic membrane
The external ear is divided into the pinna and the exter-
nal auditory canal. From 4 weeks’ gestation onwards
the mesoderm from the first and second branchial
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arch gives rise to six outgrowths, the hillocks of
His, condensing by 12 weeks to form the pinna. From
10 weeks onwards the future ear can be visualized
(Figure 89.1). The external auditory canal develops
from the first branchial groove. At 8 weeks the cavum
conchae deepens, growing towards the middle ear
which can be demonstrated by ultrasound in advanced
pregnancy (Figure 89.2). Adult size of the external
auditory canal is reached only by 9 years of age.

The tympanic membrane develops from structures
associated with both the external and the middle ear.
The completed tympanic membrane has three layers:
an outer epithelial layer, a middle fibrous layer and an
inner mucosal layer, continuous with the lining of the
tympanic cavity. The tympanic membrane inserts into
the tympanic ring which is complete at 16 weeks, and
can be visualized by ultrasound at the end of the
external auditory canal (Figure 89.2). The maximal
diameter is of adult size in the term fetus.

Middle ear, temporal bone and facial nerve
The middle ear consists of the tympanic cavity, three
ossicles (malleus, incus and stapes), the tensor tympani
and the stapedius, tendons and the Eustachian tube.

The ossicles develop between 4 and 6 gestational
weeks from the mesenchyme of the mandibular and
the hyoid arches; full size is reached by 18 weeks.
Only then do they become ossified and might be visu-
alized located cranially of the mandible (Figure
89.3a). Extension of the first and second pharyngeal
pouch, lined with endoderm, forms the tubotympanic
recess. At week 7, constriction of the mid-portion
leads to the formation of the Eustachian tube and the
tympanic cavity. During further development the
tympanic cavity is filled with mucoid mesenchymal
tissue becoming vacuolated. By 30–34 weeks the tym-
panic cavity is pneumatized.

The temporal bone derives from four separate ele-
ments: the tympanic bone, the squamous portion, the

styloid process and the petromastoid. Only the first
three parts have formed and ossified at birth.
Postnatally, there is still no complete bony ear canal
and no mastoid process. The facial nerve derives from
the second branchial arch. At the end of the third ges-
tational week the acousticofacial ganglion can be
identified; by the end of the embryonic period its neu-
roblasts form the main trunk of the facial nerve and
the chorda tympani nerve. The fully developed facial
nerve transverses the internal acoustic meatus, the
middle ear and, finally, exits superficially from the
stylomastoid behind the tympanic membrane, where
it can be injured by obstetric manipulations.

Inner ear and auditory nerve
The inner ear lies in the petrous portion of the tempo-
ral bone consisting of a membranous labyrinth inside
a bony labyrinth. The bony labyrinth includes the
cochlea, three semicircular canals, the vestibule enclos-
ing the utricle, the saccule and part of the cochlear duct,
as well as the perilymphatic spaces. Development of
the bony labyrinth occurs in three stages: cartilage for-
mation, the formation of the perilymphatic spaces, the
calcification and ossification. By 24 weeks, all centers
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Figure 89.1 Embryo of 10 weeks with a crown–rump length of
36 mm and an ‘ear length’ of 2.6 mm.

Figure 89.2 (a) Pinna of a fetal ear at 34 weeks (2.6 cm) with
external auditory canal. (b) The same external auditory canal
obtained by scanning towards the midline with the tympanic
membrane (ring) at the central end of 31 mm.
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have fused to form a complete bony capsule. Ossifica-
tion of the inner ear does not occur until each portion
has attained adult size. The configuration of the
membranous labyrinth is recognizable by 10 weeks
and completed at around 24 weeks. Its neurosensory
elements develop from the ectodermal otic placode in
the 23-day-old human embryo giving rise to the oto-
cyst. The differentiation of the vestibular and cochlear
end organs takes place during the second month of
pregnancy.

Light microscopy demonstrates that the first sign of
differentiation of the organ of Corti in the wall of the
cochlear duct starts at 10 gestational weeks. At 14
weeks, rows of inner and outer hair cells can be
observed. At around 20 weeks, the human cochlear
morphology is similar to what is considered the stage
corresponding to the onset of cochlear function. The
organ of Corti contains sensory and supporting cells.
Ultrastructural development includes hair cell differ-
entiation of inner and outer hair cells, synaptogenesis
and ciliogenesis.

The eighth nerve ganglion also derives from the
otocyst. After 4 weeks these cells form the auditory
ganglion, dividing later into superior and inferior

branches of the vestibular nerve and the cochlear nerve.
The nerve cells remain bipolar throughout life, the
peripheral processes terminating in the sensory areas of
the inner ear and the central processes in the brainstem.

Auditory pathways
In the auditory system the second neuron is the brain-
stem. Structures in the human auditory pathway, from
the proximal end of the cochlear nerve to the inferior
colliculus, undergo myelination between 26 and 29 ges-
tational weeks. The density of myelination increases in
all pathways up to 1 year of age. Though code trans-
mission is improved in myelinated pathways, myeli-
nation is not prerequisite for transmission. Primary
and secondary crossed and uncrossed pathways
ensure that each ear is represented on both sides of
the brain.

In mammals the pathway proceeds to the auditory
center in the cerebral cortex. The auditory pathway in
human beings transforms the code represented by a
mechanical response of the ear into a signal which can
be utilized by higher centers. The codes are changed
from level to level. Through maturation infants develop
an information-processing capacity, the development
of which has not yet been sufficiently studied. This
knowledge, however, is essential for understanding
how speech and language develop, and may have
implications concerning auditory behavior, reaction to
sound and diagnostic testing.

Physiological basis of hearing,
encoding and transmission
Sound is created by a vibratory source that causes
molecules to be displaced. It is designed for gaseous
and liquid media, while oscillation in solids is mostly
referred to as vibration. The quantification of sound
requires measurement of the amplitude and the fre-
quency. The amplitude is measured in units of sound
pressure called pascals (Pa) proportional to the
acoustic intensity or loudness. The measurement of
sound pressure levels is given in decibels (dB), which
are logarithmic numbers favored due to the inherent
compression of the linear scales. The frequency of
sound is measured in cycles per second, namely Hertz
(Hz). The range of 20–20,000 Hz is accepted as the
bandwidth of human hearing. Beyond these limits
high sound pressure levels are required to evoke audi-
tory responses and there is also decreased discrimina-
tion ability. Frequency and magnitude components of
sound form what is called spectrum analysis.

Physiological acoustics
Knowledge of physiological acoustics can be obtained
from selected references,29–34 whereby most informa-
tion is drawn from invasive recordings in nonhuman
species.

Physiological basis of hearing, encoding and transmission 955

Figure 89.3 (a) Sagittal view of a fetus. Note the three ossicles
superior of the mandible in front of the pinna. (b) Frontal view of
a fetus ‘attempting to listen’, in spite of amniotic fluid in the outer
ear canal, sound attenuation and internal background noise.
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The overall role of the outer ear is to collect sound
energy and to shape it by the resonances of the concha
and the external auditory canal towards the tympanic
membrane. Acoustic energy is transformed into
mechanical energy as vibrations of the tympanic mem-
brane and the ossicular chain in the middle ear air,
providing an energy gain of around 30 dB due to area
differences between the tympanic membrane and the
footplate of the stapes. The middle ear also protects
the inner ear from high sound pressures.

The role of the cochlea and structures of the inner
ear is to couple the vibratory energy delivered to the
oval window by the stapes footplate to the hair cells.
It was postulated in 1965 by Davis35 that the binding
of the sensory hairs of the organ of Corti depolarizes
the hair-cell membrane by altering its resistance. The
basis of the frequency-related regional displacement
of the entire cochlear partition was revealed by the
classic Nobel laureate von Bekesy36 who described it
as ‘traveling waves’; this was verified later by sophis-
ticated methods.37 The links between hair-cell recep-
tors and the auditory system are primary auditory
neurons with selective sensitivities for frequencies.
With the entry of the acoustic nerve into the brainstem
auditory neurons multiply. The frequency-to-place
code is equally representative for the organization of
central nuclei and the auditory cortex.38,39 Many audi-
tory abilities are attributable to subcortical processing.
Decorticated animals are capable of detecting the inten-
sity and frequency of sounds40–42; anencephalic fetuses
demonstrate behavioral reactions to external stimuli
(Figure 89.4). Central neurons are sensitive to frequency
modulation and sound features.43 An efferent auditory
pathway varies the input sensitivity at the level of the
hair cells.44

Special conditions relating to the fetus
Although perinatologists can occasionally observe ges-
tures familiar from adult life (Figure 89.3), intrauterine
hearing conditions are specific for the prenate. Infor-
mation on fetal hearing has been obtained from invasive
experiments on sheep or measurements in pregnancies
with ruptured membranes.

Sound conduction
Vibrational direct excitation of skin and tissue is more
effective for developing an acoustic field than trans-
mission across the air–skin interface.45,46 The external
auditory canal and the fetal middle ear are filled with
amniotic fluid; prenatally, the interface at the stapes
footplate is a fluid medium as compared to an air
medium postnatally. Sound pressures with the same
phase are present at the two windows, which may
reduce hair-cell activity. On the other hand, imped-
ance similarities may cause pressure variations to be
fairly well transformed.47

A bone conduction route is assumed for prenatal
hearing based on measurements with round-window
electrodes implanted after open fetal surgery in sheep.
Cochlear microphonic recordings were registered
towards broadband noise delivered by a loudspeaker
and compared to input/output functions in the
same lamb after delivery.48 Sound energy is slightly
diminished (10–20 dB) for frequencies < 250 Hz, yet
significantly reduced for frequencies > 500 Hz
(40–50 dB).48,49 One reason for this ‘sound isolation’ is
the route of sound energy ‘underwater’, described by
bone conduction for adult and fetus.50,51

The effectiveness of sound transmission (outer and
middle ear versus bone transmission) was tested by
sheep experiments, proving that when the fetal head is
covered with sound attenuating material, even though
the pinna and the ear canal remain uncovered, sound
levels must be greater than those necessary to evoke the
same response from the bare head.51 Both cochleae are
equally stimulated, so that only one auditory image is
likely to be formed.52,53 This might have implications
for lateralization in speech development.54

Sound attenuation
A second reason for sound isolation is the sound pres-
sure attenuation described for externally delivered pure
tones.55 A loudspeaker in a rubber annulus was attached
to the maternal abdomen, a microphone placed in utero
near the cervix. Transmission losses ranged from 39 dB
at 500 Hz to 85 dB at 5000 Hz,56 and were 70 dB for
frequencies above 2000 Hz.57 Since an impedance
mismatch may bias the results, hydrophones (under-
water microphones) were used in humans58,59 and
animals.46,60–63

It was shown that the mother’s voice in the sheep
uterus is louder when picked up by a hydrophone
than by a microphone placed by the abdominal wall62

and that sound attenuation decreases during the last

956 Fetal and neonatal hearing

Figure 89.4 Fetal heart rate (FHR, above)/fetal movement
(FM, below) tracing after vibroacoustic stimulation in an
anencephalic fetus of 34 weeks. There is a long reaction
(> 60 s) with increased FM and FHR after the first stimulation
(first arrow) and a weaker reaction after the second stimulation
(second arrow).
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weeks of gestation.61,62 Further results were obtained by
placing a pregnant ewe in a sound field produced by
stereo speakers46,63 recording simultaneous measure-
ments with a microphone in the air and a hydrophone
within the uterine cavity. There was sound enhance-
ment of broadband noises in utero for frequencies
below 250 Hz; transmission loss increased to an aver-
age of 20 dB at 4 kHz. The overall transmission loss
was 6.7 dB for broadband noise, and 10–15 dB for pure
tone at 1–10 kHz. In humans, exterior sound of at least
65–70 dB was transmitted to the intrauterine cavity
with attenuation of 30 dB reduction in sound pressure
levels for tones up to 12 kHz; frequencies below 200 Hz
were enhanced.58,59 All in all the results of hydrophone
experiments were comparable in sheep and humans.

Sound environment
The sound environment in utero might have an
‘imprinting’ and a masking effect on external sounds
as studied in humans55,57–60,64,65 and in sheep.61,62

Measurements in sheep have demonstrated that the
basal noise is increased during labor.62 Data in
humans, all gathered after rupture of membranes,
might underestimate the emergence of external
sounds or overestimate background noise described
as pulsations of uterine vessels,66 intervillous injec-
tions,67 or sounds associated with digestion,68 mater-
nal body movements and with the mother’s breath
and voice (see below). The intrauterine sound envi-
ronment is dominated by frequencies below 500 Hz
with mean sound pressures of 90 dB at 250 Hz.58,59

Sound intelligibility
Intelligibility is based on the ability to distinguish
complex sounds and thereby provide speech commu-
nication and musical abilities. The auditory sensitiv-
ity and prenatal sound attenuation characteristics are
similar in sheep and humans.60,68–70 Language signals
are comparable50 as proven by simultaneous record-
ings from microphone, fetal cochlear microphone and
intrauterine hydrophone recordings in sheep. Music
and voices are distinguishable from the basal noise by
8–12 dB for exterior voices and 24 dB for the mother’s
voice, if all had an intensity of 60 dB. The male voice
with an average frequency of 125 Hz is better trans-
mitted, but emerges in the range where internal noise
is highest. Female voices with an average frequency of
220 Hz receive a greater attenuation, but emerge in a
range where internal noise is low.58

The fetus might detect speech and music, ideally
low-frequency components below 500 Hz, when the
airborne signals exceed 60 dB. Intrauterine sound
levels of the mother’s voice were enhanced by an aver-
age of 5.2 dB. Differences are not dependent on mater-
nal abdominal wall thickness or amniotic fluid
volume.69 Intelligibility of directly transmitted maternal
voice compared to airborne maternal, female or male
voices did not differ if tapes from intrauterine devices

were offered to adult observers.47 While consonants are
indistinguishable, vowel sounds, rhythms and melodic
timbre of voices are recognizable. Though attenuation
varies with frequency, a variety of music is easily
recognized from intrauterine recordings.64,71

Prenatal auditory responsiveness
under normal conditions
To demonstrate the existence of prenatal sensory per-
ception, one can empirically study electrophysiologi-
cal, motor and cardiac auditory responsiveness.

Studies of fetal response to sound have chosen a
variety of stimuli not always with apparent rationale
such as car horns,3 bicycle bells,64 electric tooth-
brushes,72 or pure tones of 100–2000 Hz, sound pres-
sure levels from 80 to 120 dB measured in air and with
various durations.73 Studies using airborne sounds
should be differentiated from studies using vibro-
acoustic stimuli providing vibration and airborne
sound. More recent studies have used the electronic
artificial larynx with a vibrating disc attached to the
maternal abdomen. It is portable and designed to prop-
agate sound pressure more efficiently, matching
impedances between tissue and fluid. The electronic
artificial larynx output spectrum was measured by
hydrophone fixed near to a lamb’s ear in utero.46 Most
frequencies were between 0.5 and 1 kHz with multiple
harmonics up to 15,000 Hz in air. When the device was
placed directly over the hydrophone, sound pressure
levels averaged 135 dB, which was greater than pre-
dicted in humans.65,74 In lambs with bilateral cochlear
ablation no reactions towards vibroacoustic stimula-
tion could be registered even with high intensities,
indicating that in fetal sheep the auditory apparatus is
necessary for the FHR and FM responses.75

Prenatal responsiveness by means
of electrophysiological methods
Recordings of electrical potentials from levels of
the auditory system by means of noninvasive tech-
niques are based on compound potentials represent-
ing the activity of many cells. Noninvasive methods to
investigate the effects of early auditory stimulations
are the stimulus-related electroencephalographic
(EEG) and magnetoencephographic (MEG) methods.
Human EEG responses towards acoustic signals76–78

have been performed, with one exception,77 only after
ruptured membranes using scalp electrodes.76,78

In MEG recordings sensitive magnetic field detec-
tors are used to measure neuromagnetic auditory
brainstem responses, which can be performed prena-
tally with intact membranes.79,80 Short auditory stim-
uli like clicks of 1 kHz and a duration of 100 ms up to
100 dB are performed, in a room guaranteeing electri-
cal radiofrequency shielding, to evoke the activity of

Prenatal auditory responsiveness under normal conditions 957

Kurjak-89.qxd  5/9/2006  12:55 PM  Page 957



electromagnetic sources located in nuclei of the brain-
stem. In an experimental setting, we succeeded in
recording stimulus-related auditory-evoked neuro-
magnetic fields through the mother’s abdomen at
34 weeks by using a one-channel superconducting
quantum interference device (SQUID) magnetometer
(Figure 89.5).79,80 The tracings were comparable with
postnatal recordings. Latency shifts of brainstem com-
ponents are proposed to reflect early brain matura-
tion81 and decrease with advancing age. Although
electromagnetic methods are more precise than indi-
rect methods in reflecting the occurrence and latency
of reactions, at this moment, the methods are not yet
sufficiently developed to allow systematic conclu-
sions to be drawn.

Prenatal behavioral responsiveness
The association of evoked potentials with heartbeat
and motor responses implies the reception of the audi-
tory signals up to subcortical levels (Figure 89.4).82

Due to the present lack of routine technology to
record neural activity directly in the womb, fetal

sensory abilities are examined by observing behavioral
reactions. Appropriate methodology has to be used to
ensure that stimulus and response are correlated.
Problems arise when the fetus does not react, since we
cannot say that the stimulus is not sensed.

Onset of responsiveness
Relating to the onset of immediate fetal responses it
was supposed that reactions towards acoustic stimuli
do not occur before 24 weeks.74,83 Using ultrasound,
blink responses were first detectable between 24 and
25 weeks, becoming consistent after 28 weeks.74

Recently, responsiveness to sound was even described
at 16 weeks of gestation.1,84,85 Developmental origins
were systematically examined using 80–2000 broad-
band stimuli between 15 and 25 gestational weeks.
When changing the stimulus from a single sound to a
series of ten 2-s pulses, an increased number of FM
was found after stimulation at 20 weeks. Interpreta-
tion refers to hypotheses about the developing neural
system prior to the formation of specific receptor cells
as described for first reactions towards touch. Ultra-
sound observations also allow definition of motor
responses such as body, head, arm and leg move-
ments.86 The methodology can be simplified by using
Doppler services for the detection of FM which whilst
unable to differentiate qualities of responses can dif-
ferentiate quantities of FM responses with a high sen-
sitivity and specificity.87 Using this method to record
fetal responses and external artificial larynx for
stimulation we observed a first fetal reaction (FM) in
singletons at 25 weeks88 and simultaneous reactions
of FM of both members of a twin pair at 27 weeks.

Developmental aspects
FM and FHR responses may be classified in immedi-
ate reactions such as startles, twinkling, accelerations
or decelerations (‘reflexes’) as well as long-term
changes of either FM, FHR baseline or variability
(‘changes of behavioral patterns’). FHR/FM patterns
including breathing movements were studied during
1h after vibroacoustic stimulation.89,90 Close company
changes the development of reactions towards vibroa-
coustic stimuli in twins compared to singletons.
Reactions of longer duration become more frequent in
twins compared to singletons (Figure 89.6). With
increasing gestational age, an increasing number of
FM combined with FHR accelerations is observed in
singletons and twins. Among reactions of long duration
(> 60 s) FHR baseline changes more dramatically than
FHR variability. We also found an increasing number of
extreme changes from a very passive to a very active
FHR/FM pattern in twin pregnancies. This is in accor-
dance with findings in singletons that after vibro-
acoustic stimulation unusual changes of state 1F–4F
occur, which rarely occur spontaneously.91 More ‘phys-
iologic’ state changes from state 1F to 2F were found
using a 100-Hz square-wave vibratory stimulus.92 In
any case, vibroacoustic stimulation with the external
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Figure 89.5 Typical waveforms obtained from brainstem after
click stimulation at 34 weeks by one-channel magneto-
encephalography.79,80 TL1, temporal lateral1; TL2, temporal
lateral2; Ft, fentotesla.
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artificial larynx must have some quite dramatic
influence on the fetus, since some gynecologists
have even recommended it to induce a change of
fetal position to improve visualization of fetal
echocardiography93.

Quality of stimulus
Both the onset and development of auditory respon-
siveness also depend on qualities of the stimulus.
Fetuses from 19 weeks onwards were presented with
pure-tone frequencies of 100–3000 Hz. First respon-
siveness was detected at 23 weeks at 500 Hz, by 27
weeks responsiveness was found to 100, 250 and
500 Hz and only at 31 weeks were responses observed
to 1000 and 3000 Hz.94 It was interpreted that the
delayed responsiveness to high frequency is related to
the development of phase-locked firing describing a
cooperation of nerve fibers to encode high-frequency
sound.95 The sound pressure level required to elicit a
response at 35 weeks is 20–30 dB less than at 23 weeks,
indicating that the fetal auditory system becomes more
sensitive with prenatal age.94 However, changes in
attenuation, maturing behavior and sensomotor neural
connections might also have an impact. Even fetal
intelligibility has developmental aspects.95 Using a

habituation–dishabituation technique, fetuses aged
35 weeks could discriminate between frequencies of
250 and 500 Hz and between different speech sounds,
whereas fetuses of 27 weeks were unable to make this
differentiation, although they were able to differenti-
ate between a 250-Hz tone and 80–2000-Hz broad-
band sound.

Specific or momentary disposition
Additional factors influence fetal acoustic responsive-
ness such as behavioral state before the stimulus,96

gender,72 position in utero and individual disposition
(own data). Fetal responses to speech stimuli consist-
ing of syllables (‘ee’ or ‘ah’) were studied in healthy
pregnancies at 26–34 weeks’ gestation. During periods
of low FHR variability, a decrease in FHR and an
increase in the standard deviation of heart rate were
found.97 This is the only demonstration of prenatal
responses to speech stimuli whereby the response is
dependent on FHR variability which is the primary
determinant of fetal state.98 Female fetuses seem to
respond earlier than males.72 In our experience, twins
are ideal models to differentiate further the simulta-
neous influence of activity state before stimulation,
individual disposition (zygosity), position and sex of
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Figure 89.6 Distribution of short (< 60 s) and long (> 60 s) behavioral reactions towards vibroacoustic stimuli in 74 healthy
singletons (a) and 64 healthy twins (b) obtained by longitudinal weekly measurements between 26 and 36 weeks. Note that there
are significant changes with gestational age, Pearson χ2 test p < 0.0005, and differences between twins and singletons, Pearson χ2

test p < 0.0005.
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the prenates by analyzing intertwin differences of
FHR/FM patterns towards external artificial larynx
(Figure 89.7). Similar reactions towards external arti-
ficial larynx were significantly increased in twins
with the same sex and differences between sex-alike
male compared to female groups can be calculated. If
all parameters are analyzed by multivariate analysis,
age-dependent determinants of fetal responsiveness
can be evaluated.

Postnatal auditory responsiveness
under normal conditions
After delivery sound conduction and environment
change significantly and the newborn is more directly
accessible to behavioral98,99 and electrophysiological
examinations.30–32,99

Postnatal responsiveness assessed by
electrophysiological methods
Auditory-evoked potentials reflect electrical activity
from different anatomic levels of the auditory system:

the earlier components from peripheral and brainstem
levels, the later ones from midbrain and cortical
levels. The cochlear (0–4 ms) and early components
(4–12 ms) are used for assessing peripheral hearing in
children by electrocochleography and auditory brain-
stem response. Whereas electrocochleography can only
be used under anesthesia, auditory brain response has
become the method of choice to estimate hearing sen-
sitivity in newborns since it was first described.100,101

It reflects the integrity of the outer, middle and inner
ear and the auditory pathway,102,103 as described by
Davis,35 and is free from the effects of medication or
state. Via headphones click stimuli are performed and
short-latency electroencephalographic waveforms are
recorded by skull electrodes (Figure 89.8). The detection
of cortical potentials and auditory brainstem response as
early as 25 weeks indicates functional maturity of the
auditory pathway.104 Electrophysiological responses
from the cochlea, the eighth nerve and the auditory
brainstem are similar to those in the adult by 32–36
gestational weeks.103,105 The responses continue to
develop in wave components, shape and latency with
myelinization103,106 until the second year. The audi-
tory brainstem response does not necessarily depend
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Figure 89.7 Distribution of combinations of 390 fetal heart rate (FHR)/fetal movement (FM) reactions towards vibroacoustic stimuli
within 32 twin pairs. (a) Classified relating to first short reactions, (b) classified relating to duration of reactions (0, no reaction; Ac,
acceleration; long, > 60 s; short, < 60 s). Note the significantly higher intertwin differences (lighter columns) in twin pairs of different
sex, Pearson χ2 test p < 0.0001.
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on the same neural events that are essential for
perception of auditory capabilities.

Von Bekesy36 postulated that some sound energy
must be emitted from the cochlea back to the external
auditory canal (‘feedback from the inner ear’).
Transiently evoked otoacoustic emissions can be meas-
ured, e.g., sounds generated and emitted by the outer
hair cells of the cochlea in response to acoustic stimula-
tion.107 A small probe is placed in the external auditory
canal and click stimuli are presented. Otoacoustic emis-
sion methods are candidates for application in the new-
born permitting the acquisition of frequency-specific
information which can be drawn later from audiometry.

Postnatal behavioral responsiveness
Behavioral reactions towards acoustic stimuli are less
suitable for preterm neonates, but they are of value to
learn about what babies hear and about possible posi-
tive or negative influences. Responses and alertness to
voices, bells and rattles, or the neonate’s ability to
shut down aversive reactions due to habituation
towards repeated stimuli are used to score infants
according to their ‘abilities’.97 Broadband sounds
(speech) are more likely than narrowband sounds to
elicit responses108 which also depend on physiologi-
cal states of hunger and sleep/wakefulness.98 A new-
born infant can differentiate bandwidth, duration,
interstimulus interval, frequency and sound pressure
level.109,110 Signals < 4 kHz evoke responses three
times more often than signals in the higher range.

Lower frequencies generally evoke gross motor activity,
high frequencies evoke freezing reactions. The new-
born can respond to gross right–left changes, although
sound localization is not purely auditory. Even soon
after birth a blind infant is less likely to localize
sound than a sighted infant. After 2 months infants
integrate auditory and visual space (e.g., voice and
facial movements).111

Some methods have been introduced to objectify
behavioral responsiveness. The auditory response
cradle compares reactions with and without sound by
a pressure sensitive mattress and a monitor for head
movements. As in prenatal life high intensities of up
to 85 dB are needed to elicit motor responses.112 The
observer-based psychoacoustic procedure controls for
observer bias by documenting behavioral changes
towards acoustic stimuli while the observer is
‘blinded’ by earphones for all signals.113 Using the
observer-based psychoacoustic procedure infants of
2–5 weeks showed thresholds at 500 and 4000 Hz of
55- and 60-dB sound pressure levels, respectively.114

Effects of prenatal hearing on
postnatal development
By correlating morphological and neurofunctional
results with perinatal observations, conclusions
might be drawn for sensomotory, cognitive and emo-
tional development.

Effects of prenatal hearing on postnatal development 961

Figure 89.8 Hearing screening in a preterm infant at the NICU with an automatic version (ALGO-1E automated auditory brainstem
response infant hearing screener, Natus Medical, Inc.) detecting auditory brainstem responses.
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Recognition or ‘memorization’
Considerable attention is given by parents to the possi-
bility that the fetus forms memories of speech and
music that may influence the abilities postnatally.
Habituation has primarily been described by Peiper3

who reported a decrease in FM after repeated stimula-
tion with a car horn. Since then a number of studies
have demonstrated a decrement in response to repeated
stimulation while using FHR/FM or ultrasound docu-
mentation. Habituation may be distinguished from
adaptation or fatigue by several criteria, the most impor-
tant being the recovery of response on presentation of a
new stimulus (‘dishabituation’) and faster habituation
upon re-presentation of the stimulus.115 The intensity of
the stimulus influences habituation time (faster habitu-
ation to more intense stimuli).115

While habituation reflects short-term memory, there
is also proof of long-term memory from pre- to post-
natal life. To demonstrate the existence of prenatal sen-
sory perception, one can indirectly study behavioral
modifications of a neonate presented with stimuli she
or he has been confronted with during prenatal life
(‘memorization’).47 Prenatal sound experience might
have an influence on postnatal sound preference and
fine tune the developing auditory system.116 Neonates
have been taught that if they produce a specific sucking
pattern they could listen to their mother’s voice.
Newborn babies showed a strong preference for the
voice of their mother over that of other male or female
talkers. Using the specially designed baby’s dummy
connected to a tape recorder, newborns are even able
to distinguish between their mother speaking in her
native vs. in an unfamiliar language117 (sucking with
higher frequency). Using this ‘high-amplitude sucking
procedure’, 3-day-old newborns prefer a lullaby read
twice a day by the mother during the last weeks of preg-
nancy to a new story.118 All this suggests the possibility
of prenatal acquisitions and antenatal discrimination,
however elementary it might be.

Prenatal stimulation has an impact on tempera-
ment behavior. Settings of talking, music and medita-
tion were performed during pregnancy and correlated
with behavioral outcome.119 Talking had a 65%,
music a 34% and mediation a 31% correlation with
all behaviors. For talking only 58% of behavioral vari-
ables were identified as positive (e.g., the child being
easily comforted, contentment), 16% as ambiguous
and 26% as negative (e.g., crying for obscure reasons,
needing constant supervision). Music and meditation,
however, correlated in 90% and 100%, respectively,
with positive attitudes. Talking is known not only to
express care, but also irritability, anger or anxiety
experienced in pregnancy. It is speculated that not
only variations of timbre, but also hormonal or physi-
ological changes associated with the content of
speech, may evoke associations in the infant. This
hypothesis is supported by a study of infants whose
excessive crying was in association with their mothers’
depression scores.120

Implications for language development
and musical expression
Hearing has a close relation to the kinetic system, i.e.,
‘auditory–vocal–kinetic channel’.121 From embryology
we know that the origins and innervation of hearing
and language function are in close proximity, suggest-
ing that there is also ‘crying in utero’ – only we have
not yet become sensitive for it. Vocal expression can be
heard in fetuses from around 20 weeks onwards.
Uterine crying has been proposed following unpleasant
maneuvers such as attaching electrodes, versions or
catheter insertions.122–124 The newborn’s phonation is
based on laryngeal coordination reflecting maturation
processes and training. Newborn ‘cryprints’ are as
unique as fingerprints, and characterized by specific
features such as fundamental frequency and variation
in time (‘vibrato’) using voice-signal recording.125

We suppose influences of nature and nurture on pre-
speech development. Monozygotic twins have syn-
chronous cry patterns at birth.126 By listening to the
mother’s speech the fetus obviously stores her speech
features. Early spectrography of the first cries proved
that even newborns born at 28 weeks had similar voice
performance features to their mothers.127,128 How far
genetic influences or experience of the same sound
environment are responsible for first hearing and cry
patterns remains to be determined. Babies as young as
12-h-old react to rhythms of human speech.129 This also
might imply that learning of language begins soon after
or even before birth. Newborns are able to distinguish
between phones in any language and make all sounds
of any language.130 By 6 months linguistic experience
has resulted in language-specific phonetic proto-
types.131 Adults can no longer distinguish between
phones used in unfamiliar languages. In this context,
experience seems paradoxically to diminish auditory
skills. Somehow, babies even stimulate adults to speak
to them in a stylized way.132

Music exists in the passage of time and cross-
culturally. It is supposed that musicality is structured
by an ensemble of protorhythms of biological inheri-
tance.133 The hypothesis that music has prenatal
origins does not explain the survival value of music,134

but might clarify its nature with cross-cultural features
of rhythm and dancing comparable to rhythmic ele-
ments in utero, e.g., movements of maternal vessels felt
and heard by the prenate. A summary of the up-to-date
knowledge on the influence of music during pregnancy
is meanwhile published by the main author.135

Prenatal acoustical responsiveness
as a test for fetal well-being
The understanding of pathophysiology has led to
improvements in interpretation of behavioral and hemo-
dynamic mechanisms. Fetal hypoxia is the condition
studied most intensively. An arrest of muscular activ-
ity to reduce oxygen consumption and a redistribution
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of fetal blood flow to maintain oxygen delivery to
essential organs were primarily described in sheep
experiments136,137 and later in humans.138–140 Mean-
while, correlations with antenatal blood gases have
been performed.141,142 Fetal activity and blood-flow
redistribution have an impact on FHR patterns. FHR
variability and the presence of FHR accelerations
with FM are recognized as indicators of fetal health by
noninvasive and invasive studies.142,143 In this context,
(vibro)acoustic stimulation was proposed mainly for
the assessment of fetal well-being and to discriminate
between ‘nonreactive’ nonstress tests (NSTs) due to
hypoxia or just to quiet state.144,145 Using Medline we
found more than 150 studies on vibroacoustic stimu-
lation as a test of fetal well-being from 1980 to date;
here we focus only on selected aspects.

Increase of ‘efficiency’ of non-stress
testing and biophysical profile
To compare results, the frequency, duration and inten-
sity of the stimulus as well as gestational age, FHR/FM
criteria, habituation time and behavioral states in
association with the response have to be analyzed. In
general, a 3-s sound stimulus is adequate for a shift to
an ‘awake’ state.146 In a review of 61 studies, the abil-
ity of vibroacoustic stimulation to elicit FHR acceler-
ations has been established, decreasing false-positive
rates of nonreactive NSTs.147 Pregnancies with early-
onset intrauterine growth retardation (IUGR) were
studied after vibroacoustic stimulation between 26
and 32 weeks’ gestation. Accelerations, FHR variabil-
ity and FM were reduced compared with age-matched
normal fetuses.148 The conclusion that nutritional
deprivation is associated with delayed sensory matu-
ration is not necessarily true, since similar FHR and
FM patterns are recognizable in early NSTs. The result
only proves that there is no reaction, though the stim-
ulus might well be received. Vibroacoustic stimula-
tion was performed in patients with low biophysical
profile scores after 15 min. The results of patients
whose biophysical profile score improved to normal
were compared to normal scores without stimulation.
Vibroacoustic stimulation was found to ‘improve’ an
abnormal or equivocal biophysical profile score to
normal in 82% of cases without increasing obstetric
or neonatal complication rates or the false-negative
rate of biophysical profile scores.149

Comparative observational studies and clinical trials
Some observational studies compare the vibroa-
coustic stimulation test concurrently with other tests.
In most studies the prediction of poor outcome was
comparable with results of the NST.150,151 In the pre-
diction of an abnormal contraction stress test (CST), a
nonreactive vibroacoustic stimulation test had a sen-
sitivity of 100% and a specificity of 91%; therefore
vibroacoustic stimulation was slightly better able

to diagnose fetal distress compared to the CST in
pregnancies with a nonreactive NST at term.152 After
the introduction of Doppler velocimetry of fetal redis-
tribution it has become possible to differentiate
ambiguous results of NSTs noninvasively. Thus we
compared the clinical value of NST, Doppler ratio of
cerebral vs. umbilical blood flow, vibroacoustic stim-
ulation test and CST to predict poor outcome using dif-
ferent cut-off values for all tests separately for IUGR
and post-term pregnancies. Doppler velocimetry and
NSTs had better prognostic capacities than vibroa-
coustic stimulation tests and CSTs (Figure 89.9).153,154

We therefore do not use CST or vibroacoustic stimu-
lation tests in clinical routine, while Doppler studies,
computerized FHR analysis, or real-time ultrasound
of fetal behavior and amniotic fluid analysis can be
performed without ‘unnatural stress’ for mother and
fetus. We admit that in units where skills in ultra-
sound examinations or sophisticated equipment are
not available, vibroacoustic stimulation or CST might
be of value. Clinical trials demonstrate that the intro-
duction of vibroacoustic stimulation in combination
with the NST155 or with amniotic fluid assessment156

has not led to an increased rate of mortality. Since in
the Western world all of the currently used forms of
antenatal surveillance are combined with low mortal-
ity rates, it is unlikely that vibroacoustic stimulation
will ever lower perinatal mortality in any randomized
or historic trial.157 In the only controlled clinical trial,
where vibroacoustic stimulation test was compared to
NST,145 false-positive tests were slightly lowered and
performance reduced from a mean of 27 to 23 min.
Although it has been proven that vibroacoustic stimula-
tion does at least not increase catecholamine release158

or meconium passage in healthy fetuses,159 the question
remains whether 4 min justify frightening – or even
awakening – an innocently sleeping fetus (it is recom-
mended that vibroacoustic stimulation is performed
during quiet sleep!). In other words: which parents
would appreciate this postnatally?

Vibroacoustic stimulation during labor
The same holds true for studies during labor, where
vibroacoustic stimulation was primarily applied to
test attenuation via hydrophones. Data suggest that an
intrauterine threshold of 94-dB sound pressure level
is necessary to produce a consistent FHR response
during active labor.160 At the first stage of labor vibroa-
coustic stimulation was studied possibly to improve
interpretation of ominous spontaneous FHR testing.
Undoubtedly, nonreactive responders to vibroacoustic
stimulation were at significantly greater risk of subse-
quent abnormal FHR patterns, meconium staining
and fetal distress; however, transient FHR decelera-
tions occurred in 25% where fetal outcome was not
impaired.161 Although it was concluded that vibroa-
coustic stimulation differentiated compromised from
non-compromised fetuses, we think that it might also
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confuse inexperienced staff. At the second stage of
labor fetal blood sampling (FBS) has been correlated
with vibroacoustic stimulation testing: vibroacoustic
stimulation had a sensitivity of 100%, a specificity of
59.6% and a positive predictive value of 27.6% for
the detection of fetal acidosis.162 Although it was evi-
dent that mean fetal blood pH values obtained within
30 min of vibroacoustic stimulation were higher in
reactive compared with decelerative or nonrespon-
ders, acidotic pH values were also found in fetuses
with reactive FHR patterns after vibroacoustic stimu-
lation.163 In recent studies it was concluded that the
FHR response after vibroacoustic stimulation does not
predict neonatal outcome and might not replace
FBS.164,165 There are even warning hints about using
vibroacoustic stimulation as a routine procedure, such
as an unknown influence on cerebral blood flow in
quiet sleep,166 false-negative results in fetal sepsis,167

activation of swallowing168 or micturation169 and
provocation of unnecessary pathological FHR patterns
in cases with nuchal cord.170

We conclude that many studies do not address the
physiological changes of fetal responsiveness or habit-
uation time by gestational age or standardize FHR/FM
patterns before or after vibroacoustic stimulation.
Appropriate implementation of vibroacoustic stimula-
tion tests requires appropriate questions. In twin stud-
ies we have found that prenatal reactiveness – either to
touch of the co-twin or to external stimulation – is
combined with larger interindividual variations than
spontaneous behavior. For the time being, we recom-
mend vibroacoustic stimulation as a challenge test
only under controlled conditions, but not for routine

use just to simplify antenatal surveillance. This has
been proposed by other authors.171

Early hearing disturbances
Compared with the vestibular part, the auditory sys-
tem is phylogenetically young with a greater demand
for oxygen and glucose and can therefore be selec-
tively damaged.

Early hearing is prerequisite for speaking and for
intellectual, social and emotional development.172

Even a relatively mild hearing loss of 35–40 dB near
hearing level means that a child misses approximately
50% of normal conversation.173 Severe congenital hear-
ing impairment affects 0.1% of live-born infants104,174

and 1–4% of graduates of neonatal intensive care
units (NICUs).174,175 The prognosis is improved when
the diagnosis is made early.176 The fitting of hearing
aids within the first 6 months improves speech and
language development compared with placement at a
later age. However, the age at diagnosis of hearing
impairment was at least 18–30 months,177 even in
countries with a nationwide behavioral screening pro-
gram starting at 9 months of age. However, the age of
diagnosis is rapidly changing in those countries with
a nationwide neonatal screening program. Using high-
risk registers 50–75% of infants with hearing loss are
identifiable.178 Both the American Joint Committee on
Infant Hearing and the European Consensus Develop-
ment Conference postulated that universal hearing
screening should be implemented within 3 months
of life.179,180 Habilitation should be started before
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Figure 89.9 Receiver–operator characteristics of antepartum tests to predict fetal distress requiring operative delivery
(measurements 1–3 days antepartum; CTS, contraction stress test; VAS, vibroacoustic stimulation; Doppler ACI/UA, resistance index
ratio of arteria carotis communis/umbilical artery; NST, nonstress test) in 103 intrauterine growth retarded (IUGR) (a) and 110 post-
term (b) pregnancies.142,143
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6 months of age. In those countries with limited finan-
cial facilities neonatal hearing screening may be lim-
ited to high-risk groups for hearing loss (Table 89.1).
All infants admitted to neonatal intensive care units
should be screened for hearing loss prior to discharge.

Electrophysiological measurements for screening

Auditory brainstem responses
The conventional auditory brainstem response (ABR),
e.g., the ability to evoke and record a short-latency
electroencephalographic waveform in response to a
click stimulus is considered to be the gold standard in
detecting the neonatal hearing threshold,105,181,182

though it is not yet widely used because it is costly
and time-consuming. The click-evoked ABR may
occur as early as at 25 gestational weeks but typically
appears during the 27th week. Development of the
infant ABR is usually complete by the end of the
second year of life.

Automated ABR infant hearing screeners have been
introduced as an alternative.183 Based on a statistical
model for the detection of a response (auditory brain-
stem response algorithm) and a dual artifact rejection
system for environmental noise and myogenic arti-
facts, the equipment provides a pass/fail outcome.
Stimulation via headphones with 35 dB near hearing
level clicks with frequencies of 700–5000 Hz can be
performed even under NICU conditions (Figure 89.8).
No special training is necessary. Clinical trials proved
the concordance between an automated version and
conventional auditory brainstem response screen-
ing,184 whereby a sensitivity of 100% and a specificity
of 98.7%185 was detected. Follow-up results support
the value of automated auditory brainstem response
screening.185 The mean time needed to perform a
screening has been reduced to 8 min.186 To avoid
ambiguous results in preterms, screening is advised
from a postconceptional age of 30 weeks onwards.185

Otoacoustic emissions
In transiently evoked otoacoustic emissions (TEOAE)
measurements, ‘a pass’ has been defined as the pres-
ence of emitted energy of at least 3 dB signal/noise
ratio between 1.6 and 4 kHz,187 but until now no
objective pass/fail criteria have been established. The
response is frequency specific and does not provide
an indication of audiometric threshold. Depending on
the stimulus, TEOAE can be detected in up to 98% of
humans with normal hearing and are absent in hear-
ing impairment of 20–40 dB. TEOAE takes 7–9 min
and can be administered by a trained nurse.187,188 In
NICU infants screened with TEOAE at 3 months, there
is a sensitivity of 93% and a specificity of 84% to
detect absent auditory brainstem response.189 Hypoxia
or infection may result in a reversible reduction of the
TEOAE spectrum. Children with hearing loss prima-
rily due to involvement of the auditory pathway or
CNS may have normal evoked otoacoustic emissions
as a result of a normal functioning cochlea.190

Otoacoustic emissions (OAE) screening is less
suitable for use on a NICU because of the ambient
noise and the difficulty of placing the ear probe in
preterms.191 Besides, children with nonorganic hearing
loss or hearing loss primarily due to involvement of the
auditory pathway or central nervous system may have
completely normal OAEs as a result of a functioning
cochlea.192 Therefore, children at risk for auditory
neuropathy should be screened with ABR methods.

Several other types of OAE have been identified.
These include spontaneous OAE, clicked evoked OAE,
and distortion product OAE. With future research and
automated analysis, each of these methods will become
increasingly available for hearing screening, especially
in term neonates.

Behavioral screening
Behavioral hearing screening methods such as the
auditory response cradle and the crib-o-gram have been
developed for term infants. Although easy to perform,
they are not suitable for screening preterm or sick
neonates and detect only severe hearing impairment.
The sensitivity (75%) and specificity (71%) are too low
compared to neurofunctional methods.193 Behavioral
observations remain the basis of the investigation of the
harmful influences of high-intensity noise in neonatal
intensive care units; prematures wearing earmuffs
spent more time in quiet sleep states and had higher
mean oxygen saturation levels compared to controls.194

Information about pediatric auditory research
projects are available on the Internet.195

Possible damage from environmental
hazards during pregnancy
Children who have been exposed in utero to vibroa-
coustic stimulation for the assessment of fetal well-
being have been evaluated at 4 years of age by

Early hearing disturbances 965

Table 89.1 Indicators associated with sensorineural
and/or conductive hearing loss in the newborn
(indications for hearing tests when universal
screening is not available)

Indications

Positive family history or hereditary childhood sensoneural
hearing loss

Congenital infections (toxoplasmosis, cytomegalovirus,
rubella, syphilis, herpes)

Craniofacial anomalies including those with morphological
anomalies of pinna and ear canal 

Admission for ≥48 h to a neonatal intensive care unit

Stigmata or other findings associated with a syndrome
known to include hearing loss
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auditory tests of 20–25 dB at frequencies between 500
and 8000 Hz in Sweden (n �460)196 and the United
States (n �465).197 No hearing damage or neurodevel-
opmental abnormalities that could be connected to
the vibroacoustic stimulation were found. Fetal noise-
induced hearing loss has been a matter of concern
regarding the working and living conditions of pregnant
women.198,199 Epidemiological and animal research
suggest that noise can adversely change fetal hearing;
however, studies in humans still lack control groups.
Auditory brainstem response changes were examined
in sheep suggesting that noise sources with low-
frequency components and high-intensity impulses
have temporary effects on auditory brainstem res-
ponse waves, whereas long-term effects are still
unknown.200 In summary, the Committee on Hearing,
Bioacoustics and Biomechanics,201 attempting to pro-
tect fetal hearing, suggested that pregnant women
should avoid noise exposures greater than 90 dB.

Direction of future research
The phenomenon of prenatal perception and the
implications for future life represent a wealth for
ongoing and future research.

Methodological aspects
Prenatal hearing reflects the complex neurological
development of the early brain. Evaluation of fetal
brain function is one of the most important objectives
of basic and clinical research in perinatology. Imaging
of the fetal brain only demonstrates a small part of its
function and most functional approaches have been
indirect. The introduction of magnetoencephalography
in perinatal medicine was a pioneer step to evaluate
prenatal brain function directly,79,80 though the single-
channel magnetometer did not allow high-quality audi-
tory-evoked signals. By using multichannel MEG202

or detectors specifically designed for the prenate, the
window of observation of early gestational age and var-
ious indications might be expected to be extended. The
method might be used in newborns203; examinations
in twins would enhance our knowledge about heredi-
tary or environmental influences. The sophisticated
method might have implications for prenatal neuro-
science and clinical use. Prenatal training of laryngeal
coordination is likely to occur during mouthing or
breathing movements. Doppler combined with real-
time ultrasound examinations might elucidate how far
this is performed at a special rhythm. Correlations with
postnatal cry spectroscopy might be of interest.

Aspects of using early sensation for
developmental support
Health is understood as the physical, mental and social
well-being that goes further than just the absence of ill-
ness. As important as it is to teach children abilities at

certain times creating integrated stimulations for the
unborn might favor development or prevent sensory
retardation. This should be a matter of concern in
public health projects. In Venezuela, a program was
introduced including weekly lectures to pregnant
mothers about adequate stimulation and nutrition.
Significant improvement was found at the 2nd and
25th days in orientation and autonomic stability of
the infants in the experimental compared to the con-
trol group.204 Perinatal auditory stimulation programs
need the knowledge of critical developmental phases.
Pilot studies have demonstrated an immediate reduc-
tion of fetal breathing and an increase of FM when
mothers only listen to a preferred type of music via
earphones,205 or a reduction of fetal activity if fetuses
only listen to rhythmic music.64 The first study is
proof that integrated programs for mother and fetus
may even be regarded as conditioning (e.g., ‘music,
mother relaxed’). Is the unborn more affected by the
mother’s preferences of listening – the same holds
true for singing and talking to the unborn – than by
the sound alone? Postnatal conditioning has a larger
scale, e.g., sound stimulations recalling intrauterine
noise can not only lull the newborn to sleep,67 but also
serve as a reinforcer during sucking.206 Similarly, feed-
ing may be enhanced by background music. The per-
ception of music as pleasant might even be a process
of conditioning from the parents.71 Singing lullabies
and simultaneously rocking cradles have been used
to soothe babies by simultaneous stimulation of the
vestibular and acoustic sensory system. The experience
of rhythmic stimulations by a ‘breathing teddy bear’
adapted to the child’s individual breathing frequency
has proven to facilitate neurobehavioral develop-
ment.207 Further studies relating to supportive perinatal
conditioning are necessary whereby music stimula-
tion might play an essential part.135

Aspects for pathological development
Working groups in Western countries are planning pro-
tocols for the evaluation of early hearing screening.
Thereby it is a major goal of the Maternal Child Health
grant in the United States to establish universal neona-
tal screening, to identify specific hearing loss by 3
months, to institute intervention by 6 months and to
measure the impact of early identification on develop-
mental outcome. Average costs were given as $25 per
test,208 and as $43,785 to identify a child with sen-
sorineural hearing loss.209 Considering the given inci-
dence of hearing impairment further programs are
needed. Future research of the use of acoustic therapy
and shelter may provide measures positively to alter
the critically ill newborn’s environment.

Conclusions
Encouragement and avoidance of sound have to be con-
sidered and balanced in future analytical and inter-
ventional projects according to critical developmental
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phases. Whether we go so far as to found prenatal
universities, as in California, is of secondary impor-
tance as long as we strive to understand the physiol-
ogy and pathophysiology of early hearing and to

create designs of adequate stimulation suitable to
induce a comprehensive expression of our genetic
potential, prevent unnecessary illness and to detect
hearing loss as early as possible.
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90 Fetal responses to placental
insufficiency
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Introduction
The placenta forms the interface for nutrient, fluid
and gas exchange between the mother and the fetus.
Successful placental development is of critical impor-
tance as it is permissive for the normal development
of an individual. While the fetal growth potential is
genetically predetermined1 the ultimate neonatal
weight, proportions and condition at birth are
dependent on placental development, fetal health and
maternal health. Normal placentation of a genetically
normal fetus in a healthy mother is therefore most
likely to end in fulfillment of the growth potential.
However, if any of these factors is deficient a number
of fetal and maternal adverse outcomes may be the
consequence. Of these placental insufficiency is of
particular interest because it may lead to fetal growth
restriction (IUGR), a condition that is associated
with an increased risk for adverse health events that

manifest in fetal life and extend all the way into adult
life.2–6 There are several conditions that are associated
with fetal growth restriction (Figure 90.1). Of these,
placental vascular insufficiency is clinically the most
relevant since it is most prevalent and potentially
derives a benefit from intervention.

Because of its diverse impacts placental disease has
been a constant research focus for decades. However, it
is the multidisciplinary approach of multiple medical
subspecialties that has elevated our level of under-
standing to a point where the diverse impacts of pla-
cental dysfunction on fetal health are being appreciated.
While traditional antenatal surveillance examines a rel-
atively narrow spectrum of fetal responses, utilization
of more sophisticated research tools has uncovered
responses in almost every organ system. Before expand-
ing on these multiple effects of placental insufficiency
an understanding of the normal maturational process of
the placenta and fetus is essential.

Figure 90.1 The principal causes and most common conditions that are associated with fetal growth restriction.
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Placental development
Fetal growth is regulated at multiple levels, and
requires successful placentation for the coordination
of key components in the maternal, placental and fetal
compartments for adequate maternal–fetal exchange
throughout gestation. Successful placental adherence
in the first trimester initiates a series of important
milestones in the three overlapping gestational
epochs. First-trimester initiation of placental vascular
development permits nutrient and oxygen delivery
to the growing trophoblast beyond the capacity of
simple diffusion. Maternal adaptations to pregnancy
predominate in this epoch. Differentiation of placental
transport mechanisms and paracrine and endocrine
signaling pathways between the mother, placenta and
fetus then continue throughout the second trimester.
Successful initiation of these steps allows placental
growth and establishment of efficient and coordinated
nutrient transfer, waste and gas exchange by the second
trimester. This is a prerequisite for exponential fetal
growth and differentiation in the third trimester in
preparation for extrauterine life.

Following fertilization, the cytotrophoblast
migrates to form anchoring sites through controlled
breakdown of the extracellular matrix by metallopro-
teinases and localized expression of adhesion mole-
cules. Placental adherence between the decidua
and uterus is established by the formation of these
anchoring villi that connect the decidua and uterus.
Angiogenesis produces vascular connections to the
maternal circulation that establish maternal blood
supply to the intervillous space. This high level of
nutrient and oxygen supply is required to support
the growing embryo and trophoblast.7,8 With this
nutritional and vascular support in place, the villous
trophoblast, consisting of a maternal microvillous
and fetal basal layer, is formed.9 Increasing placental
synthetic activity is now sufficiently supported and
results in the appearance of several secretory sub-
stances in the maternal circulation (e.g., human
chorionic gonadotrophin and placental lactogen).
Some of these substances promote postprandial
hyperglycemia, increased fasting levels of free fatty
acids, triglycerides and cholesterol, fat deposition,
maternal intravascular volume expansion and relative
refractoriness to vasoactive agents. These maternal
adaptations increase substrate availability and steadi-
ness of nutrient delivery to the placenta and are per-
missive for ongoing placental development.10 Several
paracrine signaling substances also appear in the
placenta (e.g., nitric oxide, endothelin) and active
cellular transport systems for major nutrient classes
(glucose, aminoacids, and fatty acids) differentiate.
Initiation of fetal cardiac activity allows for the active
distribution of nutrients between fetus and placenta
and completes the functionality of the feto-placental
unit.11 Ongoing development in the maternal and fetal
compartments results in the formation of the villous
trophoblast that consists of a maternal microvillous

and fetal basal layer and is the primary site of
exchange. The efficiency of maternal–fetal exchange
depends on four principal factors: (1) the thickness
that has to be traversed by diffusible substances;
(2) the vascular throughput from the maternal and
fetal circulations; (3) the surface area available for
exchange; and (4) the elaboration of active transport
mechanisms.

By the 16th week the villous trophoblast has pro-
gressively thinned down to 4 µm providing little
resistance to diffusion. Vascular throughput through
the placenta increases in both vascular compartments.
Extravillous cytotrophoblast infiltration of the mater-
nal spiral arteries results in progressive loss of the
musculoelastic media, first in the decidual, then in
the myometrial portion of these vessels.12 This
process is paralleled in the fetal compartment by con-
tinuous villous vascular branching.13 Significant
reduction in vascular resistance and a rapid increase
in the exchange area are achieved by 26 weeks and
then continue at a slower rate towards term. Through
concurrent increases in fetal cardiac output, villous
blood flow increases exponentially through the third
trimester.9,11 Under normal circumstances in the term
placenta up to 600 ml/min of maternal cardiac output
are delivered to an exchange area of up to 12 m2. In
the fetal compartment this is matched with a blood
flow volume of 200–300 ml/Kg/min throughout gesta-
tion.9,14,15 This magnitude of maternal blood flow is
necessary since maintenance of placental function is
energy intensive and consumes as much as 40% of O2
and 70% of glucose supplied to the uterus.16–18

Perfusion matching between the maternal and fetal
compartments is further modulated and optimized
through placental autoregulation, which is probably
mediated through local paracrine factors such as
nitric oxide (NO), endothelin, red blood cell (RBC)
adenosine or cyclic guanosine monophoshate and
fetal atrial natriuretic peptide (ANP). Optimal fetal
growth and development is achieved when nutrient
and oxygen delivery is sufficient to allow ideal fetal
substrate utilization. This is only possible when the
magnitude of maternal nutrient and oxygen delivery
to the uterus exceeds placental demands leaving
sufficient surplus for the fetus and when perfusion
matching between the maternal and fetal compart-
ments is optimized through placental autoregulation.
While these developments significantly enhance the
efficiency of exchange for diffusible substances other
substances such as glucose, amino acids, and fatty
acids that cannot efficiently pass this bilayer by simple
diffusion require additional elaboration of active trans-
port mechanisms.

Transplacental transport systems optimize the
transfer of glucose, amino acids, and fatty acids.19–21

Transmembrane ion pumps such as the Na/H+ pump
also develop, maintaining cellular homeostasis and
normal cellular function.22 Each of the nutrient
classes has different roles in the fetus. Glucose is the
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primary oxidative fuel while amino acids are incorpo-
rated into proteins. Fetal glucose and amino acids are
the primary stimulants of insulin-like growth factors
(IGF) I and II, and therefore stimulate longitudinal
growth and differentiation.23 Amino acids as major
contributors to protein synthesis and are also laid
down as muscle bulk.23 Fatty acids are precursors for
bioactive compounds including prostaglandins, thro-
moboxanes, leukotrienes and are also necessary for
maintenance of cell membrane fluidity and perme-
ability. In addition, long chain polyunsaturated fatty
acids such as arachidionic and docosahexanoic acids
are essential for normal brain and retinal develop-
ment. Leptin coregulates transplacental amino acid
and fatty acid transport and thereby modulates fetal
body fat content and proportions.24,25 With advancing
gestation the magnitude and efficiency of transfer of
these substances increases significantly to provide for
placental and fetal growth requirements (Figure 90.2).

Concurrent development of the fetal circulation as
a conduit for nutrient and waste delivery is an impor-
tant cofactor in the fetal growth process. With estab-
lishment of a functional circulation, nutrient- and
oxygen-rich blood from the primitive villous circula-
tion enters the fetus via the umbilical vein. The
arrangement of the fetal circulation allows further
preferential streaming of these nutrients. The ductus
venosus is the first vascular conduit encountered.
Through modulations in shunting through the ductus
venosus, 68–82% of umbilical venous blood contin-
ues to the liver, while the remainder is distributed to
the heart.26 Differential directionality of blood streams

entering the right atrium ensures that nutrient rich
blood is distributed to the left ventricle, myocardium,
and brain, while low-nutrient venous return is dis-
tributed to the placenta for re-oxygenation and nutri-
ent and waste exchange.27 In addition to this overall
distribution of left and right-sided cardiac output,
several organs can modify local blood flow to meet
oxygen and nutrient demands by autoregulation.28

With achievement of these milestones the prerequi-
sites for normal placental and fetal growth are met.
The metabolic and vascular status of the mother pro-
motes a steady and enhanced nutrient delivery to the
uterus and placental transport mechanisms allow for
efficient bidirectional exchange of nutrient and waste.
Under these circumstances placental and fetal growth
remain closely related throughout gestation.29 Their
growth process across the three trimesters is character-
ized by sequential cellular hyperplasia, hyperplasia
plus hypertrophy, and lastly hypertrophy alone.
Placental growth follows a sigmoid curve that plateaus
in midgestation preceding exponential third trimester
growth of the fetus.30,31

During this exponential fetal growth phase of 1.5%
per day initial weight gain is due to longitudinal growth
and muscle bulk and therefore correlates with glucose
and amino acid transport. Throughout gestation essen-
tial fatty acids are deposited in the developing brain
and retina and account for up to 50% of dry brain
weight.32 After 20 weeks’ gestation a notable increase
in fatty acid transport and utilization initiate the
deposition of significant fetal adipose tissue. From
24 weeks onward exponential fetal growth and
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Figure 90.2 In the presence of adequate oxygenation, normal functioning of transplacental transport mechanisms for glucose,
amino acids and fatty acids ensure availability of substrate for the fetus. Glucose and amino acids are the main stimulants of the
insulin, IGF growth axis and stimulate longitudinal fetal growth. In addition, amino acids are utilized for protein synthesis and
contribute to muscle bulk. Fatty acids have roles at many levels serving as precursors for eicosanoids and structural components of
cell membranes and myelin sheaths. In the third trimester accumulation of adipose stores provides a reservoir for essential fatty acids.
Endocrine axes – including hormones such as cortisol, thyroxin and leptin – modulate fetal maturation and differentiation according
to substrate availability and may have significant impacts on adult life through fetal programming.
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adipose tissue deposition coincide with increasing
conversion of glucose into fat, as well as increased
utilization of fatty acids.32,33 From 32 weeks to term
fat stores increase from 3.2% of fetal body weight to
16% accounting for the significant reduction in body
water content.34,35 Throughout gestation, relative
serum concentrations of free fatty acids remain
related to maternal dietary intake. However, enhanced
transplacental transport of essential polyunsaturated
fatty acids and especially their storage in adipose tis-
sue occurs during the period of exponential fetal
growth. Therefore third trimester increase in fetal size
is characterized by longitudinal growth accompanied
by accumulation of essential body stores in prepara-
tion for extrauterine life.

Mechanisms of placental
insufficiency
The mechanisms by which various diseases affect
placental function are the subject of much inquiry. In
maternal hypertensive disorders, increased syncytial
knot formation indicates premature placental aging
and apoptosis. Occlusive vasculopathy affects both the
maternal and fetal circulatory compartments of the
placenta, and is most pronounced in antiphospholipid
syndromes. Fetal causes may exert their effects on
growth at multiple levels. Placental causes may result
in decreased placental blood flow and/or altered trans-
port mechanisms with resultant abnormal placental
cellular homeostasis.

The majority of IUGR pregnancies are the result
of conditions that interfere with placental vascular
development.36 Depending on the gestational age and
on the extent of interference with placental develop-
ment, various clinical scenarios may occur within the
maternal, placental, and fetal compartments. If inter-
ference with angiogenesis occurs early in the first
trimester, successful placental adherence is unlikely
to transpire and will likely result in miscarriage. If
sufficient supply to the placenta can be established
and maintained despite suboptimal vascular develop-
ment, further placental differentiation is possible.
However, suboptimal maternal pregnancy adaptation
and deficient nutrient delivery pose limitations to
placental metabolic and synthetic activity, which ulti-
mately interfere with the differentiation of endocrine
feedback loops and active transport mechanisms.
If the trophoblast invasion remains confined to the
decidual portion of the myometrium maternal spiral
and radial arteries fail to undergo the physiologic
transformation into low resistance vessels.37,38 Altered
expression of vasoactive substances may increase vas-
cular reactivity, and if hypoxia-stimulated angiogenesis
cannot overcome these challenges, placental auto-
regulation becomes deficient. Eventually loss of this
placental autoregulation promotes vascular occlu-
sion, infarction and permanent structural damage.39

Maternal placental floor infarcts, fetal villous obliter-
ation and fibrosis both increase placental blood flow
resistance, producing maternal–fetal placental perfu-
sion mismatch that decreases the effective exchange
area.39–42 With progressive vascular occlusion feto-
placental flow resistance is increased throughout the
vascular bed and eventually the metabolically active
placental mass is reduced. If adaptive mechanisms
permit ongoing fetal survival early onset growth restric-
tion with its many fetal manifestations develops.

The balance of compensatory and decompensatory
responses determines the spectrum and degree of fetal
manifestations in various organ systems. If compensa-
tory mechanisms are unsuccessful, permanent fetal
damage, or stillbirth results. With successful compen-
sation, the consequences of nutrient shortage may
remain largely subclinical, only to be unmasked
through the restrictive effect on exponential fetal
growth in the second to third trimester. In these cases,
vascular manifestations may be less pronounced and
physical characteristics more apparent. A decrease in
adipose tissue or abnormal body proportions at birth
may be the only indication that placental insuffi-
ciency occurred. In addition, a sizeable proportion of
subtle third-trimester IUGR neonates may escape
detection, particularly if population based, rather
than customized, weight references are used.43 An
appreciation of the multiple manifestations of placen-
tal insufficiency provides the basis for the develop-
ment of a uniform diagnostic approach to fetuses with
suspected IUGR.

Fetal metabolic responses
In the setting of mild placental insufficiency, placen-
tal glucose and oxygen utilization initially remains
unaffected, while fetal demands have to be met by
increased fractional extraction. Only when uterine
oxygen delivery falls below a critical value (0.6 mmol/
min/kg fetal body weight in sheep) is fetal oxygen
uptake and glucose transfer reduced.44 When the levels
of glucose transferred to the fetus fall, hypoglycemia
ensues which results in a blunting of pancreatic
insulin responses and allows gluconeogenesis from
hepatic glycogen stores to begin.45–48 A proportion of
fetal glucose and lactate is then redirected to the
placenta for nutrition. Since fetal hepatic glycogen
stores are minimal, persistent, or progressive nutrient
scarcity results in worsening fetal hypoglycemia.
Subsequently, the ability to maintain fetal oxidative
metabolism and placental nutrition becomes limited.

At this point, the downregulation of active placen-
tal transport mechanisms and the fetal need to recruit
other energy sources, result in widespread metabolic
responses. Limitation of amino acid transfer and
breakdown of endogenous muscle protein to obtain
gluconeogenic amino acids results in depletion of
branched chain and other essential amino acids.49–51
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Simultaneously, lactate accumulates due to the limited
capacity for oxidative metabolism. The placental
transfer capacity for fatty acids remains unaltered,
unless there is a considerable loss of placental sub-
stance. However, despite maintaining the ability to
transfer fatty acids, the selectivity of the transport
mechanisms, especially for essential fatty acids, may
decline. In the fetal circulation, free fatty acid and
triglyceride levels increase secondary to reduced fetal
utilization, which results in a failure to accumulate
adipose stores. In this setting of advanced malnutri-
tion, the liver metabolizes the majority of accumulat-
ing lactate. However, the fetal brain and heart can
switch their primary nutrient source from glucose to
lactate and ketones52 – cardiac metabolism has the
capacity to remove up to 80% of the circulating lac-
tate.53,54 Acid–base balance can be maintained as long
as acid production is met by sufficient buffering
capacity of fetal hemoglobin and a matching removal
rate by these organs.

These increasing degrees of metabolic compromise
have been documented through cordocentesis in
human fetuses. Hypoglycemia and hypoxemia with
decreased levels of essential amino acids occurs first.
As the placental dysfunction worsens, progressive
hypoxemia and increasing lactate production are
exponentially correlated to the degree of acidemia.
Overt hypoaminoacidemia, hypercapnia, hyperlac-
ticemia, and triglyceridemia accompany the develop-
ment of acidemia.51,55–57

Amniotic fluid elevation of the glycine/valine ratio
and ammonia levels are additional indicators of this
state of protein energy malnutrition,(Table 90.1).58,59

This degree of metabolic deterioration is associated
with elevated transaminases as evidence of hepatic
dysfunction, and may be precipitated by a significant
decline of hepatic blood flow as a result of excessive
shunting at the level of the ductus venosus.60,61 Fetuses

that manifest growth restriction early in gestation are
more likely to have greater and broader metabolic
derangements as compared to fetuses that manifest
growth restriction in the third trimester which are
more likely to have less severe metabolic and acid–
base disturbance and only subtle changes in lipid
metabolism.62

Fetal endocrine responses
The immediate effect of decreased fetal glucose and
amino acid levels is the downregulation of the princi-
pal endocrine growth axis involving Insulin, IGF I,
IGF II, and transforming factor beta.63,64 This may be
further exacerbated by pancreatic cellular dysfunc-
tion that is evident through a decreased insulin/
glucose ratio and impaired fetal glucose tolerance.51,65

Elevations in serum glucagon and stimulation of the
fetal adrenal axis promote the mobilization of hepatic
glycogen stores and peripheral gluconeogenesis.66

Corticotropin releasing hormone (CRH), Adreono-
corticotrophic hormone (ACTH) and cortisol levels
are significantly elevated relating both to the level of
hypoglycemia and the degree of placental vascular
compromise.51,67,68 However, elevations of cortisol
downregulate IGF I activity and may therefore have
additional negative impacts on linear growth as well
as the potential to limit the capacity for postpartum
catch-up growth.69,70 In addition to the glucocorticoid
axis, significant elevations of adrenaline and nora-
drenaline levels are also found in IUGR fetuses, while
aldosterone levels appear unchanged.71–73

Disturbances at all stages of thyroid function have
been documented in IUGR fetuses and correlate with
the degree of hypoxemia.74,75 Glandular dysfunction,
as denoted by low levels of thyroxine and T3 despite
elevated thyroid stimulating hormone (TSH) levels,
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Table 90.1 Summary of metabolic responses to placental insufficiency

Substrate Change

Glucose Decreased proportional to the degree of fetal hypoxemia

Amino acids Significant decrease in branched-chain amino acids (valine, leucine, isoleucine) as well as
lysine and serine. In contrast hydroxyproline is elevated.The decrease in essential amino acids
is proportional to the degree of hypoxemia

Elevated amniotic fluid glycine to valine ratio

Elevations in amniotic fluid ammonia with a significant positive correlation to the ponderal index

Fatty acids Decrease in long-chain polyunsaturated fatty acids (docosahexanoic and arachidionic acid). 
and triglycerides Decrease in overall fatty acid transfer only with significant loss of placental substance

Hypertriglyceridemia due to decreased utilization

Lower cholesterol esters

Oxygen and CO2 Degree of hypoxemia proportional to villous damage and correlates significantly with 
hypercapnia, acidemia, hypoglycemia and hyperlacticemia
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may develop. In other cases, central production of
TSH may be responsible for fetal hypothyroidism.76

Finally, downregulation of thyroid hormone receptors
may limit the biologic activity of circulating thyroid
hormones in specific target tissues such as the devel-
oping brain.77

IUGR fetuses also show evidence of disturbed
endocrine regulation of bone formation. Serum levels
of active vitamin D and osteocalcin are appreciably
decreased and may be responsible for decreased bone
mineralization as well as decreased bone growth.78,79

Hematologic responses
Erythropoietin release and stimulation of RBC produc-
tion, through both medullary and extramedullary sites,
is triggered by fetal hypoxemia and results in poly-
cythemia.80–83 Extramedullary hematopoiesis may be
physiologic until 28 weeks, but can occur in older
fetuses by being induced by prolonged tissue hypox-
emia and/or acidosis. Extramedullary sites have larger
capillary fenestrations that permit the escape of large
nucleated red blood cells (NRBC). Thus, elevated
NRBC counts correlate with metabolic and cardiovas-
cular status and are independent markers for poor
perinatal outcome.84–87 With advancing compromise
complex hematologic abnormalities suggest dysfunc-
tional erythropoiesis. Fetal anemia despite increased
NRBC release in conjunction with an overt decrease in
red cell progenitors could reflect downregulation of
pro-erythropoietic cytokines, Vitamin B12, and ferritin
deficiency or a combination of these.88–91

Coinciding with the abnormalities in red cell
indices, platelet counts also decrease. Although
platelet-activating factor is inhibited,92 abnormal
villous vasculature as indicated by umbilical artery
absence or reversal of end-diastolic velocities (AREDV)
may pose an overwhelming stimulus for placental
platelet activation and aggregation.93 Under these cir-
cumstances the incidence of thrombocytopenia
increases 10-fold.94 As the anemia and hypoxemia
progress, they become independent risk factors for
declining platelet counts.95 Elevation of whole blood
viscosity,96,97 decrease in RBC membrane fluidity,98

and platelet aggregation may be important cofactors
for accelerating placental vascular occlusion and
progressive dysfunction.

IUGR fetuses also show evidence of immune dys-
function at the cellular and humoral level. Decreases
in immunoglobulin and absolute B-cell counts have
long been recognized.99 Reduction in total white
blood cell counts and neutrophil, monocyte, and lym-
phocyte subpopulations occur.100 Selective suppres-
sion of T-helper and cytotoxic T-cells has been
observed.101 The extent of these abnormalities is
related to the degree of acidemia and can explain the
greater susceptibility to infection these fetuses experi-
ence as neonates.

Fetal vascular responses
Doppler ultrasound allows the assessment of vascular
effects of placental dysfunction in the maternal (uter-
ine arteries) and fetal (umbilical arteries) compart-
ments. The presence of an early diastolic notch in the
uterine arteries at 12–14 weeks is the earliest evidence
of delayed trophoblast invasion of the maternal spiral
arteries.102 When the ‘notching’ persists beyond 24
weeks of gestation, poor trophoblast invasion is
almost certain.38 These findings represent persistent
elevated blood flow resistance in the maternal com-
partment, thus jeopardizing uterine perfusion. In the
fetal circulation changes in blood flow are related to
placental blood flow resistance, fetal oxygenation,
organ autoregulation, and vascular reactivity. A reduc-
tion of umbilical venous blood flow volume may be
the earliest Doppler sign of subtle decreases in fetal
villous perfusion.103 Abnormal villous branching or
progressive villous vascular occlusion results in ele-
vated blood flow resistance that is reflected in the
umbilical artery waveform. A decrease of the umbili-
cal artery end-diastolic velocity becomes apparent
when approximately 30% of the fetal villous vascula-
ture is abnormal.104 AREDV can occur after 60–70% of
the villous vascular tree is damaged.105 Progression
of Doppler abnormalities in the maternal compart-
ment identifies patients at risk for pre-eclampsia,
abruption and IUGR,106 while abnormal umbilical
flow indicate increased risk for hypoxemia and
acidemia proportional to the severity of Doppler
abnormality (Figures 90.3 and 90.4).107,108

Fetal circulatory responses to placental insuffi-
ciency can be subdivided into early and late
responses corresponding to the degree of fetal com-
promise.109,110 These circulatory responses are in part
passive and due to the effects of placental afterload on
the distribution of cardiac output and in part due to
active organ autoregulation. Through modulations in
ductus venosus shunting, umbilical venous blood
increasingly bypasses the liver and is preferentially
directed toward the heart. At the same time, elevated
placental blood flow resistance increases right ven-
tricular afterload. Because of the parallel arrangement
of the fetal circulation, changes in cardiac afterload
determine how this increased blood volume is dis-
tributed in the downstream circulation.111–113 The
result is a relative increase in left-sided cardiac out-
put.112,113 Consequently, blood (and nutrient) supply
to the coronary circulation and brain increase. This
redistribution of cardiac output can be documented
by a decrease in the ratio of Doppler indices in cere-
bral and umbilical arteries (cerebroplacental Doppler
ratio).114 This redistribution is achieved in two princi-
pal ways. First of all, peripheral arterial vasoconstric-
tion in the fetal trunk in conjunction with elevated
placental blood flow resistance lead to elevations in
thoracic and descending aortic Doppler resistance
indices (‘hind limb reflex’) and therefore increased
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right ventricular afterload.115,116 Next, cerebral blood
flow may be actively enhanced during periods of per-
ceived hypoxemia by a decrease in cerebral blood
flow resistance with a subsequent decline in left
ventricular afterload. This results in a decrease of the
Doppler index in one of the cerebral vessels (‘brain
sparing) (Figure 90.5).117,118 Fetuses that show these
early Doppler changes are at increased risk for hypox-
emia, while the pH is usually maintained in the
normal range.116,118,119 The shifting balance between
right and left ventricular afterload accounts for the
decline of the cerebroplacental Doppler index ratio and
the measurable decline in end-diastolic velocities in
the aortic isthmus.120,121 At the same time, blood flow
resistance in the peripheral pulmonary arteries,122

celiac axis,123 mesenteric vessels,124,125 renal,126,127

femoral and iliac arteries128 may become elevated.
Individual vital organs such as the adrenal glands129

and spleen130 may show evidence of enhanced blood
flow. The overall impact of these changes is an
improved distribution of well-oxygenated blood to

the heart and brain with preferential streaming of
descending aortic blood flow to the placenta for
re-oxygenation (Table 90.2). These circulatory
derangements are associated with elevations of
endothelin, vasoactive intestinal peptide, vasopressin
and renin–angiotensin levels.131–133 A decrease of the
thromboxane to prostacyclin ratio provides evidence
of endothelial dysfunction, while elevations in NO
production indicate a compensatory response.134,135 It
is likely that the degree of vascular reactivity is not
only responsible for the high complication rate fol-
lowing invasive procedures, but also contributes to
the clinical progression by impacting on blood flow
resistance in many vascular beds.136–139

Late Doppler changes appear with further metabolic
deterioration. Under these circumstances declining for-
ward cardiac function, abnormal organ autoregulation,
and ductus venosus shunting away from the liver
occur. The shunting of flow away from the liver may
compromise hepatic perfusion to a degree that inter-
feres with organ function. In this condition, steep ele-
vation in blood lactate and transaminases, as well as
sudden compensatory hepatic artery vasodilatation
have been reported.60,61,140 When the increased meta-
bolic demands of cardiac function cannot be met,
myocardial dysfunction occurs. Declining cardiac
function results in a failure to accommodate venous
return and leads to increased venous Doppler indices
indicating evidence of increased central venous pres-
sure.141 The venous flow velocity waveform is tripha-
sic, and therefore more complex than the arterial
waveform. It consists of systolic and diastolic peaks
(the S- and D-waves) that are generated by the descent
of the AV-ring during ventricular systole and passive
diastolic ventricular filling, respectively. The sudden
increase in right atrial pressure with atrial contraction
in late diastole causes a variable amount of reverse
flow producing a second trough after the D-wave (the
a-wave) (Figure 90.6). In extreme cases, atrial pressure
waves may be transmitted all the way back into the
free umbilical vein resulting in pulsatile flow.

When venous Doppler indices become elevated, a
significant rise in ANP occurs, probably as a compen-
satory mechanism to regulate blood volume.142,143

When forward cardiac function declines significantly,
coronary vasodilatation becomes exaggerated to recruit
all the available coronary blood flow reserve.144 If these
adaptations fail to support myocardial nutrition suffi-
ciently, the amount of cardiac dysfunction may become
critical. Cardiac dilatation with holosystolic tricuspid
regurgitation and loss of cerebral autoregulation
(normalizing cerebral Doppler indices) are observed at
this level of compromise and indicate loss of cardio-
vascular homeostasis.145 Elevations of troponin I,
S100B protein levels and transaminases provide evi-
dence of cellular damage in the myocardium, brain,
and liver.146–148 An increased risk for necrotizing ente-
rocolitis in survivors has been attributed to bowel
injury secondary to chronic underperfusion.149 If the
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Figure 90.3 Flow velocity waveforms obtained from the
uterine artery beyond 24 weeks gestation. In the first patient
(a) high volume diastolic flow is established indicating
successful trophoblast invasion. Elevated placental vascular
resistance is associated with a decline in diastolic velocities and
a subsequent rise in the Doppler index (b). Persistence of an
early diastolic notch in the uterine artery flow velocity
waveform is evidence of increased spiral artery blood flow
resistance. Frequently, ‘notching’ is more subtle beyond 32
weeks (c) than in the late second or early third trimesters (d).

(a)

(b)

(c)

(d)
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Figure 90.4 The normal umbilical artery flow velocity waveform has marked positive end-diastolic velocity that increases in
proportion to systole towards term (a). Moderate abnormalities in the villous vascular structure raise the blood flow resistance and
are associated with a decline in end-diastolic velocities (b). When a significant proportion of the villous vascular tree is abnormal
(50–70%), end-diastolic velocities may be absent (c) or even reversed (d). Depending on the magnitude of placental blood flow
resistance and the fetal cardiac function reversal of end-diastolic velocities may be minimal (d), moderate (e) or severe (f). In the
latter case precordial venous flows were universally abnormal.

Doppler evidence

Elevation of blood flow resistance in the
thoracic aorta and iliac artery

Decrease in the cerebroplacental Doppler
ratio. Direct measurement of cardiac
output. Reversal of end-diastolic velocity
in the aortic isthmus. Inferred through
absence or reversal of umbilical artery
end-diastolic velocity

Decrease in the carotid-, or middle
cerebral artery Doppler index

Measured dilation of the ductus venosus
with elevated Doppler index
accompanied by a decreased hepatic
artery Doppler index

Decreased Doppler index in the
adrenal artery flow velocity
waveforms

Sudden ability to visualize and measure
coronary blood flow in a setting of
deteriorating venous Doppler indices
in a premature IUGR fetus

Features

Diversion of blood flow away from the
carcass at the expense of the lower body. Achieved
through increase in right ventricular afterload
proximal to the umbilical arteries as well as
increased blood flow resistance distally. In addition
to centralization (see below) descending aortic
blood flow is also preferentially distributed to the
placenta

A measurable shift in the relationship between right
and left ventricular afterload, which results in
redistribution of cardiac output in favor of the
left ventricle (i.e., the heart and brain)

Cerebral vasodilatation in response to
perceived hypoxemia

Preferential arterial blood supply to
the fetal liver invoked when increased diversion
of umbilical venous blood through the ductus
venosus jeopardizes hepatic perfusion

Enhanced adrenal perfusion is triggered as
part of the fetal stress response to chronic or
acute-on-chronic malnutrition

Marked augmentation of coronary blood flow in
situations of acute on chronic hypoxemia that is
achieved through upregulation of coronary
vascular reserve and vasodilatation

Response

Hind limb reflex

Centralization

Brain sparing

Liver sparing

Adrenal sparing

Heart sparing

Table 90.2 Summary of fetal vascular responses to placental insufficiency

(a)

(b)

(c)

(d)

(e)

(f)
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fetus remains undelivered, spontaneous late decelera-
tions of the fetal heart rate and stillbirth ensue.150,151

Fetal biophysical responses
Normal fetal behavioral development proceeds
sequentially with the appearance of movement, cou-
pling, cycling of behavior, and finally the integration
of movement patterns into stable behavioral states.
Autonomic reflexes originating from the brainstem
are superimposed on intrinsic cardiac activity and
determine fetal heart rate characteristics. As gestation
advances, the interaction between the nervous system
and the heart becomes more refined and is modulated
by ambient oxygen tension, signals from higher brain
centers and the reticular activating system as well as
peripheral sensory inputs. Successful maturation of
these connections is reflected by decreasing baseline
heart rate, increasing heart rate variability and varia-
tion, coupling of episodic accelerations with fetal

movement and the superimposed impact of behav-
ioral states. This level of central integration of fetal
heart rate characteristics with fetal behavior is nor-
mally accomplished by 28 weeks of gestation.152

IUGR fetuses with chronic hypoxemia exhibit
a delay in all aspects of central nervous system (CNS)
maturation which probably relates to altered myelina-
tion as well as changes in central neurotransmitter
availability.153–157 The delayed development of behav-
ioral milestones and their central integration with the
fetal heart rate are primary determinants of lower
short- and long-term variation (on computerized
analysis), delayed decline in heart rate baseline and
delayed development of heart rate reactivity in IUGR
fetuses.158–162 Despite the maturational delay of some
aspects of CNS function, several centrally regulated
responses to acid-base status are preserved.

Once fetal hypoxemia is perceived, a decline in
global fetal activity precedes the loss of individual
biophysical variables and is often also accompanied
by a gradual decline in amniotic fluid volume.163,164
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Figure 90.5 The normal middle cerebral artery flow pattern
has relatively little diastolic flow (a). With elevation of placental
blood flow resistance the changes in the middle cerebral artery
waveform may be subtle, although the cerebroplacental ratio
may become abnormal (b). With progressive placental
dysfunction there may be increase in the diastolic velocity
resulting in a decrease in the Doppler index (brain sparing, c).
With marked brain sparing the systolic down slope of the
waveform becomes smoother so that the waveform almost
resembles that of the umbilical artery (d). The associated rise in
the mean velocity results in a marked decline in the Doppler
index.

Figure 90.6 (Top panel) In the venous Doppler waveform
systolic and diastolic peaks (the S- and D-waves) are generated
by the descent of the AV-ring during ventricular systole and
passive diastolic ventricular filling, respectively. A second late
diastolic trough after the D-wave is the consequence of sharply
increasing right atrial pressures during atrial systole (the a-wave).
(Middle panel) With declining forward cardiac function forward
velocity during atrial systole (arrow) and to a lesser degree
during diastole decreased. This is associated with an increase in
venous Doppler indices. (Bottom panel) When ductus venosus
Doppler indices escalate, absence or reversal of forward flow
during atrial systole (circle) may be observed as the most marked
Doppler abnormality.

(a)

(b)

(c)

(d)
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With increasing hypoxemia, fetal breathing move-
ment ceases. Gross body movements and tone
decrease further and are lost as acidemia deepens.165

Abnormal fetal heart rate patterns are generally also
observed at this time (Figure 90.7).166,167 The effects of
hypoxemia and vascular status on renal perfusion and
fetal urine production affect amniotic fluid volume.
As progressive deterioration of acid–base and vascu-
lar status occurs; a progressive decline in amniotic
fluid volume is observed. The decline of these bio-
physical variables is determined by the central effects
of hypoxemia/acidemia independent of the cardiovas-
cular status.168–171

The biophysical profile score (BPS) as a composite
score applies categorical cut-offs for fetal tone, breath-
ing movement, gross body movement, amniotic fluid
volume as well as traditional fetal heart rate analysis.
Although a gradual decline in all of these parameters
precedes an overtly abnormal BPS, analysis of the per-
centage change in these variables offers no advantage
in the prediction of academia.163 The five-component
BPS shows a reliable and reproducible relationship

with the fetal pH irrespective of the underlying
pathology and gestational age.166,172 Concurrent evalu-
ation of fetal cardiovascular and biophysical variables
indicates that Doppler deterioration precedes an
abnormal BPS in the majority of IUGR fetuses.164

When the relationship between the various testing
modalities and fetal acid–base status is compared,
biophysical parameters show a closer relationship
with the pH while Doppler parameters have a wider
variance (Figure 90.8).

An integrated approach to
diagnosis and management
of fetal growth restriction
The many etiologies and presentations of fetal growth
restriction require a diagnostic approach that integrates
information from several diagnostic modalities. Only
a complete evaluation of the maternal history and the
fetal, placental, and amniotic fluid characteristics can
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Figure 90.7 This figure summarizes the early and late responses to placental insufficiency. Doppler variables in the placental
circulation precede abnormality in the cerebral circulation. Biophysical parameters (BPS) are still normal at this time and
computerized analysis of fetal behavioral patterns is necessary to document a developmental delay. With progression to late
responses venous Doppler abnormality in the fetal circulation is characteristic often preceding the sequential loss of fetal dynamic
variables and frequently accompanying the decline in amniotic fluid volume. The * in the ductus venosus flow velocity waveform
marks reversal of blood flow during atrial systole (a-wave). The decline in biophysical variables shows a reproducible relationship
with acid base status. If adaptation mechanisms fail stillbirth ensues.
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direct an appropriate diagnostic workup and perinatal
management. The accurate identification of fetuses
that are truly at risk for adverse outcome requires
exclusion of small fetuses that are normally grown
and those in whom IUGR is due to an underlying con-
dition not amenable to intervention. Conditions such
as aneuploidy (especially trisomy 18, 13, and 21),
skeletal dysplasia, nonaneuploid syndromes and viral
infections should always be placed high on the list of
differential diagnoses. Gray-scale ultrasound is the
primary diagnostic tool allowing for a detailed fetal
anatomic survey, biometric assessment of fetal
growth, assessment of amniotic fluid volume and
placental appearance. Although ultrasound provides
important clues to the presence of IUGR the liability
of preterm delivery and iatrogenic complications is
large if the diagnosis and management is based only
on biometry.173 It is the complementary use of fetal
biometry and Doppler assessment which creates the
best available tool for the identification of small
fetuses who are at risk for adverse outcome due to
placental insufficiency.174–177

A detailed anatomic survey is mandatory in any
fetus with suspected IUGR. Critical evaluation for
aneuploidy markers such as echogenic bowel, nuchal
thickening, abnormal hand positioning is necessary.
Important anomalies that are associated with IUGR
include gastroschisis, omphalocele, diaphragmatic

hernia, and congenital heart defects. Assessment of
the thoracic shape may suggest the presence of a
skeletal dysplasia. Markers for viral infection are
nonspecific, but may include echogenicity and cal-
cification in organs such as the brain and liver.
Occasionally, hydrops may be present.178 The amni-
otic fluid volume should be assessed at the same time
as the fetal anatomic survey. The regulation of amni-
otic fluid volume is complex, but by the third
trimester primarily dependent on fetal urine produc-
tion. Placental dysfunction and fetal hypoxemia both
may cause fetal oliguria and consequently oligohy-
dramnios. However, the accuracy of ultrasound in the
assessment of amniotic fluid volume is poor179 and
serves as a poor screening tool for the prediction of
IUGR and fetal acidosis.180,181 Nonetheless, assess-
ment of amniotic fluid volume by any method such as
the four quadrant amniotic fluid index (AFI) and max-
imum vertical pocket), especially if performed serially,
provides an important diagnostic as well as prognostic
tool. In the setting of small fetal size, abundant amni-
otic fluid volume is an indicator of aneuploidy or fetal
infection while normal or decreased amniotic fluid is
more compatible with placental insufficiency.

The actual quantification of growth is based on fetal
biometry. Since almost all fetal measurements change
with gestation, an accurate assessment of gestational
age is a prerequisite for the calculation of percentile
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Figure 90.8 This figure displays a diagrammatic representation of pH deviation from the gestational age mean (∆pH) with abnormal
test results in various antenatal tests. These include fetal heart rate (FHR) analysis using traditional nonstress testing (NST, –
react � nonreactive) and the computerized cardiotocogram (cCTG, +acc = accelerations present, +dec � obvious decelerations
present). Biophysical variables (AFV, amniotic fluid volume; FBM, fetal body movement; FGM, fetal gross movement). The same
relationships are expressed for umbilical artery absent end-diastolic velocity (AEDV) and deviation of the arterial or venous Doppler
index > 2SD from the gestational age mean for the thoracic aorta (TAO), descending aorta (DAO) the middle cerebral artery (MCA),
cerebroplacental ratio (CPR) and the ductus venosus (DV). Reproduced from Baschat120 with permission.
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ranks of absolute measurements. An estimated date of
confinement (EDC) is ideally based on a sure last men-
strual period when the sonographic estimate of gesta-
tional age is within the predictive error (7 days in the
first and 14 days in the second trimester, and 21 days
in the third trimester). Once the EDC is set by this
method or a first-trimester ultrasound, it should not be
changed. Later adjustments to the EDC will interfere
with the ability to diagnose fetal growth abnormalities.
Once the EDC has been assigned, selection of appro-
priate reference ranges that are based on uncompli-
cated pregnancies delivered at term is of importance.
Individualized reference ranges of growth potential
that account for maternal, ethnic, and fetal variables
provide the most accurate reference.1,182 Once gesta-
tional age is assigned, the interpretation of the ultra-
sound examination is based on the fetal anatomic
survey, amniotic fluid volume, percentile rank of fetal
size measurements, the interval growth since the last
study, and a functional assessment of the feto-placental
unit with Doppler ultrasound.

Of all fetal biometric measurements the abdominal
circumference (AC) is related to the liver size as a
major indicator of fetal glycogen storage and therefore
the single best measurement with the highest sensi-
tivity and negative predictive value for the detection
of IUGR.183–185 Its sensitivity is further enhanced by
serial measurements at least 14 days apart.186 The
most accurate AC is the smallest directly measured
circumference obtained at the level of the hepatic vein
between fetal respirations.187 Using a reference range
based on healthy women delivering appropriately
nourished neonates at term, an AC <10th percentile
for gestational age is consistent with IUGR. If cross-
sectional population references including small,
appropriately grown, preterm and term newborns are
used the 2.5th percentile is more appropriate.188

Compared to the AC, the biparietal diameter, head cir-
cumference (HC) and transverse cerebellar diameters
are poor tools for the detection of IUGR. This is in part
due to the inherent physiologic variation in skull
shape189 and the relative sparing of the head growth
and therefore delayed manifestation of placental
insufficiency.190 Ratios of fetal measurements do not
improve the detection of growth delay, but may be
helpful pointers towards underlying aneuploidy.191–193

Concurrent measurement of the HC, AC, and femur
length allows calculation of the sonographically esti-
mated fetal weight (SEFW). An SEFW below the 10th
percentile for gestational age has a lower sensitivity
than the AC (85% vs. 98%) but a higher positive
predictive value (51% vs. 36%).185

The next step in the diagnostic assessment of
the suspected IUGR fetus is the evaluation of feto-
placental vascular function. Randomized trials and
meta-analyses confirm that the use of umbilical artery
Doppler in suspected IUGR results in a significant
reduction in perinatal mortality and iatrogenic inter-
vention since documentation of placental vascular

insufficiency effectively separates constitutionally
small fetuses from those in need for surveillance and
possible intervention.194–196 A more complete assess-
ment of feto-placental vascular status can be achieved
if the uterine and middle cerebral arteries are exam-
ined in addition to the umbilical artery. For qualita-
tive waveform analysis presence of uterine artery
notching and umbilical artery end-diastolic velocity
(positive, absent, or reversed) should be noted. For
clinical Doppler waveform analysis angle independ-
ent indices are used. Of these, the pulsatility index
offers the advantage of a smaller measurement error,
narrower reference limits and the possibility for ongo-
ing numerical analysis even when end-diastolic
velocity is absent.197,198 In fetuses presenting with
IUGR due to placental insufficiency before 34 weeks’
gestation the umbilical artery Doppler waveform is
frequently abnormal. Beyond this gestational age the
umbilical artery Doppler waveform may be normal. At
the same time cerebral artery Doppler responses to
placental insufficiency still occur.176,199 Therefore the
middle cerebral–umbilical artery Doppler ratio (cere-
broplacental ratio) may be abnormal in fetuses with
mild placental disease.174,200 Beyond 34 weeks’ gesta-
tion a decrease in the middle cerebral artery Doppler
index or the cerebroplacental ratio should therefore
heighten suspicion for IUGR even if the umbilical
artery blood flow is normal (Figure 90.9).

Once the suspicion of IUGR is confirmed, fetal
karyotyping should be offered and further specialized
tests such as maternal serology (TORCH), throm-
bophilia studies, or amniotic fluid viral DNA testing,
may be indicated. Once nontreatable underlying fetal
conditions and chromosome abnormalities have been
ruled out further antenatal surveillance should be
instituted based on the severity of the maternal and/or
fetal condition.

An integrated approach
to surveillance in
fetal growth restriction
Antenatal surveillance in IUGR gestations aims to
provide longitudinal assessment that is tailored to the
severity of the fetal condition and is predictive of crit-
ical outcomes. Since there are no effective therapies
for in utero treatment of IUGR, management options
include increasing the frequency of monitoring and
delivery when fetal testing suggests that the intrauter-
ine risks exceed neonatal risks of adverse outcomes. It
is increasingly becoming apparent that IUGR fetuses
are at particularly high risk for prematurity related
complications and adverse outcomes, especially
below 32 weeks’ gestation.4,201 Therefore the delivery
threshold is highest between viability and 32 weeks,
placing the greatest demands on the precision of fetal
assessment. This requirement for detailed assessment

982 Fetal responses to placental insufficiency
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is offset by the need for practicability in order to
facilitate generalized application. Utilizing knowledge
about the fetal responses to placental insufficiency and
the limitations of antenatal testing modalities helps
formulate an appropriate monitoring approach to IUGR
fetuses at highest risk. In this context several principles
are important.

In pregnancies that present with IUGR prior to
34 weeks’ gestation, umbilical artery blood flow changes
usually precede other cardiovascular responses.200,202

Once the diagnosis of IUGR has been made by biometry
and Doppler evaluation, continuing surveillance for
deterioration of fetal cardiovascular status requires
examination of the cerebral circulation and the pre-
cordial veins. When brain sparing develops, venous
Doppler indices are frequently normal and biophysical
abnormalities are generally not clinically observed.
Development of abnormal venous Doppler indices
indicates an acceleration of the deterioration.203,204 At
this time, abnormalities in biophysical parameters
become clinically apparent. However, since the BPS is
a composite of five variables the overall result may
deteriorate relatively late in the disease process.164

When Doppler and biophysical parameters show
abnormalities, the information gained through their
concurrent evaluation is complementary and offers the
best prediction of fetal status and outcome.119

Taking these principles into account, a surveillance
approach to pregnancies with IUGR due to placental
disease that combines Doppler ultrasound and bio-
physical profile scoring (integrated fetal testing) has
been devised. The testing is always supplemented with
maternal assessment of fetal movement (‘kick counts’).

Doppler examination includes evaluation of the umbil-
ical artery, middle cerebral artery, ductus venosus, and
free umbilical vein flow velocity waveform. The tradi-
tional nonstress test component of the BPS is supple-
mented by computerized fetal heart rate analysis.
Monitoring frequencies are adjusted to the fetal condi-
tion. Before 28 weeks, fetuses with isolated elevation of
the umbilical artery Doppler index are followed with
weekly biophysical profile scoring and repeat Doppler
every fortnight. If umbilical artery end-diastolic veloc-
ity disappears, MCA Doppler meets criteria for central-
ization or amniotic fluid volume declines all testing
(Doppler and biophysical profile score) are repeated
every 3–4 days. In patients with elevated ductus venous
Doppler index with umbilical venous pulsations
complete testing is repeated every 24 h (Figure 90.10).

The issue of optimal delivery timing for IUGR
fetuses remains unresolved. In principle the decision
for delivery always weighs fetal vs. neonatal intensive
care unit (NICU) risks. Typically, decline in neonatal
mortality is greatest between 24 and 28 weeks while
morbidity declines progressively thereafter towards
32 weeks.201 Perinatal mortality and morbidity is
greatest among IUGR fetuses with abnormal venous
Doppler indices irrespective of the umbilical artery
Doppler waveform.201,203 Therefore, basing delivery
decision on the umbilical artery waveform alone
appears no longer appropriate.205 In preterm IUGR
fetuses, we consider abnormal venous Doppler indices
and/or and abnormal BPS as indicators for delivery.
Beyond 34 weeks where the frequency of dramatically
abnormal Doppler is lower reliance on BPS and
obstetrical factors should guide delivery.

An integrated approach to diagnosis and management of fetal growth restriction 983

Figure 90.9 This figure displays a decision tree following the evaluation of fetal anatomy, amniotic fluid volume, umbilical and
middle cerebral artery Doppler. The most likely clinical diagnosis is presented on the right hand side. A high index of suspicion for
aneuploidy, viral and nonaneuploid syndrome needs to be maintained. IUGR, intrauterine growth restriction.
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Since the outlined surveillance approach requires
multivessel Doppler as well as biophysical profile scor-
ing it can only be performed at centers that are familiar
with both techniques. Modifications of this surveillance
protocol should address the limitations of such an
approach. For example, the BPS alone offers little in the
prediction of longitudinal progression. Thus, if biophys-
ical profile scoring is the only surveillance tool, daily
testing may be required to assure a good outcome.206

Further investigation and evaluation of nutritional,
metabolic, endocrine, and hematologic responses at birth
in growth restricted neonates and their relationship to

fetal proportions, Doppler and behavioral parameters
will refine our understanding of this condition.
Neonatal management will become optimal when
knowledge of the fetal status and an appreciation of
the spectrum of fetal consequences of placental insuf-
ficiency are integrated to guide their evaluation and
management. A uniform prenatal diagnostic standard
and a comprehensive integrated management approach
that bridges fetal and neonatal periods is most likely
to impact on adult health focusing on the small fetus
at risk and sparing normally developed babies from
iatrogenic interventions.

984 Fetal responses to placental insufficiency

Figure 90.10 The management algorithm for pregnancies complicated by fetal growth restriction is based on the ability to perform
arterial and venous Doppler as well as a full five component biophysical profile score. AC, abdominal circumference; AFV, amniotic
fluid volume; A/REDV, absent/reversed end-diastolic velocity; BPS, biophysical profile score; CPR, cerebroplacental ratio; DV,
ductus venosus; HC, head circumference; MCA, middle cerebral artery; NST, nonstress test; NICU, neonatal intensive care unit; tid,
three times daily, UA, umbilical artery.
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91 The role of essential fatty
acids and antioxidants in
neurovascular development
and complications of
prematurity
K. Ghebremeskel, Y. Min, B. Thomas and M. A. Crawford

Introduction
Membrane integrity and function are dependent on the
incorporation of appropriate amounts of arachidonic
(20:4n-6, AA) and docosahexaenoic (22:6n-3, DHA)
acids, and antioxidant protection. AA and DHA are
highly unsaturated and therefore must be protected
from peroxidative damage. There is an interdepend-
ence between membrane AA and DHA, and membrane-
bound antioxidant enzymes. Optimum activity of the
enzymes is dependent on the physical integrity of the
membranes. At the same time, the membrane fatty
acids require the antioxidant enzymes for protection.
Paradoxically, it has also been shown that n-3 polyun-
saturated fatty acids exert protective effects against
injury caused by oxidative stress. In the very low birth
weight baby, tissue maturation, structural integrity,
function and protection are closely intertwined; hence,
there is a need to consider both polyunsaturated fatty
acids and antioxidants together.

Our proposition is that low AA and DHA, sub-
optimal antioxidant protection and the immature
anatomy in an alien oxygen radical-generating envi-
ronment predispose the very low birth weight babies

to serious disorders often described as the complications
of prematurity. This hypothesis of synergistic insuffi-
ciency brings together the concepts of free-radical
damage and structural integrity, consistent with the
proposition of Saugstad1 that the various complica-
tions of prematurity are ‘facets of one disease’.

Essential fatty acids
The term essential fatty acids originated from the dis-
covery that absence of certain fatty acids, which are
not synthesized de novo by animals, in the diet leads
to clinical abnormalities. They are vital for reproduc-
tion, normal growth, development and function of all
tissues. There are two families of essential fatty acids,
namely, the n-3 and n-6 families. Linoleic (18:2n-6,
LA) and α-linolenic (18:3n-3, ALA) acids are the par-
ent compounds of the n-6 and n-3 families, respec-
tively. By convention the formula for fatty acids is
abbreviated as X:Yn-M. X refers to the number of
carbon atoms, Y to the number of double bonds, and
M the position of the first double bond counting from
the terminal methyl (CH3) group (Figure 91.1).

991

Figure 91.1 Structural formula of linoleic, α-linolenic, arachidonic and docosahexaenoic acids.
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Animals cannot synthesize either LA or ALA.
However, they can add double bonds and carbon
atoms to LA and ALA. This metabolic process pro-
duces long-chain derivatives with 20 and 22 carbon
atoms, and 3, 4, 5 and 6 double bonds (Figure 91.2).
The two most important members of the n-6 and n-3
families in cell membrane, which are often regarded
as essential, are AA and DHA.

Dietary sources of essential fatty acids
Fruits, seeds and vegetable oils such as sunflower,
safflower, soybean, cottonseed and corn are the pre-
dominant source of LA.2 ALA is a minor constituent
of most vegetable oils except in linseed, soybean and
rapeseed oil; it is a major fatty acid in green leafy
vegetables.3,4 Gamma-linolenic acid (18:3n-6, GLA) is
found in evening primrose, borage and blackcurrant
seed oils. AA is found in eggs, lean meat and offal
such as liver, brain and entrails. It is also found in
substantial proportions in tropical fish and shell-
fish.5–7 Fish, shellfish and fish oils are the main
source of eicosapentaenoic acid (20:5n-3, EPA) and
DHA. Fish caught in Northern latitudes (> 30°N) have,
on average, seven times as much n-3 fatty acids as
n-6 fatty acids.5,7

Distribution in tissues and the brain
Long-chain fatty acids, both of the n-3 and n-6 fami-
lies, are vital components of cell membrane lipids
(Figure 91.3). AA is present in all biological mem-
branes and represents up to 15% of the total fatty
acids in polar phospholipids. DHA is more specifi-
cally present at very high levels in the retina, brain,
testis and sperm.3 In the cerebral gray matter, DHA
makes up to one-third of the total fatty acid content
of ethanolamine and serine phosphoglycerides.8,9

Among subcellular fractions of brain tissue, the high-
est levels of DHA are found in synapotosomes, synap-
tic vesicles, mitochondria and microsomes where
there is evidence of selective incorporation.10 In the
photoreceptor outer segments, the level of DHA is as

high as 60% of total fatty acids.11 White matter and its
myelin fractions contain low levels of AA and DHA
and high levels of saturated and monounsaturated
fatty acids.12

Essentiality of n-3 and n-6 fatty acids
Essential fatty acids are required for the structure and
function of membranes.13–15 They are also converted
to eicosanoids, which are regulators and coordinators
of local multicellular function. n-6 fatty acids were
recognized as essential over 60 years ago.16,17 How-
ever, it is only in the last two decades that the essen-
tiality of the n-3 fatty acid has been conclusively
established. Although AA and DHA can be formed
from LA and ALA as described above, �6 desaturase,
the enzyme required for the first and last metabolic
steps, is rate limiting. In some species such as the
cat, the activity of this enzyme is too low to measure
hence AA and DHA are essential fatty acids and must
be provided in the diet.18 Fat-free diets or those defi-
cient in n-6 and n-3 polyunsaturated fatty acids pro-
duce reproductive failure, retarded growth and
abnormal changes in many organs such as the skin,
liver and kidney in many species including the
human infant.16,17,19,20

In experimental animals, membrane structural
alterations resulting from changes in the AA and DHA
composition leads to loss of cellular integrity and
functions.21–23 Deficits of the essential n-3 fatty acids
cause cerebral hemorrhage in chicks,24 and learning
and visual impairment in rats.25–27 Polydipsia, visual
impairment and abnormal electroretinogram are man-
ifested in non-human primates deficient in n-3 fatty
acids.20,28

In addition to their structural and functional proper-
ties, some fatty acids, namely, dihommo-γ-linolenic
acid (20:3n-6, DHGLA), EPA and AA are precursors of
hormone-like compounds known as eicosanoids. These
are a complex group of highly biologically active com-
pounds, which are involved in the control and regula-
tion of blood flow, intraocular pressure, cell-mediated
immunity and inflammation, renal function, insulin
release and reproduction.29 Recently, it has been demon-
strated that DHA is the precursor of a novel brain pro-
tective messenger, 10,17S-docosatriene, which inhibits
ischemia–reperfusion-mediated leukocyte infiltration
and pro-inflammatory gene expression.30

Essential fatty acids and pregnancy
During pregnancy, there is a high demand for AA and
DHA for the development of fetal brain and other vital
tissues. Consequently, in the third trimester the accre-
tion of total n-6 and n-3 fatty acids by the fetal brain
increases progressively.31,32 It is estimated that the fetus
accumulates about 70 mg/day of long-chain n-3 fatty
acids, primarily DHA, during the third trimester.32,33

The fetus has the ability to synthesize AA and DHA
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Figure 91.2 Metabolic pathway of the synthesis of n-6 and
n-3 polyunsaturated fatty acids.
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from their respective parent compounds LA and
ALA.34 However, the rate of synthesis is not fast
enough to meet requirements and hence, these fatty
acids are obtained from maternal circulation by pla-
cental selection and extraction. This selective transfer
is reflected in a significant decrease in the blood level
of AA and DHA in healthy pregnant women35,36 and a
concomitant increase in the fetus (Figure 91.4). Fish-
eating populations with a raised intake of long-chain
n-3 fatty acids have prolonged pregnancies and
reduced incidence of both pregnancy-induced hyper-
tension and preterm deliveries.37 Maternal supple-
mentation with n-3 fatty acids during pregnancy, and
pregnancy and lactation are associated with cerebral
maturation of the newborn38 and mental development
at 4 years of age,39 respectively.

Essential fatty acids in the human neonates
Appropriately grown term babies of healthy mothers
are born with high levels of AA and DHA due to pla-
cental enrichment. This selective placental transfer of
AA and DHA from the mother to fetus would be
reduced if the mothers have chronic disease such as
diabetes40–42 (Figure 91.5), impaired fatty acid meta-
bolism or placental infarction. Babies born to mothers
with marginal or low AA and DHA status because of
insufficient intake prior to, and during, pregnancy
will also be expected to have depressed levels of these
essential fatty acids at birth.

Preterm and low birth weight babies are born with
depressed levels of AA and DHA.43–45 Our study on
maternal and cord blood phosphoglycerides showed
that low concentrations of AA and DHA were associ-
ated with low birth weight and gestational age,
respectively, and low levels of AA and DHA, inde-
pendently and together, were associated with reduced
head circumference.46,47 A parallel investigation of

umbilical arteries over a wide birth weight range
demonstrated that the triene/tetraene ratio (20:3n-9/
20:4n-6), an index of essential fatty acid deficiency,
and the 22:4n-6/22:5n-6 ratio, an index of DHA insuf-
ficiency, were abnormal in low birth weight babies.43

In addition, it has been shown that intrauterine
growth restriction is associated with changes in
fetal–maternal polyunsaturated fatty acid relation-
ship48 and reduced levels of AA and DHA at birth.49

Moreover, Zhang50 has demonstrated that treatment
with LA and ALA increases bi-parietal diameter and
weight in the intrauterine-restricted fetus.

Subsequent to birth, in the human preterm infant,
the plasma levels of AA decrease substantially,
despite a threefold increase in its precursor LA

Essential fatty acids 993

Figure 91.3 n-6 and n-3 fatty acid composition of the inner cell membrane phospholipid (ethanolamine phosphoglycerides) of the
brain and vascular endothelium.

Figure 91.4 Maternal and fetal (cord blood) arachidonic (AA)
and docosahexaenoic (DHA) acids in plasma choline
phosphoglycerides at mid-term and term.
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(Figure 91.6). A similar fall in DHA is also
reported.45,47 In preterm babies fed formula milk con-
taining LA and ALA but devoid of AA and DHA, the
plasma levels of AA and DHA decline by 47% and
23%, respectively, between birth and postnatal day
15.51 This indicates that the rate of neonatal synthe-
sis52,53 is unable to meet the AA and DHA demand for
growth and development.54 Koletzko et al.55 estimated
that endogenous synthesis contributed only about
23% of total plasma AA by day 4 in term infants.

Postnatally, suboptimal nutritional management
compounds the prenatal nutrient deficit of AA and
DHA when infants are fed on artificial milks devoid
of these two nutrients. Predictably, this is reflected
in alterations in membrane composition. Term and
preterm babies fed on conventional infant formula
without AA and DHA have depressed levels of DHA
in the blood51,56,57 and in brain tissue compared with
babies fed on breast milk which does contain AA and
DHA.58,59

An insufficiency of polyunsaturated fatty acids has
a profound impact on neurovisual development in
term and preterm infants60–66 that is shown to be long
lasting. Infants fed on formula milk devoid of DHA
had lower visual acuity and cognitive scores com-
pared with those fed breast milk. Supplementation

of formula with DHA is related to enhanced visual
acuity60–64 and discriminative learning.67 Bjerve et al.68

have reported lower psychomotor performance scores
associated with low levels of plasma DHA at 1 year of
age. At 3 years of age term babies who have been fed
on formula milk without DHA, had significantly
lowered visual and stereo acuity and letter matching
compared with babies fed on breast milk.61,66 Eight-
year-old children previously fed on formula milk as
preterm babies had an eight point lower IQ score com-
pared with those fed on breast milk.69 Lanting et al.70

reported a neurodevelopmental disadvantage in a
9-year-old children who had been fed breast milk
compared with those fed on formula milks.

Some reports on term infants have demonstrated
improved visual acuity with formula milk containing
DHA71 while others have not.72 In the latter study, the
range of DHA in human milk is quoted as 0.1–0.9% of
the fatty acids and yet the amount of DHA used was
0.02% above the lowest level. Bearing in mind that
maternal diet and health will influence milk DHA,73

one wonders as to the validity of choosing such low
levels, which reflect the lowest nutritional status in
the range, reported. Unfortunately, few workers select
mothers for the study of human milk based on sound
evidence of good health and nutritional status.

Human milk, lipid and fatty acids
In human milk, the lipid fraction provides about 60%
of the energy for the infant. It mainly consists of
triglycerides, which account for about 96% and phos-
phoglycerides for about 2–3%. The concentration of
lipid in human milk is variable and is influenced by
length of gestation (term or preterm), length of lacta-
tion, time of day, duration of individual feeds (low in
fore and high in hind milk) and most of all maternal
diet.74,75 In contrast to lipid concentration, the fatty
acid composition of mature human milk changes little
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Figure 91.5 Neonates of diabetic mothers have reduced blood
levels of arachidonic (AA) and docosahexaenoic (DHA) acids.

Figure 91.6 The diagram illustrates the scale and speed of loss
of arachidonic acid (AA) from plasma choline phosphoglycerides
of preterm babies between birth and the expected date of
delivery (LA is the precursor of AA).
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with the duration of the feed, the time of the day and
length of lactation.73,76 Colostrum contains higher
levels of AA and DHA than mature milk.76,77

Similarly, very preterm and preterm human milk con-
tain higher levels of the two fatty acids compared
with term milk.78

Although it seems that milk AA and DHA are
resistant to dietary change, they do respond to mater-
nal diet, which is the most important determinant of
fatty acid composition of human milk. Comparisons
of vegetarian and non-vegetarian women show that
the milk essential fatty acids reflect the diet.79

Greenland Eskimos, North Canadian Inuit and
Japanese islanders have high intakes of seals, fish and
other seafoods. Consequently, breast milk from these
communities is high in the n-3 fatty acids, namely,
EPA and DHA.80,81 Mothers from countries where fat
provides greater than 35% of the daily energy (high
fat intakes) have lower short-chain and higher long-
chain fatty acid concentrations. Conversely, those
from countries where the habitual diet is relatively
low in fat (less than 15% of the energy) have high pro-
portions of short-chain and AA and DHA.73,82 It is
intriguing why breast milk DHA of western (European
and American) women, who are supposed to be ‘well
nourished’, is invariably very low (< 0.2%) in con-
trast to milk of inadequately nourished women from
Africa and Asia (> 0.4%). Since plant-based foods are
the major sources of dietary lipids of the latter group,
their intake of saturated fat would be less than 5%,
which is well below the amount consumed by
Western women (range: 15–25%). Hence, it is plausi-
ble that high total and saturated fat intakes reduce the
relative proportions of DHA in breast milk of Western
women. This proposition is consistent with our recent
experimental study83 that showed suckling pups
born to dams fed high total and saturated fat diet,
akin to western foods, during pregnancy and lactation
had about 25% lower DHA in liver choline and
ethanolamine phosphoglycerides compared with the
controls indicating that the metabolism of DHA is
adversely influence by saturated fat.

Breast milk and artificial formulations, which
simulate breast milk, with respect to DHA, appear
to enhance DHA status, cognitive development and
visual functions of the preterm baby. Nevertheless,
it is questionable whether these feeds meet the AA
and DHA requirement for optimum development of
preterm babies. The current AA and DHA recommen-
dation for infants, and the consequential formulation,
which is modeled on milk of Western women, is also
questionable. It is legitimate to argue that breast milk
evolved to support the postnatal development of the
term neonate born with appropriately developed and
functional systems. The preterm baby, who is born
with immature anatomy and metabolic systems, will
have to continue its interrupted prenatal development
under neonatal conditions. This can only be done if
the infant is provided with the appropriate nutrients

in the right amounts. What the preterm baby requires
in the immediate neonatal period is a surrogate pla-
centa that provides enriched AA, DHA and other
essential nutrients rather than mammary glands,
which generate breast milk for the normal birth
weight term baby.

Antioxidants
Membrane integrity and function are dependent on
the incorporation of appropriate amounts of the
highly unsaturated fatty acids, AA and DHA, which
are susceptible to peroxidation unless protected by
antioxidants. There is an interdependence between
membrane AA and DHA and membrane-bound antiox-
idant enzymes. Optimum activity of the enzymes is
dependent on the physical integrity of the membrane.
At the same time, the membrane fatty acids require
the antioxidant enzymes for protection. It has been
shown that the activity of mitochondrial manganese-
superoxide dismutase (Mn-SOD) is influenced by
dietary essential fatty acids, while the activity of
cystosolic Cu/Zn-SOD remains unaffected.84

Reduced competence of the antioxidant defense
may lead to damage to the structural membrane of
the brain, retina, lungs and other tissues, particularly
in a hyperoxic environment. Indeed Saugstad85 and
Sullivan86 postulated that oxygen radical injury may
be a common pathogenic mechanism in the neonatal
diseases bronchopulmonary dysplasia, hemolytic
anemia, intraventricular hemorrhage and retinopathy
of prematurity.

In the chicken model of intraventricular hemor-
rhage, we have been able to induce hemorrhage in the
cerebellum between 10 and 28 days after hatching.
The window of susceptibility corresponds to the time
of rapid growth of the cerebellum and acquisition of
long-chain polyunsaturated fatty acids. Provision of
vitamin E, or ALA without vitamin E arrests the
disease.24,87 This model illustrates the importance of
considering both the membrane structure and its pro-
tection together.

Research into the role of antioxidant vitamins and
fatty acids in non-human primates demonstrates that
these nutrients provide protection against oxidative
stress. Laboratory-bred marmosets had a high hydrogen
peroxide-induced erythrocyte hemolysis in vitro,88

which correlated negatively with levels of vitamin E
and LA.88,89 The high erythrocyte hemolysis skin
lesions and alopecia manifested in these animals
were ameliorated by an increased intake of vitamin E
and the correction of membrane n-6/n-3 balance.90

Similarly, other studies91–94 have reported that dietary
n-3 fatty acids exert a protective effect against injury
caused by oxidative stress.

Animal studies show reduced activities of the
antioxidant enzymes in the lung and kidney of those
delivered before term. These studies indicate that
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functionally protective enzymes are being put in
place towards the end of gestation in preparation for a
normal term delivery.95,96 Similarly, the activities of
superoxide dismutase, glutathione peroxidase and
catalase are low in preterm and low birth weight
babies.97–99

Preterm and low birth weight infants are born with
low circulating and hepatic levels of vitamins A
and E.100–102 Reports suggest a protective effect of
vitamin A against bronchopulmonary dysplasia,103

and of vitamin E against retinopathy of prematu-
rity104,105 and intra/periventricular hemorrhage.106–108

Conclusion
All these data show that the preterm baby is born dis-
advantaged because of the loss of the placental input of
structural fatty acids and immature endogenous peroxi-
dative defense systems. Moreover, these premature-
birth-induced disadvantages persist postnatally. Blood
antioxidant protection remains depressed and the pro-
portions of plasma structural fatty acids fall precipi-
tously. These babies are indeed a mirror of the chicken
model of brain hemorrhage caused by a combined
deficit of antioxidants and structural fatty acids.
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Introduction
Recombinant DNA technology with the mapping of
the human genome has made possible the localiza-
tion, identification and isolation of disease-related
genes which, in turn, have improved disease diagno-
sis and prediction and identified inherited defects
underlying many common metabolic disorders affect-
ing adults. Inherited metabolic disease may be diag-
nosed prenatally, in infancy, or may present as an
adult-onset disease, particularly in diseases not gen-
erally associated with a detectable chromosome aber-
ration or a clear Mendelian pattern of inheritance.
Many of these metabolic disorders have been called
polygenic or multifactorial even though it is not usu-
ally known how many genetic loci are involved or how
they interact with environmental factors. Diabetes mel-
litus and essential hypertension are examples though
the genetics of both of these disease processes are cur-
rently being illuminated. There are many perturba-
tions of maternal metabolism which can adversely
affect growth and development of the human embryo
and fetus. The purpose of this chapter will be to
review those maternal inherited metabolic disorders
which can result in failure of implantation, early loss
of implanted ova and congenital malformations or
metabolic disorder in the newborn infant.

The number of autosomal and X-linked chromo-
somal disorders identified continues to grow daily,
many of which result in metabolic diseases or dis-
orders. The development of management strategies to
alleviate or correct these inherited disease processes
has encouraged early detection with screening pro-
grams. Table 92.1 gives the frequency of some inborn
errors of metabolism for which screening tests are
available.1 Although we now have considerable infor-
mation about phenylketonuria in relation to pregnancy
management and outcome there are many other inher-
ited metabolic disorders affecting young women
which carry a risk to the developing embryo and fetus.

Maternal metabolic disorders
and pregnancy
Diabetes mellitus
It has long been known that the infant of the poorly
controlled diabetic mother is at increased risk of con-
genital malformation, fetal overgrowth and neonatal
hypoglycemia.2 With improved care of pregnant dia-
betic women, these complications and perinatal mor-
tality for the infant have been reduced.3–7 There is a
recognized higher prevalence of diabetes mellitus in
children born to diabetic parents. A higher incidence
of non-insulin-dependent diabetes or gestational dia-
betes is found in children born to diabetic mothers
than when the father is diabetic.8 There is also a
higher incidence of diabetes in offspring from diabetic
maternal great-grandmothers but not paternal ones.9

Genomic imprinting is a possible explanation for

Table 92.1 Frequency of some inborn errors of
metabolism for which neonatal screening tests are
available

Average frequency in
Disorder liveborn infants*

Cystic fibrosis 1 in 2500
Cystinuria 1 in 6000
Phenylketonuria 1 in 10,000
α1 Antitrypsin deficiency 1 in 8,000
Histidinemia 1 in 10,000
Hartnup disorder 1 in 26,000
Galactosemia 1 in 60,000
Biotinidase deficiency 1 in 60,000
Maple syrup urine disease 1 in 200,000
Homocystinuria 1 in 200,000

*These frequencies vary widely between ethnic groups, e.g.
phenylketonuria 1 in 7000 in Scotland and 1 in 200 000 in Japan.
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these findings.10–12 In HLA-DR4-positive diabetics,
there is evidence of a gene or genes affecting the HLA
region on chromosome 6p21 and the region of 11p15
where the genes for insulin and insulin-like growth
factor-2 are located.13

A further interesting observation has been that
systematic treatment of diabetic mothers during preg-
nancy, results in a decreased incidence of diabetes in
their children.14,15 This implies that the abnormal
intrauterine environment may have as much if not
more effect in determining susceptibility to subse-
quent diabetes in later childhood than do the genetic
predisposing factors. Mechanisms for the predisposi-
tion to diabetes in the infant of a diabetic mother may
be related to an intrauterine influence on the effective
development of islet β-cells in the fetal pancreas or to
an alteration in the numbers or sensitivity of insulin
receptors in muscle, liver and other body tissues.

Cystic fibrosis
This is an autosomal recessive condition in which
there is an abnormality of transmembrane protein
function rather than a defect or deficiency of an
enzyme which characterizes the majority of inherited
metabolic disorders. Although there are problems of
infertility in both females and males there is no evi-
dence of embryopathy or fetal disorder given an ade-
quate maternal nutritional status during pregnancy.16

Histidinemia
Maternal histidinemia is probably benign to the fetus.
At least 61 children from 23 histidinemic mothers,
most of whom were normal, have been reported.17 No
adverse outcomes secondary to this disorder have
been noted.17–21

Hartnup disorder
Hartnup disease, a disorder of neutral amino acid trans-
port in the intestinal epithelium, is inherited in an auto-
somal recessive manner. Maternal Hartnup disorder is
also probably benign to the fetus. At least 14 children of
women with the condition are known and almost all are
normal. Therapy requires nicotinamide replacement
and a high protein diet. Pregnancy does not appear to
have any clinical impact on these families.22

Homocystinuria
Homocystinuria is an autosomal recessive disorder that
is characterized by increased concentrations of homo-
cystine and methionine in blood and urine and physical
features such as mental retardation, epilepsy, ectopia
lentis, osteoporosis, skeletal anomalies, fatty liver and
thrombotic vascular disease. These findings are second-
ary to a deficiency of the enzyme cystathionine 
β-synthase. The disorder is responsive to B6 cofactor
and a low methionine diet in about 50% of patients.23

Pregnancies have been reported in both pyridoxine
responsive and non-responsive mothers with a normal

outcome.24–26 An adequate intake of pyridoxine should
be ensured as treatment with pyridoxine appears to
significantly lower the risk of fetal loss.

Heterozygotes are at an increased risk for multiple
thromboses, coronary artery disease and other vascu-
lar disease.27 Third-trimester complications similar to
those with other inherited coagulopathies and post-
partum thrombotic deaths have been reported which
suggest the use of anticoagulation therapy may be
indicated.28–30

Folate metabolism disorders
A genetic defect in 5,10-methylenetetrahydrofolate
reductase in young women has been shown to be a
risk factor for neural tube defect.31–33 This enzyme
is involved in the conversion of 5,10-methylenetetrahy-
drofolate to 5-methyltetrahydrofolate which is involved
in the conversion of homocysteine to methionine
(Figure 92.1). The common mutation of 677CT defect is
found in 5–7% of the European population and
homozygosity for this mutation results in elevated
homocysteine levels, elevated red cell folate and low-
ered plasma folate concentrations. Periconceptual
folate administration reduces neural tube birth preva-
lence by over 60%.33–36 Altered folate and vitamin B12
metabolism has been found in families with infants
with spina bifida.37 This study did not support a major
involvement of methionine synthase in the etiology of
neural tube defect but favored the involvement of
genetic variation at loci coding for the formation of 5-
methyltetrahydrofolate. A relatively mild biochemical
defect in folate metabolism, requiring a higher nutri-
tional folate intake, may become of major importance
during pregnancy. Whether there would be value in
detecting those individuals heterozygous for the known
defects is questionable as universal prenatal folate sup-
plementation is so effective. These patients have also
been noted to have an increase in complications in the
third trimester consistent with those seen in patients
with an inherited coagulopathy and the use of antico-
agulation should be considered in those patients with a
history of thrombosis or poor pregnancy outcome.

Isovaleric acidemia
Maternal isolaveric acidemia has minimal impact on
pregnancy and vice versa and has no ill effect on the
offspring.38 Treatment of the mother should be insti-
tuted prior to conception with protein restriction and
additional glycine 0.5 g/day and L-carnitine 1 g/day to
reduce the risk of metabolic acidosis in the mother and
thus reduce potential hazards to the embryo and fetus.
Vomiting in early pregnancy must be actively managed
with a high carbohydrate intake, if necessary by naso-
gastric tube or parenterally, to avoid a catabolic state.

Urea cycle defects
The urea cycle defects include citrullinemia, argin-
inosuccinic aciduria (ASLD), ornithine trancarbamy-
lase deficiency (OTC), carbamoylphosphate synthetase
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deficiency and N-acetyl glutamate synthase deficiency.39

There are very few reports in the literature as to the
effects of these disorders on pregnancy and infants.
Heterozygotes for OTC deficiency, the only X-linked
disorder of the urea cycle, are known to be at risk for
the development of hyperammonemic coma in the
peripartum period, possibly due to increased tissue
catabolism.40 It has been reported that a woman with
carbamoyl phosphate synthetase I deficiency devel-
oped hyperammonemic coma and died in the postpar-
tum period.41

ASLD due to argininosuccinate lyase deficiency
usually presents at birth with poor feeding, lethargy,
hypotonia, irritability, apnea and occasionally death
in the neonatal period.42 More often there is a chronic
presentation which involves mental retardation, with
or without intermittent episodes of vomiting, lethargy
and irritability. Trichorrhexis nodosa is a frequent
occurrence, probably because of a relative deficiency
of arginine.39 Early treatment of patients with partial
ASLD can result in normal intellectual and psy-
chomotor development and as a result some patients
are now surviving into adulthood and considering
pregnancy. In females affected with argininosuccinate
lyase deficiency, careful clinical and biochemical
monitoring of pregnancy will minimize the risk of
metabolic decompensation in the perinatal period.
There is one report of a ‘successful’ pregnancy with
no evidence that the argininosuccinate was terato-
genic. The mother had been treated with a low protein
diet and arginine supplements but her compliance
with the arginine supplementation was suboptimal.
When reviewed at 3 months of age, the baby was
mildly dysmorphic with hypertelorism, a broad nasal
bridge and down-slanting palpebral fissures but was
developing normally.43

In all the urea cycle defects it is essential to ensure
an adequate energy intake throughout pregnancy and

if vomiting occurs enteral and/or parenteral therapy
with carbohydrate should be given immediately.

Glycogen storage disorders
The glycogen storage disorders result from an inborn
error of glycogen metabolism secondary to mutations
in the genes coding for the enzymes involved in
glycogen storage. These disorders have a variable age
of onset from birth to adulthood and are categorized
by number based upon the chronology of recognition
of the responsible enzyme defect. Only those with a
reasonable likelihood of presence during and poten-
tial impact upon pregnancy are discussed.

Glucose-6-phosphate deficiency (type I glycogen
storage disease) is an autosomal recessive disorder
involving mutations in the genes for glucose-6-
phosphate hydrolase located at 17q21 (type 1a) and
glucose-6-phosphate translocase located at 11q23 (type
1b,c,d). The incidence of specific mutations varies with
ethnicity.44,45 Affected patients typically present in
early infancy with hepatomegaly, hypoglycemia and
lactic acidosis.46 The majority of patients will also
have hyperuricemia and marked hyperlipidemia.46

Platelet dysfunction is common and liver adenomas
often develop in older children and adults with malig-
nant transformation in approximately 10%.47 Patients
with type 1b also have chronic or intermittent neu-
tropenia and neutrophil dysfunction.

Maintenance of physiologic levels of glucose is the
mainstay of therapy. This becomes markedly more diffi-
cult during pregnancy and provision of frequent meals
high in carbohydrate content and supplementation
with uncooked cornstarch during the day and prior to
bedtime can usually accomplish this goal. In some
cases, the use of continuous infusion of glucose solu-
tion via nasogastric tube or additional doses of corn-
starch in the early morning hours may be necessary.
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Multivitamins and calcium should supplement the diet
and fructose and galactose restricted. Intravenous glu-
cose and platelet transfusion may be used for abnormal
bleeding; the use of allopurinol and vasopressin during
pregnancy are currently proscribed.48

Pregnancy outcomes with adequate glucose supple-
mentation appear to be good in most cases. The inci-
dence of growth restriction may be increased and
monitoring the fetus with serial ultrasound measure-
ments in the third trimester should be considered.
Patients with type 1b should be monitored for evidence
of subclinical infection (upper respiratory, urinary
tract) due to the potential for neutrophil dysfunction.
Delivery at or near term should be anticipated. The
intrapartum glucose levels should be closely monitored
and appropriate supplementation provided.49,50

Type III glycogen storage disease is inherited as an
autosomal recessive trait and is specifically a mutation
in the gene that encodes for the debrancher enzyme
amyloglucosidase. This gene is located at 1p21 and
again, specific mutations vary with ethnic back-
ground.51,52 Clinical features of the disease include
liver and muscle involvement with hepatomegaly,
hypotonia, weakness and muscle wasting as well as
cardiac involvement. Hepatomegaly and liver function
typically improve with age and muscle weakness is the
primary finding in adults. Involvement of the liver
alone occurs in approximately 15% of patients.53–55

Case reports of maternal type III glycogen storage dis-
ease relate the potential for life-threatening complica-
tions, specifically cardiac decompensation.56 Evaluation
of cardiac anatomy prior to and during pregnancy
(at 28 weeks) and postpartum should be obtained.
Management includes supplementation of glucose as
described for type I glycogen storage disease.

Type V glycogen storage disease (McArdle’s dis-
ease) is a disorder caused by mutations in the single
gene encoding the muscle isoform of phosphorylase.57

This gene is located at 11q13.58 Phosphorylase cata-
lyzes the removal of 1,4-glucosyl residues from the
outer branches of the glycogen molecule liberating
glucose-1-phosphate. This myophosphorylase defi-
ciency results in accumulation of glycogen in skeletal
muscle and reduction in ATP generation. Clinically,
this manifests as muscle fatigue and cramping with
strenuous exercise. There is no heart or liver involve-
ment. Case reports of pregnancy outcomes relate
no deterioration or exacerbation of symptoms.59

Limiting activity during pregnancy will control the
symptoms associated with the disorder and the only
complication of labor reported is that of forearm
cramping secondary to the use of an automatic blood
pressure cuff.

Hyperglycinemia
Hyperglycinemia is a non-specific feature of several
organic acidurias and is usually associated with inter-
mittent ketosis. Non-ketotic hyperglycinemia is a spe-
cific disorder of glycine catabolism caused by a defect

in the glycine cleavage system.60 The disorder usually
presents in the first week of life with somnolence,
lethargy and lack of spontaneous movement and
apneic episodes. There may be seizures and exagger-
ated reflexes. Milder forms of the disorder are found
with non-specific mental retardation in adult life. The
diagnosis is made on the basis of finding hyperglycin-
emia and hyperglycinuria in the absence of a disorder
of organic acid metabolism. The diagnosis is usually
confirmed by the finding of high cerebrospinal fluid
concentrations of glycine. In the milder forms of the
disorder administration of large doses of sodium ben-
zoate has been shown to reduce CSF glycine and the
frequency of seizures. The authors have experience of
three pregnancies in one non-ketotic hyperglycinemic
mother managed with oral sodium benzoate. The con-
trol of plasma glycine levels in the mother was rela-
tively easy during the pregnancy and indeed was less
troublesome than during the non-pregnancy phase.
The three infants were normally grown and have
thrived with normal subsequent development. 

Galactosemia
Galactosemia is the term used to describe disorders of
galactose metabolism. The disorder is actually three
distinct disorders caused by defects in galactose-1-
phosphate uridyl transferase, galactokinase and uridine
diphosphate galactose-4-epimerase.61 The only form
discussed here is that caused by defective galactose-1-
phosphate uridyl transferase in which conversion of
galactose to glucose is impaired. Accumulation of
galactose-1-phosphate, galactitol, galactonate and uri-
dine diphosphate (UDP) galactose is thought to be the
cause of the complications of galactose ingestion. In the
newborn period, ingestion of galactose leads to vomit-
ing and diarrhea with progression to hyperbilirubin-
emia, hepatomegaly, liver dysfunction and cirrhosis,
hemolysis, and sepsis. Cataracts rapidly develop in the
first week of life. Despite early therapy these patients
still manifest developmental delay, poor growth, mental
deficiency and premature ovarian failure. Up to 75% of
affected females over 14 years of age will experience
ovarian dysfunction. Pregnancies in affected females
appear to proceed normally without adverse fetal
affects.62,63 Breast feeding is contraindicated due to
effects on the mother. The production of galactose-1-
phosphate from the breakdown of endogenous lactose
produced in the mammary glands is problematic, lead-
ing to accumulation of galactose-1-phosphate, galacti-
tol, galactonate and UDP-galactose.64

Phenylketonuria
Early treatment of phenylketonuria has resulted in a
markedly improved outlook for survival with good
intellect. In recent years there has been some concern
that the withdrawal of dietary therapy in later life
may be associated with neurological disorder and
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gross cerebral changes shown by magnetic resonance
imaging.65

Charles Dent was probably the first investigator
who noted the association of fetal abnormality and
maternal phenylketonuria in 1956.66 Since that time
there have been many reports of fetal abnormalities
associated with uncontrolled or poorly controlled
maternal phenylketonuria.67–72 Abnormalities reported
in untreated phenylketonuria, when the intrapartum
maternal plasma phenylalanine concentration exceeded
1.5 mmol/l, include mental retardation in 92%,
microcephaly in 72%, intrauterine growth delay in
40% and congenital heart malformation in 12% of the
offspring.69 Phenylalanine is transported across the
placenta by an active transport process which results
in higher plasma concentrations of phenylalanine in
the fetus than in the mother. The ratio of fetal to
maternal plasma concentrations of phenylalanine
varies throughout pregnancy with a higher ratio in the
earlier months. The observed average ratio of fetal to
maternal plasma phenylalanine is 1.48 with a range of
1.13–2.91.73 Any increase in maternal plasma pheny-
lalanine is therefore magnified within the embryonic
and fetal tissues. The embryopathy affects the cardio-
vascular and central nervous systems causing the
clinical features described.

Fortunately, fetal defects can be prevented by appro-
priate maternal dietary management to ensure reason-
able plasma concentrations of phenylalanine from
before the time of conception.69–72,74 Two Medical
Research Council Working Party reports have summa-
rized the present recommendations for the dietary
management of phenylketonuria and expressed the
hope that there will be a molecular genetic treatment
and prevention program for phenylketonuria.75,76 Good

management of maternal phenylketonuria prevents a
variety of dangers and dilemmas for the mother and her
medical advisers.77 Dietary problems are related to the
palatability, bulk and osmolality of available amino
acid mixtures and the palatability and nutrient value
of the permissible low-protein foods. In spite of the
dangers to the developing embryo and fetus there is
enormous reward for the families and health care
providers for having a healthy baby by achieving good
maternal dietary control. Until there is a safe effective
method for the substitution of the defective gene or
phenylalanine hydroxylase or both in the affected indi-
viduals, there continues to be a need to achieve prena-
tal and perinatal control of phenylalanine and tyrosine
concentrations in mothers with phenylketonuria.

Conclusions
Perhaps the most important aspect of maternal inher-
ited metabolic disorders is the need to have clinicians
informed and aware of the wide range of maternal dis-
orders which can predispose to embryonic, fetal and
neonatal problems. For optimal pregnancy outcome,
most of these conditions must be identified and meta-
bolic control achieved preconceptually. This review
does not address the effect of abnormal pharmacogenet-
ics on maternal drug metabolism and the potential con-
sequence to the fetus. An inherited predisposition to
folate disorder will certainly alter the response to drugs
that interfere with folate metabolism and maternal alco-
holism is influenced by defects in alcohol dehydro-
genases.78,79 A high degree of clinical awareness and
effective management would improve the outcome of
infants born to mothers with metabolic disorders.
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Introduction
The maintenance of a balanced and continuous sup-
ply of nutrients from the mother to the conceptus is
critical in maintaining both a healthy and viable
embryo as well as ensuring fetal growth and develop-
ment is optimal throughout gestation. In this respect,
a deficit in nutrient intake by the mother not only has
a detrimental effect on the reproductive process itself
but can also contribute to long-term ill health in the
resulting offspring.1,2 Even prior to conception, it is
important that maternal dietary intake is adequate to
ensure normal development of the egg.3 Inadequate
maternal nutrition before ovulation can potentially
contribute to a range of clinical conditions including
neural tube defects4 in the fetus and even result in
premature labour.5,6

There are seven distinct, but inter-related, stages
between ovulation and weaning in which inadequate,
or an imbalanced, supply of nutrition can have dele-
terious effects on the conceptus. These can be sum-
marized as follows:

(1) Periconceptionally during the time of egg
development

(2) Fertilization and subsequent period of embryoge-
nesis and elongation

(3) Implantation and placental establishment
(4) Period of rapid placental growth
(5) Period of rapid fetal growth and mammary

development
(6) Birth and separation of the fetus from the placenta
(7) Lactation and the period of postnatal growth.

In order to enable the newborn to establish independ-
ent life it undergoes a range of pronounced metabolic,
endocrine and functional adaptations at birth.7,8

These are vital in enabling the infant to commence
independent breathing, thermoregulation and nutri-
ent intake. Nutrient supply to the fetus is primarily
regulated at the level of the placenta which effectively
acts as the fetal gut. Then, after birth and the onset of
breast feeding, the neonatal bowel takes on this role.
There are some similarities between the function of
the placenta before birth and the neonatal gut which
acts to ensure that nutrient supply is maintained and
then increased to meet the much higher postnatal
metabolic requirements as growth accelerates.9

The fetus grows in a hypoxic environment in which
a reduction in supply of both macronutrients, which
include oxygen and micronutrients, can have adverse
consequences.10 Fetal arterial blood has a PaO2 of
around 2.8 kPa (21 mmHg) compared with ~12 kPa
(90 mmHg) in the adult. The fetus adapts to this lower
PaO2 by maintaining a minimal metabolic rate,11 ensur-
ing available nutrients can be utilized to promote tissue
growth rather than be partitioned toward metabolism.
Nevertheless, even when fetal growth rate is maximal,
it is usually slower than after birth.12,13 In conjunction
with this relatively low growth rate, cell division,
rather than an increase in cell size, primarily con-
tributes to fetal tissue growth. Thereafter, following
birth, there is pronounced hypertrophy as nutrient
supply is no longer constrained by placental exchange
capacity, maternal intake and body stores. One tissue
in which this adaptation is most apparent is adipose
tissue.14 Lipid synthesis has a much higher energetic
requirement (i.e. 39 MJ/kg) compared with carbohy-
drate or protein (15–25 MJ/kg), so it is not surprising
that fat deposition is normally low in the fetus and is
highly dependent on fetal nutrition.15

Fetal fat deposition principally occurs over the
final third of gestation16 but, in contrast with all other
organs, fat cells can continue increasing in size for the
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remainder of an individual’s life. It is, therefore, not
unexpected that in nutritional and environmental
conditions of excess feed availability, reduced physi-
cal and metabolic activity and raised ambient temper-
atures, there is an increasing propensity for obesity to
occur earlier and in more people.17 The extent to
which predisposition to later obesity is determined by
the in utero environment remains an area of signifi-
cant scientific interest.18

In this chapter, we will focus on the acquisition of
fat and fatty acids by the fetus and neonate and con-
sider their roles in brain and adipose tissue develop-
ment. For the fetus, as in the adult, fat represents a
storage site in which excess energy intake is stored to
be mobilized in times of later nutrient deficiency.18

The other major energy storage is glycogen which is
deposited in the fetal liver and skeletal muscle.19 We
will, therefore, consider the regulation of carbohy-
drate metabolism within the fetus as this is the pre-
cursor for both stored glycogen and the primary
metabolic substrate for fetal lipid synthesis.

Comparative requirements between
humans and other mammalian
species
The use of other animals has greatly added to our
understanding of fetal and neonatal lipid and carbo-
hydrate metabolism and its impact on brain and fat
development. It is, therefore, important to appreciate
both the differences and similarities between respec-
tive animal models which have enabled us to make
substantial advances in our knowledge of fetal nutri-
tion and physiology that would not be possible within
the pronounced limitations of human studies. As a
consequence of the substantial differences in length of
gestation in various animal species, together with the
degree of maturity of the newborn at birth, the impact
of compromised placental function, as opposed to
poor lactational performance, can have very different
outcomes on the resulting offspring.

The most notable difference between human new-
born infants and nearly all other mammals is their
much higher total fat content (150 g/kg body tissue)
compared with most domestic species and laboratory
mammals (< 10 g/kg body tissue)20 except the new-
born guinea pig (70 g/kg body tissue). The high fat
content of the human fetus reflects the dramatic
increase in subcutaneous fat deposition that occurs
over the final 10 weeks of gestation. This is largely
white fat which has an important insulatory role in
the newborn as well as providing a large energy store
that can be mobilized over the first few days of neona-
tal life before lactation is fully established. In the
latter respect, the human differs from many other
mammalian species in which lactation rapidly com-
mences at birth to ensure survival. For example, in
sheep, failure to rapidly establish lactation leads to

starvation, hypothermia and death within a few hours
of birth.21

Newborn sheep, like humans,22 also possess brown
adipose tissue which is characterized as possessing a
unique uncoupling protein that when maximally acti-
vated is able to produce up to 300 W/kg tissue of heat
compared with 1–2 W/kg tissue by most other tis-
sues.23 The amount of brown fat, located around the
internal organs, in newborn sheep and humans is
comparable at about 2% of birth weight.24,25 This con-
trasts with rats and mice in which minimal fat is pres-
ent at birth and in whom brown fat is located in the
interscapular region and is recruited postnatally.26 In
contrast, pigs are born with some subcutaneous fat but
do not possess any brown fat.27

Fetal brain growth relative to adult brain weight is
appreciably greater in the human than all other
species for which comparable data are available
(Figure 93.1). In addition, its growth rate is normally
maintained for the whole of pregnancy so that the
weight of the brain in the newborn is ~13% of birth
weight.28 Subsequently, as growth of all other tissues
accelerates after birth, brain weight, as a fraction of
total body weight, gradually declines to the adult
value of ~2%, which is the typical value found in
most other large animal species at birth.29

These pronounced differences in fetal brain growth
are reflected in the ability of non-esterified free fatty
acids (NEFAs) to cross the placenta. In the chorioallan-
toic (hemochorial) placenta of humans, although the
fetal endothelium and chorionic epithelium separate
the maternal and fetal circulations, NEFA can pass
relatively freely from mother to fetus.30 This contrasts
with the placentae of species that have a distinct mater-
nal layer (such as the pig and sheep) and are imperme-
able to NEFA.31 Small laboratory mammals which
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Figure 93.1 Diagrammatic summary of the rate of fetal and
postnatal brain growth (wet weight) in the human compared
with other species. Developmental age for each species is
represented as follows: human (continuous line) in months;
guinea pigs (dotted line) in days; pig (dashed line) in weeks and
rat (dotted and dashed line) in days. Adapted from Dickerson29

with permission.
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have a very short gestation further differ from humans
in that the offspring have an immature hypothalamic–
pituitary axis at birth with brain and fat growth occur-
ring primarily after birth.32 This has several major
functional consequences, both for organ development
and nutritional requirements. The major source of
energy in rat milk is lipid and the mother devotes up
to 80% of her time suckling the young whose weight
doubles in a week.33 By the time of weaning, brain
growth is complete and the neonate has maximized
glucose production necessary to maintain the brain’s
high metabolic requirements compared with the rest
of the body.34 It is not until weaning that glycogen is
laid down as an energy reserve for possible later food
deprivation. This process of events is in marked
contrast to long gestation species in which these
developments all occur in utero. Not surprisingly,
appreciable differences in milk composition between
species, likely to reflect the degree of maturity of the
offspring at birth, are also apparent. Humans and
large mammals, such as the sheep and cow, produce
milk with a lower relative fat and protein content
compared with that of small mammals, such as rats
and mice, that have a lower relative carbohydrate
content.33

Lipid and carbohydrate requirements
for placental and fetal growth
Dietary availability, in conjunction with the ability to
mobilize maternal body tissue stores, determines
nutrient supply to the conceptus and, therefore, both
placental and fetal growth.35 A reduction in maternal
energy stores either before, or during gestation, can
have substantial effects on fetal energy deposition15

and these can be exaggerated in the term human
infant because it possesses large stores of both lipid
and carbohydrate in comparison with most other
mammals.36 Such effects are amplified because the
fetus has limited ability to synthesize glucose37 or
essential fatty acids including long-chain polyunsatu-
rated fatty acids (LCPUFAs).38 It is, therefore, not sur-
prising that infants with poor energy reserves at birth
can have long-term deficits in their metabolic control
mechanisms.39 Indeed, such effects may be com-
pounded by the need to mobilize energy supplies
during the sometimes lengthy period of parturition40

up to the time of full establishment of lactation.41

The placenta – development and function
as the site of nutrient supply
The human hemochorial placenta is a fetal organ and
is regulated by fetal genes. It separates the fetal and
maternal circulations by a barrier composed of fetal
endothelium and chorionic epithelium. The primary
site of nutrient exchange is the chorionic villi which
are supported by the syncytiotrophoblast and are
surrounded by maternal blood.42 They act as a

lipoidal membrane across which nutrients, dissolved
gases, waste products and other substances occur.
Like the adult gut, this site of the placenta has a very
large surface area which increases from 0.83 m2 in
week 3 of gestation to peak at ~12.5 m2 at term.42 At
the same time, the maternal–fetal diffusion distance
decreases from 55 to 4.8 mm, thereby facilitating
nutrient exchange. The syncytiotrophoblast is also
being continuously renewed from the underlying
villous cytotrophoblast.

The placenta has a range of transport mechanisms
and/or transporters which can limit or promote
uptake of specific nutrients including fatty acids,38

glucose43 and amino acids.44 Their abundances can be
developmentally regulated and are normally reduced
in the placentae of growth-retarded infants. In addi-
tion to its role in nutrient transfer, the placenta acts as
an important endocrine organ secreting hormones
into both the maternal and fetal circulations and,
thereby, exerting direct effects on maternal metabo-
lism and nutrient supply to the fetus.45

Placental requirements for growth and metabolism
Normal growth and development of the placenta is crit-
ical in ensuring that a healthy, appropriately sized fetus
is born at term. The placenta grows exponentially
during gestation, weighing ~6 g at week 3 of gestation
and ~470 g at term. Maximal growth of the placenta
precedes that of the fetus46 but nutritional exchange
capacity increases with gestational age in conjunction
with structural maturation of the placenta47 as the fetus
grows and its overall metabolic rate rises.48 At term,
placental and fetal weights are positively correlated
with placental weight, normally being between 10%
and 15% of newborn body weight.49

Not surprisingly, given the diverse functions of
the placenta and its rapid growth, a constant and
plentiful source of energy is required. The human pla-
centa derives energy from both glucose43 and NEFA
by glycolysis and β-oxidation,50 respectively. It utilizes
glucose as its major energy source and there are mul-
tiple glucose transporters present in the placenta.43

Enzymes involved in glycolysis and the citric acid
cycle are also active within the placenta. Indeed, it
has been suggested that adequate glucose supply can
prevent NEFA uptake and oxidation within the pla-
centa by inhibiting the enzymes (e.g. carnitine palmi-
toyltransferase type 1) involved in this process.51 This
is not always the case, as appreciable activities of a
number of enzymes involved in β-oxidation (e.g. acyl
and hydroxyacyl-CoA dehydrogenases) have been
detected although activity decreases with gestational
age.50 The utilization of fatty acids as a metabolic fuel
may, therefore, decline as gestation progresses with
glucose becoming more important.52

As the placenta utilizes both glucose and NEFA,
abnormalities in the metabolism of either can be asso-
ciated with adverse outcomes in pregnancy.50 Diabetes
during pregnancy, in which both the transfer of
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glucose and NEFA across the placenta are increased,
causes placental and fetal macrosomia.53 Maternal
liver diseases of pregnancy may also be the result of a
placental defect in NEFA oxidation,54 with maternal
symptoms worsening in late gestation when the higher
metabolic demands of the fetus55 result in increased fat
mobilization and a concomitant rise in lipoprotein
lipase activity.54 Defective fatty acid oxidation in the
placenta results in placental accumulation of abnormal
metabolic precursors (e.g. hydroxyacylcarnitines and
dicarboxylic acids)56 that may further contribute to
the intra-uterine growth retardation seen in such clin-
ical conditions as pre-eclampsia.57

Fetal requirements for brain growth
and neural development
As with all fetal organs, the most rapid period of brain
cell division is during the period of embryonic growth.
Normally, by the end of the second month of gestation,
the majority of neurons have migrated within the cere-
bral cortex forming the gray matter.58 At this stage of
development, approximately 50% of the embryo is
made up of the fetal head, with the brain utilizing up to
70% of available energy provided by the placenta. The
brain has a very high lipid requirement and content, of
which 60% is structural. The majority (85%) of this is
present in the cerebrum. Of the latter, 65% of total
lipids are phospholipids with cerebral cortical neu-
ronal membranes being made up of phosphatidyl-
choline, ethanolamine, serine and inositol.58

The structural and metabolic functions of fatty acids
in the fetus and placenta are primarily undertaken by
PUFA.59 These fatty acids with double bonds plus three
(n-3) or six (n-6) carbons from the n terminus cannot be
synthesized in the human body. They must, therefore,
be obtained from dietary sources primarily in the form
of linoleic, a n-6 fatty acid, or α-linolenic, a n-3 fatty
acid.38 LCPUFAs are also essential for neural, brain and
retinal development as they are not only integral com-
ponents of the membrane but also act as intracellular
signals and contribute to triacylglycerol stores. The pri-
mary LCPUFAs are arachidonic acid (20 carbons:4n-6)
and docosahexaenoic acid (22 carbons:6n-3) which are
amongst the most metabolically active in the cell. They
are not normally limited in the diet but, because of
the increased demands by the fetus, their supply may
become limited during pregnancy.60 Interestingly,
although the fetal brain has relatively high concentra-
tions of docosahexaenoic acid, the absolute rate of
accretion is low (e.g. 50-fold lower than in adipose
tissue38). Although it is only during late gestation that
fetal requirements appear to exceed maternal dietary
intake,38 the amount of fatty acids in the diet may have
a significant effect on outcome as a reduced dietary
intake has been associated with both intrauterine
growth retardation and premature birth.61

The precise trigger for parturition remains a matter
of debate. In humans, it is determined in part by the
size constraints and metabolic demands of the fetal

brain.29 As the greatest period of brain growth occurs
in utero, there is a definite maternal limitation deter-
mined by the dimensions of the pelvic outlet. At the
same time, a mismatch between fetal nutrient require-
ments and placental supply capacity may trigger a
centrally coordinated cascade of endocrine signals
that initiates parturition.62

Fetal requirements for adipose tissue deposition
Adipose tissue is primarily laid down during the final
third of gestation with the majority (~80%) being
deposited as subcutaneous fat that can constitute as
much as 16% of birth weight in a normally grown
term infant.63 Its major component is lipid which is
primarily found in unilocular cells, although internal
fat depots which have a high mitochondrial content
also possess a large number of multilocular cells64 in
which the brown adipose tissue-specific uncoupling
protein 126 is located. The combination of brown fat
plus large lipid stores means that heat production
within fat is sufficient to provide up to three quarters
of total energy requirements at birth.19

Fat is not only transferred directly from the mother
to the fetus but is also synthesized in utero primarily
from glucose and also from lactate and short-chain
volatile fatty acids.65 An increase in both glucose and
fatty acid supply from the mother to the fetus such as
during pregnancies complicated with diabetes results
in substantially more fetal fat deposition.66 Conversely,
preterm infants, as well as those with intrauterine
growth retardation, are born with depleted fat stores.
These individuals may, however, have an increased
propensity to lay down more fat in later life.67

Fetal deposition of carbohydrate in the liver
Glucose is the primary nutrient utilized by the fetus for
oxidative metabolism with up to two-thirds of fetal glu-
cose being oxidized to carbon dioxide and the remain-
ing third stored as glycogen.68 As in the adult, glucose
utilization is largely regulated by the pancreatic hor-
mones insulin and glucagon with the adaptation that,
because of the higher insulin to glucagon ratio, glyco-
gen synthesis is stimulated whereas glycogenolysis
inhibited.69 Indeed, except under conditions of extreme
nutrient deficiency, the fetal liver has minimal capacity
to synthesize glucose.37 At the same time, other counter
metabolic hormones such as growth hormone do not
appear to have a role in glucose homeostasis, as the
fetus is normally growth hormone insensitive.70 The
fetus is usually exposed to very high circulating growth
hormone concentrations71 and its growth hormone
insensitivity is most likely due to the lack of adult
growth hormone receptors in the liver.72

Glycogen is stored primarily not only in the fetal
liver, but also in skeletal muscle, and can be utilized
to maintain plasma glucose concentrations during
periods of reduced nutrient availability.34 The main
factor determining the content of glycogen in fetal
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tissues is the rate of glucose supply from the mother
to the fetus which, in turn, is dependent on the mater-
nal blood concentration.68 Maternal and fetal blood
glucose are usually very closely correlated along a
glucose gradient to the fetus with fetal blood glucose
being 30% lower than that of the mother.73 Glycogen
accumulation commences from 9 weeks gestation but,
as for adipose tissue, it is primarily synthesized in the
last third of gestation.40

Nutrient supply to the fetus:
maintenance of a continuous supply
Lipid supply from the mother to the fetus
As a consequence of their large size and high molecular
weight, lipids do not directly cross the placenta.38

Lipids, carried in the maternal circulation by the carrier
protein albumin,74 must first be hydrolyzed to NEFAs
before they can be transferred across the placenta. This
hydrolysis to NEFAs is performed by the enzyme
lipoprotein lipase which is abundant in the human
placenta.75 In addition, intact triacylglycerols and phos-
pholipids can also not be transferred across the pla-
centa.76 Consequently, as fetal requirements increase
with gestation, there is a linear rise in the plasma con-
centration of triglycerides in maternal blood,77 whereas
plasma NEFAs only rise in late gestation coincident
with the mobilization of maternal fat stores.78

NEFA transfer across the placenta
The placenta has the capacity to transfer NEFAs both
to, or from, the fetus with the net rate of transfer deter-
mined by the relative concentrations of NEFAs and
their carrier protein, albumin, in the maternal and
fetal circulations.79 Normally, it is the concentration
of albumin, which is ~20% higher in fetal than mater-
nal blood, which determines the rate of exchange
whereas plasma NEFAs can be up to three times
higher in the maternal compared with fetal circula-
tion.80 Consequently, the plasma NEFA to albumin
ratio is 30% lower in the fetus than mother and this
gradient promotes fetal uptake of NEFAs. Conditions
which result in an increase in maternal plasma
NEFAs, such as food deprivation,81 will result in an
enhanced transfer of NEFAs to the fetus.

When NEFAs have permeated the microvillous
membrane they cross the two lipid bilayers within the
syncytiotrophoblast either by simple diffusion82 or via
fatty acid-binding proteins.83 A number of these
plasma membrane-associated proteins have been
identified including:

(1) The plasma membrane fatty acid-binding protein
which functions as an extracellular fatty acid
acceptor.

(2) Fatty acid transfer proteins that span the lipid
bilayer and function as such.84

Interestingly, the plasma membrane fatty acid-binding
protein exhibits a hierarchy of binding affinities for
the range of LCPUFAs that make up NEFAs in the
order of docosahexaenoic acid ≥arachidonic acid
�linoleic >α-linolenic � oleic acid.85 Furthermore,
the finding that this hierarchy is only found on the
maternal side of the placenta may have the effect of
selectively promoting the enrichment of LCPUFAs
within the NEFAs that are subsequently taken up into
the placental syncytiotrophoblast86 and then trans-
ported across to the placenta.

Glucose supply from the mother to the fetus
As stated earlier, maternal blood glucose concentra-
tion is the main determinant of fetal glucose supply.68

Glucose crosses the placenta by facilitative diffusion
across specific glucose transporters (GLUT) with the
fetal glucose concentration gradient from the mother
increasing in late gestation as fetal demands become
maximal.52 Glucose transporters ensure that the rate
of glucose transfer occurs at a greater rate than if its
transfer was only dependent on simple diffusion. Two
glucose transporters are present in the human pla-
centa, GLUT1 and GLUT3,87 and their relative abun-
dance can change with gestational age.43 The peak in
GLUT3 abundance in late gestation, in conjunction
with its higher affinity for glucose compared with
GLUT1, indicates its greater contribution in facilitat-
ing placental glucose in late gestation88 than GLUT1.

Cessation of nutrient supply: the
environmental challenge to the
newborn at birth
At birth, in conjunction with separation of the infant
from the placenta, there is a rapid transition in meta-
bolic homeostasis. The newborn must rapidly estab-
lish independent respiration, thermoregulation and
nutrition. At the same time, there is a profound
change in the composition of feed supplied to the
infant. During fetal life, the primary metabolic nutri-
ent supplied is glucose.68 In contrast, once the infant
commences suckling, it no longer receives a diet in
which the main energy source is carbohydrate.
Instead, the newborn consumes a diet that is rich in
both lipids and carbohydrates, with half of the
required energy coming from triacylglycerols and the
other half from lactose.89 As lactation is established,
both the concentration and volume of lipid and lac-
tose produced in milk increases in line with the
greater demands of the infant. The change in nutrient
supply and availability is accompanied by the onset
of gluconeogenesis within the liver and glucose
absorption across the gut.90 This means that, in addi-
tion to the substantial changes in lung function and
metabolism91 around the time of birth, there is also a
dramatic change in function of the gut and liver7
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(Table 93.1) in conjunction with the mobilization and
activation of brown and white adipose tissue.92

Preparation and adaptation for life after birth
Over the final weeks and days of gestation, there is a
gradual process of maturation of the majority of organ
systems within the fetus that mean it can rapidly and
effectively adapt to the extrauterine environment. The
gradual increase in fetal plasma cortisol has a primary
role in this process and is important in promoting
growth of the gut mucosa,7 promoting acid secretion,
the induction of digestive enzyme activity and hor-
mone secretion by the gut.93 In the liver, cortisol pro-
motes glycogen deposition, induces the expression of
gluconeogenic enzymes,7 and stimulates hormone
and receptor gene expression.94

The occurrence of both structural and functional
changes within the proximal areas of the gut ensures
that ingested nutrients become digested and absorbed
soon after birth. It is not uncommon for the intake of
milk to be less than requirements for several days
after birth.95 Over this period, energy is largely pro-
vided by the mobilization of both fat and glycogen
stores which can become greatly depleted. For exam-
ple, 90% of hepatic and 60% of muscle glycogen
stores can be utilized within 24 h of birth.96 In order to
promote these responses, the enzymes essential for
glycogenolysis, gluconeogenesis and lipolysis are
greatly stimulated. All these processes may be delayed
or reduced in preterm infants in which both lipid and
glycogen stores are much lower than in term infants.
Not unexpectedly, such infants are at much greater
risk of hypoglycemia and hypothermia.97

The primary role of fat in the newborn relates to
protection and maintenance of a normal body temper-
ature.92 In the infant, this function is achieved both as
a result of the production of very large amounts of
heat following rapid activation of the brown
adipocyte-specific uncoupling protein 1 in central fat
depots,98 or by the insulatory properties provided by
subcutaneous fat.99 It is also the main source of a
rapidly mobilized energy-rich substrate in the form of

lipid from which NEFAs are released.100 The instanta-
neous activation of thermogenesis at birth, coincident
with a near maximal metabolic rate that is seldom
matched throughout the rest of the life cycle, is an
important example of the very different function of fat
in fetal compared with adult life. This adaptation is
mediated by the rapid increase in the plasma concen-
trations of a number of metabolic hormones at birth,
including glucocorticoids, thyroid hormones, leptin,
catecholamines, insulin, glucagon and growth hor-
mone.92 These are also important in the range of
changes in the lung, gut and liver that are critical for
ensuring life after birth (see Table 93.1).

Nutrient supply to the neonate:
establishment of lactation and
adaptation to increased supply
Following birth, the rapid and continuous mainte-
nance of lactation is essential in ensuring that nutri-
ent supply to the newborn does not become limited.
Over this period, as nutrient supply increases with
requirements, the infant has a greater capacity to meet
its full growth potential. The composition of milk and
its rate of digestion is very different between breast-
and bottle-fed infants.101 Type of feeding adopted also
leads to substantial differences in waking and sleep-
ing activity cycles that will further impact on growth
and metabolic requirements.9 When the infant is fed
ad libitum and on demand, sleep–wake activity cycles
may be limited to 3–4 h at most. Ideally, feeding
should be on demand which results in a feeding fre-
quency in the neonate being every 1–2 h compared
with longer gaps between feeds in older infants.102 An
environment in which such a pattern of maternal–
infant interaction is permitted could be considered to
have the greatest beneficial outcome for infant health,
growth and mental development.103 Indeed, human
breast milk is sufficient as the sole source of energy
and nutrients for the infant until around 6 months
after birth.102
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Table 93.1 Summary of the major adaptations at birth within the liver and gut which are necessary to enable the
newborn to adapt to separation from the placenta and successfully commence suckling.

Tissue Nutritional influences Function

Liver Glycogen synthesis Energy storage depot that can be mobilized at birth

Induction of gluconeogenic enzymes Initiation of gluconeogenesis at birth

Protein synthesis Hormone receptors and binding proteins that promote
tissue sensitivity to the postpartum hormones surges at birth

Gut Maturation of gut morphology Enables the gut to have maximal digestive capacity after birth

Induction of digestive enzyme activity Necessary for the breakdown and absorption of milk after birth

Onset of digestive capacity Facilitates the digestion of milk
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Structure and function of the neonatal gut
As in the adult, the neonatal gut has a range of func-
tions that are all necessary in maintaining metabolic
homeostasis as well as regulating appetite. It, there-
fore, promotes digestion and absorption of nutrients
in conjunction with secretory, motility and immuno-
logical functions. The neonatal gut is, however,
specifically adapted to utilizing a milk diet, the com-
position of which varies through lactation, over the
course of a feed95 and with maternal diet and health.

As a consequence of the pronounced growth and
maturation of the fetal gut during the final third of
gestation, it is normally well adapted to absorb the
nutrients it receives in milk after birth.104 Glucose and
NEFA are absorbed across the small intestine, whose
surface area is substantially increased compared with
the remainder of the gut, as a result of substantial
number of valvulae connivantes, villi and crypts,
together with the microvilli that form the luminal sur-
face of enterocytes.

Gut function in the infant is not only coordinated
by counterregulatory hormones secreted by the cen-
tral and peripheral endocrine glands but possibly
by hormones present in milk.105 In addition, milk
contains a range of trophic factors, anti-inflammatory
and anti-infective agents, plus digestive enzymes
which will enhance gut development and nutrient
exchange. One important difference between the
transfer of nutrients across the placenta and their
transfer across the mammary gland in milk produc-
tion is the necessity for the nutritional components of
milk to be concentrated and packaged so as to survive
transfer across the alveoli of the breast and subse-
quent exposure to the acidic environment of the small
intestine.106

Fatty acid supply and utilization
The fat content of the milk does not appear to be
greatly influenced by maternal diet or fat stores. Fat
constitutes 3.9–4.4 g per 100 ml of milk.33 Digestion
and absorption of fat in the neonatal gut is similar to
adults involving four phases: emulsification, hydroly-
sis, solubilization and mucosal transfer. The enzymes
which digest fat are termed lipases of which three are
abundant in the neonatal digestive tract, namely lin-
gual, gastric and pancreatic lipase.89 Of these, lingual
lipase secreted from von Ebner’s glands in the tongue
is the most important in promoting fat digestion, and
its activity decreases with age.107 In contrast, because
of the low concentrations of bile salts in the neonatal
duodenum, pancreatic lipase is much less important
in fat digestion than in later life.108 The low activity of
pancreatic lipases is partially overcome by the pres-
ence of bile-salt stimulated lipase (BSSL) found in
milk. This is activated by primary bile salts (cholate
and chenodeoxycholate) and amino acids (taurine
and glycine) that are present in the small intestine.109

BSSL completely hydrolyses triacylglycerols to

glycerol and NEFAs into micellar forms.110 These
combine with the aggregated bile acids or micelles to
form mixed micelles which, subsequently, transport
the solubilized lipids to the brush border of the gut
lining for uptake into the circulation and, thereafter,
uptake and utilization by the liver. This process uti-
lizes a fatty acid-binding protein, with triacylglycerol
being resynthesized in the endoplasmic reticulum
and the formation of chylomicrons.111

Not surprisingly, preterm infants in which gut
development is immature have a lower rate of fat
absorption than term infants.112 Interestingly, the
commercial addition of LCPUFAs to preterm milk for-
mulas can have beneficial effects on long-term IQ,
suggesting a direct effect on brain development.113

Carbohydrate supply and utilization
As in the fetus, glucose is a major oxidative fuel for
many organs in the infant with the brain having an
obligatory requirement. The main sugar in milk is
lactose which is hydrolyzed to glucose and galactose
by the enzyme lactase that is secreted from the apical
membrane of the small intestine.114 Both of these
sugar products are then actively transported across
the small intestinal epithelium by glucose transport
systems that are similar to those present in the pla-
centa with the principal GLUTs present in the gut
being GLUT1, 2, 5 and 12.115 These transporters are
all sodium independent and only GLUT 12 has been
shown to be insulin responsive.116 In contrast,
another type of GLUT found in the small intestine
forms part of the Na+-dependent family of trans-
porters.115 The latter transport sugars by a secondary
active transport mechanism rather than by facilitative
diffusion. This ensures glucose can be transported
into cells across its concentration gradient via the
Na+-electrochemical gradient provided by Na+,K+-
ATPase pump.117

The primary factor which determines glucose sup-
ply to the infant is the quality and quantity of milk
consumed, which is, in turn, dependent on the nutri-
ent intake and health of the mother.102 It is not, there-
fore, surprising that many of the adverse effects of
inadequate nutrition in utero can be overcome after
birth. These may, however, have much longer-term
consequences. Infants who have developed a ‘thrifty
phenotype’118 as an adaptation to an adverse in utero
environment may suffer later adverse health effects
when exposed to the mismatch of a comparatively
plentiful nutrient supply after birth. It must be noted
that such adaptations will be in response to a very dif-
ferent nutrient intake from the diet than that to which
the fetus is exposed in utero. In this respect, inappro-
priate accelerated postnatal growth appears to be
deleterious with substantial adverse long-term out-
comes. By promoting adiposity,67 inappropriate accel-
erated postnatal growth compounds cardiovascular
risk119–122 and obesity.123,124
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94 Contributions of 3D
ultrasonography to the study
of embryonic development
R. M. Sabatel López, L. Martínez-Cortés, J. C. Prados Salazar

and J. L. Cuadros López

The massive changes a fertilized oocyte undergoes
from the time of fertilization up to its transformation
into a fetus were hidden from the human eye in vivo
for many centuries. Thus, most of our knowledge is
derived from the microscopic study of anatomical and
pathological samples taken from gestating uteruses or
aborted specimens.1–3

The evolution of ultrasound imaging and the
advent of the transvaginal probe enabled the develop-
ment of sonembryology, thus making available to us
the development of the embryo in vivo.4 From the
embryological standpoint, this period includes the
first 56 days of development.

We have learnt a great deal with conventional diag-
nostic ultrasound scans, Doppler techniques, and the
use of color and power Doppler, but the advent of
3D diagnostic ultrasound techniques is changing our
understanding tremendously. The opportunity to
observe the volumetric morphology of the embryo and
its annexa from the very beginning of gestation is clearly
of immense importance in understanding the events
taking place in this key period of human development.

First to third week of embryonic
development
Conventional diagnostic ultrasound can detect the
gestational sac in the endometrium as a round struc-
ture with a non-echogenic central area surrounded by
a more refringent 2-mm ring (4 weeks and 3 days). 3D
diagnostic ultrasound makes it possible to obtain
images much earlier: on the 27th day of the cycle (13
days after fertilization) we can already see the outline
of an eccentric structure proximal to the bottom of the
endometrium, which corresponds to the gestational
sac. Four days later we can easily see the yolk sac,5

which is barely 1 mm in size. In a 2D ultrasound scan,
this can hardly be identified (Figure 94.1).

Placental organogenesis begins on the ninth day
postfertilization; villi formation begins on day 13, and
on day 21 the intervillous circulation appears.6

Whereas in 2D diagnostic ultrasound, trophoblastic
proliferation is identified by the increase in thickness;
in 3D ultrasound imaging we can even see the irregu-
larities trophoblastic development confers on the sur-
face of the gestational sac (Figure 94.2).

In the third week of development, the embryo attains
a size of 2 mm and appears sonographically as a
hyper-refringent area located on the yolk sac.7 From
an embryological point of view it is a highly complex
structure: by the 21st day postfertilization the devel-
opment of the notochordal process changes from ‘disk
shaped’ to ‘sandal shaped’. This process, which can-
not be visualized with 2D ultrasound scanning, can be
seen with 3D ultrasound imaging (Figure 94.3).

Toward days 21–22, the cardiac tube begins to beat.
At this stage, the embryo is actually located between
the amniotic cavity and the yolk sac, fixed to the tro-
phoblast by a connecting stalk, which can only be ver-
ified with 3D sonography (Figure 94.4).

Folding of the embryo
The rapid growth of the nervous system induces and
conditions the longitudinal folding of the embryo.
At the same time, cross-embryonic growth condi-
tions ventral folding, so that by day 28 the cephalic
pole has completely bypassed the cardiac area and
by day 35 the embryo has adopted a totally incurved
shape.8–12

Embryonic folding is another process that can only
be observed in three dimensions; initially, this shows
the embryo and the yolk sac in different planes.
Subsequently, we can identify the embryonic head
and tail, not only in different planes, but also joined
by a curved nervous system (Figure 94.5).
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Development of the limbs
The development of limbs is another process unavail-
able to conventional diagnostic ultrasound techniques,
but is visible with 3D sonography. Toward days 26–27

postfertilization we see the buds from which the arms
will eventually develop, and then later the buds of the
lower limbs appear. During the fourth week of devel-
opment, the upper limbs adopt the form of a paddle,
due to the appearance of the hand plates, whereas the
lower limbs look like flippers. By the end of the fifth
week the feet plates appear, and in the sixth week the
flexure of the elbows. In the seventh week of embry-
onic development the hand and footplates face each
other, and the ridges of the fingers will begin to differ-
entiate, so that by the end of the embryonic phase, the
fingers of the hand are visible (Figures 94.6 and 94.7).

Development of facial structures
Due to the curvature of the ventral area, the changes
in facial morphology are not appreciable via 3D diag-
nostic ultrasound until the sixth week of embryonic

1018 Contributions of 3D ultrasonography to the study of embryonic development

Figure 94.1 (a) Gestational sac on day 13 postfertilization. (b) Gestational sac with yolk sac in the fourth week and third day.

Figure 94.2 Trophoblast in the fifth week of gestation.

Figure 94.3 Changes in the shape of the embryo as a
consequence of the notochordal process.

Figure 94.4 Embryo between amniotic cavity and yolk sac,
with visible connecting stalk.

Kurjak-94.qxd  5/9/2006  1:11 PM  Page 1018



development. By looking at the cephalic pole laterally,
we can see the lens placode, the prominences made
by the pharyngeal arches, and the auricular hillocks
in whose center we see the exit for the auditory
channel. A frontal view shows the mandibular and

maxillary prominences of the first pharyngeal arch,
the nasal pits, and the wide mouth of the embryo. At
the eighth week, the frontal view makes it possible to
visualize a completely closed palate and the internal
configuration of the nose (Figure 94.8).

Development of facial structures 1019

Figure 94.5 Folding of the embryo: (a, c) longitudinal folding and (b) ventral folding.

Figure 94.6 Upper limb development. (a) Bud of the arms. (b) Paddle-like arms. (c) The flexure at the elbows permits the placement
of the forearm over the thorax. (d) Fingers of the hand at the eighth week of development.

Figure 94.7 3D view of lower limb development. (a) In the seventh week the footplates face each other. (b) Knee and footplate in
the eighth week of development.
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Abdominal wall
The ventral folding of the embryo makes the yolk sac
independent and contributes to the progressive clos-
ing of the abdominal wall. By the seventh week, the
wall is almost closed except for the area correspon-
ding to where the umbilical will attach. This, together
with the rapid intestinal development, influences two
sonographically visible facts. First, communication
between the primitive intestine and yolk sac becomes
reduced to a very fine cord, which allows greater sep-
aration between the sac and the embryo. Second, part
of the intestine remains in the proximal side of the
umbilical cord and, therefore, is outside the abdomi-
nal cavity. This is called the ‘physiological umbilical
hernia’, which is visible until the 12th to 13th week of
gestation (Figure 94.9).

The spine
In the fifth week of development, the spine presents
chondrification centers, visible in 3D at the sixth
week of development. Between days 50 and 56 we
find three ossification centers in the spine – two lat-
eral centers corresponding to vertebral processes and
a central one corresponding to the vertebral body.

With 3D ultrasound imaging it is possible to locate
the body of the vertebra (greater size) and even the
ossification of the vertebral processes of the ribs,
which have also begun to evolve during this week
(Figure 94.10).

Development of the heart
Toward days 20–21, once the two cardiac tubes fuse
into one, the heart begins to beat. At the end of the
third week, this single tube bends giving rise to the
appearance of the primitive atrium and ventricle, sep-
arated by a constriction area: the atrioventricular
canal. With 3D PW, we cannot only identify the heart
in the fourth week of development, but also identify
its external morphology (Figure 94.11).

The complex embryology of the heart develops
between the fourth and the fifth weeks. By the end of
this stage the septa begin to grow, thus separating the
atrioventricular canal. Some of the atrioventricular
valves also begin to develop. In the heart of an 11-mm
embryo it is possible to differentiate the atria from the
ventricles. The former are separated by the primum
septum and the ventricles are partially separated by
the interventricular septum, which still has an orifice
for communication between them. In tandem with
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Figure 94.8 Facial structures observed with 3D ultrasound imaging. (a) Lateral view of the face at the sixth week. We can see the
lens pits and the prominences of the pharyngeal arches. (b) Frontal view of the face at the sixth week. We can see the mandibular
and maxillary prominences as well as the nose pits and the mouth. (c) The frontal view at the eighth week shows the nasal septum,
nares, and palate.

Figure 94.9 Physiological umbilical hernia with 3D sonography.
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the process of separation of the four cavities, the
aorto-pulmonary partition undergoes spiral rotation.
With 3D color Doppler sonography we can see the
four cavities, and with body capture imaging how
they rotate (Figure 94.12).

In the seventh week, the ventricles are totally sep-
arated because the orifice existing in the previous
week is now closed. Using 3D PW Doppler, it can be
seen that the external morphology is very similar to
that of the fetal heart (Figure 94.13). 

We cannot state that the closing of the interventric-
ular partition – and what this implies for the evolu-
tion of the heart conduction system – is the cause of a
functional change also observed at this time: the peak
embryonic heart rate, which takes place at this time.

In the ninth week of amenorrhea, seventh week of
development, the heart rate curve reaches its highest
peak, with an average of 170 beats/min, which in
some cases can reach nearly 190 beats/min. From this
point onward, the heart rate decreases until it reaches
a plateau by the 14th or 15th week of amenorrhea.
These values are maintained during the whole gesta-
tion period. This heart rate curve is constant, inde-
pendent of the number of cases investigated.13,14

Development of the nervous system
During the fourth week, the closing of the neural tube
has occurred and its differentiation into brain and

Development of the nervous system 1021

Figure 94.10 The spine (a) in
the chondrification phase, sixth
week of development, and (b) in
the ossification phase, eighth
week of development.

Figure 94.11 Morphology of the heart at
the fourth week of development with 3D
PW Doppler.
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Figure 94.13 External morphology of the heart at the seventh
week of development.

Figure 94.14 Embryo cerebral vesicles of size
14 mm viewed with 3D sonography.

Figure 94.12 Embryonic heart at the sixth week of development.
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spinal cord has begun. By the beginning of the fifth
week, the three primary vesicles appear, anterior or
prosencephalon, middle or mesencephalon, and pos-
terior or rhombencephalon, and two flexures: one
folding the anterior and middle vesicles, and the cer-
vical flexure. By the end of the week, there are five
cerebral vesicles: telencephalon, diencephalon, mes-
encephalon, telencephalon, and myelencephalon.

The pontine flexure also appears. The increase in size
during the fifth week permits their identification with
3D sonography (Figure 94.14).

These structures are hollow and each of them
bulges to give rise to different ventricles, which by the
seventh week are in clear development. By the end of
this week, the chorioid plexuses begin to develop
inside the lateral ventricles (Figure 94.15).

Lung development
In such small embryos, it is practically impossible to
follow the development of viscera sonographically
due to their small size and the density of the different
tissue layers. However, the lungs are different. By the
eighth week of development, the bronchial tree is
made up of two main bronchi buds (the left and the
right, the latter being larger), secondary bronchi and
segmentary or tertiary bronchi. From a histological
standpoint, the lung is at the pseudoglandular stage.
With 3D diagnostic ultrasound, we can identify the
embryonic lung, the lobes, and even a section of the
bronchi (Figure 94.16).

This review of the first 56 days of development
with a 3D ultrasound scanner reveals the real poten-
tial of the technique: understanding normal embry-
ological processes that are not visible with 2D
sonography and that are clearly necessary to detect
early morphological alterations.

Lung development 1023

Figure 94.15 Cerebral ventricles at the eighth week of development: (a) lateral ventricles with chorioid plexuses and (b) lateral
ventricle, third and fourth ventricles.

Figure 94.16 Eighth week of development: right lung views
with 3D sonography.
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95 Two- and three-dimensional
power Doppler ultrasound:
from ovulation to
implantation
L. T. Mercé, M. J. Barco, S. Kupesic and A. Kurjak
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Introduction
The ovarian cycle has two main purposes: first, the
liberation of a mature oocyte through the ovulatory
process; second, the production of a proper hormonal
secretion to prepare the endometrium for the embryo
implantation. All these processes require and involve
great changes affecting the ovarian and uterine blood
flows. The follicular growth, the corpus luteum for-
mation and the endometrial development are physio-
logical processes in which angiogenesis takes place in
a natural way, thus providing the blood flow supply.

The uterine and ovarian blood flow changes taking
place along the menstrual cycle were known basically
from invasive experimental results out of different
animal species. Doppler ultrasound examination,
especially transvaginal color Doppler, has allowed the
noninvasive approach to the importance of the blood
flow in natural and artificial human reproduction.
Recently, three-dimensional (3D) power Doppler and
one sophisticated measurement software makes it
possible to calculate the number of vessels and the
blood flowing through them. This technique has
greatly increased our knowledge about the uterine
and ovarian vascularity.

In the present chapter, the blood flow changes taking
place in the ovary and endometrium are analyzed
from ovulation to implantation through the different
examination techniques previously named. Currently,
some of the parameters evaluated are those used in
daily practice as oocyte quality and endometrial recep-
tivity markers. Therefore, the different Doppler modal-
ities become an essential technique to investigate the
menstrual cycle physiology and a source of diagnostic
and prognostic parameters about the outcome of
assisted reproductive technologies.

From ovulation
The ovarian and uterine blood flow changes have dif-
ferent physiological and clinical implications during
the menstrual cycle, so from a practical point of view,
we will separate their study.

Ovarian blood flow
Doppler studies have demonstrated the ovarian blood
flow participation in the recruitment and selection of
the dominant follicle during the early follicular phase
of the ovarian cycle.1,2 Our investigations confirm that
in the beginning, the intraovarian vascular resistance
is correlated with the number of recruited follicles.
On the contrary, when a follicle reaches 10 mm of
diameter it becomes ‘dominant’ and the intraovarian
vascular resistance decreases despite the disappear-
ance of the follicles cohort.3,4 This relationship
between the number of follicles and the intraovarian
blood flow supports the utility of these parameters as
indicators of the ovarian response to the gonadotro-
phin stimulation treatment (Figure 95.1).

The number of follicles after pituitary suppression
is a better marker of the ovarian response than the age
of the patient and the ovarian volume.5 This parame-
ter predicts the number of retrieved oocytes irrespec-
tive of age and serum follicle stimulating hormone
(FSH) levels.6 The total number of antral follicles is
the best predictor of the ovarian response followed
by basal FSH, body mass index and the age of the
woman.7

The blood flow of the ovarian stroma also predicts
the ovarian response. The stromal peak systolic velo-
city during the early follicular phase is better related
to the number of retrieved oocytes than the age of the
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patient, the basal levels of FSH and estradiol.8 A
diminished stromal blood flow is responsible for a
low ovarian response whereas when it rises over 10
cm/s a high number of oocytes and a better pregnancy
rate are achieved (Figure 95.2a).9

Three-dimensional ultrasound and power Doppler
angiography make the estimation of the number of
antral follicles and the stromal blood flow much
easier without disturbing the patients.10 Kupesic and
Kurjak proved that the number of antral follicles and
the index of stromal flow are the best predictors of a
favorable outcome in in vitro fertilization (IVF).10 An
increased or decreased stromal blood flow can explain
a high or low response in IVF cycles.11,12 Neverthe-
less, some authors believe that 3D Doppler indices do
not offer additional information to predict the ovarian
response to gonadotrophin stimulation during IVF
cycles (Figure 95.2b).13

Our experience in the assessment of 3D power
Doppler ultrasound as a marker of the ovarian
response comes from a study of 60 patients undergo-
ing their first IVF cycle. A total of 119 ovaries have
been separately evaluated because hypothetically the
ovarian response could be mediated by the local vas-
cular factors. The number of follicles ≥10 mm the day
of human chorionic gonadotrophin (hCG) injection
and the number of oocytes retrieved are considered
as indicators of the ovarian response. A significant
correlation (P < 0.01) has been observed between the
ovarian volume, the number of antral follicles greater
than 2 mm, ovarian vascularization index (VI), ovar-
ian flow index (FI) and ovarian vascularization-flow
index (VFI) to the number of recruited follicles and
the number of retrieved oocytes (Table 95.1). Never-
theless, when a multiple regression is applied, only
the number of follicles and the ovarian volume reach
a statistical significance.

During the follicular phase the arterial and venous
blood flow increase in the active or dominant
ovary.14–18 The color signal at the wall of the dominant

follicle increases progressively to almost encircling it.
This is due to the intense angiogenesis produced
along with the follicular development. The blood
flow also increases progressively at the vessels of the
ovarian stroma, the ovarian hilum arteries,16,17 and
the venous circulation.18 On approaching ovulation,
the blood flow increases significantly compared to the
contralateral or inactive ovary (Figure 95.3).

Several studies of animal experimentation deduce
that blood flow increase during the follicular phase is
basically due to the growth of the dominant follicle.5

Our study, along with those of other authors,19,20 proves
this assumption by confirming a significant correla-
tion between the diameter of the dominant follicle
and the venous and arterial perifollicular maximum
systolic velocity.21 A high correlation between the
dominant follicle size and the serum estradiol is
classically acknowledged;22 nevertheless a significant
correlation between the follicular blood flow and the
estradiol blood levels has not been proven until now.

The blood flow reaches its maximum values in the
preovulatory follicle just prior to the follicular rup-
ture. The maximum blood flow velocity increases
from 29 h before the follicular rupture, maintaining
a peak until at least 72 h after the corpus luteum
appearance (Figure 95.4a).23 The blood flow is similar
in every part of the preovulatory follicle before the
luteinizing hormone (LH) peak. After the LH peak the
maximum systolic velocity increases at the base of
the follicle and decreases significantly, almost dis-
appearing, at the apical zone.24 Three-dimensional
power Doppler shows the preovulatory follicular wall
has a number of vessels (VI) and an amount of blood
flowing through them (FI) significantly increased as
compared with the same ovary (Figure 95.4b).25

Electronic microscopy has shown the preovulatory
follicular walls as having a great amount of sinusoidal
dilated vessels and avascular zones due to ischemia
and arteriovenous shunts.26 These findings support the
vascular mechanism of ovulation and would explain
the blood flow velocity increase by the presence of
shunts and the apical disappearance of Doppler signals
caused by thrombosis and ischemia phenomena.

The process of angiogenesis, development and
vasodilatation of the perifollicular vascular network
culminates at the ovulation. From the follicular rup-
ture onward, the theca vessels begin the invasion of
the granulosa cells showing an intense angiogenesis
and wide arteriovenous shunts. Moreover, the growth
in size of the ovary leads to a straightening of the spi-
ral arteries which compromise the hemodynamic sta-
bility of the whole system producing an increase in
the turbulence of the blood flow.3,4 This flow increase
associated with changes in the spectral Doppler signal
is named ‘luteal conversion’ and is of great help to the
diagnosis of ovulation (Table 95.2). The luteal conver-
sion is independent of the sonographic visualization
or appearance of the corpus luteum. In the luteinized
unruptured follicle (LUF) syndrome the follicular
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Figure 95.1 Relationship between the number of recruited
follicles (red line) and stromal flow, as assessed by its differential
conductance index (blue line), during the transitional
luteal–follicular period in 22 normal ovulatory cycles.
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rupture does not take place so the luteal conversion is
not present.15 Therefore, the luteal conversion is a
very reliable parameter of ovulation.

The corpus luteum has a greater arterial and venous
blood flow than the preovulatory follicle.3,4,14–18 The
helical arteriole of the corpus luteum presents the
highest systolic velocities with a small variability.27

The luteal vascularity can be depicted with a great
accuracy by 3D power Doppler (Figure 95.5). The luteal
vascularization, flow and vascularization flow indices
calculated from 3D angiography are significantly supe-
rior to the follicular ones (Table 95.3). During the luteal
phase the blood flow increases in the stromal and
hilum arteries of the active ovary16,17 and also in the
utero-ovarian and ovarian ipsilateral arteries.3

This increase in the amount of blood flow is essen-
tially caused by the development of new vessels in
the ovary carrying the corpus luteum but it should be
controlled by local and systemic mediators. An
inverse and significant relationship has been proven
between the vascular density of the corpus luteum
and its pulsatility index.28 Color Doppler studies con-
firm that the arterial17,29,30 and venous18 blood flow of
the corpus luteum is correlated with progesterone
secretion. The cycles with luteal or secretory defi-
ciency show an increase in the luteal vascular resist-
ance29,30 and a decrease in the venous flow velocity18

In the LUF syndrome the blood flow remains
unchanged after the LH peak. During the ‘false’ luteal
phase, the vascular resistance is similar to that of the

From ovulation 1027

Figure 95.2 Sonographic markers of the ovarian response. (a) Recording of the ovarian stromal flow velocity wave (FVW) after
pituitary suppression by GnRh analogs. The peak systolic velocity is a good predictor of the number of follicles to grow. (b) Three-
dimensional ultrasonography and power Doppler angiography allow the assessment of all the sonographic and Doppler parameters
involved in the prediction of the ovarian response.

Figure 95.3 Differential conductance index of the dominant or
active ovary (blue line) and the contralateral or inactive ovary
(red line) during the ovarian cycle. Luteal values of the dominant
ovary are significantly increased compared to those of the
follicular phase or those from the luteal phase of the inactive
ovary.

Table 95.1 Correlation coefficients of the sonographic
parameters and power Doppler indices after pituitary
supression, with the number of recruited follicles and
the number of retrieved oocytes in 65 IVF cycles

No. of follicles No. of retrieved 
on hCG day oocytes

Ovarian volume 0.46 0.41

Number of follicles 0.52 0.53

Vascularization index 0.36 0.31

Flow index 0.30 0.27

Vascularization flow index 0.34 0.30

All correlation coefficients are significant (P < 0.01)
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follicular phase without detectable differences
between them (Figure 95.6).15,18,31

Uterine and endometrial blood flow
The blood flow of the uterine arteries and their radial
branches does not experience significant changes
during the early and middle follicular phase.16,30 The
findings on blood flow during the periovulatory
period are contradictory. Whereas some authors32,33

find an increasing uterine and endometrial (uterine,
radial and spiral arteries) blood flow from the LH
peak onward, others16,34,35 find a decreasing blood
flow until past ovulation. By means of 3D power
Doppler it has been recently proven that the endome-
trial and subendometrial blood flow and vascularity
indices increase from the middle follicular phase to
attain their maximum values three days prior to ovu-
lation. After that, these indices decrease until reach-
ing their nadir 5 days after ovulation to increase
progressively again during the middle and late luteal
phases (Figure 95.7).36

During the luteal phase the blood flow in the whole
uterine vascular tree, from the uterine arteries to the
endometrial spiral arteries, increases significantly
compared to that of the follicular phase.16,32,33 As the
menstrual cycle advances but especially during the
luteal phase, the color signals from the intramyome-
trial and endometrial vessels grow in number and
intensity.

When no pregnancy is achieved, the blood flow in
all the utero-ovarian vascular network decreases and
menstruation begins a new cycle.

To implantation
Implantation is a dynamic process requiring a true dia-
log between mother and embryo. The assisted repro-
ductive technologies (ARTs) have demonstrated that
success in achieving implantation and a normal ongo-
ing pregnancy depends essentially upon the embryo
quality and endometrial receptivity. Since many years,
sonographic and Doppler parameters have been sought
to be used as ‘implantation markers’.37,38

The follicular size and perifollicular vasculariza-
tion have been proposed as ultrasound markers of
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Figure 95.4 Study of the preovulatory follicle blood flow by Doppler technology. (a) Color signal and FVW arterial and venous in
the wall of a 20 mm follicle. Look at the absent pulsatility of the venous signal. (b) Vascular network of a preovulatory follicle by 3D
power Doppler angiography.

Table 95.2 Characteristics of the ‘luteal conversion’
of the intraovarian vascularization

Color signal

Area increase

Intensity increase

Increase of Doppler 3D indices

Spectral signal

Velocimetry

Increase of systolic velocity

Increase of venous velocity

Decrease of resistance

Morphology

Intensity increase

Dispersion of velocities

Superposition of waves

Notch absence

Easily recorded
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Figure 95.6 Doppler investigation in the lutenized unruptured follicle (LUF). (a) Three-dimensional angiographic rendering.
(b) Arterial and venous FVW. ‘Luteal conversion’ is not present and venous and arterial velocities are very low.

Table 95.3 Vascularization index (VI), flow index (FI) and vascularization flow index (VFI) in the preovulatory
follicle, corpus luteum and luteinized unruptured follicle (LUF) assessed by 3D power Doppler angiography
(mean ± SD)

Parameter Preovulatory follicle (n �8) Corpus luteum (n �6) LUF (n �3)

VI 4.24 ±2.91 29.91 ±14.82*,** 2.35 ±1.10*

FI 35.46 ±6.48 47.67 ±3.98*,** 34.00 ±3.65*

VFI 1.59 ±1.27 14.72 ±8.17*,** 0.83 ±0.48

*P < 0.001 with regard to the preovulatory follicle
**P < 0.005 with regard to LUF
No significant differences between LUF and preovulatory follicle

Figure 95.5 Corpus luteum blood flow study by Doppler technology. (a) Color mapping and FVW during the mesoluteal phase of
a normal ovulatory cycle. ‘Luteal conversion’ is observed. (b) Vascular network of the corpus luteum assessed by 3D power Doppler
angiography.
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oocyte quality and competence. The endometrial
pattern and thickness have been also evaluated as
indicators of endometrial receptivity.

Follicular blood flow
The intrafollicular oxygen concentration determines a
normal embryo development. Oocytes with cytoplas-
matic defects and embryos with multinucleated blas-
tomeres come mainly from follicles with severe
hypoxia causing an abnormal arrangement of chromo-
somes.39 On the other hand, a defective development
of the perifollicular vascular network has been impli-
cated in the origin of intrafollicular hypoxia.40 The
embryonic triploidies rate is significantly raised in
the poorly vascularized follicles.41 On the contrary,
the best vascularized follicles are those showing the
highest oxygen concentrations.39 Given that similar
size follicles can contain different oxygen concentra-
tions, perifollicular vascularity is an independent
marker of the follicular diameter.42

The follicular blood flow can be assessed by the
maximum systolic velocity in the perifollicular arter-
ies.43,44 This technique assumes that the blood flow in
a single artery represents all the follicular blood flow.
The perifollicular color mapping with power Doppler
is an easier and reliable technique to assess the follic-
ular blood flow.41,42,45,46 This procedure assumes that
the color signal coming from a single perifollicular
vascular plane represents all the follicular blood flow.
Three-dimensional power Doppler evaluates all the
perifollicular vessels and determines the vasculariza-
tion index (number of vessels) and flow (flow intensity)

from the whole follicular volume. Therefore it is the
only method directly assessing the entire follicular
blood flow (Figure 95.8).

In accordance with the percentage of color area from
the perifollicular power Doppler mapping, follicles
have been classified as: grade 0, when no color can be
depicted45; grade I, less than 25% of the follicular cir-
cumference; grade II, between 26% and 50%; grade III,
between 51% and 75%; and grade IV, between 76% and
100% (Figure 95.9).41,42,46 The number of retrieved
oocytes, mature and fertilized is significantly higher
from the well vascularized follicles (grades III and IV)
than from those showing poor vascularization (grades I
and II.41 According to our results, perifollicular vascu-
larization determines specially the maturity and fertil-
ization indices in follicles < 15 mm, being significantly
higher in those well vascularized. The recovery rate is
independent from vascularization and shows rates
higher than 50% (Table 95.4).

We have evaluated a single IVF/ICSI cycle in 80
infertile women by 3D power Doppler ultrasonogra-
phy. We studied the relationship between the sono-
graphic parameters (ovarian volume, number of
follicles > 10 mm and total follicular volume) and 3D
power Doppler indices (vascularization index, flow
index and vascularization-flow index) on the day of
hCG administration with the laboratory biological
parameters (number of retrieved oocytes, number of
mature oocytes, number of fertilized oocytes, number
of embryos on transfer day, number of Grade 1
embryos on transfer day and cumulative embryo score
of all the embryos on transfer day). As you can see
in Table 95.5, all the sonographic and vascularity

1030 Two- and three-dimensional power Doppler ultrasound: from ovulation to implantation

Figure 95.7 Blood flow assessment of the uterine and endometrial circulations. (a) Uterine artery FVW. (b) Three-dimensional
Doppler angiography representation of the endometrial vascularity during the middle luteal phase.
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Figure 95.8 Three-dimensional power Doppler angiography rendering of the perifollicular vasculature in an IVF cycle at the day
of hCG administration.

Figure 95.9 Power Doppler mapping of the follicular and endometrial blood flow. (a) Grade I, color mapping encircles less than
25% of the follicular circumference. (b) Grade IV, Doppler signal occupies 76–100% of follicular perimeter. (c) Type I endometrial
mapping or peripheral flow, with color signal is visible at myometrium and only reaches outer hyperechogenic endometrial layer.
(d) Type III endometrial mapping or central flow, as the color mapping is distributed through the whole endometrial thickness.
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parameters are significantly correlated with the
laboratory data. Nevertheless, a multiple regression
analysis has demonstrated that the vascularization
index and the number of follicles are the only inde-
pendent predictors of the number of Grade I embryos
developed on the embryo transfer day. Therefore, the
embryo quality depends not only of the number of folli-
cles but of the ovarian vascularization index as well.

The transfer of an embryo from a well-vascularized
follicle implies a significantly high pregnancy rate,
whereas the pregnancy loss rate is increased when the
embryos transferred come from low vascularized fol-
licles.41,46 The probability of pregnancy has been
observed to be higher if at least one follicle shows a
peak systolic velocity ≥10 cm/s.45 According to our
results,38 the transfer of at least one embryo from one
follicle with a vascularity ≥75% or with a peak sys-
tolic velocity ≥10 cm/s has a positive predictive value
of pregnancy greater than 55%. That means that the
application of this marker could improve results sig-
nificantly, almost doubling the pregnancy rate (32%
in this series).

Kupesic and Kurjak10 studied 56 patients with 3D
power Doppler after pituitary suppression. When the

average stromal flow index from both ovaries was
greater than 11, they observed a fertilization rate of
89% and a pregnancy rate of 50%. When this index
was between 11 and 13 the fertilization and preg-
nancy rates were 75.2% and 47.2%, respectively.
However, if the average flow index from both ovaries
was below 11 the fertilization rate fell to 64.3% and
no pregnancy was achieved. Our results are shown
in Table 95.6, where significant differences between
pregnant and non-pregnant patients for the majority
of IVF evaluated parameters can be appreciated.
Although the number of transferred embryos was
similar, the biological quality was greater in the
pregnant group. Three-dimensional power Doppler
indices are significantly increased in the pregnant
group. Ovarian flow index lower than 60 is signifi-
cantly associated with a lower pregnancy rate and to
a greater number of miscarriages (14.3% and 50%
respectively). On the contrary, a flow index higher
than 70 is significantly related to a higher pregnancy
rate and to a lower rate of pregnancy loss (74.1% and
5% respectively). When the flow index was between
60 and 70 the pregnancy rate was 41% and the mis-
carriage rate was 37.5%.
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Table 95.4 Recovery, maturity and oocyte fertilization rates in follicles < 15 mm according to the percentage of
vascularization on day of hCG administration in 32 IVF cycles

Rates 0–25% color 26–50% color > 50% color

n % n % n %

Recovery* 8/13 61.5 12/21 57.1 9/19 47.4

Maturity** 2/8 25 6/12 50 7/9 77.8

Fertilization† 1/7 14.3 7/11 63.6 7/7 100

*χ2�0.708; P �0.702
**χ2�4.749; P �0.09
†χ2�10.823; P < 0.005

Table 95.5 Correlation coefficients of 3D ultrasonography and power Doppler angiography parameters on the
HCG day with biological parameters and laboratory data in 80 IVF/ICSI cycles

OV (ml) NF TFV (ml) VI FI VFI

No. of retrieved oocytes 0.747 0.862 0.808 0.340 0.334 0.352

No. of mature oocytes 0.626 0.659 0.708 0.321 0.279* 0.337

No. of fertilized oocytes 0.558 0.564 0.628 0.379 0.295 0.395

No. of embryos on transfer day 0.544 0.554 0.595 0.345 0.272* 0.364

No. of Grade 1 embryos on the transfer day 0.386 0.449 0.407 0.442 0.368 0.464

CES of all the embryos on transfer day 0.564 0.661 0.618 0.306 0.299 0.333

OV, ovarian volume; NF, number of follicles > 10 mm; TFV, total follicular volume; VI, vascularization index; FI, flow index; VFI, vascularization-
flow index; CES, cumulative embryo score. All other correlation coefficients are significant at P < 0.01; *P < 0.05.
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Uterine and endometrial blood flow
Goswany et al.47 demonstrated that the uterine recep-
tivity improved after increasing the uterine arteries
blood flow under hormonal replacement therapy. The
optimal uterine receptivity seems to appear when the

average pulsatility index from both uterine arteries
ranges from 2 to 3.48–50 The implantation and preg-
nancy rates decrease significantly when the pulsatility
index is greater than 3 or 448–56 or when no diastolic
flow is registered in the Doppler signal (Table 95.7).55,56

To implantation 1033

Table 95.6 Clinical, sonographic, angiographic and biological parameters in relation to outcome in 80 IVF/ICSI
cycles

Parameter Pregnant (n �38) Non-pregnant (n �42) P

Age (years) 33.87 ±3.36 34.12 ±3.59 0.749

Estradiol on hCG day (pg/ml) 2852.21 ±1161.51 2369.64 ±1058.08 0.055

Ovarian volume (ml) 62.89 ±21.31 51.37 ±21.22 0.020

No. of follicles 14.39 ±6.28 11.71 ±6.28 0.070

Total follicular volume (ml) 35.76 ±11.60 30.14 ±11.76 0.035

Vascularization index 24.73 ±8.11 18.44 ±10.25 0.003

Flow index 68.65 ±8.39 62.20 ±9.93 0.003

Vascularization-flow index 8.82 ±3.15 6.44 ±3.75 0.003

No. of retrieved oocytes 11.21 ±5.05 8.24 ±5.11 0.011

No. of mature oocytes 8.18 ±3.71 5.55 ±4.17 0.004

No. of fertilized oocytes 5.89 ±2.85 4.00 ±3.35 0.008

No. of embryos on transfer day 5.71 ±2.78 4.00 ±3.21 0.014

No. of transferred embryos* 2 (1−3) 2 (1−3) 0.351

No. of transferred Grade 1 embryos* 2 (0 −2) 1 (0 −1) 0.001

CES of the transferred embryos 45.18 ±26.36 31.59 ±20.11 0.013

CES, cumulative embryo score. Data are presented as mean ± standard deviation or *median (range).

Table 95.7 Cut-off values for the uterine artery pulsatility index in patients undergoing assisted reproduction
techniques

Authors Treatment Day (d) Parameter Limit

Steer et al.48 An +CC +hMG Transfer-d Mean PI 3

Zaidi et al.49 An +hMG HCG-d PI 3

Tsai et al.50 CC +hMG HCG-d Mean PI 3

Coulam et al.51 Natural Ovulation-d Mean PI 3.3

Coulam et al.52 Gn Retrieval-d +transfer-d Mean PI 3.3

Bustillo et al.53 An +HRT 15-d Mean PI 3.3

Favre et al.54 An +hMG Transfer-d PI 3.55

Tekay et al.55 ? ? PI 4

Deichert et al.56 ? ? PI 4

hMG, human menopausal gonadotropin; CC, clomiphene citrate; An, gonadotropin releasing hormone analog; HRT, hormone
replacement therapy; Natural: nonstimulation treatment; hCG, human chorionic gonadotropin

Kurjak-95.qxd  5/9/2006  1:10 PM  Page 1033



According to these limits, a diminished blood flow in
the uterine arteries would prevent implantation
(NPV � 88–100%) but a good uterine perfusion will not
always guarantee a pregnancy (PPV �44–56%).

The endometrial blood flow should reflect more
properly the uterine receptivity given that the endo-
metrium is the place for the embryo implantation.38 In
accordance with the color mapping four types of
endometrial blood flow can be distinguished38,57–59: Type
0 or negative endometrial blood flow, when only vessels
from the surrounding myometrium without reaching the
endometrium can be depicted; Type I or peripheral
endometrial blood flow, if the color signal reaches the
hyperecogenic endometrial border; Type II or intermedi-
ate endometrial blood flow, when the color map occu-
pies the external half of the endometrial thickness; and
Type III or central endometrial blood flow  when vessels
come to the endometrial cavity invading the entire
endometrial thickness (Figure 95.9). It is more conven-
ient to apply power Doppler to detect the signal from
vessels showing low velocity blood flow, thus avoiding
the loss of signal due to a perpendicular incidence of the
beam, as it occurs with conventional color Doppler.38

1034 Two- and three-dimensional power Doppler ultrasound: from ovulation to implantation

Table 95.8 Pregnancy rate according to endometrial
blood flow mapping on the hCG administration day in
40 IVF cycles

Endometrial No. of cases, Pregnancy rate, 
blood flow n (%) n (%)

Type 0 5 (12.5%) 1(20%)

Type I 17 (42.5%) 6 (35%)

Type II 12 (30%) 5 (42%)

Type III 6 (15%) 4 (67%)

Figure 95.10 Three-dimensional ultrasound and power Doppler angiography of the endometrium and its vascularity on the day of
hCG administration. (a) Endometrial volume by ‘skin’ rendering. (b) Three-dimensional power Doppler mapping of the endometrial
vasculature. (c) Technique of ‘shell’ to calculate subendometrial 3D power Doppler vascularity indices.
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The absence of a color map at the endometrial and
myometrial subendometrial levels implies a complete
failure57 or significant decrease60,61 of implantation,
whereas the pregnancy rate increases when vessels
reach the subendometrial halo and the endometrium.57,60

In a study of about more than 600 cycles with color
Doppler, the day of embryo transfer, the implantation
and pregnancy rates were 24.2% and 47.8%, respec-
tively when endometrial and subendometrial blood flow
was detected; 15.8% and 29.7% if there was only sub-
endometrial flow; and 3.5% and 7.5% when no flow was
present.60 Women showing a large endometrial blood
flow area by power Doppler have a greater pregnancy
rate, whereas a value below 5 mm2 means that it is very
difficult to achieve implantation despite a proper
endometrial thickness.62 Our results from 40 IVF cycles
show that the pregnancy rate increases along with vas-
cularity improvement, reaching a 67% when the color
signal arrives at the endometrial cavity (Table 95.8).

Ultrasonography and 3D power Doppler have
the advantage to assess the endometrial volume and
the endometrial and sub-endometrial blood flow at the
same time (Figure 95.10). The subendometrial flow
index the day of embryo transfer is greater in the group
of patients achieving pregnancy.63 A subendometrial
vascularization-flow index above 0.24 showed a 83.3%
sensitivity, a specificity of 88.9%, PPV of 93.8% and
NPV of 72.3% to predict gestation when it is evaluated
the day of hCG administration in IVF cycles.64

According to our results, an intermediate vascular-
ization, flow and vascularization-flow indices are
associated to a high pregnancy rate. On the contrary,
when the vascularization index is below 10 no preg-
nancy is achieved. When the blood flow is very high,
the pregnancy rate decreases without significant
differences (Table 95.9). 
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Introduction
Recent advances in perinatal technology have
increased tremendously our understanding of early
human development. This, in turn, has led investiga-
tors to ask numerous searching questions about both
maternal and fetal placental hemodynamics.

The early beginning of embryonic life is a gesta-
tional period of important hemodynamic changes,
mainly characterized by establishment of a continu-
ous maternal blood flow in the intervillous space. In
this development process, the maternal vascular bed
and spiral arterioles form the basis for perfusion of the
placenta. Current anatomical knowledge has largely
been based on the classical studies of earlier investi-
gators. In many instances, their theories have been
confirmed by new information, but, in others, initial
errors in observation or conclusion have been brought
to light necessitating revision or replacement of the
original concepts.

Many questions are presently directed to the inter-
villous space, probing in particular its size and form,
its source of blood supply and the mechanism of cir-
culation within it. In 1962, in an excellent review arti-
cle1 on circulation in the intervillous space Ramsey
wrote: ‘Old ideas die hard, however, even when their
validity has been challenged, and it is well known
that they frequently maintain their position in text-
books for some time after they have been discarded by
workers in the forefront of the field. Old ideas also
have a tendency to leave fragments of themselves, as
a complicating legacies, incorporated in the theories
which finally replace them’.

How little has changed in a period of more than 34
years! We are still searching for satisfactory answers
to many of the queries on the intervillous circulation.
However, a good deal of data are already available,
especially as a result of recent research on Doppler
proofs of the continuous blood flow in intervillous
space. In our effort to facilitate a better understanding
of the present concepts on intervillous circulation, a
brief recapitulation of anatomy and embryology will
be included in the subsequent sections of this chapter.
It is our intention to synthesize and clear out the
chronology and factography of the controversial data

and theories about the establishment of intervillous
circulation and yolk sac morphology and function.

The ‘classic’ embryological concept
of the early uteroplacental circulation
The labyrinthine series of cavities, which together
constitute the intervillous space in the placenta, was
first identified by William and John Hunter in the
18th century. However, there is still uncertainty
regarding many of its features.2

The first week of embryonal development is the
preimplantation stage. By the end of day 5, blastocyst
is formed consisting of the trophoblast and embry-
oblast (inner cell mass).3

After this period begins the implantation period, the
process whereby the blastocyst attaches to and erodes
through the endometrial epithelium. One of the earliest
modifications of the endometrium after fertilization is
an increase in vascular permeability. The other changes
of the endometrium include increased vascularity,
edema and thickening (i.e. decidual reaction). Tropho-
blast produces proteolytic enzymes that facilitate the
penetration in the endometrium and erodes adjacent
maternal capillaries.

By the end of the first week, the blastocyst is
superficially implanted in the endometrium. Tropho-
blast and embryoblast start to develop along different
lines.4,5 In the seventh day after fertilization (Carnegie
stage 5a) the trophoblast rapidly differentiates into
two layers – an inner layer of mononuclear cytotro-
phoblastic cells and an outer layer of multinucleated
syncytiotrophoblast. The syncytiotrophoblast comes
into direct contact with the endometrial stroma. The
endometrial glands in contact with the trophoblast
show degenerative changes; in some instances the
glandular epithelium has disappeared and the tropho-
blast plugs the glandular lumen.2

By the eighth day after fertilization, the blastocyst
is completely embedded within the endometrial
stroma. At the embryonic pole, the primitive syncy-
tiotrophoblast on the surface has some deep indenta-
tions, which contain maternal blood cells.
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The ninth day of development (Carnegie stage 5b)
is named the lacunar or previllous stage. At this stage
the inner cell mass (embryoblast) is differentiated into
a bilaminar embryonic disk.3

From the eighth day after fertilization, intercom-
municating fluid-filled spaces of lacunae appear in
the rapidly enlarging syncytiotrophoblast. Between
the 10th and 13th days (Carnegie stage 5c), lacunae
convert the syncytiotrophoblast into a sponge-like
structure. The lacunae are incompletely separated
from each other by trabecular columns of syncytiotro-
phoblast. The lacunae open into several maternal
sinusoids, which have probably arisen from endome-
trial capillaries. The lacunae become confluent. With
further extensions of the maternal sinusoids and more
dilatation of the endometrial blood vessels, the sup-
ply of blood to the lacunae comes largely from venous
sinusoids. The lacunae rapidly become filled with a
combination of maternal blood and secretion from
eroded endometrial glands.6 At this stage there is no
evidence for direct arterial communication with the
lacunae. It would seem that the earliest maternal
blood that enters the developing lacunae is not arte-
rial but is derived from the capillaries and venules
that dilate to form sinusoids.2 Using transvaginal
color Doppler, venous signals can be clearly obtained
from these spaces (Figure 96.1).

With continuing trophoblastic invasion, the maternal
vessels disappear progressively back to the level of the
spiral arteries and their venules, permitting a true circu-
lation. The trabeculae are called ‘primary villous stems’.
They are not true villi but serve as the framework from
which villi later develop. They are arranged radially and
divide lacunae into a labyrinth at the 14th day after
fertilization. The placenta at this stage of development
is a labyrinthine rather than a villous organ.7

Primary chorionic villi develop between 13 and 15
days of development (Carnegie stages 6a and 6b). The
trabeculae have a central cellular core produced by
proliferation of the cytotrophoblastic cells. At the

same time the formation of the first blood vessels starts
in the extraembryonic mesoderm of the yolk sac, the
connecting stalk and the chorion. The cytotrophoblas-
tic cells extend distally toward the attachment of the
syncytiotrophoblast to the endometrium. These cells
from the villous tips break through syncytiotrophoblast
and expand laterally to fuse with adjacent columns to
form a cytotrophoblastic shell. The shell is completed
by the 15th day after fertilization. Villi that are attached
to the maternal tissue via the cytotrophoblastic shell
are ‘stem’ or ‘anchoring villi’. The villi that grow from
the sides of the stem villi are ‘branch villi’.

Days 15–21 are a period of intensive trophoblastic
growth. By the 15th day, the maternal circulation
becomes fully functional, when the syncytial lacunae
become confluent and connected with endometrial
capillaries.8 The trabeculae, which are at first unori-
ented, gradually become more regularly arranged. The
number of initial villi is determined by the number of
trabeculae that are invaded by proliferating cytotro-
phoblast. On the 16th day, the extraembryonal mes-
enchyme appears and extends toward the villous distal
end. Primary chorionic villi gradually convert into sec-
ondary villi.3 By the 18th day, the villous mesenchymal
cells begin to differentiate into blood capillaries form-
ing an arteriocapillary venous network, which is com-
pleted by 20 days after fertilization. The villi are called
‘tertiary villi’. The villous vessels become connected
with the embryonic heart tube via vessels differentiated
in the chorion and the connecting stalk.6

The establishment of the trophoblastic shell allows
rapid circumferential growth of the developing pla-
centa. This leads to the expansion of the intervillous
space into which sprouts extend from the primary vil-
lous stems. The placenta is, by the 21st day of gesta-
tion, a vascularized villous organ.7 The extensive
system of venous sinusoids around the implantation
site constitutes venous connections between the inter-
villous space and the maternal circulation.

In the fourth week of development, the cytotro-
phoblastic shell is thinner than in the earlier stages.
At the junctions of the shell with the decidua, there
are many clefts and spaces. Some of them open into
the adjacent intervillous space. The 21st day after fer-
tilization (Carnegie stage 10) the primitive embryonal
heart begins to beat, and embryonal blood circulates
through villous capillaries.6 The communications
with the terminal branches of the spiral arteries have
not yet been completely established.2 There are six to
eight endometrial spiral arteries opening directly to
the decidua basalis. They possess a wide lumen. The
media of the vascular wall becomes attenuated and
finally disappears completely. The lining endothe-
lium is surrounded only by a layer of reticular and
collagen fibers. As a result of these changes, it is often
difficult to identify the spiral arteries and to establish
their relationship to the intervillous space. From this
region several narrow clefts penetrate the shell to
enter to the intervillous space.

1038 Implantation and the yolk sac

Figure 96.1 Lacunar space blood flow at the periphery of an
early gestational sac as seen by color Doppler ultrasound.
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There are two types of non-villous migratory
trophoblasts: (1) the interstitial or stromal trophoblast,
which invades the decidua and myometrium and
(2) the endovascular trophoblast, which migrates into
spiral arteries and modifies them into uteroplacental
arteries. The endovascular trophoblast is closely
linked to the development of the trophoblastic shell.9

It is the key factor for physiological modifications of
spiral arteries. These gestational changes are needed
for the development of hemochorial placentation.

Migrating trophoblast penetrates the uterine wall
and invades venous sinusoids of increasing size and
superficial arterioles during the fourth week. The
extravillous cytotrophoblastic cells expand from the
tips of the anchoring villi into the lumina of the spiral
arteries. They convert the thick-walled muscular
arteries into flaccid sac-like uteroplacental vessels,
which can passively dilate to accommodate the
greatly increased maternal blood flow required for
fetal oxygenation and growth.10

Trophoblastic cells can be found within the spiral
arteries in about the sixth week after fertilization. The
trophoblastic disruption of the muscular cells and
elastic fibers of the spiral arteries has two effects.
Increasing blood flow causes progressive distension
of these arteries into the uteroplacental arteries capa-
ble of accommodating the increasing blood supply.
Uteroplacental arteries are not responsive to change
within the autonomic nervous system.6

In the second lunar month, as a result of the extensive
branching villi the intervillous space increases. During
the second month many terminal parts of spiral arteries
near the intervillous space contain plugs of cytotro-
phoblastic cells. By the end of this period of develop-
ment, centrally placed communications between the
decidual veins are numerous and large. After 40 days
(crown–rump length 15 mm) numerous spiral arteries
show direct openings into the intervillous space.2

The cytotrophoblastic cells appear within the
lumina of the spiral arteries. The maternal blood
reaches the intervillous space through the gaps
between the cells of the endovascular trophoblast.
The persistence of the cytotrophoblastic plugs in the
lumina of the spiral arteries suggests that the blood
pressure in them is not very high, otherwise the plugs
would be dislodged.2 Maximal trophoblastic activity
occurs at the center of the placental bed and then
extends centrifugally toward its periphery.

During the third month of gestation, in the lumina
of the terminal segments of most of the spiral arteries
the cytotrophoblastic plugs are always present. None
of the spiral arteries open freely into the intervillous
space. Later in this period of development the plugs
are more loosely arranged and they are probably then
less able to impede maternal blood flow into the inter-
villous space.2

Up to the end of the fourth month of gestation, the
chorion frondosum develops into the definitive pla-
centa. The chorionic villi associated with the decidua

capsularis degenerate and the associated intervillous
space disappears. The smooth avascular chorion laeve
forms.6 There is regression in the trophoblastic shell
where the cytotrophoblastic cell columns degenerate.
The trophoblastic infiltration of the myometrium
occurs between 8 and 18 weeks of development.10 The
endovascular cytotrophoblast partially replaces the
endothelium and invades the muscular cells of
the myometrial vessels. The result is a progressive
distension of these myometrial vessels.

The uteroplacental circulatory system is a low-
pressure one because of progressive increase in the
diameter of the vessels as they approach their entry
into the intervillous space. There is a considerable
drop in pressure from the proximal non-dilated por-
tions of the uteroplacental arterioles to the distal
dilated portions and full arterial pressure is not trans-
mitted to the intervillous space.7

The ‘heretic’ concept of separation
of villous tissue from the maternal
circulation
This classic concept of establishment of the intervillous
circulation was challenged in 1987 and 1988 by the
experiments of Hustin and Shaaps.11,12 They examined
slice radiographs of hysterectomy specimens with preg-
nancy in situ collected at 7, 8 and 9 weeks of gestation
and found no contrast medium in the intervillous space.
When the examination was performed at 13 weeks of
gestation, the placenta was rapidly filled with contrast
medium. Histological examination of these hysterec-
tomy specimens showed occlusion of the uteroplacental
arteries by trophoblastic cells up to 12 weeks of gesta-
tion. Reconstruction of serial spiral arterial sections
was also suggestive of the absence of the intervillous
circulation before 12 weeks of gestation. At 13 weeks,
on the other hand, the uteroplacental arteries were free
of trophoblastic plugs, and contrast medium was found
in the intervillous space, encircling the chorionic villi.
This was partially confirmed in vivo by means of hys-
teroscopy, examination of chorionic villous sampling
material and transvaginal sonography. These results
suggest that early placenta is bathed predominantly by
fluid derived from maternal plasma and uterine gland
secretions. The authors believed that blood flow in the
intervillous space is absent or incompletely developed
before 12 weeks of gestation. Transformation of spiral
arteries continues during the first trimester, when they
widen progressively. Around 12 weeks of gestation,
all trophoblastic plugs are eventually loosened and
dislocated. This allows free entry of maternal blood to
the intervillous space and establishment of a fully
developed placental circulation.

Further support has been supplied by a more recent
study13 using a polarographic oxygen electrode inserted
under ultrasound guidance, which demonstrated that

The ‘heretic’ concept of separation of villous tissue from the maternal circulation 1039
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between 8 and 10 weeks of gestation placental pO2
levels were significantly lower compared with endo-
metrial pO2 levels, while between 12 and 13 weeks, the
levels were similar. Intraplacental pO2 levels increased
significantly from 8–10 to 12–13 weeks of gestation.
These results suggest that the increase of placental
pO2 may be related to the establishment of continuous
maternal blood flow in the intervillous space at the
end of the first trimester.

The advent and development of transvaginal color
Doppler has enabled in vivo hemodynamic investiga-
tion of almost all segments embryonic/fetal and utero-
placental circulation.14–21

In 1991 and 1992, Jauniaux et al.22,23 and Jaffe
et al.24 were unable to detect ‘intraplacental’ flow
before 12 weeks of gestation using the transvaginal
color Doppler. They found the appearance of intrapla-
cental flow at around 14 weeks of gestation to coin-
cide with the appearance of pandiastolic flow in the
umbilical artery and with an abrupt increase in uter-
ine artery peak systolic velocity (PSV). In agreement
with the theories of Hustin and Shaaps,11,12 they
hypothesized that the simultaneous appearance of
intraplacental flow, pandiastolic umbilical artery
flow and abrupt increase in uterine artery blood flow
velocity was to be explained by sudden loosening and
disappearance of the trophoblastic plugs in the spiral
arteries. By this time Kurjak et al.25 were unable to
demonstrate an abrupt change in the uteroplacental
circulation between 12 and 14 weeks of gestation.

Hi-tech evidences of the ‘classic’
theory: the circle is closed
It must be emphasized that color Doppler measure-
ments in the studies mentioned above were performed
on devices of relatively moderate capability in the

detection of low velocities. After the introduction of
the new generation of far more sensitive color Doppler
devices in the last few years, several authors reported
a positive finding of intervillous circulation during
first trimester of pregnancy (Figures 96.2 and 96.3).

In 1995, Kurjak et al.26 presented the first report on
a combined Doppler and morphopathological study of
intervillous circulation. Using a transvaginal color
Doppler, continuous intervillous flow of two types
was detected in all examined patients: pulsatile
arterial-like (Figure 96.2) and continuous venous-
like flow (Figure 96.3). Parallel histological study has
shown that the lumen of spiral arteries was never
completely obstructed by the trophoblastic plugs.
These data indicate that establishment of the inter-
villous circulation is a continuous process rather than
an abrupt event at the end of the first trimester. One
should note that arterial-like blood flow signals have
shown lower resistance and pulsatility index (PI)
values than those obtained in spiral arteries.

Shortly after, several other groups of authors
reported similar findings. Valentin et al.27 performed
a combined study of uteroplacental and luteal flow
with pathomorphologic analysis. Color Doppler meas-
urements revealed positive finding of intervillous cir-
culation from the sixth week of normal pregnancy
(Figure 96.4). The same two types of Doppler signals,
the pulsatile and continuous, were detected and
measured with a visualization rate of more than 90%
on 64 pregnancies from 5 to 11 weeks of gestation.
The authors stated that the high blood velocities
recorded from the subchorionic arteries were not
compatible with these arteries being completely
occluded by trophoblastic plugs. On pathomorpho-
logic analysis, trophoblast plugging of the spiral arter-
ies was incomplete, allowing passage of red blood
cells. They concluded that the intervillous circulation
was present as early as the first trimester.

1040 Implantation and the yolk sac

Figure 96.2 Arterial blood flow velocity waveforms from the
intervillous space at 10 weeks’ gestation demonstrate low
impedance (RI �0.41). Note typical spiky outline of the arterial
signal.

Figure 96.3 Continuous flow of a venous type in the same
patient as in Figure 96.2; venous blood flow is easily detectable
from the intervillous space.
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Merce et al.28 reported similar results on the group
of 108 normal singleton pregnancies of 4–15 gesta-
tional weeks. They were able to detect intervillous
flow from 5 weeks 6 days of gestation. It was a slightly
undulating venous-like signal with tendency of
increasing velocity throughout the first trimester.
They also recorded arterial signals in retrochorionic
segments of uteroplacental vasculature. The conclu-
sion was that their results were in accordance with
the classic embryological concept of establishment of
the intervillous flow from four to seven weeks of
gestation. According to Merce et al.,28 uteroplacental
circulation is the earliest to be affected in pregnancy,
with pronounced changes from week 4 onward.
Intervillous circulation and primitive umbilical blood
flow were identified from week five on.

In more recent publications, Kurjak et al.29,30 stud-
ied a group of 60 normal pregnancies of gestational
age from 6 to 12 weeks and, for the first time, a group
of 34 pathological early pregnancies: 22 cases of
missed abortion (Figure 96.5) and 12 cases of anem-
bryonic pregnancy (Figure 96.6) between 7 and 12
weeks of gestation. The same Doppler features were
detected in the intervillous space of all pregnancies:
pulsatile arterial-like signals with characteristic spiky
outline and venous-like continuous signals. There
was no difference in Doppler parameters between the
group with missed abortion and the group of normal
pregnancy. However, lower impedance (measured in
resistance and PIs) was detected in the group with
anembryonic pregnancies. These results are signifi-
cantly different from those published by Jauniaux et
al.31 who found increased intervillous blood flow in
70% of abnormal pregnancies before 12 weeks of ges-
tation. In these cases, a histopathologic examination
showed that the trophoblastic shell was discontinu-
ous and thinner, and that the intervillous space
had been massively infiltrated by maternal blood. The

authors hypothesized that trophoblast plugs in the
spiral arteries restrict the maternal blood to flow in
the intervillous space, protecting vulnerable villi from
the high pressure of arterial blood. By this concept the
premature entry of maternal blood in the intervillous
space can disrupt the maternoembryonic interface,
causing the separation of early placenta and, eventu-
ally, abortion.

In the research on placental development and for-
mation of the uteroplacental circulation system, of cru-
cial importance was experimental work with animal
models, particularly with non-human primates, mostly
with Macaca species. The classical work by Elisabeth
Ramsey on the circulation in the intervillous space of
the primate placenta is the base for all contemporary
research in this field.1,32 Recently, Nimrod et al.33,34
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Figure 96.4 Transvaginal power Doppler imaging of a
gestational sac at 5/6 weeks’ gestation. This technique easily
depicts blood flow surrounding the gestational sac.

Figure 96.5 A transvaginal scan of the missed abortion at
12 weeks’ gestation. Note increased RI value (0.62) of the
arterial-like signal from the intervillous space.

Figure 96.6 The transvaginal scan demonstrates anembryonic
pregnancy. Note spiky outline and low vascular resistance
(RI �0.39) of the arterial-like signals obtained from the
intervillous space of an anembryonic pregnancy.
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reported about the assessment of the early uteropla-
cental circulation in cynomolgus monkey (Macaca
fascicularis) by color Doppler technique. They were
able to detect the intervillous circulation from 18 days
postconception. Regardless of the known differences
in the depth of trophoblastic invasion of the spiral
arteries between human and monkey, this finding can
be considered as an additional evidence of early estab-
lishment of intervillous circulation in all primate pla-
centas, although the ‘argument by analogy’ must be
used with caution.

Publication of similar, if not the same, results
obtained by few independent groups and published in
prestigious journals usually produces a respectful
attention of the scientific community. However, a
recent editorial by Jauniaux,35 repeating most of the
facts known from his previous papers, did not appre-
ciate enough the early reports on continuous intervil-
lous flow. Although Jauniaux admitted that using a
new equipment he was able to detect flow in some
areas of intervillous space during the first trimester of
pregnancy, his concern, was whether these signals
originated from the intervillous space of the definitive
placenta or from the chorion laeve area, because very
often the areas of detectable color and spectral
Doppler signals were visible near the margins of the
placenta. From our own experience, we do support
this observation; however, there are also signals
obtained from below the center of early placenta that
are, by no means, signals belonging to the area of
chorion laeve. One can speculate that these signals
could be from the tips of spiral arteries in the decidua
under the early placenta or chorion frondosum. It is
our opinion, and it is in concordance with papers by
Valentin et al.27 and Merce et al.,28 that the relatively
high velocities of blood flow detected in these vessels

or vascular spaces are not compatible with complete
occlusion by trophoblastic plugs unless there are arte-
riovenous shunts in the decidual portion of the chorio-
decidual junction. Their existence in the myometrium
is still controversial. Hustin et al.12 found some evi-
dence while Laurini has not (personal communica-
tion). Hustin et al.36 postulate that myometrial
arteriovenous shunts exist and are functional, serving
to limit considerably the entry of maternal blood
in the intervillous space. Even more, they postulate
without further explanation that the pressure in
the intervillous space is temporarily higher than at
the uteroplacental artery level, and thus maintains the
intravascular trophoblastic plugs in place. This state-
ment can be an objective for further investigation.

Jauniaux speculated that the finding of focal
intervillous flow in the first trimester was a sign of
consecutive formation of echo-poor areas as an early
sign of pregnancy complications.37,38 If this is true,
how could one explain the high rate of visualization
of these signals in normal pregnancies reported by
our group30,39,40,41 (Table 96.1) and Malmo group.27 It
is hard to believe that all these pregnancies were des-
tined to fail. According to Jauniaux et al.31 continuous
flow in the intervillous space during the first trimester
is a highly pathologic event, causing the disruption
of the maternoembryonic interface by high-pressure
blood flow and consequent spontaneous abortion. In
his opinion,35 this fact is the most striking evidence in
favor of Hustin’s concept.11 In fact, we also do believe
that the high pressure of arterial blood can disrupt the
maternoembryonic interface and cause spontaneous
abortion. However, this fact is not opposite to the find-
ing of a continuous intervillous flow during the first
trimester of pregnancy. This means that there are some
areas where trophoblastic plugs in spiral arteries are
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Table 96.1 Resistance index (RI), pulsatility index (PI), peak systolic velocity (PSV), end-diastolic velocity (EDV)
and temporal averaged maximum velocity (TAMV) obtained from the intervillous space and in the spiral arteries
in different gestational age groups (from Kurjak et al.,41 with permission)

Intervillous blood flow Spiral artery blood flow

Gestational 
weeks RI (SD) PI (SD) PSV (SD) EDV (SD) TAMV (SD) RI (SD) PI (SD) PSV (SD) EDV (SD) TAMV (SD)

7–9 0.48 (0.05) 0.71 (0.09) 28 (10) 18 (7) 25 (9) 0.58 (0.06) 0.88 (0.11) 31 (16) 22 (12) 26 (15)

10–12 0.41 (0.06) 0.61 (0.11) 28 (12) 21 (9) 26 (10) 0.51 (0.07) 0.73 (0.09) 36 (14) 20 (16) 31 (15)

13–15 0.34 (0.07) 0.43 (0.08) 35 (14) 22 (10) 30 (15) 0.43 (0.05) 0.55 (0.11) 41 (21) 26 (15) 37 (15)

16–22 0.29* (0.06) 0.34* (0.09) 40 (19) 35 (17) 37 (19) 0.41* (0.06) 0.55* (0.12) 37 (16) 23 (15) 32 (15)

23–28 0.30 (0.07) 0.36 (0.10) 36 (20) 30 (14) 32 (16) 0.40 (0.06) 0.52 (0.11) 42 (15) 26 (11) 34 (13)

29–36 0.25 (0.06) 0.29 (0.08) 36 (12) 26 (9) 32 (10) 0.34 (0.07) 0.42 (0.10) 31 (9) 21 (6) 26 (7)

37–42 0.27 (0.06) 0.31 (0.09) 32*** (14) 23** (10) 27*** (12) 0.37 (0.09) 0.48 (0.15) 30*** (12) 19 (9) 25*** (11)

SD, standard deviation
*P < 0.01; **P < 0.05; ***P < 0.07
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loosened allowing the intervillous circulation of
blood. In the beginning, there are only a few areas of
such a flow giving enough oxygen and nutrients for
the progression of pregnancy. At this stage, the inter-
villous space is not undisrupted like in the mature
placenta. There are parts with active continuous inter-
villous flow and parts in which such a flow has not
yet been established and nutrients and oxygen diffuse
through the intercellular fluid.42 The number of areas
with the established intervillous flow is increasing
with embryonic and placental growth in order to keep
a state of metabolic balance. This process ends with a
fully formed intervillous space under the mature pla-
centa. Such a hypothesis can be in concordance with
findings of lower oxygen levels in the placental tissue
than in the endometrium between 8 and 10 weeks of
pregnancy.13 Also, it can be in concordance with the
fact that in cases of inappropriate trophoblastic plug-
ging of spiral arteries the uncontrolled pressure of
arterial blood can mechanically disrupt the mater-
noembryonic interface.43–52

Mercé et al.53 recently reported that the abnormal
Doppler patterns, such as the increase of retrochorial
vascular resistance and the presence of intervillous
flow in pregnancies with gestational sac measuring
less than 12 mm, has a greater incidence of miscar-
riage. However, intervillous flow was also detectable
in pregnancies with normal outcome but in a smaller
proportion than in those ending with miscarriage
(11% vs. 53%). This finding confirms that intervillous
circulation does exist throughout early pregnancy, but
at the same time limitation of the amount and pres-
sure of incoming maternal blood seems to be of essen-
tial importance for normal pregnancy development.

There are numerous data provided by histological
and color Doppler studies proving that the intervil-
lous circulation begins early in normal pregnancy,
which is in accordance with classical embryological
theories. This is possible because the trophoblastic
invasion is a progressive process and although some
of the spiral arteries are totally occluded, the majority
of them are opened or only partially occluded. In this
way, the inflow of the blood in the intervillous space
is controlled and increased progressively during the
first trimester. These changes are complementary to
the progressive loss of the endovascular trophoblast
and coherently explain the increase in blood flow
within the vascular territory of the uteroplacental
arteries, a universal finding in all Doppler studies,
and are very difficult to explain if these arterial
lumens are plugged up with the trophoblast. It is
probable that changes occurring in the trophoblast in
spontaneous abortions can alter the blood perfusion
in both the uteroplacental arteries and intervillous
space. However, the importance of these findings in
the genesis or in the mechanism of miscarriage has
not yet been sufficiently documented.

Furthermore, recent ultrasound technology in
terms of three-dimensional (3D) power Doppler

angiography offers numerous advantages in the evalu-
ation of intervillous space (Figure 96.7), which have
to be clinically tested in future.

Yolk sac development
The embryonic vascular system includes the heart,
the blood and the lymphatic vessels. It is the first
functional organ system in the body that pumps blood
through the embryonic and extraembryonic vessels
to provide nutrition for rapid growth and removal of
the waste products.54 The circulatory system of an
embryo is much larger when compared to the body
size, and plays an important role during the early
embryonic development.

Development of the vascular system begins in the
mesoderm of the yolk sac close to the endoderm, at
about 17 days after fertilization.54 It is believed that
there are some endodermally produced factors that
stimulate the mesoderm to differentiate in this way.
The first evident form of the vascular system are
aggregations of the cells called blood islands. The
central cells will differentiate into red blood cells and
the outer cells into flattened endothelial layer. These
elements of vascular system are perceptible as red
spots in the mesoderm of the yolk sac wall. The blood
islands fuse to form primitive vascular networks.

Precursors of the heart and the major paired blood
vessels are formed in the mesoderm of intraembryonic
coelom. The course of events is analogous with those
occurring in the mesoderm of the yolk sac. A very
similar process of creating a vascular system occurs in
the chorionic mesoderm. Blood vessels formed in this
way are dorsal aortae, cardinal veins and the major
umbilical arteries and veins.

At first, blood washes back and forth in this primi-
tive network of blood vessels, but eventually it takes
on a patterned flow. It seems that these dynamic fluid
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Figure 96.7 Demonstration of the intervillous circulation by
three-dimensional power Doppler.
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effects are very important because they stimulate
primitive blood vessels to differentiate further and
take their own definitive form. If there is an obstruc-
tion to the blood flow, it bypasses the blocked vessel
and passes through the surrounding small vessels. In
time, one of these vessels will become a major blood
vessel and will overtake the role of the blocked one.
This sometimes vitally needed ability survives in the
adult and leads to anastomoses.

Vitelline blood vessels
The heart begins to beat at about 21 days after fertil-
ization. It pumps blood dorsally through blood ves-
sels called branchial arches.54 Blood enters the dorsal
aortae (paired at this stage) from which the precursors
of the internal carotid artery separate and run forward
to supply the head. The main direction of blood in the
dorsal aortae is toward the tail. It runs through the
intersegmental arteries, which are branches of dorsal
aortae, and are situated between the developing
somites. Furthermore, at the level of the gut, there is
an arterial complex of branches separating from dor-
sal aortae and running toward the site of blood forma-
tion in the yolk sac wall. In time, this arterial complex
of branches will represent vitelline arteries.

Toward the tail dorsal aortae a plexus is formed
from which one single blood vessel branches off and
runs into the connecting stalk to the chorionic wall,
where the placenta is developing. This single blood
vessel is the umbilical artery.

Blood returns from the placenta through the paired
umbilical veins, which also pick up blood from the
yolk sac. The connection between the yolk sac vascu-
lar network and the umbilical veins is a venous com-
plex of branches, which will become vitelline veins.
The head veins, which lie just lateral to the neural
tube, pick up blood from the head region. Finally,
blood enters the sinus venosus and reaches the heart.
This is the moment when the circle of the blood
circulation around the embryonal body is closed.

The vitelline and umbilical veins have a very
important role in further embryonal development.
Initially, the liver bud lies between the vitelline veins.
Since it enlarges, it comes to incorporate the vitelline
and umbilical veins. These blood vessels form a com-
mon plexus of sinusoid vessel running through the
liver. In time, the vitelline veins and left umbilical
vein are converted into the hepatic portal vein. The
right umbilical vein decreases in size and forms the
ductus venosus, which carries blood to the right side
of the heart.54

Hematopoiesis in human embryos begins in the
yolk sac at about the middle of the third week of
embryogenesis. Later, it appears in the liver and bone
marrow in the fourth and fifth weeks and the eighth
week, respectively.55,56 At about the 10th to 12th week,
hematopoietic tissues are found distributed evenly in
the bone marrow throughout the body.56–58 Maturation

of blood cells is considered to take place extravascularly.
With occasional exceptions, the blood cells in the
endodermal layers are the most immature and matura-
tion appears to proceed as the cells migrate to the
mesenchymal layers and further into the blood vessels.

Color Doppler studies of the
yolk sac and vitelline duct
Circulation in normal pregnancy
Little is known about a transitory subject such as the
yolk sac, an organ that is active only during the first
few weeks of embryonic life. The description of the
formation of the human yolk sac has proven surpris-
ingly controversial over the years.

Recently, interesting results have been published
on the assessment of yolk sac vascularization in nor-
mal pregnancy. Kurjak et al.21 performed transvaginal
color Doppler study on 105 patients whose gestational
age ranged from 6 to 10 weeks from the last menstrual
period. Transvaginal color and pulsed Doppler exam-
ination was performed before the termination of preg-
nancy for psychosocial reasons.

The first color and pulsed signals from the yolk sac
were obtained between 5 and 6 weeks of gestation.
The visualization rate of the yolk sac vessels in the
sixth week of gestation was 33.33%, and it increased
to a value of 85.71% during the seventh and eighth
weeks of gestation. As the functional activity of the
yolk sac progressively declined, the visualization rate
of 78.26% for 9 weeks’ gestation and 61.11% for 10
weeks’ gestation paralleled this process (Table 96.2).
The overall visualization rate for yolk sac vessels was
72.38%. The highest visualization rates were obtained
in the seventh and eighth weeks of gestation, reaching
the value of 85.71%. A characteristic waveform pro-
file included low velocity (5.8 ±1.7 cm/s) and absence
of diastolic flow (Figures 96.8 and 96.9). The PI
showed a mean value of 3.24 ±0.94 without signifi-
cant changes between subgroups (P > 0.05). The dis-
tribution of mean PI values for yolk sac vascularity is
shown in Table 96.2.

Vitelline stalk vessels (Figure 96.10) showed simi-
lar PSV (5.4 ±1.8 cm/s) and PI values (3.14 ±0.91)
(P > 0.05) to those obtained from the yolk sac (Figures
96.8 and 96.9). The distribution of the vitelline artery
PI values is demonstrated in Table 96.3. The overall
visualization rate for vitelline arteries was 66.67%.
Color and pulsed Doppler signals could be obtained
from the vitelline duct during the seventh week of
gestation in 85.71% of patients. The peak of visuali-
zation (89.28%) occurred during the eighth week of
gestation (Table 96.3). The process of elongation of the
vitelline duct together with the removal of the yolk sac
from the body wall is paralleled with the decreased rate
of vitelline duct visualization during the ninth
(73.91%) and tenth (55.55%) weeks of gestation.
Furthermore, progressive decrease of the yolk sac
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vascularity at the end of the first trimester coincides
with the visualization of more prominent blood flow
within the intervillous space.59

All these findings will surely help in better under-
standing the early development of both blood cells
and blood vessels.

Vascularization of the yolk sac in
abnormal pregnancies
Kurjak et al.21,59 recently performed a research analyz-
ing the vascularization of yolk sac in abnormal preg-
nancies. The authors analyzed 48 patients with missed
abortion between 6 and 12 weeks of gestation. Yolk
sac blood flow was detected in 18.54% of missed abor-
tions. They obtained three types of abnormal vascular
signals from the yolk sac in these patients: irregular
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Figure 96.8 A transvaginal sonogram of a gestational sac at the
sixth week of gestation. Note regular contours of the yolk sac.
Pulsed Doppler signals obtained from the wall of the yolk sac
demonstrate low velocity and absence of diastole (RI �1.0).

Figure 96.9 A color image of the yolk sac at 7 weeks’
gestation. Pulsed Doppler signals isolated from the connection
of the yolk sac and vitelline duct show absence of diastolic flow.

Figure 96.10 Color Doppler signals are easily obtainable from
the vitelline stalk.

Table 96.2 Visualization rate of yolk sac vascularity
between 6 and 10 weeks of gestation (from Kurjak
et al.,21 with permission)

Gestational Visualization rate
age (weeks) N No. % PI ±±SD

6 15 5 33.33 3.42 ± 0.58

7 21 18 85.71 3.14 ± 0.82

8 28 24 85.71 3.10 ± 0.94

9 23 18 78.26 3.12 ± 0.85

10 18 11 61.11 3.45 ± 0.72

Total 105 76 72.38 3.24 ± 0.94

Table 96.3 Visualization rate of the vitelline duct
vascularity between 6 and 10 weeks’ gestation (from
Kurjak et al.,21 with permission)

Gestational Visualization rate
age (weeks) N No. % PI ± SD

6 15 — — —

7 21 18 85.71 3.02 ± 0.92

8 28 25 89.28 3.05 ± 0.89

9 23 17 73.91 3.08 ± 0.91

10 18 10 55.55 3.38 ± 0.82

Total 105 70 66.67 3.14 ± 0.92
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blood flow (Figure 96.11), permanent diastolic flow
(Figure 12) and venous blood flow signals (Figures 96.13
and 96.14).

Changes in vascularization of the yolk sac noticed
in missed abortions in this study are probably a con-
sequence of embryonic death and reabsorption of the
embryo through the vitelline duct. Abnormal patterns
of the yolk sac vascularity can be related to decreased
vitelline blood flow, which may cause progressive
accumulation of nutritive secretions not utilized by
the embryo. This process ends with enlargement of
the yolk sac indicative of an early pregnancy failure.
Indeed, we were able to detect yolk sac vascularity in
28.57% (6/21) of missed abortions with large diame-
ter of the yolk sac (Figure 96.14), and 20.00% (3/15)
of those with normal yolk sac diameter. Sometimes,

a careful ultrasonographer can visualize double yolk
sac (Figure 96.15) and color Doppler ultrasound may
observe abnormal Doppler patterns in these cases.

Cases with echogenic yolk sac walls (N �7) were
characterized by the absence of blood flow. Yolk sac
calcification was reported to result from the typical
dystrophic changes that occur in non-viable cellular
material.60 Since studies in lower animals demon-
strated that yolk sac endoderm bounds calcium, one
can postulate that a derangement in the calcium trans-
port mechanism may lead to accumulation of calcium
in the yolk sac cells in humans as well. Therefore,
recognition of a calcified yolk sac without blood flow
signals suggests long-standing demise in the first
trimester, which directs the clinician to further diag-
nostic workup (Figures 96.16 and 96.17).
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Figure 96.14 A transvaginal sonogram of a hydropic yolk sac
at 6 weeks’ pregnancy. Continuous diastolic flow is easily
obtained from the hydropic yolk sac (RI �0.58). Patient aborted in
1 week and karyotyping of the residual products of conception
revealed trisomy 21.

Figure 96.12 The transvaginal scan of a 9 weeks’ gestation,
complicated by bleeding. The pulsed Doppler waveform
analysis indicates continuous blood flow. A few days after
examination was completed spontaneous abortion occurred.

Figure 96.13 Venous blood flow signals obtained from the
yolk sac at 8 weeks’ gestation in a patient with missed abortion.

Figure 96.11 Pulsed Doppler signals derived from the yolk
sac in a patient with missed abortion. Note larger diameter
(7 mm) of the yolk sac and irregular blood flow signals at its
periphery.
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These data indicate that there is an interaction
between the yolk sac vascularity and intervillous cir-
culation in patients with missed abortion. In patients
with long-standing demise, vascular signals could not
have been extracted from the hyperechoic walls of the
yolk sac. Parallel assessment of the intervillous circu-
lation in this subgroup (N �7) demonstrated numer-
ous color-coded areas within the intervillous space
indicating low mesenchymal turgor and progressive
disruption of the maternoembryonic interface.
Therefore, the changes in the intervillous circulation
noticed in some missed abortions are rather the conse-
quence of embryonic death and inadequate drainage
than the primary cause of early pregnancy failure.
This is contrary to the statement of Jaffe et al.61 and
Jauniaux et al.62 who found that increased continuous
intervillous flow during the first trimester of preg-
nancy is associated with adverse pregnancy outcome.

According to their results, increased flow pressure
in the spiral arteries may dislocate the thin tro-
phoblastic shell causing the loss of villi to forceful
arterial flow, which may result in miscarriage.63

However, independent Doppler studies from three
institutions using sensitive conventional and power
Doppler velocimetry found that continuous and pul-
satile blood flow can be extracted from intervillous
space in both normal pregnancies and those with
adverse outcome.17–21,28,64

Data presented in this study support the concept that
establishment of the intervillous circulation is a progres-
sive process during the first trimester of pregnancy.
Between the sixth and tenth weeks of gestation, relatively
slow blood flow in the intervillous space is detected.
Simultaneously, clear blood flow signals are derived from
the walls of the yolk sac supporting the hypothesis that
this fragile structure is responsible for optimal delivery of
nutrients and oxygen to the developing embryo up to
10 weeks of gestation. Progressive decrease of the yolk
sac vascularity coincides with visualization of more
prominent color-coded areas within the intervillous
space demonstrating the increased metabolic needs of the
developing pregnancy.

Volume of the yolk sac – correlation
with blood flow studies
It is well known that the prognostic significance of the
yolk sac diameter as determined by ultrasound is not
clearly established. Most of the abnormal pregnancies
were demonstrated to have normal yolk sac measure-
ments,65–67 while only a minority of abnormal early
pregnancies presented either ‘too small’ or ‘too big’
yolk sac dimensions.68,69

Recently, we performed a study on 80 women
with uncomplicated singleton pregnancy (between 5
and 12 weeks of gestation).70 The volumes of the
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Figure 96.15 A transvaginal color Doppler scan of a
gestational sac containing a double yolk sac with irregular blood
flow signals.

Figure 96.16 Transvaginal two-dimensional image of the
hyperechogenic yolk sac.

Figure 96.17 Three-dimensional scan of the hyperechogenic
yolk sac.
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gestational and yolk sacs were measured by 3D ultra-
sound (Voluson 530, Kretztechnik, Austria). Regression
analysis revealed exponential growth of the gestational
sac volume. The yolk sac volume was found to increase
gradually from 5 to 10 weeks of gestation. However,
when the yolk sac reaches its maximum size and
volume at around 10 weeks, it has already started to
degenerate (Figure 96.18), which can be proved by a
significant reduction in visualization rates of the yolk
sac vascularity (Figure 19). This suggests that the eval-
uation of the biological function of the yolk sac by
measuring the diameter and/or the volume is limited.
Therefore, the combination of functional and volumet-
ric studies is necessary to point out some of the impor-
tant moments during the early pregnancy:71

(1) Simultaneous beginning of yolk sac angiogene-
sis and vascular development of the embryo

(2) Non-invasive evaluation of the functional
capacity of the yolk sac

(3) Definition of the shift from embryo-vitelline to
embryo-placental circulation7

(4) 3D ultrasound studies of the direct connection
between the yolk sac and the embryonic gut

(5) Evaluation of the yolk sac degeneration and
location by 3D ultrasound at the end of the first
trimester

The fact that blood vessels first develop in the sec-
ondary yolk sac may be related to the important role
of this structure in the process of early embryonic
nutrition. Further Doppler studies analyzing large
cohort of patients with both normal and abnormal
pregnancies will probably answer some of the numer-
ous questions on the role of yolk sac vascularity in
early embryonic development. The introduction of 3D
ultrasound coupled with power Doppler imaging has
produced more accurate information on implantation
and the yolk sac and we look forward to the future
developments in this field.
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Figure 96.19 Three-dimensional power Doppler demonstrates
turgescent blood vessels above the surface of the yolk sac.

Figure 96.18 Three-dimensional scan of the yolk sac at 8
weeks’ gestation. Note the regular echogenicity and contours of
the yolk sac.
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Introduction
In obstetrics, ultrasound has been used for many years
and, from the beginning, investigators have been
interested in changes in the uterus and its contents in
early pregnancy.1

Moreover, in recent years, the introduction of
higher-resolution equipment and transvaginal
endosonography has brought new possibilities for the
study of early gestational events.2–4

Nowadays, ultrasound is increasingly used in early
pregnancy, either as a routine procedure or selectively
for specific clinical indications. Routine ultrasono-
graphy during the first trimester is used for accurate
pregnancy dating, early diagnosis of major malforma-
tions, characterization of multiple pregnancy and
screening of chromosomal anomalies.5–18

Although the quality of images obtained during the
first trimester seems to be superior when using the
transvaginal approach, transabdominal ultrasonogra-
phy is still widely used in this period of gestation for
cultural and practical reasons.19,20

The use of diagnostic ultrasound during pregnancy
is considered to be safe for both the mother and
the fetus. Even in critical periods of development and
using high-frequency transvaginal transducers, no
adverse bioeffects have been demonstrated.21–23 The
benefits to patients exposed to the ultrasound intensi-
ties used at present outweigh the risks, if any.

This chapter will review the main applications of
ultrasound examination during early pregnancy, rely-
ing on the experience of the authors together with that
reported in the literature. Special emphasis will be
placed on embryonic development during the first
weeks, gestational age determination, characterization
of multiple pregnancy and screening and diagnosis of
fetal anomalies. In the text, gestational age will be
expressed as complete weeks from last menses.

Embryonic development:
ultrasound findings
The decidual thickening (Figure 97.1) is the first
indirect sign of pregnancy that can be disclosed by
ultrasound.24,25 Although it is seen more often in the

early phases of an intrauterine pregnancy, this
hyperechogenic mantle filling the uterine cavity can
also coexist with an ectopic pregnancy. As the same pat-
tern can be found in the late luteal-phase endometrium,
it should be considered as a non-specific sign.

A few days after the expected menses, a typical
image of a hyperechogenic ring inside the uterine
cavity can be identified by transvaginal ultrasound
(Figure 97.2). This corresponds to the gestational sac,
the echogenic ring being the chorionic villi surround-
ing the chorionic cavity. At this time, the mean level
of the β-subunit of human chorionic gonadotropin
(β-hCG) is found to be about 500 mIU/ml (second
reference standard).26 Thereby, the diagnosis of
intrauterine pregnancy can be confirmed and a chori-
onic sac internal diameter of 2–6 mm will be found,
corresponding to a menstrual age of 4 weeks.

During the fifth week, the chorionic sac measures
7–10 mm. When this diameter reaches 9 mm, the yolk
sac can always be identified as a round, fluid-filled
and eccentric structure with a diameter of 3 mm
(Figure 97.3). In the authors’ experience, this 9- to
10-mm diameter of the chorionic sac represents an
early discriminatory value for the diagnosis of a
blighted ovum. At some time during the end of the
fifth week, pulsations can be visualized on real-time
imaging, close to the wall of the yolk sac and within
a 2- to 3-mm echogenic line corresponding to the
embryo. After this time, the heart rate can be meas-
ured using simultaneous M-mode.

At 6 weeks, the echogenic line corresponding to the
developing embryo is always close to the yolk sac and
measures 4–6 mm (Figure 97.4). Cardiac motion can
be clearly seen and the mean heart rate (Figure 97.5)
at this gestational week is about 118 bpm.26 The
amnion is not yet clearly seen, so the embryo and the
yolk sac are apparently free-floating in the chorionic
cavity, although eccentrically fixed by the connecting
body stalk.

During the seventh week, the embryonic length is
7–12 mm and the yolk sac, with a diameter of 5 mm,
separates from the embryo, probably owing to the
growth of the vitelline duct (Figure 97.6). At this time,
the cephalic pole becomes distinguishable and an
apparent single hypoechoic cavity can be seen, corre-
sponding to a part of the primitive cerebral ventricle
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in the rhombencephalic area, probably the future
fourth ventricle.20–24

At 8 weeks (Figure 97.7), the embryonic length is
12–18 mm and the upper and lower limb buds are
now visible. The folding of the hypoechoic cerebral
vesicle limits the lateral recesses of the rhomben-
cephalic cavity.27–30 The placental site can even be
identified, following the umbilical cord from the
abdominal wall of the embryo. Discrete undulating
body movements can be sporadically seen on real-
time imaging at the end of the eighth week.

During the ninth week, the embryo assumes a
typical C-shaped curvature (Figure 97.8) and the
crown–rump length (CRL) will be more than 2 cm
(21–31 mm).31 As landmarks, the head represents
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Figure 97.1 Decidual thickening.

Figure 97.2 Chorionic sac at 4 weeks (last menses).

Figure 97.3 Chorionic sac with yolk sac visible at 5 weeks
(two echo-free space).

Figure 97.4 Chorionic sac at 6 weeks: echogenic line
representing the embryo (+ +) and yolk sac can be identified.

Figure 97.5 Embryonic heart rate measurement at 6 weeks
(M-mode).
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one-third of the entire body and, inside the head, the
hyperechoic falx and choroid plexuses and a hypoe-
choic heart-shaped structure corresponding to the
cerebral peduncles are visible (Figure 97.9). The phys-
iological midgut herniation, which can be identified
close to the anterior abdominal wall, will persist until
the end of the 11th week (Figure 97.10). Body move-
ments are now more frequently seen.

Between 8 and 10 weeks, the amnion surrounding the
embryo is always clearly seen, the yolk sac being outside
in the exocelomic/chorionic cavity (Figure 97.11).26,32

At 10 weeks’ gestation (Carnegie stages 20–23), the
CRL is 32–41 mm and the embryo is slightly more
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Figure 97.6 Vitelline duct and yolk sac at 7 weeks.

Figure 97.7 An 8-week embryo with the upper and lower
limb buds visible: note, in cephalic pole, folding of ventricular
cavity.

Figure 97.8 A 9-week embryo with typical C-shaped
curvature and physiological umbilical hernia (UH).

Figure 97.9 Choroid plexuses in a 9-week embryo.

Figure 97.10 Physiological midgut herniation at 10 weeks
(abd, abdomen; H, hernia; UC, umbilical cord).
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curved. The choroid plexuses fill the lateral ventricles
completely, and are the most prominent structures in
the cephalic pole (Figure 97.12). In the posterior fossa,
the cisterna magna and cerebellum can be identified,
though the development process of the posterior fossa
will only be concluded by 16 weeks (Figure 97.13).

In the trunk, the cardiac valvular apparatus can
sometimes be distinguished inside the heart by the end
of the 10th week, although more accurately from the
11th week onward. Also at the end of the 10th week,
the stomach filled with a small amount of liquid, can
sometimes be identified in the abdomen (Figure 97.14).

The three segments of the upper and lower limbs
are clearly identified with both hands and feet in the
midline. The first trimester of pregnancy is the best
period to assess the number of fingers as normally the
hands are wide open. Abduction of the lower limbs
with lateral rotation of the hips is typically encoun-
tered between 10 and 13 weeks (Figure 97.15).

Body and even isolated limb movements are often
identified on real-time imaging.

At 11 weeks, the fetus (no longer the embryo)
acquires a human appearance and the CRL will be
greater than 42 mm, reaching 76 mm at 13 weeks.
From now on, a more detailed anatomical survey can
be obtained, including the cerebral and cardiovascu-
lar systems and the digestive and urinary tracts.33 The
midgut is no longer herniated and can be seen as a
hyperechoic round image inside the celomic cavity
and situated in the median region of the lower
abdomen (Figure 97.16).

Between 11 and 14 weeks of gestation, that is,
between 45 and 84 mm CRL, a subcutaneous translu-
cency behind the neck region can be disclosed in a
sagittal section of the fetus. The maximum thickness
between the skin and the soft tissue overlying the cer-
vical spine can be measured, and was called nuchal
translucency (NT).13 Initially the normal values have
been reported as less than 3 mm. After the prospective
study of 100,000 pregnancies by Snijders and cowork-
ers, increased NT has been defined as the value higher
than the 95th centile for gestational age.34 Increased
NT has been found in association with major chromo-
somal anomalies and cardiac defects, and has been
proposed, together with maternal age, as an effica-
cious screening procedure during the first trimester of
pregnancy.34

More recently, the first reports on the use of three-
dimensional ultrasound in the first trimester of preg-
nancy suggest its potential for early-pregnancy
anatomic survey.35

Gestational age determination
Gestational age assignment is one of the most impor-
tant issues in perinatal medicine for both clinical
and research purposes. In addition to an indication of
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Figure 97.11 Amnion surrounding embryo: note yolk sac
outside amniotic cavity.

Figure 97.12 Lateral ventricles and choroid plexuses in a
10-week embryo.

Figure 97.13 Cisterna magna (1) and cerebellum (2) in a
10-week embryo.
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medical problems, it could result in serious personal
and social implications for the parents.

Even today, worldwide, the last menstrual period
(LMP) is still the basis for calculation of gestational age
and expected day of confinement. Nevertheless, in
clinical practice, health professionals are frequently
confronted by difficulties concerning the exact estima-
tion of the LMP, incorrect reporting, cycle irregularities
and the recent use of oral contraceptives. It has been
estimated that about one-third of women attending
antenatal care fall into one of these categories.11

Even in the population of women with certain dates
and regular cycles, reliable biological correspondence
between LMP and ovulation or fertilization is still
difficult to obtain. In addition to long-available infor-
mation about this phenomenon, recent studies in this
field provide the confirmation that conception can
occur within a 6-day period from intercourse ending
at the day of ovulation.36

In very early pregnancies, gestational age determi-
nation by ultrasound scan is a little inaccurate, and is
based on chorionic sac mean or maximum diameters.
At the beginning of the fourth week, the diameter is
2–3 mm, reaching 9–10 mm when the yolk sac can be
identified.25 Once the embryo is visible, embryonic
length should be measured.

As reported by Goldstein, before 10 weeks’ gestation,
it is really the embryonic length rather than the CRL
that is being measured.31 On the other hand, operator
errors are more frequent below than above 10 weeks.37

A large number of reference tables for CRL measure-
ments are available, all showing identical mean values
to those originally reported in the literature, despite
variations in ultrasound machines, ethnic groups and
methodological aspects31,38–42 (Figure 97.17). However,
in a trisomy-18 fetus or in a fetus with triploidy, the
CRL is smaller than normal, while in other major
chromosomal anomalies, the CRL is not significantly
different from normal.43

Furthermore, several studies have been reported
dealing with the validity and benefits of routine ultra-
sound examination in the first half of pregnancy,
having reduced perinatal morbidity and mortality as
end points.44,45 One of the major goals was improving
the determination of gestational age. The ultrasono-
graphic measurement of CRL before 13 weeks’ or the
biparietal and transverse cerebellar diameters
between 14 and 22 weeks’ gestation, respectively,
have been widely used for this since the beginning of
the 1970s.37–50

When comparing the accuracy of menstrual dates
and ultrasonography in the first half of pregnancy,
for calculating the expected date of delivery, dating
by ultrasonographic biometry was more predictive
than the former or even the combination of both
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Figure 97.14 Stomach (E) in a 10-week embryo.

Figure 97.15 Upper and lower limbs at 11 weeks. Note the
abduction of lower limbs.

Figure 97.16 Coronal view of lower abdomen showing a
hyperechoic image compatible with the gut completely inside
the tummy.
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methods.12–46 Therefore, even with known menstrual
dates, most authors would rather use ultrasound bio-
metry, namely, measurement of the CRL and bipari-
etal diameter (BPD), than the LMP for estimation of
gestational age or expected date of confinement.

Clinical and ethical considerations support the
medical value of routine ultrasonography in the first
half of pregnancy as a standard of obstetric care.49 If
there is a tendency toward an ideal policy in such a
field, some of the above-quoted reasons point to the
late first trimester as the best gestational age period
for a routine ultrasound examination.

Multiple pregnancy
Today, mainly as a result of the expanded use of
assisted reproductive methods, multiple pregnancy is
more frequently found in antenatal clinics all over the
world. In the United States over the past 20 years,
births of twins have increased at twice the rate, and
multiple births of triplets or more have increased
sevenfold faster than births of singletons.51

Meanwhile, higher perinatal morbidity and mortal-
ity in such pregnancies can be reduced by accurate
pregnancy dating, by avoiding unnecessary prolonga-
tion of gestation and from determination of chorionic-
ity.52,53 It is chorionicity rather than zygosity that
determines several aspects of antenatal management
and perinatal outcome. Antepartum death of one twin
is three times more frequent in monochorionic than in
dichorionic gestation.54

Today, management protocols in multiple preg-
nancies include successful intrauterine treatments
and single invasive diagnostic tests for monozygotic
twins, and multifetal reduction in higher-order
gestations.55–58

Antenatal determination of chorionicity by ultra-
sound is much easier in the early first trimester when
two or more separate gestational sacs and embryos are
identified (Figure 97.18). It is also accurate to perform an
ultrasound scan between 10 and 14 weeks, relying on

the demonstration of the lambda sign (Figure 97.19)47 for
dichorionic (with a positive predictive value of 100%
for dichorionicity) or the T-sign (Figure 97.20) for
monochorionic twin pregnancies. In the second or
third trimesters of pregnancy, dividing membranes
can be seen (Figure 97.21).53 Other criteria such as
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Figure 97.17 Crown–rump length, the gold standard for
dating pregnancy.

Figure 97.18 Triple pregnancy at 7 weeks’ gestation.

Figure 97.19 Dichorionic diamniotic twin pregnancy with
clear lambda sign.

Figure 97.20 Monochorionic diamniotic twin pregnancy with
the T-sign.
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number of placentas and fetal gender are unreliable,
as fused placentas and identical sex are often found in
dichorionic twins.

For all these reasons, it seems relevant to advise a
routine ultrasound scan at 10–14 weeks’ gestation. An
earlier examination, although eventually more reli-
able for the determination of chorionicity, will be

less accurate for pregnancy dating.38 Furthermore, at
10–14 weeks, it will encompass the common event
of the vanishing twin, either in spontaneous or in
in vitro fertilization pregnancies.58

Fetal anomalies:
screening and diagnosis
The ultrasonographic fetal examination in the late
first trimester is useful for both screening and diag-
nostic purposes.

Concerning chromosomal defects, NT thickness
determination between 11 and 14 weeks’ gestation was
the first marker to be incorporated in first-trimester
routine ultrasound examination as a screening proce-
dure.13,34 Increased NT has been found in association
with major chromosomal defects (Figure 97.22b),
namely trisomies 13, 18 and 21, Turner syndrome and
triploidy as with cardiac defects, other malformations
and genetic syndromes.59,60
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Figure 97.22 (a) Sagittal plane of a 12-week fetus showing
the adequate plane for measuring nuchal translucency.
(b) Increased nuchal translucency (NT �4 mm) in a 12-week
fetus with Down’s syndrome.

Figure 97.21 Dividing membrane in a 35-week dichorionic
twin pregnancy.

Figure 97.23 Abnormal ductus venosus blood flow in a
12-week fetus with trisomy 21.

Figure 97.24 Ultrasound image of nasal bones in a 12-week
fetus with normal karyotype.
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If increased NT is combined with maternal age and
factors concerning trisomy 21, the detection rate for
chromosomal anomalies will be 80% with a false-
positive rate of 5%. When fetal heart rate or maternal
serum-free β-hCG and pregnancy-associated plasma
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Figure 97.25 Ultrasound image of a 12-week fetus
demonstrating the measurement of the maxillary bone
measurement in a normal fetus.

Figure 97.26 (a) Ultrasound image of an exencephaly/acrania
detected at 13 weeks of gestation, showing the the absence of
cranial bones. (b) Necropsic specimen of the same fetus after
termination of pregnancy, confirming the prenatal diagnosis.

Figure 97.27 (a) Ultrasound image of an omphalocele
detected at 12 weeks of gestation, showing the outbulging liver
and a pronounced lordosis. (b) Necropsic specimen of the same
fetus after termination of pregnancy, confirming the prenatal
diagnosis.
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protein A (OSCAR clinic) are also incorporated at
11–14 weeks, detection rates will be 83 and 90%,
respectively.61,62

The pathogenic basis of increased NT is still
obscure, in spite of published work reporting an
association of such an increase with cardiac defects/
dysfunction.63–66 Investigational work from our group
clearly demonstrated abnormal ductus venosus (DV)
blood flow in the majority of fetuses with increased NT
and abnormal karyotype15 and/or cardiac defects.16 The
combination of maternal age, NT and DV evaluation
yielded a similar detection rate of NT alone, but
decreased significantly the invasive testing rate.15

Still emphasizing the importance of ultrasound
screening in the first trimester, when we adopt the
same sagittal plane used for NT, other sonographic
markers can be obtained and have recently been
proposed to improve the detection rate for trisomy 21:
ductus blood flow evaluation15,16,63–69 (Figure 97.23),
fetal nasal bones17 (Figure 97.24) and maxillary bone
length18 (Figure 97.25). Preliminary data suggest that
combining sonographic and biochemical markers in
the first trimester of pregnancy could result in a detec-
tion rate of 97% for a false-positive rate of 5%, or a
detection of 95% for a false-positive rate of 2%.62

Detailed assessment of fetal anatomy in the late
first trimester is possible using either transabdominal
or higher-resolution transvaginal sonography.27,70

Therefore, potentially, the antenatal diagnosis of the
majority of structural anomalies in this period of gesta-
tion can be carried out. Good examples of first-trimester

diagnosis of major malformations are exencephaly/
acrania (Figure 97.26), omphalocele (Figure 97.27) and
osteochondrodysplasia (Figure 97.28).

After the first report of an early ultrasonic diagno-
sis of anencephaly in the 1970s,71 many case reports
have been published in the literature.

Following the ‘natural history of fetal anomalies’,
the IRONFAN registry has been able to demonstrate
how early anomalies can be diagnosed, in particular
those that are potentially lethal, such as those occur-
ring in the central nervous and cardiovascular sys-
tems, urinary tract and abdominal wall.72 To date,
more than 2000 anomalies, diagnosed between 9 and
15 weeks’ of gestation, have been reported.

We consider that the policy of routine ultrasound
examination in the second trimester will be reviewed
within the next few years, once most, if not all, the
lethal defects are able to be diagnosed and managed ear-
lier in pregnancy. Furthermore, late first-trimester scan
has other advantages, already discussed above, as a
more accurate method of gestational age determination
and for sufficiently early characterization of multiple
pregnancy.

Conclusions
During recent years, interest in first-trimester preg-
nancy has been reinforced by the achievement of
detailed imaging of early human intrauterine life
using high-resolution ultrasound equipment, namely,
transvaginal ultrasonography.
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Figure 97.28 Sonographic aspects of a osteochondrodysplasia diagnosed at 12 weeks of gestation, showing short limbs, increased
nuchal translucency and abnormal flow in the ductus venosus.
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98 Hemodynamic assessment
of early pregnancy
L. T. Mercé, M. J. Barco, S. Kupesic and A. Kurjak

Introduction
By ‘hemodynamic assessment of early pregnancy’ we
refer to the study of the changes in the utero-placental,
intervillous, fetal-placental, embryo-fetal and luteal
ovarian circulations during the first trimester of
normal pregnancies.

Although several invasive methods have been
applied to experimental animal models for the study
of early gestation hemodynamics, in the human
species it has only been possible since the arrival of
Doppler examination. This method has experienced
great technological improvements from the continu-
ous and pulsed Doppler to the 3D power Doppler
angiography (PDA).

The transvaginal color Doppler has proven to be a
highly efficient technique in the assessment of the
placental, embryo-fetal and luteal circulations during
the first trimester. Nevertheless, the theoretical risk of
adverse biological effects on the embryo has restricted
significantly its use during this pregnancy period.
The 3D Doppler angiography represents a new techno-
logical advance that applies the ALARA principle (As
Low As Reasonably Achievable), since the acquisition
time of the angiograph volumes is shorter. Moreover,
it is a process available only in high-technology
equipment that fulfills precisely all the international
regulations on ultrasound safety. In any case, it seems
necessary to have at our disposal new reports that
guarantee the possibility of a careful but more liberal
use of this new method during early pregnancy.

Utero-placental blood flow
The utero-placental circulation is composed of the
uterine vessels and their intramyometrial branches:
arcuate, radial and spiral endometrial arteries. The
spiral arteries will become utero-placental arteries
under the trophoblastic invasion process during the
first half of pregnancy.

The utero-placental blood flow increases progres-
sively during the first trimester of normal gestations to

accomplish the great demands imposed during the
organogenesis period.1 The invasion of the radial and
spiral arteries by the cytotrophoblast is the mechanism
to secure the progressive increase of utero-placental
perfusion. These arteries lose their autoregulation abil-
ity and increase their diameters to become the utero-
placental arteries.2

The spiral and radial arteries are those showing
the greatest and most significant changes under
Doppler examination as they are the target vessels of
the trophoblastic invasion.3–7 From the ultrasono-
graphic detection of the gestational sac it is possible
to depict a color signal coming out of it and getting
inside the myometrium, which was named the
‘comet sign’5–7 (Figure 98.1). The flow velocity wave-
form (FVW) of these arteries shows a low vascular
resistance and usually the protodiastolic notch is
absent.

The proximity of the spiral and radial arteries in
the placental basal plate rends its differentiation
impossible. For this reason we call them retrochori-
onic arteries. Other authors use the term subchorionic
and peritrophoblastic arteries.8,9 Out of the placental
site the radial arteries are placed at the myometrial
internal third. The arcuate arteries run along the
myometrial external third near the serosa. From the
seventh week onward it is possible to identify through
transvaginal color Doppler the spiral, radial and arcu-
ate signals in 100% of the examinations.10,11 The uter-
ine arteries can be explored on both sides of the
cervical isthmus. The FVW of the uterine arteries
shows a high resistance with a protodiastolic notch
usually present (Figure 98.2).

There is a gradual increase in the blood flow in the
retrochorionic arteries during the normal first
trimester of gestation. The resistance index dimin-
ishes from 0.52 ±0.03 in the 4th week to 0.31 ±0.05 in
the 15th week (Figure 98.3), whereas the systolic and
diastolic velocities increase progressively.5,6 Changes
at the placental vascular bed will affect in a retrograde
way the entire utero-placental vascular tree. The
blood flow will also increase in the radial, arcuate and
uterine arteries. The vascular resistance decreases
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Figure 98.1 (a) Color map of the retrochorionic circulation of a gestational sac of 4 mm. The blood flow increase in the spiral and
radial arteries depicts the ‘comet sign’. (b) FVW of the retrochorionic circulation in the same gestational sac.

Figure 98.2 FVW of the uterine artery in a normal gestation of 8 weeks of amenorrhea (a), arcuate artery (b), radial artery (c) and
spiral or utero-placental arteries (d). The vascular resistance increases as the distance from the placental insertion site increases.
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gradually in all the utero-placental vessels during the
normal first trimester of pregnancy, but it increases
along with the distance from the chorionic implanta-
tion site8–15 (Figure 98.2). The average resistance
index of the uterine arteries falls from 0.94 ±0.08 in
the 5th week to 0.76 ±0.09 in the 12th week, while
the maximum systolic velocity increases from
43.67 ±16.72 cm/s to 79.13 ±26.33 cm/s in the same
period of time3,4 (Figure 98.4). The protodiastolic
notch is always present at the beginning but it will
disappear in the second trimester.

The utero-placental blood flow, as evaluated by the
retrochorionic vascular resistance, increases to 36%
during the first trimester of normal pregnancies. This
percentage is greater than the 30% observed through-
out the remainder of pregnancy and doubles the 16%
attributed to the second trophoblastic wave between
the 15th and 20th weeks16 (Figure 98.5). This fact
demonstrates the importance of the vascular changes
taking place in this gestational period and its unques-
tionable value for a successful pregnancy outcome.

Intervillous blood flow
From an embryological point of view, the intervillous
circulation seems to be initiated around the 12th day

of embryo development, when the maternal blood
flows inside the syncitiotrophoblastic lacunae.17

Nonetheless, Doppler studies have produced conflict-
ing results.

Jauniaux et al.18,19 and Jaffe and Woods20 using
transvaginal color Doppler did not find intervillous
blood flow before 12 gestational weeks. Trophoblastic
plugs would occlude the spiral arteries lumen21,22 to
maintain a relatively hypoxic environment to favor
embryo development.23 The intervillous blood flow
was only present in miscarriages.24,25

Kurjak and Kupesic,26 Valentín et al.14 and Mercé
et al.5,6 using a similar technology were able to detect
the intervillous blood flow from the sixth normal
pregnancy week onward. Two patterns of flow have
been registered: a continuous venous type and a pul-
satile arterial type, the latter probably next to the
entrance to the utero-placental arteries (Figure 98.6).

The maximum venous velocities in the intervillous
space (IVS) are low and increase gradually throughout
the first trimester from 2 ± 0.77 cm/s at 6 weeks to
5.12 ±2.23 at 12 weeks5,6 (Figure 98.6). For some
authors27 that increase from the 10th week occurs
simultaneously with the decline in the vitelline cir-
culation (Figure 98.7). The arterial FVW in the IVS
does not experience significant changes during the
first trimester.14,26,27

Our recent experience with 3D PDA confirms our
previous results with transvaginal color Doppler.
The virtual organ computer aided analysis (VOCAL)
technology allows the differentiation of the IVS
and retrochorionic circulations and their independ-
ent assessment (Figure 98.8). We have observed a
progressive and significant increase in the vascu-
larization, flow and vascularization-flow indices
between the 6th and 12th weeks in normal pregnan-
cies (Figure 98.9).

These findings are in accordance with a gradual
disappearance of the trophoblastic plugs from the
spiral arteries during the first trimester. It would pro-
duce an increase in the Doppler signals at the chorion
frondosum (vascularization index) and an increase in

1064 Hemodynamic assessment of early pregnancy

Figure 98.3 Resistance index of the retrochorionic arteries
(spiral–radial) during early gestation (mean ±SD).

Figure 98.5 Percentage of blood flow increase at the placental
site at different stages of normal pregnancy. During the first
trimester a decrease in the vascular resistance takes place,
which is greater than the rest of gestation.

Figure 98.4 Average resistance index from both uterine
arteries during early pregnancy (mean ±SD).
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their intensity (flow index) that constitute the
increase in the IVS blood flow in this period. Jauniaux
et al.28 in their last publication seem to admit this pos-
sibility that we are defending for more than 10 years.

Blood flow in the yolk sac
The circulation in the yolk sac precedes the fetal-
placental or umbilical circulations in embryonic
development.17

The yolk sac circulation can be detected by Doppler
from the fifth week of amenorrhea onward.29–31 It is fea-
sible to integrate the Doppler signal in the 443–67%27

of normal gestations. During the sixth week it could
be difficult to differentiate from the initial umbilical
signal.30 Its FVW is of arterial type without diastolic
flow (Figure 98.10). The blood flow in the yolk sac is
characterized by low velocities (between 3 and
7 cm/s) and a pulsatility index ranging from 2.19 to
4.78.30 The yolk sac blood flow diminishes from the

10th week onward, together with the size of the
sac, and coincides with the blood flow increase to
the IVS.27

Fetal-placental blood flow
The fetal-placental or umbilical circulation links the
villous vascular system with the embryo-fetal vascu-
lar system. The umbilical artery Doppler signal is
detected at the end of the fifth or the beginning of the
sixth week of amenorrhea, when the embryo begins to
be sonographically detectable. The umbilical artery
FVW is characterized by not showing a diastolic com-
ponent until the 10th week of amenorrhea. The umbil-
ical diastolic flow appears in a small percentage of
cases from the 11th week onward and will be con-
stantly present from the 14th week onward5,6,8,30,32–34

(Figure 98.11).
From the seventh week onward it is possible to

register the umbilical vein signal. The umbilical
venous blood flow shows a characteristically undu-
lated profile during the first trimester (Figure 98.11).
The umbilical vein pulsations are physiological in
this period of pregnancy and will disappear from the
11th week onward.35,36

The umbilical artery blood flow increases signifi-
cantly alongside the entire first trimester of normal
gestations.5,6,8,30,32–34 Between the 6th and 14th weeks
the maximum systolic velocity is increased from
5.63 ±2.26 cm/s at 6 weeks to 21.28 ±4.6 cm/s at
14 weeks, whereas the pulsatility index falls from
4.4 ±1.1 to 1.38 ±0.34 (Figure 98.12).

The decrease in the umbilical artery resistance
during the first 12 weeks of gestation is essentially
due to the maturation of the villous vascular tree. The
appearance of diastolic velocities would explain this
fact. The beginning of the fetal period will lead to

Figure 98.6 Doppler signal from the intervillous circulation of arterial type (a) in the seventh week and venous type (b) in the
ninth week.

Figure 98.7 Venous maximum velocity of the intervillous
circulation during normal early pregnancy (mean ±SD).
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Figure 98.9 Vascularization index (a), flow index (b) and vascularization-flow index (c) of the intervillous circulation during the
normal first trimester of pregnancy.

Figure 98.8 3D power Doppler angiography of the intervillous flow at 6 weeks (a), 8 weeks (b), 10 weeks (c) and 12 weeks (d) of
normal pregnancies.
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increasing demands of oxygen and nutrients that will
be supplied by an improvement in the villous transfer.

Embryo-fetal blood flow
Transvaginal color Doppler allows the evaluation of
the whole intraembryonic circulation, but only the
blood flow in the aorta, cerebral arteries and ductus
venosus has been studied.

The trajectory of the aorta can be clearly visualized
from the seventh gestational week onward. As it
occurs in the umbilical artery, its Doppler signal is
characterized by the absence of diastolic velocities,

Embryo-fetal blood flow 1067

Figure 98.10 Doppler signal from the yolk sac circulation in
the seventh week of pregnancy.

Figure 98.11 Umbilical artery Doppler in the 8th (a) and 11th (b) gestational weeks. At the inferior channel, the undulating profile
of the umbilical venous signal can be appreciated.

Figure 98.12 Umbilical artery pulsatility index during early
pregnancy (mean ±SD).
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that begin to appear around the 13th week, being
always present at the 14th and 15th weeks8,30,33,34

(Figure 98.13). The aortic blood flow increases pro-
gressively during the whole first trimester, as proven by

the augmentation of systolic velocity and the reduction
of the pulsatility index8,30,33,34 (Figure 98.14).

Intracerebral signals can be registered by transvagi-
nal color Doppler in the eighth week of amenorrhea.
However, the centrifuge trajectory of the mean cere-
bral arteries can be depicted only from the 10th week.
The cerebral blood flow increases between the 8th
and 14th pregnancy weeks. Systolic velocities are
present from the 11th week onward. They are visible
in 80% of the 12th-week registers and are constantly
present during the following weeks (Figure 98.15).
The maximum systolic velocity is 4.97 cm/s at the
eighth week, rising to 19.08 ±5.21 at the 14th. The
pulsatility index decreases steadily from 2.86 ± 0.49
in the eighth week to 1.49 ±0.37 in the 14th week
(Figure 98.16).

The cerebral arteries show diastolic velocities from
the 11th week onward, in contrast to their absence in
the umbilical and aorta arteries. The ratio between the
umbilical and cerebral pulsatility indices is usually

1068 Hemodynamic assessment of early pregnancy

Figure 98.14 Pulsatility index of the embryonic aorta during
normal first trimester of pregnancy.

Figure 98.16 Pulsatility index of the mean cerebral artery
during normal early pregnancy (mean ±SD).

Figure 98.17 Normal Doppler recording of the ductus
venosus in the 11th week.

Figure 98.13 Color signal and FVW of the embryonic aorta in
the ninth gestational week.

Figure 98.15 Mean cerebral artery FVW in a normal
pregnancy of 9 weeks.
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inferior to 1 during the first trimester.37 These data
suggest that the cerebral blood flow is independent of
the vascular changes taking place in the aorta and the
villous network. This autoregulation mechanism of
the cerebral circulation during early pregnancy

should aim to secure a proper blood supply to the
growing fetal brain.

The ductus venosus is a circulatory shunt connecting
the umbilical vein with the inferior cava vein. The
Doppler signal shows a forward flow and triphasic

Figure 98.18 Sonolucent corpus luteum image (a) and color signal and FVW (b) in a normal fifth week of gestation.

Figure 98.19 Resistance index of the normal corpus luteum
vascularity during the first trimester of normal gestations
(mean ±SD).

Figure 98.20 Luteal circulation assessment during early pregnancy by 3D power Doppler angiography. (a) Acquisition technique
applying the VOCAL software. (b) Three-dimensional angiographic rendering of the vascular network in a gestational corpus luteum.
The arrow points to the helical artery.

(a) (b)
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morphology with three components: ventricular systole,
early diastole with passive ventricular filling and late
diastole with a nadir in the signal that reflects the active
ventricular filling due to the atrial contraction. Although
all three components of the ductus venosus FVW can be
identified from the ninth week onward,36 its visualiza-
tion is more constant from the 12th to 15th week
onward36,38 (Figure 98.17). The blood flow increases
progressively in the ductus from the ninth week onward
throughout the rest of the pregnancy. Blood flow veloci-
ties increase as the vascular resistance decreases.36–40

The pulsatility increase in the ductus venosus at the
end of the first trimester could indicate the presence of
a fetal chromosomal anomaly associated or not associ-
ated to a congenital cardiac malformation.41,42 It has
been suggested as a marker for chromosomal abnor-
malities independent of the nuchal translucency,43 and
in association with it, could increase the specificity by
maintaining an adequate detection rate.44

Luteal ovarian blood flow
The luteal function is essential during early gesta-
tion, given that its hormonal secretion sustains the

pregnancy until the functional takeover of the
placenta. During the first 12 gestational weeks the
luteal blood flow can be easily evaluated by trans-
vaginal color Doppler.

The corpus luteum is visualized from 66%37 up to
100% of pregnancies.45 In the majority of cases it has
an anechogenic appearance (77%), which can hinder
the differential diagnosis with a persistent follicle.37

The Doppler examination confirms the gestational
corpus luteum when it shows a ‘luteal conversion’ of
the FVW, quite similar to that of the second half of the
ovarian cycle16 (Figure 98.18).

The luteal blood flow during early pregnancy is
similar to that of the luteal phase of the ovarian cycle
and there are no significant differences in the veloci-
metric parameters.16,46,47 Maximum systolic velocities
are usually high.46–48 The helical or nutricia artery
shows the highest systolic velocities and a low vari-
ability.48 The resistance index ranges from 0.48 ±0.05
in the 5th week to 0.52 ±0.05 in the 12th week, with
a slight tendency to an increase in the intraovarian
vascular resistance16 (Figure 98.19).

Lately, the 3D PDA allows the representation of the
luteal angiogenesis and the study of the blood flow in
a more real and precise way (Figure 98.20).
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99 Ultrasonographic signs
of miscarriage
J. M. Bajo Arenas and T. Perez-Medina

Introduction
Recent advances in ultrasonographic technology along
with the availability of high-frequency transvaginal
transducers allow for more precise diagnosis. For
every sonographist, the decision to inform the patient
about the results of sonographic examination in rela-
tion to an interrupted pregnancy or embryonic death
represents a challenge. The greater the experience, the
earlier it can be confirmed that a pregnancy is actually
not viable. It is not appropriate to confirm a diagnosis
of miscarriage if any doubts exist, when most patients
can wait without risk to their health. Nonetheless, it is
good practice to write the suspected diagnosis in the
clinical history to avoid unpleasant situations at the
next sonographic examination. It is preferable to
repeat the scan a few days later, to confirm that the
pregnancy is ‘not viable’ if the diagnosis is not
absolutely straightforward.

The problems for sonographists, especially for the
less experienced ones, arise when they are required to
reach definitive conclusions in the presence of signs
corresponding to a pregnancy of less size than
expected for the last menstrual period (LMP) without
the aid of a previous sonographic examination. It
needs to be decided if the pregnancy is of shorter
duration or aborted. Some of the data that can be
obtained will help in performing a diagnosis, and in
other situations, enough information should be pro-
vided by the first sonographic examination to reach a
definitive diagnosis; that is to say does not require
confirmation with a subsequent sonographic exami-
nation. Repetition of the sonographic examination,
7–10 days later, should allow, in most of the cases, a
definitive diagnosis to be reached.

Normal development of the
pregnancy in the first trimester
If we know the chronology of appearance of the
visible embryonic structures from sonography and its

variations, it is possible to know whether the preg-
nancy is correctly evolving or not.

When findings that do not correspond to the gesta-
tional age are detected, the first thing to do should
be to assess the possibility that an error exists in
the LMP or that ovulation has not occurred on the
14th day of the cycle. In this situation, when the
embryo is alive (positive heart beat) the only require-
ment is to correctly date the pregnancy in most cases.
The LMP is calculated from the crown–rump length
(CRL) and the date of the conception and the probable
date of the childbirth are obtained. This is especially
true when the pregnancy is of a longer duration than
that corresponding to the LMP. When the data from
the sonographic examination correspond to a preg-
nancy of shorter duration, that is to say, retarded ovu-
lation, the approach is different, since finding a
smaller embryo than expected is a risk factor for poor
pregnancy outcome.

A useful adjunct to ultrasonography is the plas-
matic determination of the β-hCG (hCG, human chori-
onic gonadotrophin) hormone (mIU/ml) between the
fourth and eighth weeks of pregnancy. This determi-
nation is, among all those that can be performed
during this period, the one from which the best clini-
cal outcome has been obtained. Although there are
wide variations from one pregnancy to another, it can
be very useful. Normal course pregnancies duplicate
the β-hCG levels in a period from 2 to 3 days, while
abnormal pregnancies (ectopic or interrupted) usually
show as irregular increases or, even, decreases.
Simultaneous biochemical and sonographic data per-
mit a useful perspective on the expected outcome in
normal pregnancies. Essentially, it is necessary to
know the β-hCG measurement system used in each
one’s own laboratory and adapt it to the medium.

Based on the capacity of sonography to predict
the actual gestational age of different structures (the
diameter of the gestational sac, the yolk sac and the
CRL) within a 1-week margin, the diameter and growth
of each structure from the moment of appearance
are reflected in many tables by different authors.
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Figure 99.1 Gestational sacs more than 3–4 mm in diameter
can be usually seen.

Figure 99.2 The yolk sac can be observed and measures
2–3 mm.

Figure 99.3 A 2–4 mm CRL embryo may be seen in the
exploration.

Figure 99.4 The amniotic vesicle is usually observed at the
same time that the yolk sac (double bled sign).

Generally, a gestational sac of 3–4 mm average
diameter can usually be seen (Figure 99.1). The size of
the yolk sacs is 2–3 mm (Figure 99.2) and embryos have
a CRL of 2–4 mm (Figure 99.3). The amniotic vesicle is
usually identified at the same time as the yolk sac,
and is known as the double-bled sign (Figure 99.4).
The heart beat can be detected starting from a CRL of
3–4 mm in most cases (Figure 99.5), and is frequently
detected before the embryonic echoes. Goldstein1 states
that the heart beat is present in the embryo a few days
before detection by sonographic examination.

All the data obtained correspond to what is possi-
ble to visualize in normal pregnancies in patients in
whom conception began 14 days after the LMP.
Normal pregnancies that have begun before or after
this will have differences with regard to the prospec-
tive findings, but the rhythm of change among suc-
cessive sonographic examinations will be the same.
So, after two sonographic examinations performed at
least 1 week apart, starting from the moment when a

gestational sac 5–10 mm in diameter has been visual-
ized, a definitive diagnosis of the viability of the preg-
nancy can be obtained.

More than 80% of the sonographic examinations
performed in the first trimester of pregnancy, in
asymptomatic women without risk factors, will be
normal. The earlier the first sonographic examination
is performed, the higher will be the probability that
we will find abnormal data or uncertain diagnoses,
and the greater the probability that repetition of the
sonographic examination will confirm normality. A
pregnancy of 2 weeks less, in the 10th week will allow
us to see a normal sac and a live embryo with 16 mm
CRL, but if the sonographic examination is performed
in the seventh week a small gestational sac of 8 or
10 mm diameter will probably be the only finding.
The confirmation that a pregnancy is evolving cor-
rectly with a predicted of good outcome (low abortion
probability) is only obtained when a live embryo is
visualized and a history of associated risks does not
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exist. On the other hand, confirmation that a preg-
nancy has been interrupted can only be made when
an embryo is visualized of a certain size without heart
beat. When there is no embryo, except in cases when
the gestational sac has reached a large size, another
sonographic examination 7–10 days later should be
performed.

Spontaneous interruptions
of the development of conception
The frequency of spontaneous interruptions of the
reproductive development process is very high, espe-
cially when considered from the earliest stages. It
is calculated that of each 100 potential pregnancies
only 31 will carry to term with a live fetus.2,3 The fre-
quency of miscarriage, considered as the spontaneous
interruption of the pregnancy before the fetus has
reached viability, depends therefore on the approach
that we use to define pregnancy. When considering
pregnancies reaching implantation (biochemical preg-
nancy), the miscarriage frequency ranges from 30% to
40%.4,5 On reaching the clinical diagnosis of preg-
nancy, the frequency is reduced to 10–15%. If the
pregnancy progresses until the 12th week, the pro-
bability of abortion decreases to 3–4%. When the
embryo is alive in the 12th week, the abortion rate
until the 20th week is only 2%.6

Siddiqi et al.7 report that in pregnancies under
12 weeks, controls had 5.2% of miscarriages, while
cases that presented with bleeding had 16.4%. Also,
when the patient is older than 34 years, the frequency
increased to 11.1%, in comparison with patients
under 35 years, in whom the frequency was only
4.4%. Levi et al.8 found a 24% rate of abortions when
positive heart beat existed but the embryo has a CRL
less than 5 mm.

Goldstein9 presents his data with great clinical
applicability, allowing us to assess the probability of
miscarriage as a function of the sonographic findings,
as shown in Table 99.1.

Choong et al.,10 in a series of 322 pregnant women,
conclude that the most discriminatory test for pre-
dicting spontaneous miscarriage of a live embryo is a
personalized multivariate analysis model, con-
structed with the LMP, CRL, embryonic heart rate,
mean sac diameter and maternal age as the variables,
with an area under the curve equal to 0.87 in their
receiver operating characteristic (ROC) curve.

Embryonic and fetal causes, basically chromosomal
anomalies, are the most frequent causes of miscar-
riage.11 The different rates reported depend on the
approaches used (whether only clinical pregnancies
are considered or not). In the first weeks they can
account for 80–90% of the cases. After the 12th week,
the chromosomal anomalies and malformations are
less relevant, although they continue to be an impor-
tant cause. From this time on, maternal and environ-
mental causes acquire more importance.

Knowledge of the frequency of spontaneous mis-
carriage, from the very beginning, along with theoreti-
cal knowledge of the causes of the abortion, should
provide a perspective to the obstetrician who, when
performing a sonographic examination, finds parame-
ters not corresponding to a normal pregnancy. Earlier
sonographic examinations in the pregnancy will
allow diagnosis of many more cases of spontaneous
interruptions in pregnancy.

Poor prognosis of pregnancy.
Sonographic findings (Table 99.2)
Some circumstances, when present in a sonographic
examination performed in the first trimester of the
pregnancy, indicate a poor prognosis. Although they
do not allow a definitive diagnosis of ‘interruption of
development,’ they indicate that the prognosis for
normal outcome is reduced. In the days prior to their
detection, some phenomena are usually observed.

1074 Ultrasonographic signs miscarriage

Figure 99.5 The heart motion can be detected in most cases
starting from a 3–4 mm CRL embryo.

Table 99.1 Probability of spontaneous abortion
according to the sonographic findings (from Goldstein9)

Structure visualized Probability of abortion (%)

Gestational sac 11.5

Yolk sac 8.5

Embryo CRL < 5 mm 7.2

Embryo CRL 6–10 mm 3.3

Embryo CRL > 10 mm 0.5
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However, none of them are sufficiently reliable to give
a definitive diagnosis. To be able to diagnose an abor-
tion, or embryonic death, it is necessary to check the
existence of an embryo of 5 mm CRL minimum in
which heart beat is lacking.

Anomalies of the gestational sac
The gestational sac and the CRL develop simultane-
ously. It is possible to check whether, between the 6th
and the 10th weeks, the difference usually overcomes
the 15–20 mm limit. Other authors12,13 report that
when the difference between the diameter of the ges-
tational sac and CRL is less than 5 mm (precocious
oligoamnion), miscarriage occurs in 95% of cases
(Figure 99.6). Dickey et al.14 report that when the dif-
ference between these two measures was less than
5 mm, miscarriage occurred in 80% of the cases; when
the difference was between 5 and 7.9 mm, miscarriage
occurred in 26.5% of cases, and when the difference
was more than 8 mm, miscarriage occurred in only
10.6% of cases.

Anomalies of the heart frequency interpreted
as a function of the gestational age or CRL

Bradycardia or relative bradycardia
Increase in the fetal heart rate (FHR) until the 10th
week is characteristic; it rises from 90 beats per
minute (bpm) in the first weeks of visualization up to
180–190 bpm in the 12th week. From this time, FHR
diminishes progressively until it reaches 140–150 bpm
in the 20th week. However, important variations exist
in the frequency reported by different authors in every
week of pregnancy. Merchiers et al.15 give importance
to the observation that a decrease of the heart frequency
occurs in two successive sonographic examinations.
For Laboda et al.16 a FHR under 85 bpm indicates a
very poor prognosis, since in their series all the
embryos that presented this finding, ended in miscar-
riages. May and Sturtevant17 also associate poor prog-
nosis with this finding: 6 out of 11 cases with FHR
under 85 bpm between the 4.5th and the 7.3rd week
miscarried.

Benson18 sets the limit as 90 bpm for the whole first
trimester to indicate a poor prognosis. In his series, all
cases that had a FHR under 70 bpm ended in abortion;
between 70 and 79 bpm, 91% had abortions, and
between 80 and 89 bpm, 70% had abortions. Doubilet
and Benson19 suggest that a FHR more than 100 bpm
until the 6.2nd week and more than 120 bpm between
the 6.3rd and the 7th week, are signs of a good prog-
nosis. They consider it a sign of a poor prognosis if a
FHR of less than 110 bpm in the 7th and 8th weeks is
observed. Stefos et al.20 report in their series that
when there is a FHR under 85 bpm between the sixth
and eighth week, it is unlikely any fetus will survive.
For these authors, when the FHR is between 116 and

125 bpm between the sixth and the seventh week, the
prognosis is good, as it is when the FHR is more than
146 bpm between the eighth and the ninth week. No
finding, except the absence of heart beat, provides a
definitive diagnosis of embryonic death. However, the
scientific evidence allows a more precise diagnosis. In
general, heart frequencies under 85 bpm until the
seventh week and under 100 bpm from this time on,
are associated with an adverse result and high proba-
bility of abortion.

Anomalies of the yolk sac (size, shape, ecogenicity)
The yolk sac is the first extraembryonic structure that
appears and it is visible in practically all pregnancies
between the 5th and the 12th weeks. The yolk sac can
be observed initially when the diameter of the gesta-
tional sac reaches 3.7 mm, on the 36th day from the
LMP and is reliably observed when the diameter is
6.7 mm, on the 40th day of amenorrhea. Furthermore,
according to Levi et al.8 the yolk sac should always be
observed when the diameter of the gestational sac is
more than 8 mm (corresponding to 33 days), so that its
absence would mean a better approach for gestational
loss.

The importance of the visibility of the yolk sac for
ecographists arises from the fact that it is the first
identifiable structure in the gestational sac, preceding
by 4–7 days visualization of the embryo. Its charac-
teristic feature is an ecogenic circle that defines a
sonoluscent area inside an extra-amniotically located
chorionic cavity.

Some anomalies are described in their initial
development as shape and volume alterations.21,22

In general, it is difficult to make important clinical
decisions (such as diagnosing a pregnancy interruption)
based on findings related to the yolk sac. This is a struc-
ture with important variations with regard to its size
and dimensions. Visualization is also not absolutely
safe, even in pregnancies of normal course. The

Figure 99.6 Gestational sac showing precocious oligoamnion;
a good predictor for abortion.
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alterations at this level are usually late, and it is
believed that they are a consequence of the process that
determines the miscarriage, not the cause. However,
several publications have reported their measurement,
the assessment of their characteristics, and the analysis
of their association with a poor pregnancy outcome.

Lindsay et al.23 report that the existence of a yolk
sac of more than 2 standard deviations (SD) above that
expected for the gestational age indicates a poor prog-
nosis. All cases evolved unfavorably when a yolk sac
bigger than 5.6 mm was observed before the 10th week
in their series (Figures 99.7–99.9). This agrees with the
data from Kupesic and Kurjak,24 who report a poor
prognosis with yolk sacs with abnormal size and
abnormal Doppler vascularization. Perez-Medina
et al.25 report the changes in the yolk sac with respect
to size, shape or the echogenicity are parameters that
guide the normal or pathological development of the
pregnancy. Of the 100 patients in their series, 87 (87%)
had a normal development and evolved correctly until
the end of the first trimester (control group); 13 (13%)
had an abnormal course of the pregnancy (study
group). Of the 87 patients with correct development,
three had a yolk sac diameter of more than 1 SD. Of the
13 patients with abnormal course, six had a yolk sac
diameter greater than 1 SD. They conclude that the
sensitivity of the size of the yolk sac to predict an
abnormal course of the pregnancy is 92.3%, the speci-
ficity is 66.6%, the positive predictive value (PPV)
is 96.5% and the negative predictive value (NPV) is
46%; and when some of these anomalies appear, it is
necessary to follow the pregnancy closely.

The regressive yolk sac is sonographically observed
by a progressive increase of refrigency until a more
extreme form that would indicate calcification of the
sac (Figure 99.10).

Trophoblastic thickness at the
embryonic implantation site
Bajo and colleagues26 describe the trophoblastic thick-
ness at the embryonic implantation site in a prospec-
tive, observational study in 592 normal pregnancies in
whom serial ultrasound scans were performed from
the 5th to the 12th week of pregnancy. Trophoblastic
thickness was measured at the embryonic implanta-
tion site to determine the significance of the difference
between the gestational age in weeks and the tro-
phoblastic thickness in millimeters. A difference of
more than 3 was highly predictive of a poor pregnancy
outcome (Figure 99.11). The sensitivity of this sign in
the prediction of spontaneous abortion was 82%, the
specificity was 93%, the positive predictive value was
63% and the negative predictive value was 97%.

Intra-uterine bleeding. Subchorionic
and retroplacental hematomas
The existence of liquid collections, mainly in sub-
chorionic locations, is a relatively frequent finding in

the sonographic examinations performed during the
first trimester of pregnancy (Figure 99.12). From some
of these images it is evident that some have a huge
size and coincide with clinical symptomatology
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Figure 99.7 Yolk sac of 8 mm (more than 2 standard
deviations for the gestational age).

Figure 99.9 Gestational sac of 9 mm. This is a very sensitive
marker for abortion.

Figure 99.8 Giant yolk sac, a sign that is rapidly and easily
appreciated in the sonographic examination.
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Figure 99.10 The regressive yolk sac is observed when there is
a progressive increase of the internal refrigency as seen in both
yolk sacs of this double pregnancy.

Figure 99.12 The existence of subchorionic liquid collections
is a frequent finding in examinations performed in the first
trimester.

(vaginal bleeding), while others are casual findings
in asymptomatic women and have a minimum
volume. Discrepancies exist with regard to the risks
and their association with abortion when used for the
diagnosis of intra-uterine hemorrhage. Dickey et al.27

demonstrated using Doppler color that in 37% of
sonographic examinations in the first trimester sub-
chorionic bleeding exists, and that in 47% of cases,
subchorionic liquid is detected. They conclude that
the liquid and the subchorionic bleeding are frequent
findings during early pregnancy and are not associ-
ated with embryonic death unless accompanied by
vaginal bleeding. Stabile et al.28 state that the exis-
tence of small subchorionic hematomas (less than
16 ml) in women with genital bleeding does not
increase the risk of miscarriage in comparison with
women with bleeding without hematoma.

With regard to the diagnosis from the size and the
localization of the hematoma, Glavind et al.29 do not
find a relationship between the size of the hematoma
and the week of pregnancy in which the diagnosis
was performed. For these authors retrochorionic or
subplacental localization have a worse prognosis than
subchorionic localization (Figure 99.13). According to
Kurjak et al.30 subchorionic hematomas influence
abortion frequency (17% in a study group vs. 6.5% in
a control group). Neither has a significant influence
on the size of the hematoma, the localization being
more important. Hematomas in the uterine corpus or
fundus have a worse prognosis than those located near
the uterine cervix (Figure 99.14). In another report,
Kurjak et al.31 find a higher RI of the spiral arteries in
cases with retrochorionic hematoma than in controls,
due to compression from the hematoma.

According to Ball et al.32 it is not clear if the sub-
chorionic bleeding is the cause or simply an underly-
ing process that produces negative effects. They
present an interesting study in which the patients are
divided into three groups: the first is formed of women
who present with subchorionic bleeding; the second is
a control group of women without hematoma, and the
third is another control group without hematoma but
with vaginal bleeding. When these authors perform
comparisons with controls without bleeding, an odds
ratio (OR) 2.8 is obtained for abortion, 4.5 for still-
birth, 11.2 for abruptio placentae and 2.6 for preterm
birth. When compared with controls with bleeding all
the ORs increase except that for abortion. The weight
at birth is diminished when compared with the two
control groups. Genital bleeding by itself is able to
increase the risk of miscarriage. Bennet et al.33 com-
pare the abortion frequency in women with genital
bleeding and subchorionic hemorrhage. When the
hematoma is big, the frequency of abortions is 18.8%;
if medium, 9.2%; and if small 7.7%. When the

Figure 99.11 A thin trophoblast is observed. A difference of
more than 3 between gestational age (weeks) and the
trophoblastic thickness (mm) is highly predictive of a poor
pregnancy outcome.
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woman is older than 35 years, the abortion rate is
13.8%, in comparison with 7.3% in women younger
than 35 years. When the bleeding appeared before the
eighth week, the frequency was 13.7%, while if it
appeared later than the eighth week, the rate was
reduced to 5.9%.

The presence of a small quantity of retrocorial
liquid has fewer implications, when it is observed as an
isolated finding, and in the context of a normal sono-
graphic examination in a pregnancy of normal course.
The existence of a subchorionic hemorrhage, especially
when associated with vaginal bleeding, increases the
abortion risk and requires another sonographic exami-
nation a few days later. New sonographic examinations
are justified when small or moderate hemorrhages
exist. The worst prognosis comes with large-sized
hematomas (more than 40–50 ml), especially if located
next to the uterine cervix, in the uterine corpus or fun-
dus. Retrochorionic or subplacental hematomas, espe-
cially if moderate or big, always carry a poor diagnosis.

The frequency of visualization of these images is low,
probably because a rapid corial detachment develops
leading to the miscarriage, with bleeding and expulsion
of debris. Another uncommon type of hematoma or
intra-uterine bleeding is the preplacental bleeding that
appears after invasive techniques that require the intro-
duction of a needle into the uterine cavity. In general,
these hematoma are moderate and evolve favorably
although threatened miscarriage in the first trimester is
associated with an increased incidence of adverse preg-
nancy outcome, independent of the presence of an
intrauterine hematoma.34 Nagy et al.35compared peri-
natal outcome in 187 pregnant women with intrauter-
ine hematoma and 6488 controls in whom hematomas
were not detected in the first trimester. They conclude
that the sonographic presence of an intrauterine
hematoma during the first trimester identifies a popu-
lation of patients at increased risk for adverse preg-
nancy outcome.35 On other occasions they reach such a
volume that they result in occupation of the chorionic
cavity, with the end effect of fetal death because of the
compression (Figure 99.15).

Small CRL for the gestational age
In general, when a small-for-gestational-age CRL with
positive heart beat embryo is observed, a pregnancy of
shorter duration is the first diagnosis to exclude. This
is frequent in women with long or irregular cycles.
However, sometimes this may be observed in women
with normal cycles. First of all, the date of conception
should be corrected, but data that allow the associa-
tion of this alteration with a higher risk of poor preg-
nancy outcome exist (Figure 99.16).

Koornstr and Exalto36 report that 22.7% of embryos
from women with regular cycles have a lower CRL in
1 week or more than expected from the LMP. On
analyzing the results it is observed that among
these embryos a rate of abortions of 16% existed, in
comparison with only 5% in the embryos with a
correct LMP.
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Figure 99.13 Retrochorionic or subplacental localization has
a worse prognosis than subchorionic localization.

Figure 99.15 Large hematoma causing distortion in the
gestational sac.

Figure 99.14 Hematomas located in the uterine corpus or
fundus have a worse prognosis than those located near the
uterine cervix.
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Leelapatana et al.37 report that a small CRL for
gestational age during the first trimester of pregnancy
could be associated with tryploidies, but not with
trisomy 18 and 21. Later, Bessho et al.38 reported that
fetuses ending in miscarriage had a quotient of meas-
ured CRL/ expected CRL of 0.74, in comparison
with the 0.98 observed in fetuses that did not miscarry.
These authors did not find differences in the quotient
among chromosomally normal and abnormal fetuses.
This result has also been confirmed in the series from
Coulam et al.39 who found no differences in the fre-
quency of blighted ovum and small CRL for gestational
age among chromosomally normal and abnormal
fetuses.

Pattern of fetal movements
Along with the sonographic chronology of findings in
a normal pregnancy, the existence and verification of
fetal movements should be observed.

In a classic publication by Anderson40 the results
presented were obtained in a series of 149 cases of
threatened abortion and of more than 7 weeks of ges-
tational age. Only 2 of 65 pregnancies that later
aborted presented fetal movements. On the other
hand, 64 of 72 normal pregnancies presented fetal
movements. So the absence of fetal movements after a
relatively long period of sonographic examination,
especially after the eighth week, should also be con-
sidered as a sign of poor prognosis.

Doppler flow alterations
The number of publications during the few last few
years regarding the Doppler velocimetry in the first
stages of normal and pathological pregnancies is
large. The data that the investigators have contributed
has enormously improved our knowledge of the
phenomena that exist in the placentation process and
development of the embryo. Kurjak and Kupesic41

report that the process of trophoblastic invasion of the
decidua is progressive, mediated by the action of pro-
teolytic enzymes that facilitate the penetration and
maternal erosion of the capillary arteries and the for-
mation of lagoons. There are flow changes that can be
measured in the uterine, retrochorionic and intervil-
lous arteries during the first trimester of pregnancy
(Figure 99.17). This is the reason why the pulsatility
index (PI) and high resistance index (RI) in the first
trimester should not be interpreted as a bad result, as
it would be in the second trimester, as Jaffe et al.42

report. Jaffe and Woods43 explain how the intervillous
circulation persists until the late first trimester.
In complicated pregnancies, analyzed early, the utero-
placental circulation is different from that in normal
pregnancies. In these abnormal pregnancies the inter-
villous flow is increased. The hypothesis, based on
other studies, is that the embryo of a pregnancy of
normal course favors an atmosphere with a low con-
centration of tissular oxygen in placental tissues.
Martin et al.44 explain that the increased impedance
to flow in the uterine arteries in the first trimester is
associated with the development of pre-eclampsia and
intrauterine growth retardation (likelihood ratios of
5 and 2, respectively).

Mercé et al.45 measured the velocity of systolic
peak, PI and RI in retrochorionic arteries and the fetal
umbilical artery in 108 pregnancies between the 4th
and 15th weeks. The earliest sign in the retrochori-
onic circulation was obtained in the 4.5th week, and
the earliest in the umbilical artery at the end of the
5th week. Their results indicate that, as gestational age
increases, the systolic peak of the retrochorionic, inter-
villous and umbilical arteries increase, while PI and
RI diminish. Kurjak and Kupesic46 assessed yolk sac
morphology and vascularity, and intervillous blood
flow in normal early pregnancy and missed abortion,
in a prospective analysis of 87 normal pregnancies
and 48 missed abortions between 6 and 12 weeks’ ges-
tation. They concluded that progressive decrease of
the yolk sac vascularity coincides with visualization
of more prominent color-coded areas within the inter-
villous space. In patients with missed abortion, such
changes do not occur.

In general, most authors do not find differences in
the Doppler indexes among normal outcome pregnan-
cies and those ending in miscarriage. Jauniaux et al.47

compared 30 confirmed abortions with 30 normal
pregnancies. The PI of the uterine artery was higher in
the abortions than in the normal pregnancies.
Differences were not observed in RI and systolic peak
of the uterine artery, nor in PI nor RI of spiral arteries
among abortions and normal pregnancies. These
authors concluded that the velocity of abnormal flow
found in some complicated pregnancies with embry-
onic death could be related to a defective placentation
and ‘dislocation’ of the trophoblastic wall, after which
embryonic death follows. The premature access of
maternal blood to the intervillous space could break
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Figure 99.16 Small CRL for the gestational age, as referred to
the gestational sac.
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the embryonic–maternal interface, and could be the
cause of miscarriage (Figure 99.18). Alcazar and Ruiz-
Perez48 report that no apparent alteration occurs in the
early uteroplacental circulation in patients with
threatened abortion with a living embryo. So the use
of transvaginal color Doppler ultrasound is not help-
ful for predicting pregnancy outcome in cases of
threatened abortion (Figure 99.19).

Salim et al.49 measured PI and RI at the level of the
corpus luteum. The pregnancies with threatened
abortion or ending in abortion show higher values
than normal pregnancies. However, they did not
observe differences when comparing data from
ectopic pregnancies, hydatidiform moles, or anembry-
onic pregnancies. Alcazar et al.50 measured the flows
at the level of the corpus luteum, and did not find
differences among controls, threatened abortion or
blighted ovum. In pregnancies with confirmed mis-
carriage, the values of RI are higher.

Other factors to consider (clinical factors)
• Maternal age more than 35–40 years
• Presence of uterine bleeding
• Time of commencement of uterine bleeding
• Hormonal dynamics determination (β-hCG)
• Reproductive history (one or more previous

miscarriages)
• Existence of associate pathology (multiple myomas

or submucosos, uterine malformations).

Sonographic findings to diagnose an
interrupted pregnancy (Table 99.3)
The two types of spontaneous interruptions of preg-
nancy in patients without bleeding are, from a practi-
cal point of view, deferred or missed abortions, and
the blighted ovum or anembryonic pregnancies.
Academically, deferred abortions were considered as
those in which the measured CRL corresponded to
6 weeks less than that expected in an embryo lacking
heart beat (Figure 99.20). Nowadays, due to the
greater availability of initial sonographic examina-
tion, the diagnosis is made before the bleeding begins.
Therefore, this kind of miscarriage, when the inter-
ruption is recent and bleeding has not begun, is called
missed abortion. With regard to the anembryonic
pregnancies, their frequency is much lower than is
thought from a clinical point of view. There could be
pregnancies initially with an embryo, that died preco-
ciously and was reabsorbed, so was not sonographi-
cally visualized. Not all gestational sacs in which
an amniotic or a yolk sac is observed, although an
embryo is not seen, correspond to anembryonic preg-
nancies, since these structures require the develop-
ment of an embryo if they are to appear (Figure 99.21).

The false positive diagnoses, the really important
fails, are of two types. The first is when the sono-
graphist is not able to detect the heart beat in an
embryo that actually has heart motion. This can be
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Figure 99.18 The premature access of maternal blood to the
intervillous space has broken the embryonic–maternal
interface, probably the cause of abortion.

Figure 99.19 The use of transvaginal color Doppler is not
helpful for predicting pregnancy outcome in living embryos.

Figure 99.17 Doppler flows can be obtained in the
retrochorionic and intervillous arteries in the first trimester of
pregnancy.
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Table 99.2 Ultrasonographic signs of a poor prognosis for embryonic viability

Anomalies of the gestational sac Precocious oligoamnion: when the difference between the
diameter average of the gestational sac and the CRL is
smaller than 5 mm, poor prognosis

Very thin decidual reaction (mm) for the corresponding
gestational age (weeks) (difference > 3)

Low implantation

Distorted aspect

Alterations of the heart frequency Bradycardia is always a sign of poor prognosis. It should be
interpreted as a function of the gestational age

Frequencies under 85 bpm until the 7th week and under 100 bpm
from then on indicate poor diagnosis

Small live embryo for the LMP Especially in women with regular cycles, the visualization of a
CRL smaller by at least 1 week to that corresponding to
the LMP, increases the risk for abortion

Anomalies of the yolk sac Alterations in size (big vesicles, more than 6 mm
in diameter) increase the risk

Alterations in the structure (hyperecogenic vesicle), poor prognosis

Reverse implantation Risk of abortion increases

Intra-uterine Big hematomas, mainly retrochorionic, maximum risk.
bleeding (hematomas) Subchorionic hematomas located in corpus or fundus,

more risk than next to the uterine cervix

If no vaginal bleeding or small size of hematoma, low risk

Fetal movements Absence of fetal movements, starting from the 8th week

Doppler Poor color map around the gestational sac

Values of Doppler flow in uterine, radial, arcuata, spiral,
retrochorial and intervillous arteries, as well as the
umbilical artery in the first trimester of pregnancy
have limited clinical applicability

Other factors Existence of associated pathology: myomas, malformations

Uterine hemorrhage

Maternal age over 35 years

History of one or more abortions (more abortions, more risk)

Serial hormonal determinations. Two β-hCG determinations separated by2–3 days

Table 99.3 Ultrasonographic signs in the interrupted pregnancy

Embryonic death (deferred or missed miscarriage) Absence of heart beat in embryo of minimum 5 mm CRL
(even in the first sonographic examination)

Blighted ovum or anembryonic pregnancy Gestational sac of 25 mm or more without embryo
(even in the first sonographic examination)

For some authors, gestational sac of 20 mm or more without yolk sac

Gestational sac of 16 mm or more with yolk sac and
amniotic vesicle without embryo (‘empty amnion’)

Interrupted pregnancy Successive sonographic examinations: absence of significant 
changes in two sonographic examinations separated by 7–10 
days when in the first sonographic examination a gestational 
sac of 15–20 mm minimum has been visualized
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caused by a small size of the embryo, inadequate or
obsolete equipment, or suboptimal visualization due
to patient’s characteristics. The other type of error
would be to consider that before a certain size of ges-
tational sac an embryo must be seen. This error is
caused by the selection of a low level from which to
diagnose anembryonic pregnancy, and this level
could correspond to the highest range in normality. In
the first case, for instance, in an embryo of 4–5 mm in
which one had not seen a heart beat, after one week
one might see it when measured at 9–10 mm. In the
second case, in a 21 mm diameter vesicle, in which
the embryo was not seen, after 1 week a 5–6 mm CRL
and positive heart beat embryo may be observed.

According to Daya et al.51 an embryo is not seen
until the gestational sac measures 8.3 mm diameter,

coincident with the 41st day of amenorrhea. However,
it is always observed when the gestational sac reaches
14 mm in diameter, on the 46th day of amenorrhea
(6 weeks and 4 days). Goldstein et al.52 report that
when the pregnancy is correctly developing, the
gestational sac is reliably observed in the fifth week.
When the sac measures 20 mm in diameter, the
embryo is observed in 100% of the cases. At 6 weeks
and 4 days (46th day of amenorrhea) a heart beat is
observed in 100% of cases, and when the diameter is
30 mm, in 100% of the normal cases, embryonic
movements are already present (8 weeks).

Norwitz et al.53 confirm the importance of exami-
nation at the very beginning of the pregnancy. To con-
firm the diagnosis of ‘embryonic death’ at the first
sonographic examination, the CRL should be longer
than 10 mm. Levi et al.8 consider all gestational sacs
of more than 8 mm diameter without yolk sac and of
16 mm or more without embryo as ‘not viable’. They
diagnose embryonic death when the embryo is
between 4 and 5 mm CRL. Several cases with CRL
smaller than 4 mm in which heart beat was not
detected evolved correctly in their series.

Brown et al.54 recommends waiting until the CRL is
5 mm to confirm embryonic demise if a heart beat is not
detected. Bernard and Cooperberg,55 in differentiation
among blighted ovum and ‘viable precocious preg-
nancy’, consider that although the visualization of sacs
with 20 mm or more without embryo is a sign of poor
prognosis, definitive signs do not exist, and so recom-
mend repeating the sonographic examination after 1–2
weeks. Nyberg et al.56 wait to observe a gestational sac
of more than 20 mm in diameter without yolk sac or a
sac of 25 mm diameter with distorted aspect without
embryo before considering a pregnancy as not viable.

McKenna et al.57 report that between the 6th and
the 10th week, the amniotic cavity is similar to the
size of the embryo, and the visualization of an amni-
otic cavity without embryo corresponded to an ‘empty
amnion’ and diagnosed interrupted pregnancy. These
authors report that before the gestational sac reaches
16 mm or more, when the yolk sac is identified and
neither embryo nor heart beat are detected, and an
empty amniotic sac is seen, an interrupted pregnancy
can be diagnosed.

In conclusion, to diagnose embryonic death, it is
essential to wait to see an embryo lacking heart beat
with a CRL of 5 mm minimum. For the diagnosis of
blighted ovum or anembryonic pregnancy at a first
sonographic examination, it seems reasonable to wait
till the gestational sac reaches 25 mm, equivalent to
7 weeks pregnancy with conception on the 14th day of
the cycle. This corresponds to a pregnancy in which,
in 100% of cases, a live embryo would be visualized
if correctly developed. In all other cases, the sono-
graphic examination must be repeated after 7–10 days.
In the great majority of cases, the second examination
will allow us to confirm a normal or interrupted
pregnancy.
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Figure 99.20 Deferred abortion.

Figure 99.21 A gestational sac with a yolk sac but lacking
embryo corresponding to a missed abortion.
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Introduction
The introduction of transvaginal ultrasound allowed
assessing in vivo and non-invasively an, until then,
unexplored area: early gestation. This technique
revolutionized the evaluation and management of
many clinical situations during this period of preg-
nancy. The advent of color and power Doppler ultra-
sound, as a further step, allowed the assessment of
early pregnancy hemodynamics. Traditionally, two-
dimensional (2D) color and pulsed Doppler has been
applied to evaluate early human pregnancy hemo-
dynamics during the last 15 years.1 In recent years, a
new technological advance has been introduced: 3D
power Doppler ultrasonography. This new technique
allows a more objective and global assessment of
organ vasculature.2

The scope of the present chapter is to address the
assessment of ovarian, uteroplacental, yolk sac and
embryo-fetal hemodynamic changes in abnormal
early intrauterine pregnancy by means of 2D and 3D
transvaginal color and power Doppler ultrasonogra-
phy. We shall review missed abortion and anembry-
onic pregnancy, threatened abortion and complete/
incomplete abortion.

Hemodynamic changes in normally developing
pregnancy have been dealt with in another chapter
in this book, so we shall address specifically what
happens in abnormal early pregnancy.

Abnormal early pregnancy
Missed abortion and anembryonic pregnancy

Luteal circulation
Three studies have found that luteal blood flow resist-
ance was increased in missed abortion.3–5 This find-
ing may be a consequence rather than a cause of
missed abortion, because missed abortion consists of

a failure of early pregnancy to develop, in which the
production of human chorionic gonadotropin is
impaired, which in turn could have a negative effect
on luteal function. However, Frates et al. did not find
any difference between missed abortions and normal
pregnancies.6

Regarding anembryonic pregnancies, Alcázar et al.3

and Salim et al.4 did not find any differences in luteal
blood flow as compared with normal developing preg-
nancies. This could be explained by the fact that in an
anembryonic pregnancy trophoblastic activity contin-
ues for a time without the presence of the embryo.
Furthermore, some studies have demonstrated that
luteal activity in anembryonic pregnancy, as assessed by
progesterone serum levels, does not differ from normal
pregnancies but is impaired in missed abortions.7

Uteroplacental circulation
Several authors have investigated uteroplacental cir-
culation in abnormal early pregnancies. In the case of
missed abortion and anembryonic pregnancy, most
studies did not find significant differences as com-
pared with normal pregnancies in uterine, arcuate,
radial and spiral arteries or retrochorionic arteries.8–13

Regarding intervillous flow conflicting data have
been reported. According to embryological studies,
uteroplacental circulation is established around day
12 of embryo development, when maternal blood
flows into the syncytiotrophoblast lacunae. Therefore,
actual blood flow in the intervillous space begins
around days 14–15 of embryonic development (fourth
week of amenorrhea) and never later than day 40
(7 weeks +5 days).14,15

However, Hustin and Schaaps challenged this
concept and brought up a new theory.16 They stated
that intervillous blood flow does not actually exist
until the 12th week. Their theory was based on the
findings from in vitro studies using four placentas
perfused with barium sulfate and hysteroscopic
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studies in 10 patients. Using transvaginal color
Doppler, Jauniaux,17 Jaffe and Woods18 and Coppens
et al.19 supported this theory because they did not
detect intervillous flow until the 12th week.

However, several studies have reported that inter-
villous flow can be detected from the sixth week
onward in normal early pregnancy.20–23 This agrees
with our findings (Alcázar, unpublished data)
(Figures 100.1 and 100.2). We agree with Mercé et al.20

and Kurjak and Kupesic21 that two types of intervillous
flow can be found: pulsating arterial (Figure 100.3) and
continuous venous (Figure 100.4).

In abnormal pregnancies, Jauniaux et al. found that
70% of complicated pregnancies showed intervillous
flow as compared with 0% in normal developing
pregnancy.24 However, a more recent study from this
group showed that intervillous flow may be detected
in around 60% of normally developing pregnancies
between the 7th and 13th weeks,25 being a progressive
phenomenon (36% at 8–9 weeks, 60% at 10–11 weeks
and 90% at 12–13 weeks). They found that in abnormal
pregnancy, the number of cases in which intervillous

flow could be detected were higher than in normal
pregnancies at 8–9 and 10–11 weeks, but not later.
They did not discriminate between missed abortions
and anembryonic pregnancies. They speculated that a
premature entry of maternal blood in the intervillous
space disrupts the materno–embryonic interface and
is probably the final mechanism causing abortion.
Similar findings have been reported by Jaffe and
Warsoff.26

Kurjak and Kupesic found that a significant
increase of venous peak velocity in the intervillous
flow occurs in normal pregnancies from the 11th
week onward. This change does not occur in missed
abortion or anembryonic pregnancy.21 These authors
did not find differences in arterial intervillous flow
between normal and abnormal pregnancies.21,27

Yolk sac circulation
Analyzing yolk sac hemodynamics, Kurjak and
Kupesic reported that yolk sac blood flow was
detected only in 19% of patients with missed abortion
as compared with 67% in normal pregnancies.27
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Figure 100.1 Intervillous blood flow in early pregnancy.
Vessels penetrating the chorion can be clearly seen.

Figure 100.2 Intervillous flow in early pregnancy.

Figure 100.3 Arterial-like FVW from intervillous space.

Figure 100.4 Venous-like FVW from intervillous space.
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Threatened abortion
Those studies addressing hemodynamic changes in
missed abortion or anembryonic pregnancy are inter-
esting from a pathophysiologic point of view but may
not be relevant to clinical practice because diagnosis
can be made with B-mode ultrasound and assessment
of the uteroplacental circulation does not add clinical
or prognostic information. However, this situation is
different in patients with threatened abortion, even
more if a living embryo is identified.

Luteal circulation
Salim et al., analyzing luteal blood flow found a sig-
nificantly higher mean RI in threatened abortion.4

However, we did not find any difference in luteal
blood flow in threatened abortion as compared with
normal developing pregnancies.3 This difference
regarding our results might be explained by the fact
that all cases of threatened abortion in our study had
an uneventful outcome, indicating that luteal func-
tion might be normal. Frates et al. reported similar
findings to ours. They did not find any relationship
between luteal blood flow and first-trimester preg-
nancy outcome.6

Uteroplacental circulation
Most studies assessing uteroplacental blood flow in
threatened abortions conclude that Doppler assess-
ment does not provide prognostic information
because no significant differences between pregnan-
cies with normal outcome and those that ended in
abortion were found.28–31

Some authors have evaluated the predictive value
for abnormal outcome of uteroplacental blood flow
assessment in early pregnancy. Jaffe et al. found that
an abnormally high RI (cutoff RI �0.55) in the spiral
arteries was associated with a higher probability of

spontaneous abortion.32 Leible et al. showed that a
discordant uterine artery pulsatility index (PI) (> 1.1)
would predict a subsequent miscarriage in otherwise
normally developing pregnancies during the first
trimester (odds ratio: 2.9, 95% CI: 1.5–5.8).33

On the other hand, uteroplacental blood flow assess-
ment seems to be useless to predict pregnancy outcome
in women with recurrent spontaneous abortion.34

Regarding intervillous flow, Mercé et al. observed
an increase in venous velocity in 64% of spontaneous
abortions before embryo death.35

We have evaluated the role of 3D power Doppler
ultrasound in assessing intervillous flow in normal
pregnancy (Figures 100.5–100.7). This technique has
been shown to be reproducible,2 overcoming one of
the main problems of 2D color or power Doppler
ultrasound and allowing an assessment of the entire
chorion and early placenta. We found that flow index
was significantly higher in pregnancies that ended in
spontaneous abortion as compared with those that
had normal outcome (Figure 100.8). No differences
were found in vascularity and vascularity-flow
indexes (Figures 100.9 and 100.10). This finding is
very interesting because the flow index reflects flow
velocity, thus confirming the previous finding by
Mercé et al.35

Yolk sac circulation
Makikallio et al. have reported that yolk sac hemody-
namics is not affected in cases of threatened abortion
with or without retrochorionic hematoma.36

Embryo-fetal circulation
The assessment of embryo-fetal circulation in abnor-
mal early pregnancy is unique to threatened abortion
with a living embryo. Assessment of embryo-fetal cir-
culation has been focused in three arterial vessels:
umbilical artery, abdominal aorta and cerebral vessels.

Abnormal early pregnancy 1087

Figure 100.5 Rendering of uterochorionic vessels (UCV) and
intervillous blood flow (IVF) by power Doppler three-
dimensional angiography in a 7-week normal pregnancy. YS,
yolk sac; E, embryo.

Figure 100.6 Intervillous blood flow assessment by VOCAL
software during early pregnancy.
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Some authors have evaluated the role of fetal
hemodynamics assessment for predicting pregnancy
outcome in cases of threatened abortion with retro-
chorionic hematoma. All studies concluded that fetal
circulation assessment is not useful to predict preg-
nancy outcome.29,37,38

Complete and incomplete abortion
Differentiating between incomplete and complete spon-
taneous abortion is one of the most difficult tasks that a
clinician has to deal with. Management may be quite dif-
ferent if the presence of retained tissue can be ruled out.

The use of transvaginal color Doppler ultrasono-
graphy for detecting retained products of conception
after spontaneous first-trimester abortion has not
been extensively evaluated to date. In our experience,
this technique can be useful to detect retained tro-
phoblastic tissue in patients with suspected incom-
plete abortion.39 The presence of focal areas highly
vascularized within the myometrium just beneath the
endometrium or even within the endometrium
(Figure 100.11) with flow velocity waveforms (FVWs)
characterized by high peak systolic velocity and low
impedance (Figure 100.12) was associated with the
presence of retained tissue in the vast majority of the

1088 2D and 3D Doppler assessment of abnormal early intrauterine pregnancy

Figure 100.7 Vascularization index (VI), flow index (FI) and
vascularization-flow index (VFI) are useful to evaluate
intervillous blood flow during normal and abnormal early
pregnancy.

Figure 100.8 Flow index in cases of spontaneous abortion
(closed circles). Regression line for normal pregnancies:
y �21.050 +0.659 (gestational age), R2�0.16. It can be seen
how most cases of spontaneous abortion are outside the normal
range.

Figure 100.9 Vascularity index in cases of spontaneous
abortion (closed circles). Regression line for normal
pregnancies: y �7.018 +2.892 (gestational age), R2�0.28. It
can be seen how most cases of spontaneous abortion are within
the normal range.

Figure 100.10 Vascularity low index in cases of spontaneous
abortion (closed circles). Regression line for normal
pregnancies: y �2.383 +0.859 (gestational age), R2�0.29. It
can be seen how most cases of spontaneous abortion are within
the normal range.

Kurjak-100.qxd  5/9/2006  1:06 PM  Page 1088



cases. On the contrary, the absence of color signals or
the presence of scanty color signals (Figure 100.13)
with high-resistance blood flow (Figure 100.14) was
associated with the absence of retained tissue. In our
study, the sensitivity and specificity of color Doppler
ultrasound in detecting retained tissue was 93.3%
and 96%, respectively.

We have evaluated prospectively the role of trans-
vaginal color Doppler ultrasonography in the manage-
ment of first-trimester spontaneous abortion and we
found this technique quite useful to rule out retained
trophoblastic tissue.40 Similar results have been
reported by other authors.41

Conclusion
Transvaginal color and power Doppler allows the
assessment of abnormal early pregnancy hemo-
dynamics. The results of most published studies
reveal that 2D Doppler assessment of luteal, utero-
placental and yolk sac circulations are conflicting or
conclude that this assessment has a low clinical
value, except for discriminating complete from
incomplete abortion.

3D power Doppler ultrasonography provides
promising results and opens a formidable new field of
research.

Conclusion 1089

Figure 100.11 Transvaginal color ultrasound after D&C and
persistent spotting. This figure shows a focal area of
vascularization at the level of fundus and posterior myometrium.
Retained tissue was found after D&C.

Figure 100.12 Same patient as in Figure 100.11. A low-
resistance and high-velocity FVW, suggestive of trophoblastic
flow is clearly found.

Figure 100.13 Transvaginal color Doppler ultrasound after
heavy vaginal bleeding in first trimester. Scanty flow was found,
suggestive of no retained tissue.

Figure 100.14 FVW from an arterial vessel in the case of
Figure 100.13. High-velocity and high-resistance flow was
found. Typical in absence of retained tissue.
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Definition
The term ectopic pregnancy is applied to pregnancy
following implantation of the fertilized ovum on any
tissue other than the uterus endometrium.

The tubal presentation is the most common one,
especially if it is in its distal third portion or the
middle third one (both of them constitute nearly
95–97% of all ectopic pregnancies). Occasionally, it
can appear in the interstitial portion (cornual preg-
nancy, 2–5%) and exceptionally in the ovary (0.5–1%),
the cervix (0.1–0.15%) or the abdomen (1.4%).1,2

The common denominator in this group of patients
is delay in the transport of the ovum fertilized in the
ampulla of the tube to the normal implantation site in
the uterus.

Incidence
The incidence of ectopic pregnancy has been
increasing during the last few years.3–5 Although it is
difficult to estimate, it is nearly 0.94–2.6% of all
pregnancies. This increased incidence is due to the
use of reproduction treatments, the use of some con-
traceptive methods and pelvic inflammatory disease.

Day by day, with the development of vaginal ultra-
sound and the earlier detection of beta-subunit
human chorionic gonadotropin (β-HCG) by radio-
immunoassay, the diagnosis of ectopic pregnancies is
improving, and it is possible to recognize an ectopic
pregnancy in earlier stages (days or weeks earlier)
than a few years ago, including some cases that had
earlier occurred unnoticed.

Etiology
Although the etiology of ectopic pregnancy is still
unknown, there are several risk factors that can be
associated to ectopic pregnancy.3,6

• Previous pelvic inflammatory disease.7 This is the
most important cause of ectopic pregnancy and

increases its incidence by 4. The presence of
circulating Chlamydia antibodies alone increases
its incidence by 2.8

• Previous tubal surgery (for infertility, because of
previous ectopic pregnancies, bipolar tubal coagu-
lation in the sterilization context, etc.) or any other
kind of surgery in the inferior hemiabdomen that
may cause tubal adhesions as well.

• Other organic tubal alterations: tubal tumors,
endometriosis, peritubal adhesions, etc.

• Reproduction treatments (some factors have been
associated, such as ovulation induction treat-
ments, assisted hatching, etc.).9

• Contraception failures. Intrauterine devices do not
increase the incidence of ectopic pregnancy by
themselves, but once the pregnancy is established,
the possibility of its becoming ectopic is much
higher. The lowest ectopic pregnancy rates are
observed with the high-copper-dose intrauterine
devices, instead of the ones with low copper dose
or the ones that release progesterone, which have
the highest rates of ectopic pregnancy. Neverthe-
less, the levonorgestrel intrauterine devices result
in a low rate, similar to those with high-dose
copper loads.10 Failures of tubal coagulation tech-
niques also increase the risk of ectopic pregnan-
cies because they may cause tubal fistulas.11

• Previous ectopic pregnancies.
• Tobacco.
• Infertility.

All these factors could be involved in the transporta-
tion of the fertilized ovum to the uterus, although
there are also some embryonic factors that can be res-
ponsible for ectopic pregnancy and, more or less, a third
of them involve chromosomal abnormalities.

Symptoms and signs
Physical findings are quite variable, and the clinical
presentation has changed considerably over the past
few years because of earlier diagnosis. Although the
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incidence of ectopic pregnancy has increased, the
frequency of its complications (such as ectopic preg-
nancy rupture, tubal abortion, etc.) is decreasing at
a very significant rate because the greater exactitude
of the diagnosis methods allows detection of ectopic
pregnancy in asymptomatic women and in precocious
phases of the process.12,13

This has also allowed development of different
protocols for non-surgical treatment of ectopic preg-
nancy, as well as less invasive surgical procedures.

Clinical situations of
ectopic pregnancy
• Asymptomatic women.
• Vague abdominal pain, without any specific find-

ings, in unruptured cases. Sometimes we can find
vaginal bleeding, usually in scanty amounts. The
classic clinical triad of ectopic pregnancy is pain,
vaginal bleeding and amenorrhea, although the
amenorrhea is sometimes difficult to assess
because of the vaginal bleeding.

• Acute hemorrhagical accident, generally caused
by tubal rupture or by tubal abortion with peritoneal
hemorrhage. In this case, patients will present all
the symptoms and signs of acute abdominal (posi-
tive Blumberg, peritoneal defense) and hypovole-
mic signs (extreme pallor of the skin and mucous
membranes, tachycardia, hypotension, etc.).

The first symptom noticed by patients is likely to be
a 1 or 2 weeks’ delay in menstruation, followed by
slight bleeding, which persists, with perhaps only a
scant show of blood, almost every day. Although this
spotting type of bleeding is rather characteristic, not
infrequently the bleeding may be somewhat freer, but
it is rarely so profuse as in an incomplete abortion.
Instead of the menstrual period being delayed, there
may be an apparent anticipation of the flow by a
few days.

Pain is an early symptom, although it is sometimes
very slight. In the beginning there may be only a
vague tenderness in the affected side of the pelvis, but
often the patient complains of sharp colicky pain
occurring from time to time. When rupture or tubal
abortion takes place, the pain may be very severe, and
it may be associated with faintness or actual syncope
and often nausea and vomiting. These symptoms are
the result of the peritoneal reaction produced by the
escape of blood from the tube.

Diagnosis
The clinical image of ectopic pregnancy is so typical
in many cases that diagnosis is very easy, but often
errors occur, so we always have to keep in mind the

possibility of ectopic pregnancy if we do not want to
make a wrong diagnosis.14,15

The diagnosis is actually based on:

• Anamnesis, insisting on the classic clinical triad
and on the investigation of ectopic pregnancy risk
factors.

• Abdominal and pelvic examination.
• Pregnancy test.
• Ultrasonography.

Some recent studies16 describe novel placental and
nonplacental serum markers in ectopic pregnancies,
such as PAPP-A, SP-1 and human placental lactogen
(HPL), but these factors have to be further studied.

If we have a positive pregnancy test and any gesta-
tional vesicle within the uterine cavity is observed by
transvaginal ultrasonography, it is necessary to deter-
mine the β-hCG levels in maternal serum.

The hCG is a glucoprotein composed of two sub-
units, alpha and beta, joined by non-covalent unions
by disulfide bonds. The alpha subunit is composed of
92 amino acids and the beta subunit, 145. The latter is
responsible for the biological activity and it is the one
that allows the production of some highly specific
antibodies very important for radioimmunoassay
detection.

The hCG is produced in the syncytiotrophoblast
and its detection in maternal serum is possible 1 day
after the blastocyst implantation.

In a normal gestation (non-ectopic one), the circu-
lating β-hCG level at the time of the first delay of
menstruation is, approximately, 100 UI/l, and it reaches
its maximum (50,000–100,000 UI/l) between the 8th
and 10th gestational weeks. Later, it decreases to
around 10,000–20,000 UI/l at 18–20 weeks and remains
more or less constant until the end of pregnancy.17

On the other hand, the β-hCG levels in an ectopic
pregnancy can be very variable; cases of ectopic preg-
nancies with β-hCG levels as low as 14 UI/l have been
documented, as well as others with 100,000 UI/l.
Thus, a single determination of β-hCG level is often
of little use for the diagnosis of ectopic pregnancy.
Nevertheless, consecutive determinations of β-hCG
levels allow differentiation between a normal gesta-
tion and an ectopic one, since the increase of the
β-hCG levels is different in both.

In an intrauterine pregnancy of normal course, the
serum β-hCG concentration follows a linear pattern in
the first 6 weeks and it is duplicated in 2 days when
its level is lower than 10,000 UI/l.

The trophoblast tissue in an ectopic pregnancy
usually produces less hCG than in an intrauterine
pregnancy and, therefore, its increase in the same
period of time is usually smaller.

Nevertheless, some cases of ectopic pregnancy
with the same increased levels of β-hCG as in intra-
uterine pregnancy have been described (nearly 13%),
at least for a period of time. In addition, 10% of the
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normal intrauterine pregnancies can present alterations
in the increase of the β-hCG.

Some studies, during the past few years, have
tried to predict the tubal rupture, the possibility of
resolution or the possibility of hemorrhage by using
β-hCG levels or other factors.18,19 Although some
authors have found good results by using β-hCG
levels to predict tubal rupture,20 considering that
its occurrence is not probable with values lower than
2000 UI/l, with a predictive value of 80%, other
authors have observed this complication with levels
as low as 100 UI/l and even lower.21–24 Therefore,
occurrence of hemorrhage is not probable, although
it is not impossible, with low levels of β-hCG, and
its decreasing levels do not guarantee that rupture
cannot take place. However, most of the authors find
a statistically significant difference in the values of
β-hCG between ruptured and non-ruptured ectopic
pregnancies.

The decreasing levels of β-hCG combined with
ultrasonography findings allow us to avoid surgical
treatment in non-ruptured cases, although a very care-
ful follow-up is needed because, as we have just dis-
cussed, the possibility of rupture exists even with
decreasing levels of β-hCG. This situation can occur
if the trophoblast is separated from the tubal wall,
which may cause intratubal bleeding with accumula-
tion of intratubal clots, which increase the pressure,
and may cause distension and necrosis.

With transvaginal ultrasound an intrauterine
gestational sac can be identified with 1000 UI/l
of β-hCG (‘discriminatory level’),25 which is usually
observed after 1 week of delay of menstruation. In
a twin gestation this discriminatory level can be
slightly higher and an ultrasonography control must
be carried out within 2 or 3 days to try to find the
gestational vesicle.

Once we have determined the β-hCG levels, if we
do not find any gestational vesicle, we must consider
two situations: the first takes place when we find a
β-hCG level below 1000 UI/l, and the second when it
is higher than 1000 UI/l.

β-hCG < 1000 UI/l without intrauterine
gestational sac
In asymptomatic patients or with those with slight
symptoms, the ultrasonography, as well as determina-
tion of β-hCG level, must be repeated in 1 week. At
this time, it will be possible to find a β-hCG level
higher than 1000 UI/l and also to observe an intrauter-
ine gestational sac.26

Nevertheless, it is necessary to keep in mind that
ectopic pregnancies produce in the endometrium
some changes very similar to those induced by
normal intrauterine pregnancies:27

• In 50% of ectopic pregnancies it is possible to
observe a deciduate endometrium that appears
ultrasonographically as a thickened and hyper-
refringent endometrium (Figure 101.1).

• In 10–20% of ectopic pregnancies it is possible to
observe a gestational pseudosac28 (Figure 101.2),
which appears as an echogenic image, located
centrally in the endometrium and surrounded by
a single echogenic ring. This image really corre-
sponds to the presence of liquid in the deciduate
endometrium. In a real gestational sac, a double
echogenic ring is seen, composed of the vera
decidua and the capsularis decidua, which form
two concentric rings around the gestational sac
(double decidua sign). This sign can be observed
between the fifth and ninth gestational weeks and
its presence makes the differential diagnosis easier.
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Figure 101.1 Decidual reaction of the endometrium. Positive
β-hCG. Ectopic pregnancy with a tubal gestational sac.

Figure 101.2 Pseudosac image inside the endometrium.
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• The color Doppler can also contribute to the diag-
nosis. An intrauterine gestational sac shows
peritrophoblast vascular signals with a low resist-
ance index (0.40–0.45). The pseudosac does not
present an increase of the local flow and its resist-
ance index may be higher (> 0.55).29–32

Another common problem when making the diagnosis
is to differentiate the ectopic pregnancy from a com-
plete or incomplete abortion. In the latter, ultrasono-
graphy shows a hyperechogenic image inside the
uterine cavity that corresponds to clots or retained
abortion rests. These findings can delay diagnosis in
nearly 21% of the patients.

Also, the possibility of differentiating an ectopic
pregnancy from a spontaneous abortion according
to the reduction pattern of β-hCG levels in a period
of time more than 48 h has been investigated. Some
authors diagnose a complete abortion when the aver-
age life of the β-hCG is less than 1.4 days, whereas if
it is more than 7 days, the ectopic pregnancy diagno-
sis is much more probable. Similarly, a plateau level
of β-hCG (which has been defined as a duplication of
its levels equal or higher in 7 days) is very suggestive
of ectopic pregnancy.

The simultaneous presence of an intrauterine preg-
nancy and an ectopic one (heterotropic gestation) is
not frequent at all, although its incidence is higher
in pregnancies induced by reproductive techniques. It
occurs in nearly 1 out of 100 of these pregnancies,
which suggests a much higher frequency than the one
referred historically (1 out of 30,000).33,34

ββ-hCG >1000 UI/l without
intrauterine gestational sac
In this situation a high suspicion of ectopic pregnancy
exists, and the gestational sac must be looked for outside

the uterus, considering that the most common location
is the tube. Ultrasound findings can be categorized,
depending on the visible structures, into five types:

(1) Ultrasound image type 1: A vesicle within the
tube is visualized. The yolk sac and the embryo
are not visible. The size of the gestational sac
is over 3 mm (ultrasound resolution limit). It
appears as a clear formation, in the parauterine
region, with a central echogenic area surrounded
by a hyperechogenic ring (Figures 101.3 and
101.4) that corresponds to the trophoblastic
tissue, which presents an abundantly colored
map because of its significant retrochorionic vas-
cularization proliferation (Figure 101.5). The
Doppler signals show a low or medium resistance
index, which is very different from that found in
normal tube walls, which show a high resistance.
It is usual to find an average decrease of 15.5% in
the ectopic pregnancy side with respect to the
contralateral one. This ultrasound image is not
easy to find and sometimes the gestational vesicle
has less relevance than the corpus luteum that
appears close to it, which we have to differentiate.

(2) Ultrasound image type 2: It is possible to obtain
the same findings as in the previous type, but
inside the gestational vesicle, the yolk sac can be
visualized (Figure 101.6). The finding of the yolk
sac is not a trivial matter because it makes the
diagnosis easier, making possible to characterize
the gestational vesicle, which is very difficult to
see, especially when it is small. The presence of
the yolk sac alone clarifies everything, and there
is now no doubt about the presence of an ectopic
pregnancy. The fact that the embryo cannot be
seen does not mean that it does not exist, because
we know that it is the embryo that induces the
formation of the yolk sac. In the yolk sac
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Figure 101.3 Ectopic pregnancy with ultrasound findings type
1. Outside the uterus and inside the tube an anechoic formation
is visible, corresponding to the gestational vesicle.

Figure 101.4 Ectopic pregnancy with ultrasound findings type
1. The corpus luteum closse to the gestational vesicle and the
tube wall are visible.
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surroundings it is possible to observe blood flows
with abundant Doppler signal and low resistance
index as well as in the type 1 image (Figure 101.7).

(3) Ultrasound image type 3: It is possible to visual-
ize the gestational vesicle, the yolk sac and also
the embryo, but not its heart beating (Figures
101.8 and 101.9). The size of the embryo
usually is not very big (Figure 101.10). It seems like
it is going to start a reabsorption process and
soon it disappears or is confused with the gesta-
tional sac.

(4) Ultrasound image type 4: The typical image of a
gestational vesicle with the yolk sac and the embryo
is visualized, but this time with visible cardiac beat

inside the embryo. It is very easy to see the beat by
using the color map or the flow wave (Figures
101.11 and 101.12). When this image appears, the
diagnosis of ectopic pregnancy is made. With an
abdominal probe it is possible to visualize this
image in only 10% of the cases, but with the
transvaginal one, in 21% of all the ectopic preg-
nancies.

(5) Ultrasound image type 5: This image corres-
ponds with tubal rupture or with tubal abortion.
In these cases the acute accident is present and
the symptoms and signs are usually important.
The most important sign is the hemoperitoneum
(Figure 101.13), and the patient may present
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Figure 101.5 Ectopic pregnancy with ultrasound findings type 1.
There is a significant vascularization around the gestational coat
that corresponds to the trophoblast.

Figure 101.6 Ectopic pregnancy with ultrasound findings type 2.
The gestational sac has the yolk sac inside.

Figure 101.7 Ectopic pregnancy with ultrasound findings type 2.
It’s possible to see the yolk sac. The trophoblastic
vascularization is also visible.

Figure 101.8 Ectopic pregnancy with ultrasound findings type 3.
Gestational sac with the yolk sac and an embryo of very small
size inside, in which the heartbeat is still not seen.
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hypotension and anemia. A large amount of fluid
may be visible in the abdomen, in the flanks and
in the cul-de-sac if a tubal rupture is present.
These fluid collections may be presented as free
fluid or as organized blood clots in the cul-de-sac
lateral and cranial to the uterus. The clots exhibit
the sonographic features of solid masses, appear-
ing homogenous and contrasting poorly with the
surrounding tissues. The tube appears refringent
ultrasonographically, thickened or included in a
mass of blood clots. In some cases the tube
appears normal, and the blood located around it
draws it, showing its shape and the fimbrias.

The mere presence of fluid in the cul-de-sac is not a
specific sign of ectopic pregnancy.35 It is present in
nearly 40–83% of all ectopic pregnancies but small
collections of free fluid may be seen under normal
conditions in non-gravid patients, especially during
the periovulatory period, and also in 20% of intrauter-
ine pregnancies and in some other pathologies.

The total absence of ultrasonographic findings in
the adnexal area does not exclude the ectopic preg-
nancy diagnosis. In these cases it is necessary to
determine the β-hCG level again, to establish its
decreasing or increasing pattern, and to repeat the
ultrasonography to look for the gestational vesicle in
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Figure 101.9 Ectopic pregnancy with ultrasound findings type 3.
Inside the gestational sac, the yolk sac and also an embyo with
no visible heart activity are seen.

Figure 101.11 Ectopic pregnancy with ultrasound findings
type 4. Inside the gestational sac the yolk sac and a live embryo
are visible. The heart activity is shown by using the color signal.

Figure 101.12 Ectopic pregnancy with ultrasound findings
type 4. Inside the gestational sac the yolk sac is visible, and also
an embryo with its heart beating.

Figure 101.10 Ectopic pregnancy with ultrasound findings
type 3. The yolk sac is visible inside the gestational sac and also
an embryo with no visible heart activity. The Doppler signal is
captured only on the peritubal trophoblast.
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any location. If the patient is stable, we should not
undertake laparoscopy so early, since the initial
phases of ectopic pregnancy have been described with
absolutely normal laparoscopy.

Generally, in all previous assumptions, the exis-
tence of a corpus luteum can be observed. It is visual-
ized as a round hypoechogenic structure, surrounded
by a ring of ovarian tissue. It can appear in the
contralateral ovary in 13–23% of the cases. The
transvaginal ultrasound sensitivity for the ectopic
pregnancy diagnosis is very high, nearly 99%, with
98% of specificity, 98% of positive predictive value
and 99% of negative predictive value.

Ultrasonography aid to
conservative treatment
Ultrasound is useful as a diagnostic tool in the obser-
vation of a gestational sac inside or outside the uterus.

At present, the precocious diagnosis of ectopic
pregnancy allows treatment possibilities other than
surgical boarding, which was the only option consid-
ered traditionally.36–38 These treatment possibilities are:

• expectant handling
• systemic methotrexate administration
• local methotrexate administration.

The surgical handling can be performed by laparo-
scopy or by laparotomy.

Expectant handling
With a precocious diagnosis of the ectopic pregnancy,
before symptoms appear, and adopting a more conser-
vative attitude, it has been possible to see that the
spontaneous regression of the tubal ectopic pregnancy
is a phenomenon much more common that we

thought previously. This fact means that there is a
high percentage of ectopic pregnancies that are
resolved with no need of treatment, and that is why
expectant handling has a place in the management of
ectopic pregnancy.39,40

The main advantages of expectant handling are that
it avoids the risks of surgery, general anesthesia and
the potential indirect effects of the drugs used in the
treatment of ectopic pregnancy.

The great difficulty in expectant handling is to
select suitable patients for it. The selection criteria
used differ for different authors, but in most cases
there are some common aspects; the most outstanding
ones are:

• Asymptomatic patient, clinically stable.
• Size: maximum diameter of the ectopic pregnancy

of 2–4 cm, according to the authors.
• Absence of embryonic cardiac beat (ultrasonogra-

phy finding types 1, 2 or 3).
• Decreasing values of β-hCG levels (also variable

according to the authors, but at least a decrease of 2%
in two determinations with a delay of at least 24 h).

• Little amount of free fluid in cul-de-sac.

Patients will have to be under periodic ambulatory
control with multiple determinations of β-hCG levels
and with an ultrasound following, three times a week
in the beginning, and later once a week, according to
the different protocols.41 The signs that orient to a
reabsorption and therefore to a spontaneous resolu-
tion of the problem are:

• β-hCG decreasing levels: it is important to be
aware that sometimes it takes 70 days for the
β-hCG value to become negative because of the
trophoblast persistence. Serially monitored β-hCG
results after conservative treatment of ectopic
pregnancy may show plateaued values without
indicating failure of treatment.42

• The gestational vesicle, the yolk sac and all the
embryonic structures are wrapped into a reabsorp-
tion process, becoming increasingly small (Figure
101.14), refringent (Figure 101.15) and finally dis-
appearing, replaced by a solid complex image
(Figure 101.16).

• The color map inside the trophoblast is smaller
each time (Figure 101.17), with a slight Doppler
signal, which is sometimes very difficult to find.

• The resistance and pulsatility indexes inside the
trophoblastic vessels are increased and, in the end,
it is impossible to identify anything objectively. 

The percentage of success of the expectant handling
varies between 57% and 100%, although in the stud-
ies with more cases it is estimated around 70%. The
best results are observed when the β-hCG levels are
below 2000 UI/l.
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Figure 101.13 Rupture of an ectopic pregnancy (ultrasound
findings type 5). An important hemoperitoneum is visible, with
clots.
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The following are the most important indications
for surgery in the cases in which expectant handling
fails: abdominal pain, β-hCG levels increased or simi-
lar to the previous ones, appearance or increase of the
liquid in the Douglas sac and increase of the size of
the adnexal formation.

Among the disadvantages of expectant handing,
it is necessary to mention, on the one hand, the pro-
longed period of follow-up that patients have to be
put under, and on the other, the possibility of persist-
ence of trophoblast tissue inside the tube, which
could cause adhesions and great tubal damage.
Nevertheless, when comparing the reproductive results
of patients under expectant handling with those of
patients under conservative surgery, there are no differ-
ences between the two groups in subsequent gestations,
either intrauterine or ectopic rates.

Finally, it is very important to point out that this
kind of treatment can be applied only if ultrasounds
are used to make the diagnosis.43

Systemic methotrexate
administration
The most common drug used in the treatment of
ectopic pregnancy is methotrexate, which interferes
in trophoblastic development.

Methotrexate inhibits the reduction of folic acid to
tetrahydrofolic acid. Because tetrahydrofolic acid is
essential in the transfer of one-carbon fragments in the
synthesis of DNA, methotrexate effectively blocks DNA
synthesis, inhibiting cell replication.
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Figure 101.15 Ectopic pregnancy with spontaneous
reabsorption. The yolk sac has nearly disappeared.

Figure 101.16 Ectopic pregnancy with spontaneous reabsorp-
tion.The yolk sac has disappeared and has been replaced by a
refringent area that shows the tube more compact.

Figure 101.17 Ectopic pregnancy with spontaneous
reabsorption. Color map progressively fades away.

Figure 101.14 Ectopic pregnancy with spontaneous
reabsorption. A yolk sac less visible and a refringent ring around
it are visible.

Kurjak-101.qxd  5/9/2006  1:05 PM  Page 1098



In the 1960s, methotrexate was used for the treatment
of persistent trophoblastic tissues after an abdominal
pregnancy. In 1982 it was used, for the first time, in the
treatment of ectopic pregnancy.

As with expectant handling, administration of
methotrexate depends on the patient’s profile. The selec-
tion criteria are different for several authors, but most of
them agree in using methotrexate in hemodynamic sta-
ble patients, with a non-ruptured ectopic pregnancy,
with a small amount of liquid in the Douglas sac and
with less than 4-cm diameter of tubal affection, with
ultrasonography finding types 1, 2 or 3.

The presence of embryonic heart movements is for
some authors an absolute contraindication for this kind
of treatment, because results in these cases are worse
and it would be better to recommend surgical treatment.

Before methotrexate administration, a complete
hemogram (including platelet count) and some bio-
chemical values to ensure that hepatic and renal func-
tions are normal are needed.

The doses of methotrexate that have been used in
different studies are quite variable. The most usual
dose is 1 mg/kg, intramuscularly, every 48 h, until a
total of four doses are completed or until a reduction
of β-hCG levels in two consecutive days is observed.
Methotrexate is usually combined with folinic acid
(0.1 mg/kg) on alternate days.

At present, a single dose of 50 mg/m2 of methotrex-
ate is being used, and has proved to be as effective as
the multiple-dose therapy. This model does not need
the combination with folinic acid, and it has fewer
secondary effects.

The β-hCG levels can increase during the first 3
days after the treatment, but they must be lower on
the seventh day. If this reduction is smaller than
15%, it is necessary to repeat the methotrexate
administration (which is necessary in nearly 8% of
the cases).

Oral administration has also been used, but its results
are not as good as with intramuscular administration.

Toxicity to methotrexate frequently involves the
mucous membranes, with stomatitis, esophagitis, vag-
initis and, occasionally, gastrointestinal ulcerations, but
these are not very common, and are dose-dependent.
Bone narrow suppression with granulocytopenia and
thrombocytopenia is common, but generally not
severe. Skin rashes and alopecia are uncommon, but
they do occur; nephrotoxicity, hepatotoxicity and pul-
monary fibrosis are very rare.

After 3 or 4 days of methotrexate administration, the
presence of abdominal pain of variable intensity is com-
mon, described in 60% of the patients. It is usually a
side effect that disappears spontaneously in 1 or 2 days,
although sometimes a visit to the hospital is needed to
rule out hemodynamic instability and possible rupture.

The success rate is 83–100% according to different
studies.

Periodical ultrasonography and control of β-hCG
levels are needed after the conservative treatment.

The ultrasonographic image of the ectopic pregnancy
can continue to be observed when the β-hCG values
are negative. The persistence of this negative value
does not have to be interpreted as a failure of treat-
ment, and it can even take months to disappear.44

Asymptomatic tube ectopic
pregnancy with live embryo
If the gestational sac is visualized inside the tube
and we can see an embryo with positive heart move-
ments, there are two treatment options: laparoscopic
extirpation and transvaginal punction with methotrexate
injection inside the gestational sac, which is used
only in selected cases.45

One of the most important indications for local
methotrexate administration is the presence of
embryo heart activity. In these cases, with the local
punction, we have the methotrexate local action and
the blast effect of the needle. With this direct admin-
istration it is possible to reduce the dose of the drug,
diminishing therefore its side effects.

The gestational sac punction has to be guided by
transvaginal ultrasonography or carried out by laparo-
scopy. After the punction, the first thing that we have
to do is to aspirate the sac content and after that
to inject the methotrexate. The methotrexate dose
used is variable in different studies, but it is around
10–50 mg.

After the punction, a very refringent image is visible
(Figures 101.18–101.19), which changes very slowly in
some cases, as described before, during reabsorption.

The success rate is nearly 85–100%, according to
different authors.

Some other substances have been used for local
administration instead of methotrexate (such as
prostaglandins, potassium chloride, hyperosmotic glu-
cose, etc.) for the treatment of ectopic pregnancy, but
their use has now been discontinued because of their
considerable secondary effects and their minimal action.

The local or systemic administration of methotrex-
ate is also indicated in cornual or cervical ectopic
pregnancies, to avoid surgical treatment, in an attempt
to preserve fertility.

If the tube has not been blown apart by rupture, it
can be preserved by making a longitudinal incision
along the antimesenteric border of the tube and
suturing the incision with fine material.

Treatment of acute rupture
of tubal ectopic pregnancy
If the intraperitoneal bleeding is very profuse, symp-
toms of shock occur and it is obvious that surgical
attention is required.

The treatment in this case consists of evacuating the
hemoperitoneum and excising the ectopic pregnancy
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by laparoscopy or laparotomy, once the patient is in a
stable state.

Treatment of abdominal
ectopic pregnancy
The treatment in these cases consists of evacuating
the fetus outside the abdominal cavity with ligation of
the umbilical cord. It is not necessary to remove the
placenta, which may be firmly fixed to the mesentery

and the abdominal viscera. Profuse hemorrhage can
occur on manipulation, and the placenta, if left in
situ, resorbs without sequelae in most instances.

In these cases, it is also possible to use the metho-
trexate intramuscularly and to perform ultrasonography
and control of β-hCG levels after it. Some authors have
suggested the use of methotrexate to facilitate devascu-
larization and absorption of any unremoved placenta.

Ultrasonography makes it possible to monitor
the placenta left in situ after removing the fetus,46 whose
image can be seen inside the abdomen for a long time.
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spontaneously.
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102 Chorionic villus sampling
B. Brambati and L. Tului

Introduction

Chorionic villus sampling (CVS) has gained a growing
popularity since its inception as a means of rapid pre-
natal diagnosis in early pregnancy.1,2 The International
CVS Registry provides statistics for the first 13 years of
use.3–6 The first clinical experiences were published
between 1982 and 1983, and in 1 year less than 200
cases were reported by six groups from five countries,
whereas in September 1996 more than 200,000 cases
were registered, and more than 180 centers from the six
continents were on the CVS Registry mailing list.

The ability to achieve first-trimester fetal diagnoses
reduces emotional and physical stress in couples at
risk, maximizes patient privacy, and permits access to
termination at an earlier stage of pregnancy. Prenatal
diagnosis by CVS in the first trimester, when physical
awareness of the conceptus may still not be present
and pregnancy is not physically apparent, is expected
to have less profound psychological and behavioral
effects on the mother. Reports comparing the emo-
tional distress experienced by women undergoing
amniocentesis and CVS, respectively, have shown
that the latter approach evokes less anxiety, which
lasts a shorter period of time, than amniocentesis.7

Moreover, women undergoing CVS report significantly
greater attachment to the fetus than women under-
going amniocentesis.8 Although the miscarriage rate
was shown to be a determinant factor of the patient’s
attitude toward prenatal procedures, the great benefit
of an early diagnosis prepared patients to accept the
higher risk of CVS, which is up to five times that of
amniocentesis.9–11

Several clinical trials have provided information
about the comparative risks of first-trimester CVS and
mid-trimester amniocentesis. In national collabora-
tive studies, the likelihood of successful pregnancy
outcome has been reported to be similar for both
sampling approaches.12–15,21 However, in the early 1990s
concern arose from the publication of small early first-
trimester sampling series describing clusters of limb
defect cases after CVS.16–18 Although these cases
could indicate a relationship between early CVS and
placental damage, no evidence of teratogenic effects
has been observed by the analysis of more than

200,000 CVS cases reported to the CVS International
Registry.19 There is a general agreement that no
procedure-induced limb defects are expected to fol-
low CVS when sampling is performed after 10 com-
pleted weeks of gestation by skilled and experienced
operators.

Requirements for a chorionic
villus sampling program
The most important requirement for a successful CVS
program is technically competent staff. CVS should
be performed by an obstetrician experienced in first-
trimester ultrasonography, who is an expert in the patho-
physiology and clinical aspects of early pregnancy, and
who is well-informed about human genetics and the
laboratory methods used for genetic analysis. CVS and
other sampling techniques should be performed only at
centers having a high level of expertise and experience,
capable of applying any sampling approach as appro-
priate and of following the cases to delivery.19 Training
can be performed in both experimental and diagnostic
cases under direct supervision of a senior expert opera-
tor. A WHO meeting set out the following criteria for
self-evaluation of the expertise of centers19:

(1) A sampling success rate of about 90% at the first
insertion (of sampling device) and up to 98%
after two insertions;

(2) Laboratory success in more than 95% of all
patients sampled;

(3) Capability to utilize both transcervical and trans-
abdominal routes for CVS;

(4) A total fetal loss rate to 28 weeks of chromoso-
mally normal pregnancies of less than 6%.
Centers with a low-risk patient population
(young, economically advantaged, non-smoking,
sampled close to 12 weeks) should expect to do
better than this; and

(5) Data collection and surveillance programs that
include follow-up to delivery and infant outcome
for more than 95% of all cases.

It is to be expected that these levels would ordinarily
be achieved by groups with experience of 200–250
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procedures. However, expertise cannot be maintained
with occasional sampling; the more cases sampled per
year the better the results are likely to be.

Transabdominal continuous guidance of the sam-
pling device by a high-quality ultrasound machine is
mandatory. In principle, sector and convex probes are
preferred: their small contact surface allows an opti-
mal fitting to the maternal abdomen with a compre-
hensive visualization of the uterus frequently still
situated near or below the pubis.

CVS is performed in an outpatient facility. No
medical preparation is needed before transabdominal
sampling, whereas treatment of vaginal infection might
be necessary before transcervical sampling. A full blad-
der is not required, but some degree of filling may be
required in some circumstances, for instance to
straighten the angle of a pronounced anteflexion of the
uterus for easier transcervical sampling, or to push
intestinal loops away from the anterior uterine wall for
safer transabdominal sampling in a retroverted uterus.
Postoperative care includes some rest only when
cramping or bleeding would otherwise appear; in cases
of spotting and bleeding complications, vaginal explo-
ration should be avoided and daily vaginal douches are
recommended for cleaning the vagina and thereby
avoiding bacterial proliferation as much as possible.

Sampling methods
The placenta can be reached either through the mater-
nal abdomen by needling,22,23 or via the cervical canal
by catheter or biopsy forceps.24–26 A transvaginal
chorionic needle aspiration guided by vaginal ultra-
sound probe has also been developed, but it is indi-
cated only in patients where sampling by the other
conventional methods appears to be hazardous.27

Transcervical sampling is most frequently per-
formed using a polyethylene cannula 26 cm long and
1.5 mm in outer diameter, with a soft stainless-steel
blunt obturator.24 Recently, CVS experiences have
also been reported using round-tip curved steel for-
ceps 1.9 mm in diameter and 25 cm in length, and
flexible biopsy forceps 3 mm in outer diameter and
25 cm long.25,28 With the patient in the lithotomy posi-
tion, and after antiseptic preparation of the external
genitalia, the cervix is visualized and cleaned with a
broad-spectrum antiseptic solution. The cervix may
be grasped with a tenaculum to straighten the cervical
canal, although this usually produces discomfort and
may sometimes be very painful.

Two methodological approaches for transabdominal
sampling have been described.22,23 A double coaxial
needle system can be inserted percutaneously through a
needle guide attached to the ultrasound probe.23 An
18-gauge, 15-cm guide needle is first introduced and
then stopped at the edge of the placenta. Thereafter, a
thinner 22- or 20-gauge, 20-cm needle is passed through
the outer needle and repeatedly inserted until an ade-
quate sample is obtained. As an alternative a single

20-gauge, 9- or 12-cm spinal needle can be used and
inserted by a freehand ultrasound-guided approach
(Figure 102.1). In the latter case, the aspirating syringe
can be mounted onto a holder to make the aspiration
easier. The freehand needle-insertion technique has
some advantages when compared with the two-needle
system. The needle is thinner and its direction can be
easily adjusted when necessitated by abdominal wall or
uterine displacements. Moreover, as the needle is not
in direct contact with the transducer, neither a sterile
ultrasound system nor sterile contact gel are needed. In
addition, the sampling procedure takes less time, and
the sampling device is cheaper. However, the freehand
technique is a two-person approach and demands good
co-operation between the sonographer and the operator.

Contraindications
Because of the specificity of the sampling route, trans-
abdominal and transcervical sampling techniques are
expected to have different types of contraindications.
Vaginismus and stenotic or tortuous cervical canal, as
well as myomas of the lower uterine segment, may
severely hamper the introduction of either catheter or
forceps. Active vaginal infection may also be an
absolute contraindication to the cervical route. In the
latter condition, vaginal and cervical culture and spe-
cific treatment do not seem sufficient to remove any
risk of ascending infection. Transabdominal sampling
may be relatively or absolutely contraindicated when
obstacles such as intestines, large myomas or the
gestational sac cannot be avoided.

Some conditions may be considered common con-
traindications for both transabdominal and transcervical
sampling, namely active vaginal bleeding and an Rh-
isoimmunized patient. If bleeding is present at the time
of scheduled sampling, although no specific data are
available, it is advisable to postpone any sampling pro-
cedure until bleeding has stopped. Feto-maternal trans-
fusion, frequently observed following chorionic villus
biopsy,29–33 might enhance the antibody response of
isoimmunized mothers and threaten fetal outcome. The
patient should be informed about this potential adverse
effect of CVS, and amniocentesis or cordocentesis
should be evaluated as potential alternative approaches.

Indications
At the individual level, the advantages of first-
trimester CVS are evident when compared with
mid-trimester amniocentesis (Table 102.1). Shorter pre-
and post-test waiting periods are required, and the
decision to end a pregnancy is less stressful, because
by that time maternal–fetal bonding is not clearly
established and the gestational process is generally
not visible to those in the mother’s social environment,
so that the social consequences of late abortion are
avoided. First-trimester voluntary abortion is expected
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to have a significantly lower rate of clinical complica-
tions. Moreover, at this time of pregnancy general anes-
thesia and dilatation and surgical uterine evacuation
have less profound emotional effects on the patient
than labor induction and delivery at about 20 weeks.

Chromosomal abnormalities are undoubtedly the
most common indication for first-trimester CVS
(Table 102.2). Banding of high quality can be obtained
by culturing mesenchymal cells of chorionic villi, and
this process usually takes 10–15 days. Rapid karyotyp-
ing may be performed by examining cytotrophoblastic
cells arrested in metaphase, either immediately (a few
hours) after sampling or after short-term (24–48 h)
culture. However, chromosome preparations obtained
by the direct method are difficult to band and would
not be suitable for the detection of subtle chromosome
anomalies. Moreover, false-negative results for chro-
mosomal aberrations are expected to be about 1 per
3000 (100), whereas the rate falls to less than 1 per

10,000 if cytogenetic analysis is carried out concomi-
tantly on long-term culture.34,35 Placental-confined
mosaicism and non-mosaic rare trisomies give rise to
concern regarding proper counseling and pregnancy
management. The potential adverse affects on preg-
nancy outcome of some chromosomal abnormalities
confined to the placenta (chromosome 2, 7, 9, 14, 15,
16, 18, and 22, tetraploidy) have documented.38,109

Whenever a high degree of mosaicism is found in both
trophoblast and mesenchyme cells, uniparental dis-
omy in the fetus with normal karyotype ascertained
on amniotic or fetal blood cells should be suspected
and molecular studies undertaken.37

Chorionic villi provide large amounts of metaboli-
cally active cytoplasm, therefore for many inherited
metabolic diseases direct assay is possible, yielding
diagnostic results within hours or a few days. More-
over, the amount of DNA obtained from a conventional
sampling allows reliable analysis by recombinant
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Figure 102.1 (a) Freehand needle insertion under ultrasound guidance; (b) diagram of transcervical chorionic villus sampling (CVS)
by a freehand needle insertion approach; (c) transabdominal CVS in a 11.2-week pregnancy with retroflexed uterus and posterior
placenta (PL). The needle (arrows) enters straight into the placenta by proceeding close to the bladder (BL) wall, thereby avoiding
intestinal loops. (d) Transabdominal CVS in a 10.3-week pregnancy with antiflexed uterus and anterior placenta. The needle pathway
is indicated by arrows.
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DNA technologies. This is not the case with amniotic
fluid cells, which provide too little DNA, which is fre-
quently fragmented. Chorionic tissue is therefore at
present the material of choice for prenatal diagnosis of
Mendelian diseases. The rapid progress of human
genome research is very much broadening the range of
gene defects directly detectable, and makes it possible
to offer a prenatal diagnosis screening package in low-
risk populations for some of the most frequent and
severe conditions, e.g., cystic fibrosis (CF), non-
syndromic congenital deafness (NSCD) and fragile-X
mental retardation, and Rh typing in cases at risk of
Rh-isoimmunization.38,39,99

Multiple pregnancies
Twin and higher-order multiple pregnancies are specific
conditions in which first-trimester CVS can generally
offer several technical advantages over mid-trimester
anniocentesis. The easy evaluation of the membranes by
ultrasound40 makes both the prediction of chorionicity
and amnionicity and the identification of the affected
twin(s) more reliable, the use of rapid analytical meth-
ods makes substantial changes in the uterine topogra-
phy very unlikely, and if same-sex dichorionic twins are
diagnosed, DNA polymorphism markers may be easily
checked to assure retrieval of villi from the individual
placentas.41

Dichorionic pregnancy can easily be predicted
when either two distinct placental sites are detected
or, if the placentae are confluent, the septal thickness
is 2 mm or more and the lambda sign is present.40,88

Fused placentae and the presence of empty sac(s) may
represent a potential source of contamination: to mini-
mize this inconvenience the main criteria should be to
guide the extremity of the aspirating device to the
proximity of the umbilical cord insertion, or as far as
possible from the confluence of placentas. However, in
some conditions a reliable sampling could be easily
achieved by the combined use of TA- and TC-CVS or,
as an alternative, by using a double coaxial needle sys-
tem made by a 19-gauge 9-cm-long guide needle and a
21-gauge 15-cm-long sampling needle.88 The guide-
needle is first introduced through the co-twin placenta
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Table 102.1 Advantages of first-trimester chorionic villus sampling compared with mid-trimester amniocentesis

Individual and social advantages Diagnostic advantages Clinical advantages

Higher privacy Rapid karyotyping Previous cesarean section

Less emotional impact Enzymatic assay and DNA analysis Pending cerclage
on fresh tissue

Multiple pregnancy (and selective 
abortion)

Fewer legal limitations Screening ‘package’ (CF, NSCD, General anesthesia and dilatation
fragile X, paternity, and so on) and curettage for voluntary abortion

Higher acceptability Stem cell transplantation

Table 102.2 Indications for chorionic villus sampling
in 10,123 cases performed at the Mangiagalli Clinic,
University of Milan, and at Center for Prenatal
Diagnosis, Milan94

No. of No. of affected
Indication cases cases (%)

Karyotyping*

Maternal age (years)

< 30 1146 14 (1.22)

30–34 2239 18 (0.80)

35–39 3966 77 (1.94)

�40 1966 103 (5.24)

Previous offspring with 556 17 (3.05)
chromosome abnormality

Balanced parental chromosome 141 10 (7.09)
rearrangement or parental sex
chromosome aneuploidy

Suspicious ultrasonic findings 44 9 (20.45)

Second-trimester Down’s 75 0
syndrome screening

Enzymatic analysis

Mucopolysaccharidoses 17 7 (41.2)

Lipidoses 71 19 (26.7)

Amino acid disorders 24 9 (37.5)

Carbohydrate metabolism 12 4 (33.3)
disorders

Miscellaneous indications 21 4 (19.5)

DNA analysis

Thalassemia 823 187 (22.7)

Duchenne/Becker 358 81 (22.6)
muscular dystrophy

Hemophilia A/B 107 24 (22.4)

Cystic fibrosis 95 25 (26.3)

Congenital adrenal hyperplasia 33 10 (30.3)

Other monogenetic diseases 62 17 (27.4)

Infectious diseases 19 2 (10.5)

Paternity testing 19 –

*Fetal karyotyping was also performed in all the cases with primary
indication other than chromosomal abnormalities
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and stopped just after reaching the placenta to be
sampled, thereafter sampling is performed by passing
the thinner needle through the outer one.

In the hands of experienced operators and by appro-
priate methodological approach, CVS has been
reported to be highly effective in multiple gestations:
genetic diagnosis was correct on all 338 fetuses sam-
pled from 169 twin pregnancies,88 while sampling was
incorrect in only three out of 771 fetuses (0.4%) sam-
pled in 424 multiple pregnancies undergoing fetal
reduction to a single fetus or twins.43 Moreover, in both
experiences sampling was successfully performed in
all cases by a single needle insertion. The relative risks
of first-trimester CVS and mid-trimester amniocentesis
have been documented in two series of 161 and 72
twins.42 Sampling was performed at 10–12 weeks for
CVS and at 16–18 weeks for amniocentesis. No differ-
ences were observed between procedures in the rates of
spontaneous abortion and perinatal mortality. However,
if only cases with chromosomally normal fetuses and
placentae were considered, the total fetal loss rate was
significantly lower in the CVS series (3.9% vs. 9.3%).
In cases of twins discordant for a serious disorder,
selective reduction should be considered: the advan-
tages of the first-trimester approach include a signifi-
cantly lower emotional impact and a lower risk of
clinical complications.43,44

Timing of chorionic villus sampling
The generally accepted lowest limit of gestational age
for sampling is 10 completed weeks. By that time,
embryo viability is easily detectable, the placenta is
clearly identifiable and adequately thick, and embryo-
genesis is concluded. The upper limit for transcervical
sampling has been suggested to be 12–13 weeks.
Indeed, by the end of the first trimester, the gestational
sac becomes attached to the decidual wall. Thereafter,
any attempt to insert either a catheter or a biopsy for-
ceps entails a higher risk of indenting and damaging the
membranes. These difficulties can also be accentuated
by the fact that the proximal placental edge may move
far from the internal cervical os.

The extension of transabdominal CVS beyond the
first trimester has proven to be convenient as an alter-
native to amniocentesis for a prompt answer in case of
late booking, suspicious ultrasonic findings, or
increased risk of chromosomal abnormalities as a result
of first trimester screening. Low risk and high effec-
tiveness of transabdominal CVS in the early second
trimester were clearly reported in a study45 comparing
two large series at 13–14 weeks and at 15–20 weeks
with a control series al 11–12 weeks: a very low total
fetal loss rate (≤24 weeks) of 0.86%, 0.46%, and 1.02%
was respectively observed; a trend towards lower
values is apparent, although differences were not
statistically significant. Sampling was successful in
all cases of the three series, however a posterior and
unreachable placenta was the reason for transferring

to mid-trimester amniocentesis 4.2% of cases
recruited for CVS at 15–20 weeks, whereas in the series
at 13–14 weeks this was required in only 0.9% of cases.

The choice of route for sampling
Transcervical and transabdominal techniques appear
to be comparably efficient between 8 and 12 weeks,
when the overall success rate after two sampling
device insertions is considered to be very near to
100%. This efficiency has been confirmed in three
national randomized trials of transabdominal vs. trans-
cervical CVS.14,46,47 Although the data appear to con-
firm that the two techniques are equally effective in
obtaining adequate amounts of chorionic tissue, and
in two of the three randomized trials the fetal loss rate
was not affected by the sampling technique,46,47 trans-
abdominal needling entailed a significantly smaller
proportion of repeated device insertions (3.3% vs.
10.3%) and of low weight specimens (3.2% vs.
4.9%).46 Moreover, the deviation from the allocated
procedure (15.8% vs. 3.1%), due to previously unde-
tected vaginal infection or anatomical problems, was
much higher in the transcervical group.46

Transabdominal sampling, in our experience, has
definitely become the method of choice, and our prefer-
ence for this approach is based on the shorter learning
time, the lower rate of immediate complications, the
higher practicality and success rates at the first device
insertion, the lower hazard of intrauterine infection, the
opportunity to extend sampling beyond the first
trimester, and the wider range of diagnostic indications.
However, it is plainly advisable that a complementary
approach, namely transcervical or transvaginal sam-
pling, should be mastered for appropriate chorion
biopsy in any case. Finally, the high efficiency, the
absence of complications after sampling, and the very
low total abortion rate observed after 12 gestational
weeks, have made the use of second-trimester CVS a
valuable alternative to early and mid-trimester amnio-
centesis, even in genetically low-risk populations.

Complications
Among early post-procedural complications, spotting
within a few hours has been more frequently observed
in patients undergoing transcervical rather than trans-
abdominal CVS (3.2% vs. 1.5%, P < 0.001).46 Localized
peritonitis immediately after sampling occurs in very
few cases, and only after transabdominal sampling,
with an overall rate of 0.04%. Intrauterine infection
(acute chorionamnionitis) should be considered a
potential, although very rare, complication of transcer-
vical CVS, having been reported in 0.1–0.5% of cases,
and in some large series no cases at all were
observed.48 However, there is some concern about the
role of less serious infection in women who experience
fetal loss after transcervical CVS. Because transcervical
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CVS involves passage of a cannula or forceps through
the cervical canal from the perineum and vagina,
microbial colonization and infection, with consequent
morbidity for both mother and fetus, may result.
Clinical symptoms of localized peritonitis have been
reported in three cases after transabdominal CVS.
Bacteria were cultured only in one of the three cases,
which strongly suggested that puncture of the large
intestine had caused Escherichia coli invasion of the
peritoneum.49 In the two other cases, the chorionic
tissue culture medium was sterile, and symptoms
were milder, suggesting that the peritoneal reaction
resulted from bleeding from the needle puncture of the
external uterine surface.

Feto-maternal transfusion has been postulated as a
possible side-effect of CVS. At the end of 5 menstrual
weeks, the intravillous vascular network connects with
the umbilical-allantoic vessels and integrates into the
general embryonic circulation. Thereafter, any disrup-
tion of villus integrity may cause fetal blood leakage.
Feto-maternal hemorrhage following CVS has been
demonstrated by a significant increase in maternal
serum a-fetoprotein in 40–72% of cases, and in 6–18%
of these the amount of blood transfused was calculated
to exceed 0.1 ml.29–31 Fetal hemorrhage should there-
fore be capable of initiating an immune response in
RhD-negative women bearing an RhD-positive fetus.
Moreover, an association between maternal serum
a-fetoprotein increase and frequency of spontaneous
fetal death has been suggested for the cases with the
highest maternal serum a-fetoprotein levels.32

No increased frequency of perinatal complications,
i.e. preterm birth, small-for-dates neonates, perinatal
mortality and congenital malformations, have been
observed both in randomized and clinical control
studies.12–15,21,48,50

Data on pediatric follow-up of infants resulting from
CVS-tested pregnancies are very scarce. Clinical evalu-
ation was reported in 53 (9–14 years old) of 66 babies
born after the earliest Chinese experience, and in 274
children in Milan evaluated at 3–5 years of age.51,52 All
the children were normally developed at the time of
the study. Although these two reports seem to exclude
any gross long-term effect of CVS, they lack matched
controls. In the very near future, when pediatric follow-
up data will be available from randomized studies
comparing CVS and mid-trimester amniocentesis, it
will be possible to reach more reliable conclusions
about possible long-term sequelae.

Fetal loss
Several variables, both technical and biological, make
it hazardous to evaluate risk based only on clinical
studies. For these reasons, a randomized trial to evaluate
fetal losses due to the procedure was recommended
when CVS was introduced in clinical practice.53 The
overall pregnancy loss rate has been reported in a
number of relatively large clinical studies, and the

values range from 2.2% to 5.4%.54–66 The data of the
International CVS Registry reveal a striking difference
between those centers with the largest experience and
those with the least, as well as between different sam-
pling methods.4–6,67 In our experience,35 in 9471 con-
tinuing pregnancies sampled by the same operator, the
overall loss rate (including perinatal mortality up to
28 days after birth) was 3.38% (Table 102.3). Logistic
regression analysis of the procedure-related variables
showed a significant association between fetal loss
rate and maternal age, the lowest rates occurring in
the youngest women (1.22%) and the highest in the
women of 40 years and over (odds ratio 2.52), while
gestational age affected the abortion rate only at
8 weeks (3.78%), no differences in the odds ratio being
present at 9–12 weeks. Sampling approach does not
seem to affect fetal loss rate. No significant difference
between transabdominal needling and transcervical
aspiration methods resulted from two of the three
randomized trials comparing techniques.46,47 The only
plausible explanation for the higher rate reported for
transcervical aspiration in the Danish study14 is the
low operator experience suggested by the higher
rate of complicated procedures reported for transcer-
vical sampling. In the light of this evidence it may be
inferred that, given the necessary skills, both routes
are comparably safe. The number of sampling device
insertions may influence pregnancy outcome: a higher
fetal loss rate was demonstrated for three or more
attempts in the same sampling session. This substan-
tiates our protocol, which limits the number of device
insertions in a single sampling session to 2.13,51,55,61

Failure to obtain adequate tissue on two attempts may
imply major obstacles, and the operator should recon-
sider the case or select a different sampling method.

Six control studies concerning risk assessment
were published between 1989 and 1999.12–15,21,50

Three of them were multicenter studies,12,13,50 while the
Danish study14 included two single-operator centers.
In the Finnish15 as well in the Spanish21 studies all
procedure were performed at a single center by more
than one operator. The sizes of four of the trials12–14,50

were equivalent, and allowed detection of a 1% fetal
loss difference between sampling methods, whereas
the number of cases involved in the Finnish and
Spanish studies was lower. 800 and 1011, respec-
tively. In the US study,13 the control group undergoing
amniocentesis could not be randomized because of an
almost total non-acceptance of the method. The
Canadian12 and US studies compared mid-trimester
amniocentesis and transcervical CVS performed at
9–12 weeks, with the exception of 1.3% of cases
performed before 9 weeks in the US study. Sampling
in the Danish study was performed at 9–11 weeks, and
patients were randomly assigned to amniocentesis or
CVS. In the Medical Research Council (MRC)
European trial,50 the patients were recruited in the
first trimester, but the range and distribution of gesta-
tional ages at CVS were not reported.
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Four of the five control trials were unable to find
statistical differences between first-trimester CVS and
mid-trimester amniocentesis, and a significant excess
of fetal losses (4.6%) was only demonstrated in the

MRC European study (Table 102.4). However, a
number of aspects make the latter trial unreliable.
First, two of the 31 participating centers contributed
more than one-third of the total number of cases,
while the number of cases provided by the remaining
centers ranged between 4 and 81. Second, no specifi-
cations were reported regarding the technical charac-
teristics of the sampling devices, as well as the
gestational age distribution at CVS. Lastly, the high
rate of repeated insertion would suggest that the
average operator skill during the study was low. The
multiplicity of sampling approaches, some with
potentially higher risk, and the poor technical compe-
tence of the majority of operators are confounding
variables that might have caused the higher fetal loss
rate in the CVS group.

In the mid-1980s, early amniocentesis (10 to 14
weeks) was offered as a safer alternative to CVS.68–74

However expectations were not confirmed by the
randomized trials comparing transabdominal CVS
and early amniocentesis: fetal losses (< 20 weeks)
and complications (amniotic fluid leakage, talipes
equinovarus) were significantly higher for early
amniocentesis;103 fetal losses and complications were
also significantly higher in the CEMA study compar-
ing early and mid-trimester amniocentesis.104

The limb reduction
defect controversy
In 1991, Firth et al.16 reported an unusual cluster of
four children with limb defects and oromandibular
hypogenesis among 289 pregnancies in which CVS
was performed at 8.0–9.3 weeks of gestation. Sampling
was carried out by transabdominal needling, but data on
technical performance were not available. Subsequently,

The limb reduction defect controversy 1111

Table 102.3 Outcome of 10,133 consecutive
singleton pregnancies undergoing CVS at Mangiagalli
Clinic, University of Milan, and at Center for Prenatal
Diagnosis, Milan35

Voluntary abortion

Genetic 553

Non-genetic 74

Pregnancies intended to continue 9506

Termination of pregnancy 35
following sonographic diagnosis
of malformation after CVS

Fetal loss (< 28 weeks) 2.69%

Stillbirth (�28 weeks) 0.32% (0.7%)

Live births 96.61%

Neonatal death (< 28 days) 0.37% (1.05%)

Premature delivery

< 37 weeks 3.28% (9.20%)

< 32 weeks 0.59 % (0.91%)

Gestational age at birth (days) 275.2 ±12.3

Birth weight (g) 3315.4 ±525.2

Birth weight < 2500 g 3.70% (3.07%)

Birth weight < 1500 g 0.59% (0.85%)

Malformations 2.13% (1.9%)*

Lost to follow-up 0.41%

The figures in parentheses are for the Italian population, 1980–198395

*From the Italian Birth Defects Registry96

Table 102.4 Controlled trials of chorionic villus sampling (CVS) and amniocentesis

No. of cases Sampling failure (%) Total fetal losses (%)

Study No. of centers CVS Amniocentesis CVS Amniocentesis CVS Amniocentesis

Canadian12 11 1169 1174 6.3 NR 7.6 7.0

American13 7 2235 671 1.8 NR 7.2 5.7

Danish14 2

Transabdominal CVS 1180 1.8 6.2

Transcervical CVS 1164 3.4 10.1*

Amniocentesis 1003 0 6.3

MRC European50 31 1609 1594 4.8 1.8 13.6* 9.0

Finnish15 1 399 382 1.7 0 7.8 8.3

Spanish21 1 314 358 2 0 2.2 2.8

NR, not reported
*Statistically significant
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two other clusters of four limb defect cases were
published in series of about 300 cases.17,18 In addition,
five limb defect cases collected from different centers
were reported in Taiwan, but no data were available
on the total number of procedures, the sampling tech-
niques, and the gestational ages at CVS.75,76 Many
reports supporting or denying any association between
limb defects and CVS then followed.77–87 However, a
WHO statement based on the analysis of about 80,000
CVS cases with completed follow-up did not find any
evidence (Table 102.5) to suggest an increased risk of
limb defects when CVS was performed after the 8th
completed gestational week.21

Excessive trauma to the placenta and surrounding
tissues is often believed to be an important causal
factor of abnormalities during the phenocritical stage
of embryological development. Poor expertise and
improper sampling techniques were common to the
experiences reporting limb defect clusters. The analy-
sis of the WHO-CVS Registry data was recently
updated for 216,381 cases19, respectively, and the
results show no increase in the overall incidence of
limb defects (Table 102.5). Firth et al.,89 in a literature
review, collected 75 limb defects in babies exposed to
CVS, to determine the temporal relationship between
CVS and limb defects, and claimed a possible inverse
correlation between severity of defect and gesta-
tional age at CVS. Unfortunately, the diversity in
the limb defect classification between this study and
population-based studies used for comparison, and
the several erroneous duplications of cases, make the
conclusions of the study unreliable. The pattern of
distribution of limb defects has been evaluated on

77 infants or fetuses with limb defects from 138,996
pregnancies reported to the WHO registry, and com-
pared with the data of the population-based British
Columbia Registry for malformations, using the same
classification and pattern analysis.20 The analysis of
this cohort did not show any differences from the
background population in the overall frequency or
pattern distribution of limb defects. There was also no
correlation between gestational age at CVS and sever-
ity of defects. In conclusion, these results do not indi-
cate any increased risk of limb defects after CVS.

Conclusions
Our practice and critical analysis of the literature
demonstrates that where experience and skill are
available, first-trimester CVS should be considered
the gold standard for prenatal diagnosis of genetic dis-
eases: the rate of complications is very low and fetal
loss rate is at least comparable with mid-trimester
amniocentesis. The transabdominal sampling tech-
nique, in our experience, has become the method of
choice. Our preference for this approach has been
based on a number of reasons: shorter learning time,40

lower rate of immediate complications,48 higher prac-
ticality and success rate at the first device insertion,46

no hazard of intrauterine infections,107 opportunity to
extend sampling beyond the first trimester.45 Given
the promising development of first-trimester screening
of aneuplodies by biochemical92 and sonographic
markers,93 the use of CVS for prompt and reliable
diagnosis seems assured.108
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Table 102.5 Frequency of limb reduction defects in clinical trials of chorionic villus sampling (CVS) and in the
general population

No. of CVS 
cases with 
completed No. of live Limb defect 

Study follow-up* births incidence (×104)

Jefferson Medical College, Philadelphia, 19,969 3.0
and Hutzel Hospital, Detroit105

Mangiagalli Clinic, University of Milan, and 16,597 3.0
Center for Prental Diagnosis, Milan48

Pellegrin University Hospital, Bordeaux106 10,144 1.0

WHO53 158,774 4.9

WHO-CVS Registry19 208,682 5.1

Froster-Iskenius 1,213,913 5.97
and Baird97

Kallen et al.98 1,368,024 6.2

Italian Registry96 1,115,361 6.16

*Limb defects detected during pregnancy, and aborted, also included
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Introduction
Amniocentesis is the method by which amniotic fluid
is removed from the pregnant uterus. Amniotic fluid
cell culture from second-trimester amniocentesis has
been one of the primary tools of prenatal diagnosis:
hundreds of thousands of pregnancies have provided
extensive experience of monitoring for chromosomal
disorders, as well as many hundreds of diagnoses of
metabolic disorders. The vast majority of amniocente-
ses are carried out to diagnose cytogenetic disorders,
inborn errors of metabolism and other genetic disorders
using chromosome analysis, biochemical studies and
recombinant DNA analysis. Therapeutic amniocente-
sis will not be considered here. This chapter will con-
sider the technique of amniocentesis, the possible
complications of the test, and its diagnostic accuracy.

Indications
The commonest indications for performing amniocen-
tesis are increased risks of Down’s syndrome or neu-
ral tube defects. The indications for performing fetal
chromosome analysis vary slightly from country to
country. In Western societies, amniocentesis is mostly
offered to the following groups, considered to be at an
increased risk:

(1) Increased risk of Down’s syndrome, following
first trimester risk assessment using nuchal
translucency and double test;

(2) Maternal age above 35 years (the age limit varies
between 35 and 40 years);

(3) Prior birth/abortion of a child/fetus with a chromo-
some abnormality;

(4) Abnormal parental karyotype; and
(5) Fetal structural abnormality detected on ultra-

sound scan.

During the last decade the concept of prenatal diag-
nosis has changed, with the discovery of biochemical
and ultrasonic markers for Down’s syndrome. A
woman’s risk of having a Down’s syndrome fetus may
now be estimated by combining her age-related risk

with the risk attributable to the markers. It has been
estimated that 90% of Down’s syndrome fetuses could
be detected by using the nuchal translucency scan in
combination with the double test (free β-HCG and
pregnancy associated plasma protein A) and maternal
age at an amniocentesis rate of 5%.1 The addition of
more biochemical and ultrasonic markers may further
increase the detection rate. These markers permit a
more selective approach to invasive testing and may in
the future be offered to all pregnant women. It should,
however, be emphasized that markers can only be used
as screening tests, the only diagnostic test being chori-
onic villus sampling or amniotic fluid cell culture. The
proportion of invasive prenatal diagnostic tests being
performed such as amniocentesis is increasing due to
the increasing use  of first trimester Down’s syndrome
screening. As the result of this screening is available
for around 12–13 weeks, women will increasingly opt
for chorionic villus sampling.

Technical aspects
Amniocentesis has been performed for prenatal diag-
nosis for more than 40 years. However, very few
randomized controlled trials have evaluated the risks
of the procedure, or assessed the optimal technique.
Such studies are difficult, as they require a very large
number of patients.

Ultrasonography
The failure rate of amniocentesis is reduced by using
real-time ultrasound2 (Figure 103.1). Whether ultra-
sonography may also reduce the abortion rate after the
procedure has not been investigated.

Placental perforation
The abortion risk has been shown in some large
studies3,4 to be increased when the placenta is perfo-
rated, while in other studies this was not the case.5,6

Although the evidence is inconclusive, it is widely
agreed that placental perforation should be avoided.
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Needle size and number of insertions
Needles larger than 18 or 20 gauge are associated with
an increased abortion rate. The risk of fetal loss
increases with the number of needle insertions.7,8

Operator
The abortion rate9 as well as the failure rate of amnio-
centesis2 have been shown to be inversely correlated
with the experience of the operator. In Denmark, the
National Board of Health recommends that a gynecol-
ogist should perform 50 amniocenteses under super-
vision, and then 25 amniocenteses per year to keep up
the routine.10

Timing and volume
Most amniocenteses have been performed early in the
second trimester, i.e. from week 14 to 17. A maximum
volume of 20 ml is removed, allowing material for
polymerase chain reaction (PCR) or fluorescent in situ
hybridization (FISH), duplicate culture flasks to be set
up as well as α-fetoprotein determination. During the
last decade, amniocentesis has been performed earlier
in the second and even in the first trimester. The
technique of early amniocentesis is similar to amnio-
centesis performed at later gestational ages. However,
in the first trimester there are two sacs, the amniotic
cavity and the extra-embryonic coelome. The incom-
plete fusion of the amnion and chorion in early gesta-
tion may result in tenting of the membranes, which
may necessitate more needle insertions.11 It is impor-
tant to distinguish the two sacs ultrasonographically
at the time of the amniocentesis, as the fluid in the
extra-embryonic coelome is jelly-like, difficult to aspi-
rate, and has a different α-fetoprotein concentration

than amniotic fluid.12 Retrieval of fluid from this sac
should be avoided, as it will only rarely produce
enough cells to allow a cytogenetic diagnosis. After 11
completed weeks of gestation, the sampling success
rate is nearly 100%.13

The volume of amniotic fluid is approximately
100 ml in the 12 weeks of gestation, and it has been
shown, that the abortion risk as well as the rate of
talipes equinovarus is significantly increased, when
amniocentesis is performed before 15 weeks.14,15 It is
therefore recommended not to perform amniocentesis
before 15 weeks.

Multiple pregnancy
In order to assess whether amniotic fluid has been
retrieved from both sacs in twin pregnancies, a marker
(a dye or a biochemical substance) may be injected
into the first sac.17 When the second sac is punctured,
the absence of the marker in the amniotic fluid indi-
cates that both sacs have been sampled. However,
real-time ultrasound allows visually-guided amniotic
fluid sampling from both sacs,18 thus making dye-
injection obsolete.

Whether amniocentesis in twin pregnancies should
be performed by using one or two needle insertions
remains to be shown. A single needle insertion could
reduce the abortion risk, but may on the contrary
create the problems of amniotic band syndrome or a
mono-amniotic twin pregnancy, or give rise to cytoge-
netic problems.19

In conclusion, amniocentesis should be performed
after 15 weeks of gestation, under aseptic conditions,
using real-time ultrasound, by a trained operator,
avoiding placental perforation, using needles no
larger than 20 gauge, and performing at the most two
insertions on the same day.

1116 Amniocentesis

Figure 103.1 Ultrasound-guided second-trimester amniocentesis (a) on the ultrasound screen and (b) in a line drawing. The dotted
line represents the needle-guide. 
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Cytogenetic and biochemical
aspects of amniocentesis
Amniotic fluid cells are derived from the fetus as well
as from the extra-embryonic membranes and the
trophoblast. The cells from the latter two tissues may
differ in karyotype from the fetus itself, thus causing
mosaicism. Viable cells in the amniotic fluid are cul-
tured and used for karyotyping, and investigation of
metabolic and biochemical disorders. Uncultured
cells may be used to detect specific chromosome
aberrations by using chromosome-specific probes and
FISH on interphase cells,20 but complete karyotyping
is not yet possible on uncultured cells.

Culture failure
In large laboratories, culture failure occurs in less
than 1% of second-trimester cases. The culture failure
rate increases with decreasing gestational age: after
11 completed weeks the culture failure rate is the
same as in the second trimester,21 while in weeks 8–9
culture is unsuccessful in more than 30% of cases.22

Culture failure seems to occur more often in cases
of fetal aneuploidy,23 emphasizing the importance
of counseling, further ultrasonic investigation and
secondary testing in these cases.

Maternal cell contamination
Maternal cell contamination may cause misdiagnosis,
if only maternal cells are examined or mosaicism is
suspected. The rate of maternal cell contamination is
1–3 per 1000 cases,24 but this figure should probably
be doubled as maternal cell contamination is only
detected when the fetus is male. The contamination
rate may be lowered by using a stylet in the needle
when performing the amniocentesis, and by aspirat-
ing the first 2 ml in a separate syringe to be used for
amniotic fluid α-fetoprotein determination.24 Screening
for maternal cell contamination may be considered in
blood-stained amniotic fluid samples. An assay using
fluorescent labeled microsatellites provides results
quickly and seems promising.25

Diagnostic accuracy of amniocentesis
The level of α-fetoprotein is determined and a fetal
karyotype test is performed routinely on amniotic
fluid samples in most laboratories.

Amniotic fluid α-fetoprotein and acetylcholinesterase
The concentration of α-fetoprotein in amniotic fluid is
increased when the fetus has an open neural tube defect.
The accuracy of this test may be improved by combin-
ing it with acetylcholinesterase electrophoresis, giving a
detection rate for anencephaly and spina bifida of more
than 99.5%, with a false-positive rate of 0.03%.26

Amniotic fluid α-fetoprotein may no longer be
necessary in centers where high-resolution ultra-
sonography is available.27

Accuracy of fetal chromosome analysis
A large-scale study to assess the accuracy of fetal
chromosome analysis has never been performed. This
would require complete follow-up on all pregnancies
and chromosome analysis of live-born children as
well as abortions, whether induced or spontaneous. In
a literature survey of 57,921 cases, the accuracy of fetal
chromosome analysis was established to be between
99.2% and 99.9%, based on the phenotype at birth.28

Mosaicism remains the main problem in prenatal
diagnosis and is seen in 0.1% of all samples.29 When
two or more different cell lines are detected in the same
amniotic fluid sample, this may reflect a true mosaic
abnormality in the fetus, an abnormality in the tro-
phoblast, or a culture artifact (pseudo-mosaicism).30

While repeat amniocentesis cannot be recommended
to solve this problem, fetal blood sampling may deter-
mine the karyotype of the fetus per se.30 A 100% detec-
tion of mosaicism cannot be expected, when only a
limited number of amniotic fluid cells are examined.

It may be concluded that fetal karyotyping is a
test with a very high detection rate and a very high
accuracy. It should, however, be remembered that
false-positive results do occur, although very rarely.

Complications
Maternal

Infection
There is minimal risk to the mother. The risk of
amnionitis is less than 0.1% for all procedures.8

Immediate complications
In the Danish randomized trial,3 women in the study
and control groups were specifically asked about
bleeding, abdominal pain and amniotic fluid leakage
4 weeks after amniocentesis or ultrasonography. The
complication rate was higher after amniocentesis
(12.1%) than after ultrasonography (5.8%). Vaginal
bleeding occurred equally often in the two groups, but
amniotic fluid leakage was reported four times more
often in the study group (39 vs. 10 women).

The earlier amniocentesis is performed, the higher
the leakage rate.3,15,16

Rhesus isoimmunization
Feto-maternal hemorrhage (FMH) occurs in approxi-
mately half of all pregnant women,31 and therefore it
is not surprising that rhesus immunization may occur
during normal pregnancy. The immunization inci-
dence has been reported to be 1.1–1.6% among primi-
gravidas and 2.2% among multigravidas.32,33 FMH
occurs during amniocentesis in one out of six women,34

and may therefore theoretically give rise to subse-
quent isoimmunization.

In two retrospective studies, the immunization inci-
dences after amniocentesis were 2.1%35 and 3.4%.36 In
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a prospective cohort study,37 the immunization rate
was 1.4% (95% confidence limits 0.2–2.6). This may
be an overestimation of the immunization rate attribut-
able to the present pregnancy, as the five immunized
women were multiparous, and at least three of them
had had events in a prior pregnancy which may have
presensitized them. The observed 1.4% immunization
rate is not different from the spontaneous immuniza-
tion rate. However, due to the wide confidence interval
it cannot be excluded that amniocentesis exposes the
rhesus-negative woman to a slightly higher immuniza-
tion risk. In a population-based study of long-term
outcome after amniocentesis,38 ABO isoimmunization
was found significantly more often in the infants sub-
jected to amniocentesis. A protective effect of anti-D
immunoglobulin administration after amniocentesis
was suggested by the results of the Medical Research
Council (MRC) study,2 which reported that none of
59 women who had been given anti-D were isoimmu-
nized, as compared to three cases among untreated
women.

The World Health Organization recommends that a
small dose of anti-D be given at the time of amniocen-
tesis to D-negative women.39 Practice differs between
countries regarding whether this recommendation is
followed or not. In the United States and in the United
Kingdom a dose of 100–125 µg is administered.

Anxiety
In Italian40 and Danish41 controlled studies using self-
rating scales, anxiety and depression varied similarly
in women having amniocentesis and in control
women. The variations in anxiety level observed
throughout pregnancy in both these studies correspond
to those changes observed during normal pregnancy.42

However, among women having amniocentesis due
to advanced maternal age, the anxiety level was
increased while awaiting the results of the test.41,43 It
seems that amniocentesis generally has little, if any,
psychological impact on pregnancy.

Fetal
The risks to the fetus may either be direct, leading to
subsequent abortion, or indirect secondary to removal
of amniotic fluid.

Fetal loss rate
The fetal loss rate associated with amniocentesis is
superimposed on a background spontaneous abor-
tion rate, which is higher the earlier amniocentesis is
performed. The ‘background’ risk of spontaneous
abortion varies with maternal age, parity and social
variables.44,45 In ultrasonically-proven viable pregnan-
cies, the abortion rate after week 15 varies between
1% and 2%,3,46,47 and as many as 0.7% of women
referred for amniocentesis have been shown to have
had a missed abortion.7 In studies designed to assess

the fetal loss rate, it is therefore evident that compa-
rability of study and control groups is of major impor-
tance, as well as assessment of fetal viability in both
groups.

In the 1970s three large cohort studies recruited
women ‘at risk’ to the study group, and all included
a matched control group. The National Institute of
Child Health and Human Development (NICHD)
multicenter study8 compared 1040 subjects having
amniocentesis with 992 controls matched for age,
race, parity and socioeconomic factors. The total fetal
loss rate and the second-trimester abortion rate were
similar in the two groups (3.5% and 2.3% in the study
group, compared with 3.2% and 2.1% in the control
group). Amniocentesis was performed following
ultrasonography in 30% of the women, while amnio-
centesis was carried out blindly in the rest of the
group. In the control group, assessment of fetal viabil-
ity was not carried out at entry into the study.

In a Canadian multicenter study,7 1020 women
having amniocentesis were compared to women
admitted in early pregnancy. The rate of conception
loss was 2.3% before the 24th week in the study group
as well as in the control group. Women in the control
group may however have had a higher than average
risk of fetal loss, as they had been admitted due to
pregnancy complications. Amniocentesis was per-
formed following ultrasonography for 98% of the
women, while no assessment of fetal viability at entry
into the study was carried out in the control group.

In an English multicenter study2 a 1.2% increased
rate of spontaneous abortion was found among 2428
women having amniocentesis and as many matched
controls. The main part of this study was criticized for
ascertainment bias, due to methodological problems
such as differences between the study and control
groups regarding maternal age and gestational age at
entry into the study, inclusion in the study group of
women with increased levels of serum α-fetoprotein,
and exclusion from the control group of women who
had aborted spontaneously. However, a supplemen-
tary, methodologically correct, study confirmed the
finding of an increased abortion rate following
amniocentesis. Although not significantly different,
the size of the risk was 1.0–1.5%. Amniocentesis was
performed following ultrasonography in approxi-
mately two-thirds of the subjects, while no assess-
ment of fetal viability at entry into the study was
carried out in the control group.

The results of the above three large multicenter
studies2,7,8 may have been affected by selection.
Furthermore, only the largest study detected an
increased fetal loss rate after amniocentesis. In the
two smaller studies, involving approximately 1000
women in both the study and the control groups,
there was no difference; this could, however, be
ascribed to the sample size.

In the only randomized controlled trial of amnio-
centesis2 the total sample size was calculated to be
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approximately 4800 women, in order to have an 80%
chance of detecting an increase in miscarriage rate
from the estimated 1.5% in the general population to
2.5% following amniocentesis. The study included
4606 women aged 25–34 years, who would not other-
wise have been offered genetic amniocentesis. By
choosing this group of women, it was ethically possi-
ble to perform a randomized trial. Apart from the fact
that women in the study group had amniocentesis and
women in the control group an ultrasound scan at the
same gestational age to assess fetal viability, antenatal
care was similar for the two groups. Randomization
achieved comparability between the study and control
groups regarding age, background factors and time of
entry into the study. The follow-up rate was high
(99.9%), as well as the compliance (99.1% in both
groups). The design and conduction of this study
therefore do not seem to have been biased in any
major way.

The fetal loss rate after the 16th week (mean gesta-
tional age of amniocentesis in the study group and of
ultrasonography in the control group) was 1.7% in the
study group and 0.7% in the control group. Amnio-
centesis was thus associated with an increased fetal
loss rate of 1.0% (95% confidence limits 0.3–1.5%),
which corresponds to a relative risk of 2.3 (1.3–4.0).
There is no reason to believe that the procedure-
related risk of amniocentesis should be any smaller
in older women. There was a substantial increment

in the number of abortions in the first 3–4 weeks after
amniocentesis (Figure 103.2).

The 1.0% increased miscarriage rate may actually
underestimate the true difference between the two
groups, as chromosomally abnormal fetuses are at
an increased risk of being aborted spontaneously.48

Eleven pregnancies in the study group and only one
in the control group were terminated due to fetal
chromosome abnormality.

Women who miscarried after amniocentesis
could not be distinguished from the rest of the study
group by obstetrical or social variables, but they had
significantly more often had transplacental taps,
retrieval of miscolored amniotic fluid or an elevated
level of maternal serum α-fetoprotein before amnio-
centesis. The last two variables are more likely to be
reflections of an abnormal pregnancy than a compli-
cation of amniocentesis.

Early amniocentesis (before 15 weeks). Early
amniocentesis has been compared to chorionic villus
sampling (CVS) or amniocentesis in weeks 15–18,
taking into account the background rates of pregnancy
loss at earlier gestational ages. In the first study, which
included a randomised sub-group, the fetal loss rate
was significantly higher after early amniocentesis
than following CVS.14 In a larger Canadian randomised
trial, the spontaneous fetal loss rate was also sig-
nificantly higher following early amniocentesis as
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Figure 103.2 Interval between amniocentesis (study group) or ultrasound scan (control group) and spontaneous abortion.
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compared to traditional amniocentesis in weeks
15–18.15 In a smaller Danish randomised trial, the
spontaneous fetal loss rate was significantly higher
after early filtration amniocentesis compared with
transabdominal CVS.16

It may therefore be concluded, that amniocentesis
should not be performed before 15 weeks gestation.

Multiple pregnancy. The fetal loss rate in multiple
gestations has not been estimated in a controlled trial
and is difficult to determine due to the increased
miscarriage rate per se in twin pregnancies.

An increased postamniocentesis abortion rate in
multiple gestations may be expected, since most
operators use more than one needle insertion, a vari-
able associated with an increased fetal loss rate. The
fetal loss rate has been reported to be between 2 and
8%,17,49,50 but most studies have small sample sizes. In
the largest series of 476 twin pregnancies, the fetal
loss rate was 2.7% before 28 weeks of gestation, com-
parable to that in the control group.51

We may thus conclude that the fetal loss rate fol-
lowing amniocentesis in weeks 16–18 is around 1.0%
(95% confidence limits 0.3–1.5%) in singleton preg-
nancies; in twin pregnancies the fetal loss rate may be
more than doubled. Amniocentesis should not be per-
formed before 15 weeks of gestation.

Complications to the infant
Amniocentesis does not affect the preterm birth rate, the
stillbirth rate or the perinatal mortality rate.3,7,8 The
mean birth weight of the infants was also independent
of whether amniocentesis had been performed. In a ran-
domized controlled trial of amniocentesis,3 the rate of
low birth weight infants (i.e. < 2500 g) was similar in
the study and control groups. The number of very low
birth weight infants (i.e. < 1500 g) was, however, sig-
nificantly higher in the study group.

Perinatal morbidity

Lower limb malformations. In the main part of the
MRC study,2 congenital dislocation of the hip and
talipes equinovarus were found more often among
subject infants. This finding could not be confirmed
in the methodologically more correct supplementary
part of the MRC study,2 nor in the other controlled
studies.3,7,8 Furthermore, a case–control study52 of
1342 infants found no association between amnio-
centesis and talipes or hip malformations. Amnio-
centesis in week 16–18 thus does not seem to be
associated with an increased rate of congenital
malformations. In the two randomized trials of early
amniocentesis,14–16 however, the prevalence of talipes
equinovarus at birth was significantly higher after
amniocentesis than after CVS.

Neonatal respiratory distress. Severe unexplained
respiratory difficulties at birth were found significantly
more often in study group babies as compared to the
controls in the MRC study.2 This increase was most
marked in those infants born between 34 and 37 weeks
of gestation (8.2% in subjects and 0.9% in controls).
The mortality attributable to respiratory distress was
also higher among subjects than controls (0.26
compared with 0.13%).

The suggested association between amniocentesis
and respiratory difficulties was confirmed in the
Danish randomized trial3; 25 infants in the study
group (1.1%) developed respiratory distress syndrome
(RDS) as compared to 12 infants in the control group
(0.5%). Pneumonia was also diagnosed more often
in the study group (15 infants compared to six). The
association between amniocentesis and RDS was
independent of birth weight and of gestational age.
The hypothesis that amniocentesis may produce a
relative pulmonary hypoplasia in some fetuses is
supported by animal studies. Structural changes were
observed in the lungs of baby monkeys after amnio-
centesis compared with control monkeys,53 and in
guinea pigs even transient oligohydramnios led to pul-
monary complications.54 In newborn children, a lower
ratio of crying vital capacity to birth weight was found
in 10 infants whose mothers had had amniocentesis,
in comparison with 10 infants born after uneventful
pregnancies.55 However, the two groups of mothers
may not have been comparable. In another study of 39
infants born after pregnancies subjected to amniocen-
tesis and 42 controls, the lung growth and develop-
ment also seemed affected by amniocentesis.56

There is thus some evidence suggesting that amnio-
centesis may increase the rate of respiratory difficulties
in the newborn. It may be that altered amniotic fluid
volume after amniocentesis or subsequent chronic
amniotic fluid leakage interferes with normal lung
development and lung structure at term, thus giving
rise to pulmonary hypoplasia and consequently
to RDS in the newborn.57 Whether these antenatal
and neonatal changes have any long-term impact on
lung development remains to be shown. In a large
population-based study of long-term outcome after
amniocentesis including 1296 cases and 3704 con-
trols, respiratory problems were reported more often
among controls.38

Infant follow-up
Two of the large controlled studies2,8 followed up the
infants at the age of 10–12 months, and found no dif-
ference in physical growth or neurological develop-
ment between study- and control-group infants. Few
studies have followed up the children beyond
infancy. In a large population-based database study,
no group differences were revealed at the age of
7–18 years.38 In a prospective longitudinal follow-up
study, Finegan et al.58 found no difference between
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91 infants whose mothers had had an amniocentesis,
and 53 control infants, regarding mental and motor
development, temperament or physical growth at the
age of 6 months. At the ages of 4 and 7 years, there
was no difference between the two groups regarding
intelligence, language or physical growth.59,60 Subject
children were, however, more likely to have had an
ear infection than the control infants. The size of this

study may be too small to detect anything but large
differences between the groups.

It may be concluded that, apart from an increased
risk of developing respiratory problems, amniocente-
sis in weeks 16–18 does not seem to influence
newborn infants. A possible long-term impact on the
upper as well as on the lower respiratory tract has yet
to be studied.
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Cordocentesis opened the fetal vascular compartment
to diagnosis and therapy.1–3 It contributed to the
notion that the fetus was a patient, and transformed
the view of antenatal diagnosis from the normal/
abnormal dichotomy, in which abortion was the only
‘therapeutic’ option, into a field in which a fine prog-
nosis could be made and antenatal therapy envisaged.
In the last 15 years fetal blood sampling has become
a major diagnostic tool in a new field, namely fetal
medicine, which for practical reasons is considered a
part of gynecology and obstetrics, but which is in fact
closer to ‘antenatal pediatrics’ in view of the disease
conditions treated, warranting specific training.

Advances in our knowledge of fetal pathophysiology
and fetal blood biology in the last 10 years mean that
the indications for fetal blood sampling are no longer
classified in terms of antenatal diagnosis of a given
abnormality, but are integrated into a medical approach.

Fetal malformations
Fetal karyotyping
Karyotyping is always indicated when there is a mal-
formation, regardless of its nature; the use of fetal blood
has specific indications, as it can provide etiologic
information according to the type of malformation.4

Cytogenetic analysis from amniocentesis is rarely
possible in less than 8 days. In contrast, the karyotype
from fetal blood is obtained within 48 h, and is there-
fore particularly indicated in advanced pregnancies
where management decisions will depend on whether
a chromosome abnormality is associated with the
observed malformation.5 In addition, long delays in
obtaining results have adverse psychological effects
for the mothers.

Fetal blood sampling is also indicated for kary-
otyping when there is mosaicism on amniotic fluid
culture. The karyotype from fetal blood generally con-
firms that the result was due to maternal blood con-
tamination in cases of sexual mosaicism, or due to
culture artifacts in cases of autosomal mosaicism.6,7

Abnormalities of hands and arms
The TAR syndrome (thrombocytopenia and absence
of radius) is confirmed by the presence of fetal

thrombocytopenia (generally below 50,000). For the
diagnosis of Fanconi’s anemia, chromosome strand
breaks are easier to identify on lymphocytes.

Cardiac malformations
These can be part of the Di George syndrome, in
which case T lymphocytes are absent, as shown by the
study of lymphocyte subpopulations. In this particular
case, unsuccessful fetal blood culture for karyotyping
can be a sign of Di George syndrome, as it is T cells
that divide in culture.

Microdeletion of chromosome 22, found in certain
familial forms of the Di George syndrome, is generally
less difficult to identify on a blood karyotype which,
in trained hands, is of better quality than a karyotype
on fibroblasts derived from amniotic fluid.

Cerebral abnormalities
Non-specific abnormalities can result from an intrac-
erebral hemorrhage syndrome. They are found
increasingly often and can be due to auto- and espe-
cially alloimmune fetal thrombocytopenia, or to a
hemorrhagic syndrome such as fetal intravascular
coagulopathy which is sometimes encountered in
very severe fetal infections. Thorough testing of fetal
coagulation is warranted in these cases.

Infectious syndromes
Fetal blood sampling initially had a major place in the
diagnosis of the main pathogenic agents interfering
severely with fetal development. Prenatal diagnosis of
toxoplasmosis, rubella, cytomegalovirus, parvovirus
and varicella was first carried out using fetal blood.
Recent progress, especially in cell culture and poly-
merase chain reaction (PCR) amplification, has
improved the reliability of the diagnosis. In addition,
pathogenic agents can be detected in amniotic fluid
obtained by simple amniocentesis.8

In prenatal diagnosis of congenital toxoplasmosis,
tests for parasite DNA by PCR on amniotic fluid have
eliminated this indication for fetal blood sampling
since 1993. In the same way, several publications
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have shown that cytomegalovirus can readily be
detected by culture and PCR in amniotic fluid, per-
haps more easily than in fetal blood. However, diag-
nosis of some infections, such as parvovirus B19, still
warrants fetal blood sampling.

Diagnostic value

Congenital rubella
The drastic reduction in cases of rubella during preg-
nancy in the last 15 years, thanks to vaccination, has
meant that research on prenatal diagnosis of this
infection has waned. The diagnosis is highly reliable
when specific anti-rubella immunoglobulin M (IgM)
is found in fetal blood, together with acid-labile inter-
feron and elevated total IgM.9,10 The reliability of diag-
nosis based on amniotic fluid has not been studied; it
should be possible but further studies are necessary.

Parvovirus B19 infection
This virus, which specifically infects fetal erythropoi-
etic precursors, is easier to detect in fetal blood than
in amniotic fluid.11

Prognostic value
The indications for fetal blood sampling for the diag-
nosis of infections have become more limited in
recent years. In contrast, simple diagnosis is no longer
sufficient, and an attempt must also be made to assess
the prognosis according to the pathogen, gestational
age and the severity of fetal disease.

Congenital toxoplasmosis
With the exception of fetal thrombocytopenia, which
correlates with the severity of infection, we have
found no other useful blood parameters in this setting.

Cytomegalovirus
If the infected fetus has normal laboratory values,12,13

there is a chance that it will be a healthy carrier and
have no congenital manifestations. This is generally
the case. Signs of severe fetal hepatic involvement,
and especially intravascular coagulopathy, are a major
risk factor for severe congenital abnormalities.

Parvovirus B19
Fetal blood sampling can be used to assess the degree
and severity of fetal anemia due to this virus.14–16 In
addition, the stage of the disease can be determined
by counting erythroblasts and studying erythropoietic
precursors. In the regenerative phase, when anemia
and erythroblastosis are present, the outcome is
spontaneously favorable and transfusions are unnec-
essary. In the non-regenerative phase, with more or
less profound bone marrow aplasia, transfusions are

necessary until marrow function recovers. In every
case of fetal infection, severe thrombocytopenia indi-
cates a very poor prognosis.

Anemic syndromes
The most frequent anemic syndromes are rhesus and
erythrocyte alloimmunization, parvovirus infection,
congenital rubella after the acute hepatic and erythro-
blastocytic phase, and spontaneous and traumatic feto-
maternal bleeding which leads to acute anemia with
signs of fetal distress (Kleihauer’s test is strongly posi-
tive). In these anemic syndromes fetal blood sampling
is the main tool used for diagnosis, prognosis and treat-
ment.17–21 The hemoglobin concentration, hematocrit,
erythroblast count and mean corpuscular volume must
be taken into account when assessing the type of ane-
mia, its course and its severity. Hyperbilirubinemia,
which is never very elevated (because of transplacental
filtration), points to a hemolytic cause of the anemia.

The prognosis of fetal anemia depends not only on
its etiology but also on the hemoglobin level and the
chronic (rhesus incompatibility) or acute/subacute
(parvovirus infection or feto-maternal hemorrhage)
nature of the anemia. Anemia with a hematocrit below
16% (hemoglobin 5 or 6 g) is frequently accompanied
by signs of fetoplacental hydrops on ultrasound. In
chronic anemia, the acid–base balance and fetal pH
seem to remain normal down to a hemoglobin level of
approximately 3 g. In cases of such extremely severe
anemia, anoxia leads to often irreversible cell damage,
even when the anemia is corrected by transfusion.

The universally accepted treatment for anemia is
in utero transfusion with specially prepared red cell
concentrates. Ultrasound-guided puncture is also indis-
pensable in this indication. It allows red cells to be trans-
fused directly into the fetal vascular compartment, and
can be used to check efficacy by measuring the hemo-
globin and hematocrit at the end of the transfusion.

Anoxemic syndromes
In cases of severe intrauterine growth retardation,
when ultrasound malformations have been ruled out
together with infectious and chromosomal abnormal-
ities, a diagnosis of chronic fetal distress of anoxemic
origin can be made.22–25 Without replacing the prog-
nostic information provided by the fetal heart rate and
the different items of Manning’s biophysical score,26

fetal blood sampling helps with decision-making by
revealing chronic fetal distress and acute decompen-
sation (Table 104.1). A good deal of research is being
conducted to identify other biological markers.27–30

Fetal blood sampling has also been used to check
the efficacy of experimental treatment by maternal
hyperoxygenation or fetal nutrition by intra-amniotic
injection of amino acids and glucose.
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Hemorrhagic syndromes
These syndromes are far more frequent than previ-
ously realized.

Hereditary hemorrhagic syndromes
These are due to genetic clotting factor deficiency
(hemophilia A or B, factor V and VII deficiency, and
afibrinogenemia) or to abnormalities of the platelet
count or function (May Hegglin syndrome,
Glanzmann thrombasthenia, etc.).31

Except in cases where the gene is known and the
mutation identified in the family (permitting diagno-
sis by molecular biology on trophoblast or amniotic
fluid), these conditions are diagnosed phenotypically
using fetal blood by clotting factor assays (relative to
fetal standards) or by studies of fetal platelet function.

Acquired hemorrhagic syndromes

Intravascular disseminated coagulation
As in adults, this leads to a fall in fetal fibrinogen
levels and platelet counts, and to the presence of

fibrin products. The most frequent causes are very
severe congenital infections (especially those due to
cytomegalovirus and Toxoplasma gondii).

Immune-mediated thrombocytopenia
The most severe and earliest of these are of alloim-
mune origin (especially involving the PLA-1 or
HPA-1a system), but fetal thrombocytopenia due to
antiplatelet antibodies, e.g. idiopathic thrombocy-
topenic purpura, can sometimes be severe (< 50,000
platelets),32–36 Fetal blood sampling is the only way of
diagnosing these forms of thrombocytopenia, as there
is no correlation between fetal and maternal platelet
counts or antiplatelet antibody titers. According to
the severity of the thrombocytopenia, fetal blood sam-
pling can also be used to select the method of delivery
that will be least traumatic for the fetus and therefore
avoid intracerebral hemorrhage.

These hemorrhagic syndromes can be treated by
in utero transfusion of platelet or clotting factor con-
centrates, whose efficacy depends on their half-life.

Other indications for
fetal blood sampling
Diagnosis
Many hereditary diseases cannot be diagnosed by
means of molecular biology, as the culprit gene has
not yet been identified. Only studies of fetal serum
or blood components can provide the antenatal
diagnosis.37–40

Therapeutic interventions
Intravenous injection of drugs into the fetal circula-
tion is currently limited to curare before invasive
procedures (transfusion, vesical or pulmonary shunt)
that necessitate complete fetal immobility. This
method has occasionally been used to correct the fetal
heart rate after failure of maternal treatment.41

Pharmacological studies
Access to the fetal blood compartment allows
studies of transplacental drug passage and efficacy
by simultaneous maternal and fetal blood sampling.
Vitamin K1 is a good example of the complexity of
antenatal pharmacology. It crosses the placental bar-
rier very readily but has no therapeutic effect, as it
does not affect vitamin K1-dependent clotting factors
in the fetus.42

For obvious ethical reasons, prenatal pharmacology
is rarely used. However, many maternal drug treat-
ments have been studied by using fetal blood samples
obtained for other purposes.

Other indications for fetal blood sampling 1125

Table 104.1 Biological signs of acute and chronic
fetal distress

Chronic fetal distress Acute fetal distress

Stimulation of erythropoiesis Acidosis

Rise in erythroblasts Hypoxia

Hypercapnia

Cell damage

Shortened red cell lifespan

Hepatic cytolysis

Decrease in fat storage

Hypertriglyceridemia

Modification of cortisol
and ACTH levels

Rise in cortisol

Fall in ACTH

Change in maternal supply

Hypoglycemia

Fall in essential amino acids

Modification of growth hormones

Hypoinsulinemia

Decrease in IgG-1

ACTH, adrenocorticotropic hormone; IgG-1, immune gamma
globulin-1
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Conclusion
Fetal medicine has been transformed in the last
15 years. ‘Prenatal diagnosis’ is now too limited a
term, as we are able not only to diagnose, but also to
establish a prognosis and to treat many conditions,
exactly in the same way as in adult medicine.

The place of fetal blood sampling in fetal medicine
has seen a similar change. Less useful for diagnostic

purposes than 10 years ago, because of advances in
molecular biology (especially PCR), it remains an
irreplaceable prognostic and therapeutic tool.

Fetal blood sampling has now become part of an
impressive therapeutic arsenal, alongside imaging
methods, invasive techniques and laboratory investi-
gations. Its main indications now are in establishing
the prognosis of infections, and in the prognosis and
treatment of anemic and hemorrhagic syndromes.
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Introduction
The concept and reality of fetal therapy is now
entering its fourth decade. Ever since Lilley’s first
attempt to treat fetal anemias in the 1960s, physicians
have wondered what else could be attempted. First
thoughts centered on surgical approaches, and these
have been detailed elsewhere. However, medical
approaches, while not as glamorous, have made
significant contributions to our understanding of fetal
physiology, and the process of disease.

For decades, drugs and other agents have been
administered to pregnant women for treatment of fetal
disorders not usually classified as metabolic in the
hope of improving the capacity for postnatal
adaptation. Well-known examples include exchange
transfusions in Rhesus disease, the administration of
corticosteroids for the prevention of respiratory
distress syndrome in premature infants, and the
administration of phenobarbital prior to birth in the
hope of inducing liver enzymes for postnatal
reduction of serum bilirubin concentration. However,
there are very few examples of attempted prenatal
treatment for genetically determined metabolic
defects.

Errors of metabolism
Congenital adrenal hyperplasia
The most common and the best described adrenal
abnormality affecting the fetus is congenital adrenal
hyperplasia (CAH). This comprises a group of auto-
somal recessive disorders characterized by a defi-
ciency in one or more of the enzymes required for
adrenal cortisol biosynthesis. The most common
abnormality, responsible for > 90% of patients with
CAH, is caused by a deficiency of the enzyme
21-hydroxylase (21-OH), also known as p450c21.1

Other, less common causes for CAH include enzyme
deficiencies in 11β-hydroxylase, 17α-hydroxylase,
p450scc deficiency, and 3β-OH-dehydrogenase.

Diminished 21-OH activity results in accumulation
of 17-hydroxyprogesterone (17-OHP) due to the
decrease in its conversion to 11-deoxycorticosterone
(Figure 105.1). The excess 17-OHP is then converted
via androstenedione to androgens, the levels of which
increase by as much as several hundred fold. The
excess androgens cause masculinization of the
undifferentiated female external genitalia. The degree
of masculinization may vary from clitoral hypertrophy
to complete formation of a phallus and scrotum. By
contrast, genital formation in male fetuses is normal,
but signs of androgen excess develop in childhood,
and may manifest in precocious masculinization, and
accelerated growth and development. The ‘classical’
form of CAH involves an almost complete block of
enzyme activity and is clinically present at birth. The
‘non-classical’ form involves only partial blockade of
the enzymatic activity and is usually clinically
apparent later in life. 21-OH deficiency is inherited as
an autosomal recessive trait in close linkage to the
HLA major histocompatability complex on the short
arm of chromosome 6.2 The gene for 21-OH (CYP21B)
has been mapped, allowing direct mutation analysis in
informative families.3

Historically, in the late 1970s and early 1980s,
diagnosis of CAH was made by the finding of elevated
levels of 17-OHP in amniotic fluid. With the
development of chorionic villus sampling (CVS) in
the 1980s, linkage-based diagnosis in the first
trimester became available. Since discovery and
mapping of the allelic variants in the 1980s, direct
DNA analysis has become the routine approach. In
addition, the sonographic detection of an abnormally
enlarged phallus should alert the physician to
investigate for CAH.4

The fetal adrenal gland can be pharmacologically
suppressed by maternal replacement doses of
dexamethasone.5 In an attempt to prevent female
genital birth defects, Evans et al.5 first administered
dexamethasone at a dose of 0.25 mg quater in die to a
mother known to be at risk for CAH, beginning at
10 weeks of gestation. Serial maternal estriol and

Kurjak-105.qxd  5/10/2006  9:45 AM  Page 1127



cortisol levels indicated that adrenal gland suppression
had been achieved. The fetus, ultimately found to
be affected, was born at 39 weeks of gestation with
normal external genitalia. Forrest and David6 then
employed a similar protocol beginning at 9 weeks of
gestation to treat several fetuses known to be at risk
for CAH. Subsequently, those female fetuses
confirmed to be clinically affected with the severe
form of CAH were spared masculinization of the
external genitalia.

Since the differentiation of the external genitalia
begins at about 7 weeks of gestation, diagnosis by
amniocentesis or even CVS comes too late to prevent
masculinization. Thus, for patients at risk of having
an affected fetus, pharmacological therapy has to be
initiated prior to diagnosis. This implies that therapy
needs to be administered to all patients at risk despite
the fact that the chance of an affected female fetus for
carrier parents is only 1 in 8 (i.e. 1/4 affected ∞1/2
female). Direct DNA diagnosis or linkage studies may
then be performed by CVS in the first trimester. Thus,
for seven out of eight patients, therapy can be
discontinued as soon as the diagnosis of CAH is ruled
out. If the fetus is indeed found to be an affected
female, then therapy is continued throughout
gestation. Stress-dose corticosteroids should be given
to the mother during labor and tapered gradually
postpartum. If, however, the fetus is a male, or is
unaffected, the therapy is discontinued at the time of
diagnosis.

To date, several infants who have inherited the
classic CAH mutation, and who clearly would have
been masculinized, were born with normal genitalia.
In a few cases some masculinization has still been
observed following this regimen beginning at 9 weeks.
Our current protocol, therefore, is to begin at 7 weeks,
although there have been too few cases to assess this
modification.7,8 These events represent the first
prevention of a birth defect and may serve as a model
for other attempts at pharmacological fetal therapy.

Although this therapy is widely accepted it is still
considered experimental by some, especially insurance
companies. A recently published commentary written
in the Journal of the American Medical Association
advocates Institutional Review Board approval be
obtained on all patients offered this treatment. As
long-term follow-up has not been documented on
individuals who received in utero steroid treatment for
CAH, a registry has been proposed by the Lawson
Wilkins Pediatric Endocrine Society for studies in
North America.9 This should help to assess the long-
term outcome of fetuses exposed to high-dose steroids.

Methylmalonic acidemia
Methylmalonic acidemia is related to a functional
vitamin B12 deficiency. Coenzymatically active B12 is
required for the conversion of methylmalonyl-coenzyme
A to succinyl-coenzyme A. Several genetically deter-
mined etiologies for methylmalonic acidemia include
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Figure 105.1 Pathway of congenital adrenal hyperplasia with blockage at 21-hydroxylase leading to excess androgens. 
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defects in methylmalonyl-coenzyme A mutase or in
the metabolism of vitamin B12 to the coenzymatically
active form, adenosylcobalamin, by the converting
enzyme. Some patients may respond to administration
of large doses of B12, which can enhance the amount
of active holoenzyme (mutase apoenzyme plus
adenosylcobalamin) (Figure 105.2).

It was already known that fetal methylmalonic
acidemia is associated with increased methylmalonic
acid excretion in maternal urine. Ampola et al.10

documented increased methylmalonic acidemia in
a maternal urine sample first collected at 23 weeks
of gestation; the methylmalonic acid excretion per
milligram of creatinine was approximately twice
the upper normal limit and demonstrated a further
rise by 25 weeks. Urinary methylmalonate excretion
is not abnormal in heterozygous females carrying a
normal fetus, as shown subsequently by these same
investigators.

Very late in pregnancy, cyanocobalamin (10 mg/
day) was orally administered to the mother in divided
doses. The treatment only marginally altered the
maternal serum B12 level; however, there was a slight
reduction of urinary methylmalonic acid excretion
that remained several-fold above normal. At approxi-
mately 34 weeks of gestation, administration of 5 mg
of cyanocobalamin per day intramuscularly was
begun. The maternal serum B12 level then rose
gradually to more than six-fold above normal and was
accompanied by a progressive decrease in urinary

methylmalonic acid excretion. Maternal urinary
methylmalonate was only slightly above the normal
range when delivery occurred at 41 menstrual weeks.
Amniotic fluid methylmalonic acid concentrations
were three times the normal mean at 19 menstrual
weeks and four times the normal mean at term,
despite prenatal treatment.

Postnatally, the diagnosis of methylmalonic
acidemia was confirmed. The infant suffered no acute
neonatal complications and had an extremely high
serum B12 level. Long-term postnatal management
involved protein restriction; however, no continuous
B12 treatment was required.

In this instance, prenatal treatment certainly
improved the fetal and, secondarily, the maternal
biochemistry. Whether there was any significant
clinical benefit to the fetus by in utero treatment cannot
be assessed adequately. It seems likely that reducing
the fetal burden of methylmalonic acid should have
some beneficial effect on fetal development and could
reduce the risks in the neonatal period. However, this
is only speculation.

Evans et al. have recently documented the
changing dose requirements necessary over the course
of pregnancy to maintain adequate levels of B12. They
sequentially followed maternal plasma and urine
levels in a prenatally treated pregnancy.11 Data such
as these suggest that modulation of maternal–fetal
pharmacological interchange of therapeutic drugs
will be difficult to control precisely.

Errors of metabolism 1129

Figure 105.2 Pathway of methylmalonic aciduria and reaction driven by excess vitamin B12.
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Multiple carboxylase deficiency
Biotin-responsive multiple carboxylase deficiency is an
inborn error of metabolism in which the mitochondrial
biotin-dependent enzymes, pyruvate carboxylase,
propionyl-coenzyme A carboxylase, and β-methyl-
crotonyl-coenzyme A carboxylase have diminished
activity. Affected patients present as newborns or in the
early childhood period with dermatitis, severe
metabolic acidosis, and a characteristic pattern of
organic acid excretion. Metabolism in patients or in
their cultured cells can be restored toward normal
levels by biotin supplementation. There have been two
reports of prenatal administration of biotin to fetuses
affected with this disorder.

Roth et al.12 treated a fetus without the benefit of
prenatal diagnosis in a case in which two siblings of
the fetus had died of multiple carboxylase deficiency.
The first sibling had died within 3 days of birth, and
in the second the diagnosis of biotin-responsive
carboxylase deficiency was made posthumously.

The patient was first seen at 34 weeks of gestation.
Prenatal diagnosis was not attempted because of the
late stage of pregnancy. The maternal urinary organic
acid profile was normal throughout the final 4 weeks of
pregnancy. Because of severe neonatal manifestations
in the previous siblings and the probable harmlessness
of biotin, oral administration of this compound to the
mother was begun at a dose of 10 mg/day. There were
no apparent untoward effects; maternal urinary biotin
excretion increased by a factor of approximately 100
during biotin administration.

Non-identical twins were subsequently delivered
at term. Cord blood and urinary organic acid profiles
were normal, and cord blood biotin concentrations
were four to seven times greater than normal. The
neonatal course for both twins was unremarkable.
Subsequent study of the cultured fibroblasts of
both twins compared under biotin-rich and biotin-
depleted growth conditions indicated that, in biotin-
depleted medium, the cells of twin B (but not of twin
A) had virtually complete deficiency of all three
carboxylase activities. Genetic complementation
studies confirmed that, despite the normal clinical
presentation during the newborn period, twin B was
homozygous for the disease mutation.

Packman et al.13 have also reported prenatal
diagnosis and treatment of biotin-responsive multi-
ple carboxylase deficiency for a mother who had
previously given birth to a male with the neonatal-
onset form of this disease. In the next pregnancy,
maternal urine organic acid profiles were normal. The
three carboxylase activities were assayed in cultured
amniotic fluid cells obtained by amniocentesis at
17 menstrual weeks. In biotin-restricted medium, the
amniotic cells demonstrated the characteristic severe
reduction in carboxylase activities.

The preceding two cases provide compelling
evidence that biotin administration effectively pre-
vents neonatal complications in certain patients with

biotin-responsive multiple carboxylase deficiency.
No toxicity from treatment was observed. At this time,
it is not possible to assess definitively the relative
advantages or disadvantages of prenatal treatment,
although such therapy appears both effective and
logical.

Galactosemia
Galactosemia is an inborn error of metabolism caused
by diminished activity of the enzyme galactose-1-
phosphate uridyltransferase. It is inherited in an
autosomal recessive manner and results in cataracts,
growth deficiency and ovarian failure. Galactosemia
can be diagnosed prenatally by study of cultured
amniocytes and chorionic villi. Clinical symptoms
appear in the neonatal period and can be largely
ameliorated by elimination of galactose from the diet.
However, oocytes have already been damaged
irreversibly long before birth. Cellular damage in
galactosemia is thought to be mediated by accumul-
ation of galactose-1-phosphate intracellularly and of
galactitol in the lens.

There are suggestions that even the early postnatal
treatment of galactosemic individuals with a low
galactose diet may not be sufficient to ensure normal
development. Some have speculated that prenatal
damage to galactosemic fetuses could contribute to
subsequent abnormal neurological development and to
lens cataract formation. Furthermore, it has been
recognized recently that female galactosemics, even
when treated from birth with galactose deprivation,
have a high frequency of primary or secondary
amenorrhea because of ovarian failure. There may also
be some subtle abnormalities of male gonadal function.

Exposure to a high-galactose diet has been
considered to represent an animal model for human
galactosemia. Chen et al.14 have observed a reduction
in the oocyte content of rat ovaries after prenatal
exposure to a 50% galactose diet. No analogous
alterations in the testes were observed in prenatally
treated males. Experiments in rats suggest that
toxicity to the female gonads from galactose or its
metabolites is most obvious during the premeiotic
stages of ovarian development.

These observations in animals and human beings
have led to speculation that galactose restriction
during pregnancy may be desirable if the fetus is
affected with galactosemia. In the human female,
ovarian meiosis begins at 12 and is complete by 28
menstrual weeks. Thus, ovarian damage, and perhaps
neurological or lens abnormalities, might occur prior
to the usual time when prenatal diagnosis by
amniocentesis can be accomplished. Thus, anticipa-
tory treatment in pregnancies at risk for having a
galactosemic fetus might best be initiated very early in
gestation or even preconceptually.

Despite these experiments and speculations, we are
unaware of studies that adequately assess the impact
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of prenatal administration of a low-galactose diet
to galactosemic infants. For obvious reasons such
data, especially controlled, will be difficult to obtain.
Nevertheless, prenatal galactose restriction is probably
desirable in galactosemia and should be harmless.
There is little reason to suppose that galactose
restriction would have adverse consequences, since
galactosemic and normal fetuses are both capable of
some endogenous galactose synthesis.

Hypothyroidism
Fetal hypothyroidism may have severe fetal and
neonatal consequences. Fetal esophageal obstruction,
secondary to a goiter, can lead to polyhydramnios, and
may result in preterm delivery. Furthermore, a fetal
goiter can cause extension of the fetal neck leading to
dystocia. Without treatment, postnatal growth delay
and severe mental retardation can ensue. Even with
immediate diagnosis and treatment at birth, long-term
follow-up of children with congenital hypothyroidism
has shown them to have lower scores on perceptual-
motor, visuospatial and language tests.15

Maternal hyperthyroidism is often associated with
fetal hypothyroidism. This may be secondary to the
suppression of the fetal thyroid by maternally
administered propylthiouracil. Conversely, fetal
hypothyroidism may also result from transplacental
passage of maternal blocking antibodies. These
antibodies, known as TB1Ab (or TBII), block thyroid-
stimulating hormone (TSH) binding. Occasionally, fetal
hypothyroidism is the result of inadvertent use of TBII
in the pregnant women, maternal ingestion of
amiodarone or lithium, or excessive maternal iodine
intake, sometimes in the form of vaginal douching.
Fetal hypothyroidism caused by an intrinsic fetal
abnormality is uncommon, occurring in 1 in 4000–5000
births.16 The most common form of such permanent
hypothyroidism in infants is thyroid dysgenesis. This
may include hypoplastic and ectopic thyroid, or the
total absence of thyroid tissue (athyreosis) which is
associated with undetectable levels of thyroglobulin.
Congenital hypothyroidism is only rarely associated
with errors of thyroid hormone synthesis, TSH
insensitivity or absence of the pituitary gland.

Inquiry regarding a history of maternal hypo-
thyroidism is considered as routine. In patients with
this history, routine maternal thyroid hormone levels
as well as blocking immunoglobulin levels should be
measured. In addition, all women with a history of
any thyroid disease (both hypothyroidism and
hyperthyroidism) are advised to have monthly fetal
ultrasound to screen for goiter, polyhydramnios or
fetal tachycardia.17

Fetal goiterous hypothyroidism is initially identi-
fied by ultrasound. Most commonly, the indication for
the ultrasonographic scan is a fundal height greater
than expected by gestational age. In such cases the
increased uterine size is caused by polyhydramnios,

resulting from esophageal obstruction and impaired
swallowing. Sometimes, a fetal goiter is incidentally
discovered on a routine scan. Finally, some cases
are diagnosed on serial scans in fetuses with either
known elevated maternal thyroid immunoglobulins,
or maternal treatment with antithyroid medications.
Before the advent of cordocentesis, amniotic fluid
levels of TSH and free thyroxine (FT4) were used as
potential indicators of fetal thyroid function.
However, these proved inconsistent.18 Currently, with
cordocentesis, fetal thyroid status can be directly and
accurately evaluated and fetal response to therapy
reliably measured, using available nomograms.17,19

Fetal hypothyroidism is diagnosed by measuring fetal
serum levels of free T4, total T4, free T3, total T3
and TSH.

In utero treatment was initially suggested by Van
Herle et al.20 using intramuscular injection of
levothyroxine sodium. Subsequent studies, however,
have indicated that intra-amniotic administration of
thyroxine is superior. The doses commonly used for
treatment range from 200 to 500 mg intra-amniotic
every week.21 More recently, it has been recommended
that the dosage be adjusted for the fetal weight using
10 mg/kg, similar to the recommended dose for
neonates.22 With this regimen, fetal goiters have been
shown to regress, and fetal and newborn TSH levels
have normalized.

Hyperthyroidism
Neonatal hyperthyroidism is rare with an incidence of
1:4000 to 1:40,000.23 In these cases, fetal thyrotoxic
goiter is usually secondary to maternal autoimmune
disease, principally Graves’ disease or Hashimoto’s
thyroiditis. It is estimated that as many as 12% of
infants of mothers with a known history of Graves’
disease are affected with neonatal thyrotoxicosis.
This may even occur despite the fact that the mother
may be euthyroid.24 As with hypothyroidism,
inherent to the underlying mechanism is the trans-
placental passage of maternal IgG antibodies. In this
case the antibodies, known as TSAb (or TSI), are
predominantly directed against the TSH receptor.

Usually, the investigation of fetal hyperthyroidism
begins only after the discovery of fetal goiter. Often,
the goiter is diagnosed on ultrasound in patients
referred due to elevated thyroid-stimulating anti-
bodies. In some cases, fetal goiters are realized
serendipitously on routine ultrasonography. Others
may be discovered in patients referred for scan
because the fundal height measures greater than
expected by gestational age. In these cases there is
often polyhydramnios as a result of the goiter. Once a
fetal goiter is identified, biochemical evaluation is
indicated. Historically, amniotic fluid levels of TSH
and FT4 were used as potential indicators of fetal
thyroid function. These, however, proved inconsistent
in that amniotic fluid levels of these hormones do not
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always correlate with their serum levels. Some
controversy still exists regarding their use; however,
and they may be of some benefit in centers that do not
have available cordocentesis.18 With the advent of
cordocentesis, fetal thyroid status can be reliably
documented17,19 and treatment planned according to
the results (Figures 105.1 and 105.2).

Once the diagnosis of fetal hyperthyroidism is
confirmed, fetal treatment should be initiated.
Authors have attempted treatment of fetal hyper-
thyroidism with maternally administered antithyroid
drugs. Porreco and Bloch25 have reported maternal
treatment of fetal thyrotoxicosis with propylthiouracil
which led to a good outcome. The initial dose used
was 100 mg orally three times a day, which was later
decreased to 50 mg orally three times a day. Wenstrom
et al.26 described a favorable outcome using maternal
methimazole to treat fetal hyperthyroidism in a
patient who could not tolerate propylthiouracil.
Hatjis also treated fetal goiterous hyperthyroidism
with a maternal dose of 300 mg propylthiouracil. This
patient, however, required supplemental synthroid to
remain euthyroid. There was good fetal outcome in
this case as well.27

Abnormalities of mineral metabolism
Specific prenatal mineral supplementation has yet to
be reported for prevention of human fetal disease.
However, such additives have been used in animals
with genetic deficiencies. Animal studies are of
considerable interest and suggest the possibility of
analogous human treatment.

Manganese
The effects of prenatal manganese supplementation
on the prevention of otolith defects in mice affected
with the pallid mutation have been investigated.
Pallid mice have defective pigmentation, including an
absence of pigment from the membranous labyrinth.
This pigmentary characteristic is fully penetrant in
the pallid homozygous recessive, whereas another
manifestation, impaired otolith formation, is variably
expressed. A significant correlation between litter
size and the expression of the otolith abnormalities in
the offspring have been known for decades; the otolith
defect may be influenced by competition in utero for
an unidentified substance.

Hurley and Bell28 reported that development of the
inner ear in normal rats and mice was affected by
decreased manganese. In mice, experimental manganese
deprivation in utero induced a defect of the inner
ear that was morphologically and behaviorally
indistinguishable from pallid, although manganese
deficiency did not mimic the effect of the mutant gene
on pigmentation. Subsequently, these investigators
observed that manganese supplementation of pallid

mice throughout gestation with a diet containing from
45 to 2000 parts per million of manganese yielded a
dose-dependent decrease in the percentage of
abnormal otoliths.

These data have been extended to a genetic basis
for susceptibility. In several studies on prenatal
manganese restriction, the percentage of otolith
abnormalities was influenced by the strain of mice
studied. Thus, interactions of manganese intake and
genetic predisposition influence otolith development
in several strains. These observations suggest that, at
low or borderline levels of dietary intake of many
nutrients, the genotype of the fetus can substantially
alter fetal responses.

There are a number of genetic defects in animals
with associated pigmentary and inner ear abnorma-
lities. Some data suggest that manganese may play a
role in modifying the expression of such defects.
Hurley and Bell have suggested that a sex-linked form
of ocular albinism in humans, associated with
labyrinthine dysfunction, may be analogous to some
of these animal models. We are unaware of any
studies of manganese metabolism in human ocular
albinism, or of attempts to administer manganese
prenatally in the hope of ameliorating expression of
any associated labyrinthine defects.

Copper
Hurley and Bell28 have investigated possible
deleterious effects of prenatal copper administration
on mice with the recessive mutant ‘crinkled’ gene.
These investigators have suggested that the ‘crinkled’
gene produces many phenotypic characteristics
common to patients with Menkes’ kinky-hair
syndrome. Dietary supplementation of pregnant mice
with copper sulfate partially ameliorated the effects of
the crinkled gene in the offspring. Different prenatal
copper regimens have resulted in varying degrees of
success. Copper nitrilotracete appeared to be superior
to copper sulfate in increasing postnatal survival and
body copper content of the mutant offspring of
heterozygous dams. Postnatal supplementation with
copper did not increase survival of the mutants.

These studies may lead to insights relevant to
prenatal treatment of Menkes’ syndrome, a sex-linked
disorder characterized by progressive degeneration of
neurological function in infants. Alterations suggestive
of functional copper deficiency are present in affected
infants. Fibroblasts from patients with Menkes’ disease
accumulate excess copper probably present in an
abnormally bound form. Menkes’ disease has been
refractory to postnatal therapy with copper, and it is
conceivable that, by analogy to the crinkled mutation,
prenatal treatment might be of benefit.29

Despite apparent responses to prenatal mineral
administration of pallid and crinkled mutations, the
relationships of these mutants, if any, to ocular
albinism and Menkes’ disease, respectively, remain
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speculative. Although animal studies have proved
encouraging, they have not yet led to trials of prenatal
mineral supplementation in genetically defective
human beings.

Nutritional approaches
It might be appropriate to consider suppressing
excessive cholesterol production prenatally in severe
hypercholesterolemia if a safe and effective agent for
accomplishing this were available (although there is
no clear evidence for hypercholesterolemic prenatal
damage). If cysteamine or related agents were to prove
an effective treatment for lethal variants of cystinosis,
prenatal therapy might be considered, because
excessive and possibly harmful cystine accumulation
is evident in cystinotic fetuses. Cysteamine levels
have been detected in chorionic villi, and significant
elevations even at 10 weeks of gestation have been
hypothesized. Inhibitors of gamma-glutamyl trans-
peptidase, if safe, would elevate intracellular gluta-
thione levels and inhibit oxoproline production in
glutathione synthase deficiency, thereby averting the
characteristic neonatal acidosis. In theory, it would be
desirable to minimize copper accumulation in Wilson
disease as early as possible. If and when reliable
prenatal diagnosis of Wilson disease is possible,
cautious administration of penicillamine prenatally
might be considered. This would be a double-edged
sword, however, as the teratogenic and lathyritic
potential of penicillamine would demand careful
evaluation. Batshaw et al. have treated certain urea
cycle defects by administering arginine and benzoate.
Since hyperammonemia in some of these entities
develops very acutely after birth, it might be desirable
to consider pretreating the fetus with these compounds
just prior to, or during labor to minimize postnatal
hyperammonemia.30 Conversely, it may be desirable
to consider drug avoidance as an approach to fetal
treatment. For example, fetuses with glucose-6-
phosphate dehydrogenase deficiency are sensitive to
a variety of drugs that induce hemolysis. It would
probably be appropriate to avoid administering such
agents to women carrying or known to be at risk for
carrying fetuses deficient in glucose-6-phosphate
dehydrogenase.

Umbilical cord catheterization under ultrasound
guidance may lead to the development of other types
of fetal treatment.31 Systems such as gene replacement
are being developed for certain lysosomal storage
disorders. Progress is being made in postnatal experi-
mental models on administration of thymic cells for
certain immune deficiency states, bone marrow
transplantation for a variety of genetic disorders and
gene transfer. The development of better and earlier
techniques for prenatal treatment will be complex,
especially with regard to gene transfer, but progress
will be made, and access to the fetal vasculature may

be required for these methods to have a chance for
success.

Bone marrow transplantation or thymic cell
infusion is actually only a specialized example of
organ transplantation. In the future, fetal organ
transplantation may become possible and may open
many prospects for surgical treatment of certain
biochemical genetic disorders.

One can also speculate about the therapeutic pos-
sibilities involving compounds administered directly
into the amniotic fluid or into the fetal intestinal tract.
It might be possible, for example, to administer thyroid
hormone in this fashion or to prevent meconium ileus
in cystic fibrosis by instilling not yet determined
enzymes into the fetal intestinal tract.

Multifactorial disorders
Cardiac fetal therapy
Although great strides have been made in the
diagnosis of fetal cardiac anatomical and functional
abnormalities, in utero cardiac therapy currently is
limited to the treatment of significant arrhythmias. In
the future, treatment of some congenital anomalies,
particularly valvular anomalies, may be attempted
prenatally. Treatment of fetal arrhythmias is discussed
elsewhere.

Neural tube defects
Animal studies suggest that neural tube defects
(NTDs) can arise from a variety of vitamin or mineral
deficiencies. There are historical data in humans
suggesting increased NTD frequencies in subjects
with poor dietary histories or with intestinal
bypasses. Biochemical evidence of suboptimal
nutrition is present in some women bearing infants
with NTDs. In 1980, Smithells et al.32,33 suggested that
vitamin supplementation containing 0.36 mg folate
can reduce the frequency of NTD recurrence by
sevenfold in women with one or more prior affected
children. For almost a decade, there has been a great
deal of controversy regarding the benefit of folate
supplementation for the prevention of NTDs.34–37

Finally, in 1991, a randomized double-blinded trial
designed by the Medical Research Council Vitamin
Study Research Group demonstrated that pre-
conceptual folate reduces the risk of recurrence in
high-risk patients.38 Subsequently, it was shown that
preparations containing folate and other vitamins
also reduce the occurrence of first-time NTDs.39 In
response to these findings, guidelines were issued
calling for consumption of 4.0 mg/day folic acid by
women with a prior child affected with an NTD, for at
least 1 month prior to conception and through the
first 3 months of pregnancy. In addition, 0.4 mg/day
folic acid is recommended to all women planning a
pregnancy to be taken preconceptually.
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Conclusion
There are several different systems that have been
clearly shown to be amenable to prenatal pharmaco-
logical intervention. For some, such as CAH and NTDs,
birth defects can be prevented. For others, physiology

can be altered, but the long-term consequences
of earlier intervention are not yet clear and will
require much more work. Nevertheless, these efforts
have given us a better understanding of fetal
physiology, and help us to design better approaches to
treatment.
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In red cell isoimmunized pregnancies, the degree of
severity of hemolytic disease in the infant varies from
none apparent at birth to fetal hydrops and intrauter-
ine death at as early as 17 weeks of gestation. Without
any form of treatment, 45–50% of affected infants
have no or mild anemia, and a further 25–30% have
some degree of hepatosplenomegaly, moderate ane-
mia and jaundice, which develops rapidly within the
first 24 h of life. If appropriate treatment (exchange
transfusion) is not carried out, the progressive jaun-
dice leads to brain damage (kernicterus) which will
culminate in death or severe handicap (deafness,
spasticity and choreoathetosis). The remaining
20–25% become hydropic and usually die either
in utero or in the neonatal period; in half of these
the hydrops develops at between 18 and 30 weeks of
gestation.1 In the antenatal management of red cell
isoimmunized pregnancies, the aim is firstly to pre-
dict whether the fetus is severely affected, and if so, at
what stage of pregnancy fetal hydrops will develop or
intrauterine death will occur, and secondly to correct
the fetal anemia and to deliver the baby at the optimal
time. There are at least 100 red cell surface antigens
and the development of maternal antibodies to
approximately 30 of these can lead to fetal hemolytic
disease. However, the vast majority of cases are the
result of either ABO incompatibility (two-thirds of
cases) or rhesus incompatibility.

ABO incompatibility
Although ABO feto-maternal incompatibility occurs
in about 20% of all pregnancies, fetal hemolysis
occurs rarely (< 2%), and this is usually mild.2 The
condition is almost exclusively confined to group A
and B infants born to group O mothers, since some
group O mothers have anti-A and anti-B antibodies
from the IgG class, which can cross the placenta.
Group A and B individuals usually have only
immunoglobulin M (IgM) anti-B and anti-A antibodies
which do not cross the placenta. The reasons for the

mildness of the condition are: (a) there is a small
number of A and B antigenic sites on the fetal red cell
membrane and full expression of these antigens does
not occur until the age of 2–4 years; and (b) the A and
B antigens are present in all tissues and secretions and
they compete with the red cell antigens for the small
number of maternal IgG antibodies entering the fetal
circulation. Because of the mildness of the fetal dis-
ease, no special antenatal measures are necessary for
the management of these pregnancies. After delivery
the baby is tested for the development of hyperbiliru-
binemia, and if this occurs exchange transfusions are
performed.

Rhesus incompatibility
Management of rhesus-negative
women without antibodies
In rhesus-negative women, the rhesus status of the
partner is determined; if he is also rhesus-negative
then the fetus must necessarily be rhesus-negative
and the pregnancy is therefore not at risk of rhesus
isoimmunization disease. If the father is rhesus-
positive then further maternal antibody screening
should be undertaken at 20 weeks and at 4-weekly
intervals thereafter until delivery. Following delivery,
umbilical cord and maternal blood are tested. The
cord blood is tested for the rhesus status of the fetus,
the Coombs’ test is carried out for the presence of anti-
bodies on the fetal erythrocytes, and the hemoglobin
concentration is measured. The maternal blood is
tested for antibodies, and a Kleihauer test3 is per-
formed to estimate the degree of feto-maternal hemor-
rhage. If the mother has no antibodies and the baby
is rhesus D-positive, anti-D IgG is given.

Prevention of rhesus D isoimmunization
Anti-D administration is effective in preventing
immunization in a rhesus-negative woman, but has no
effect if the woman is already isoimmunized. The
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administration of 100 µg anti-D IgG to a mother will
neutralize at least 4 ml of rhesus D-positive fetal ery-
throcytes that might have entered her circulation; this
is equivalent to a Kleihauer count of 80 fetal cells per
50 low-power fields. This dose of anti-D IgG should
be given to all rhesus-negative, unimmunized women
within 72 h of the delivery of a rhesus-positive baby.
Furthermore, a Kleihauer test should be performed
on the maternal blood and further anti-D given if the
feto-maternal hemorrhage is greater than 4 ml. Anti-D
should also be administered antenatally if abortion,
antepartum hemorrhage, amniocentesis or other
potentially immunizing episodes occur. In some
countries there is a policy of antenatal prophylaxis for
all rhesus-negative women (anti-D IgG 300 µg is given
at 28 weeks, or 100 µg at 28 and 34 weeks).

Atypical blood group incompatibility
With the use of anti-D prophylaxis and the fall in inci-
dence of rhesus D isoimmunization, an increasing
proportion of isoimmunized pregnant women have
either non-rhesus antibodies or rhesus antibodies
other than D antibodies. The main reason for the
development of these antibodies is blood transfu-
sions. So-called compatible blood transfusions are
compatible to ABO and D, but transfused red cells
have many antigens that are missing in the recipient.
Following blood transfusions, 1–2% of recipients
develop ‘atypical’ antibodies. The majority of these
are either IgM or very weakly immunogenic and
either do not produce hemolytic disease in the fetus
(e.g. anti-P) or very rarely do so (e.g. anti-M, anti-N,
anti-S). Some of the antibodies, however, such as
anti-C, anti-E and anti-Kell, can cause severe hemoly-
tic disease and intrauterine death. Pregnancies com-
plicated by the presence of these antibodies should
therefore be managed in the same way as those with
rhesus D incompatibility.

Pathophysiology of fetal anemia
In normal pregnancy, the fetal mean hemoglobin con-
centration increases linearly with gestation from
10 g/dl at 16 weeks to 15 g/dl at 40 weeks, and 1 SD is
approximately 1.2 g/dl.4 In red cell isoimmunized
pregnancies the lifespan of fetal erythrocytes is
reduced, because antibody-coated red cells are
destroyed in the reticuloendothelial system. Moderate
anemia is defined by a hemoglobin concentration
deficit of 2–4 SD, and severe anemia by a deficit of
more than 4 SD. The fetal blood oxygen content
decreases in proportion to the degree of anemia, but
the fetal blood pO2, pCO2 and pH usually remain
within the normal ranges.5

The fetus compensates for anemia by hemody-
namic adjustments as demonstrated by Doppler

ultrasound studies.6 Furthermore, in anemia the fetal
2,3-diphosphoglycerate concentration is increased
and the consequent decrease in hemoglobin oxygen
affinity presumably improves delivery of oxygen to
the tissues.7 In moderate anemia, the umbilical arte-
rial plasma lactate concentration is increased, but this
is cleared by a single passage through the placenta
and normal umbilical venous levels are maintained.8

In severe anemia, the placental capacity for lactate
clearance is exceeded and the umbilical venous con-
centration increases exponentially. When the hemo-
globin deficit exceeds 5 SD, the functional reserve of
the cardiovascular system is exhausted and hydrops
fetalis develops.4 Furthermore, with severe anemia
there is concomitant occurrence of erythroblastosis.4

Since the latter reflects recruitment of hepatic ery-
thropoiesis, fetal hydrops may be a consequence of
portal hypertension and/or hypoproteinemia due to
expansion of erythropoietic tissue in the liver.9–12

Prediction of fetal anemia
The severity of fetal hemolysis can be predicted from
(a) the history of previously affected pregnancies,
(b) the level of maternal hemolytic antibodies, (c) the
amniotic fluid bilirubin concentration, (d) the altered
morphometry of the fetus and the placenta, (e) the
presence of pathological fetal heart rate patterns, and
(f) changes in the flow velocity waveforms obtained
by Doppler studies of the fetal circulation. However,
there is a wide scatter of values around the regression
lines describing the associations between the degree
of fetal anemia and the data obtained from these indi-
rect methods of assessment.

History of previously affected pregnancies
The disease tends to be progressively more severe with
successive pregnancies because of the ‘boosting’ effect
of small feto-maternal hemorrhages during pregnancy
and delivery. Thus, once a rhesus stillbirth or hydrops
has occurred in a family, there is a 90% chance that
the next rhesus-positive infant, if left untreated, will
also die in utero. It has been estimated that after one
previous stillbirth 50% of subsequent stillbirths occur
in utero before 35 weeks, but after more than one still-
birth 50% die before 32 weeks of gestation.13

Maternal hemolytic antibody concentration
The association between maternal serum hemolytic
antibody concentration and pregnancy outcome has
been recognized from the 1950s, and measurement of
maternal anti-D has been the main method of manag-
ing red blood cell isoimmunized pregnancies. The
traditional method of detecting rhesus antibodies in
the maternal serum is the indirect Coombs’ test.14

Low titers (< 1/32) correspond to mild disease in the
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fetus.15,16 When the titer is >1/32 the disease may be
severe. In a study of 208 rhesus isoimmunized preg-
nancies at 17–36 weeks of gestation, the maternal
serum anti-D concentration was measured and the
fetal hemoglobin concentration was determined; there
was a significant association between the maternal
hemolytic antibody concentration and the fetal hemo-
globin concentration deficit.17 However, there was a
wide scatter of results which could be due to individ-
ual variation in the rate of transfer of antibody across
the placenta, expression of antigens in fetal red cells,
and fetal erythropoiesis in response to hemolysis.
Nevertheless, the association allowed estimation of
probabilities of different degrees of fetal anemia from
measurement of maternal anti-D concentration. If the
maternal anti-D concentration is �5 IU/ml there is a
97% chance that the fetus is not anemic. Levels
between 5 and 14 IU/ml are associated with moderate
but not severe anemia. In contrast, if the anti-D con-
centration is >15 IU/ml there is a 30% chance that the
fetus is anemic, and in more than 5% of cases,
depending on the actual level, the degree of anemia is
severe and in such cases cordocentesis is indicated.

Pollock and Bowman18 suggested that instead of
measuring total IgG, a more accurate prediction of the
degree of fetal anemia could be provided by examin-
ing different subclasses, since IgG3 is less likely to be
associated with hydrops, while a combination of IgG1
and IgG3 is associated with the most severe disease.
Similarly, in vitro assays of cell-mediated immune
response against Rh-positive cells can be performed,
but there is no clear relationship with the degree of
anemia in such studies.19–21

Amniocentesis and cordocentesis
Measurement of the bilirubin concentration in the
amniotic fluid gives an indirect indication of the
degree of fetal hemolysis.22,23 Although there are
many methods for the interpretation of the amniotic
fluid AOD 450,24 the most widely employed method
is that of Liley.25,26 Amniocentesis has been recom-
mended when the maternal antibody level is more
than 4 IU/ml, or 10 weeks before the gestational age at
which the patient had a previous fetal death or deliv-
ery of a severely affected baby.27 For the third
trimester of pregnancy amniocentesis and interpreta-
tion of amniotic fluid OD 450 values by the Liley
method has proved to be reliable.28 However, the
validity of extrapolating the Liley charts to the second
trimester has been questioned, and it has been sug-
gested that amniocentesis does not provide more
accurate information than other non-invasive tests for
predicting the degree of fetal anemia.17

Cordocentesis provides the most direct, therefore
accurate, measure of fetal anemia. In addition to fetal
hemoglobin concentration, it is possible to measure
other hematologic and biochemical indices which may
provide further prediction of the degree of anemia.

For example, the reticulocyte and nucleated red cell
count may be increased,29,30 serum bilirubin levels
increased,31 fetal erythropoietin levels increased,32

and blood gases perturbed, although this is a late
feature of the disease. All such additional results,
although improving our understanding of the patho-
physiology of the disease, have not been proven use-
ful in the clinical management of affected patients.

Fetal–placental morphometry
Attempts have been made to identify by ultrasonogra-
phy those fetuses whose condition is deteriorating,
before the development of ascites and hydrops. These
studies have assessed changes in placental, hepatic,
splenic or cardiac appearance, which are logical
choices considering the pathophysiology of the con-
dition. Vintzileos et al.33 suggested that an ultrasono-
graphically-detected increase in the size of the fetal
liver is an early sign of fetal anemia. DeVore et al.34

proposed that enlargement of the fetal liver would
compress hepatic vessels, leading to decreased
venous drainage of the umbilical vein, and therefore
umbilical vein dilatation. Grannum35 suggested that
an increase in placental thickness usually indicates
worsening fetal anemia. Chitkara et al.36 documented
fetal anemia by cordocentesis and demonstrated that
in moderate to severe disease the development of
polyhydramnios was the earliest sonographic abnor-
mality. DeVore et al.37 found the detection of a fetal
pericardial effusion using real-time-directed M-mode
echocardiography to be a valuable sign, while
Benacerraf and Frigoletto38 have noted that visualiza-
tion of both sides of the fetal bowel wall may be the
earliest evidence of fetal ascites. Oepkes et al.39 meas-
ured the fetal spleen by ultrasound and found
splenomegaly in all non-hydropic anemic fetuses.

In a study investigating the relationship between
placental thickness, umbilical vein diameter or fetal
abdominal circumference, head-to-abdomen circumfer-
ence ratio and intraperitoneal volume and the degree of
fetal anemia, assessed by direct fetal blood sampling, in
50 pregnancies complicated by rhesus isoimmuniza-
tion it was concluded that: (a) in the presence of
hydrops the fetuses are always severely anemic; and
(b) in the absence of hydrops there are no consistent
ultrasonographically-detectable markers that can reli-
ably distinguish mild from severe hemolytic disease.40

Fetal heart rate patterns
In red cell isoimmunized pregnancies, reports on fetal
heart rate monitoring have focused on the association
between fetal compromise and the sinusoidal fetal
heart rate pattern. Rochard et al.41 reported the pres-
ence of a sinusoidal pattern in severely compromised
fetuses that are either hydropic or die in the perinatal
period. Studies examining the relationship between
fetal heart rate patterns and fetal blood gases and
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hemoglobin concentrations obtained at cordocentesis
have established that: (a) severe fetal anemia or
oxygen content deficit are commonly associated with
a sinusoidal fetal heart rate pattern; and (b) although
a non-reactive or decelerative fetal heart rate pattern
is suggestive of fetal anemia, the vast majority of
moderately anemic fetuses have a reactive fetal heart
rate pattern.42,43

Doppler ultrasound
Doppler ultrasound provides a non-invasive method
for the study of fetal hemodynamics. Investigation of
the uterine and umbilical arteries gives information
on the perfusion of the utero-placental and feto-
placental circulations, respectively, while Doppler
studies of selected fetal organs are valuable in detect-
ing the hemodynamic rearrangements that occur in
response to fetal hypoxemia or anemia. In red cell
isoimmunization, impedance to flow in the uterine
and umbilical arteries is normal. However, fetal
anemia is associated with increased cardiac output,
increased blood flow in the umbilical vein, and
increased blood velocity in the inferior vena cava, the
descending thoracic aorta, and the common carotid
and middle cerebral arteries.44–47

Treatment
Determination of fetal blood type
Fetal blood type can be reliably determined by fetal
blood sampling.48 More recently, however, with the
use of molecular biology techniques, specifically the
polymerase chain reaction, it is possible to identify
the rhesus D gene49 from diverse samples including
fetal blood, amniotic fluid, chorionic villus biopsy,
and even nucleated fetal cells in the maternal circula-
tion.50–57 This information in early pregnancy may
avoid unnecessary invasive testing in later pregnancy
if negative, and allow planning of subsequent sam-
plings and/or transfusions if positive. Further modifi-
cations of the technique of isolating fetal cells in the
maternal circulation (to eliminate false-negatives in
particular) may lead to this becoming a routine part of
antenatal care in such pregnancies.

Experimental techniques for therapy
During the last 50 years, several therapeutic
approaches have been undertaken in the management
of red cell isoimmunized pregnancies, with the aim
of ameliorating the severity of the condition and
preventing intrauterine fetal death. These include
(a) reduction or alteration of maternal rhesus anti-
bodies by such measures as plasmapheresis or the
injection or ingestion of material prepared from
rhesus-positive red cells,58–62 (b) prevention of fetal
hemolysis by immunosuppression with corticosteroids

and promethazine hydrochloride,63–66 (c) increasing
fetal red cell production by the administration of
high doses of vitamin B12, folic acid and other known
hematinics,67 and (d) alteration of the fetal blood
group by bone marrow transplantation from rhesus-
negative donors to erythroblastotic fetuses at
12–17 weeks of gestation.67,68 However, these attempts
have been mainly experimental and have not gained
widespread application.

The first intrauterine intravascular fetal blood
transfusions for severe rhesus disease were performed
in the 1960s by cannulation of the fetal femoral artery,
the saphenous vein or a chorionic plate vessel, which
were exposed by hysterotomy.69–71 These techniques
of open fetal transfusion were associated with high
rates of fetal mortality, mainly due to preterm deliv-
ery, and were subsequently abandoned in favor of the
less invasive percutaneous intraperitoneal route.72

Nonetheless, they had the advantage of providing
accurate data regarding the degree of fetal anemia and
the severity of the disease.

Intraperitoneal transfusions
During the 1960s and early 1970s the reported fetal
survival rates with intraperitoneal transfusions were
24–56%, and the procedure-related fetal mortality
rate was 5–10%.73 More recently, the extensive use
of ultrasonography in the assessment, treatment and
follow-up of affected fetuses has contributed to a dra-
matic improvement in survival rates of non-hydropic
fetuses. Nevertheless, the outlook for hydropic fetuses
remains poor,74 possibly because in the presence of
ascites resorption of erythrocytes is impaired.

Intravascular transfusions
In the 1980s, interest in the intravascular route was
renewed with the development of a technique for
transfusion through an umbilical cord vessel by
fetoscopy.75,76 More recently, fetoscopy was replaced
by cordocentesis48,77,78 or needling of the intrahepatic
umbilical vein.79

At cordocentesis, a fetal blood sample is first
obtained and the hemoglobin concentration deter-
mined. If this is below the normal range, the tip of the
needle is kept in the lumen of the umbilical cord ves-
sel and fresh, packed, rhesus-negative blood compati-
ble with that of the mother, or irradiated maternal
blood, is infused into the fetal circulation. The fetal
heart rate and the flow of the infused blood are moni-
tored continually throughout the procedure by ultra-
sonography. At the end of the transfusion, a further
fetal blood sample is aspirated for determination of
the final hemoglobin concentration.

Transplacental, rather than transamniotic, entry of
the umbilical cord reduces the risk of displacement
of the needle by fetal movements, and avoids both leak-
age of amniotic fluid and intra-amniotic fetal bleeding
since the amniotic membrane is not punctured.
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However, feto-maternal hemorrhage is more likely,
which may increase the severity of the disease.

Theoretically, the umbilical artery should be the
preferred route for intravascular fetal blood transfu-
sion, both in order to achieve oxygenation and buffer-
ing of the acidotic donor blood in the placenta before
it enters the fetus, and because thrombotic occlusion
of one of the two umbilical arteries rather than the
single umbilical vein may not be fatal. However, in
practical terms it is more advantageous to transfuse
into the vein because: (a) the sonographic observation
of the intravascular flow of blood provides constant
reassurance that the tip of the needle has not slipped
into the Wharton’s jelly, where injection of even 1 ml
of blood could lead to cord tamponade and fetal
death; (b) fetal bradycardias occur more often and last
longer when transfusing into an artery than a vein,
presumably as a result of procedure-related spasm of
the more muscular umbilical artery; and (c) intra-
amniotic bleeding occurs more often and lasts longer
after withdrawal of the needle from an artery than a
vein, presumably as a result of the higher arterial than
venous blood pressure.

Transfusions are given at a rate of approximately
10 ml/min without inducing fetal heart rate decelera-
tions. The advantage of rapid ‘top-up’ transfusions is
that the duration of transfusion and therefore the risks
of procedure-related complications such as infection,
or cord accidents as a result of fetal movements (tam-
ponade, vasospasm or hemorrhage), is decreased. The
volume of donor blood necessary to correct fetal ane-
mia can be calculated by considering the pretransfu-
sion fetal hemoglobin concentration, the hemoglobin
of the transfused blood, the desired post-transfusion
hemoglobin, and the normal mean feto-placental
blood volume for that gestation.80 After transfusion of
the calculated volume of donor blood, the fetal hemo-
globin is measured, and further blood transfused as
necessary to bring the final value to around the 75th
percentile of the reference range.

For patients with a previous red cell isoimmuniza-
tion-affected pregnancy, an effort should be made to
perform the first cordocentesis at approximately
10 weeks before the time of the earliest previous fetal
or neonatal death, fetal transfusion, or birth of a
severely affected baby, but not before 16–17 weeks of
gestation. In our experience, from the management of
more than 500 rhesus isoimmunized patients, fetal
death or the development of hydrops rarely occur
before this stage of gestation, presumably because the
fetal reticuloendothelial system is too immature to
result in massive destruction of antibody-coated ery-
throcytes. In patients without a previously-affected
pregnancy, cordocentesis should be performed (a) if
the fetus develops ultrasound features of hydrops
such as ascites, (b) when the maternal hemolytic anti-
body level is 15 IU/ml or more, (c) if the fetal heart
rate is sinusoidal or decelerative, and (d) if Doppler
studies demonstrate hyperdynamic fetal circulation.

Subsequent transfusions are timed on the basis of
the fetal hemoglobin achieved at the end of the previ-
ous transfusion, and the observation that following a
transfusion the rate of decrease in fetal hemoglobin is
approximately 0.3 g/dl per day and in fetal hematocrit
is 0.01 g/dl per day.48,81 However, although this figure
is useful in timing the next transfusion, there is a
wide range of results and it is therefore necessary to
use additional criteria, such as weekly ultrasound
scans to detect early ascites and blood velocity meas-
urements to detect the hyperdynamic circulation of
developing anemia. Transfusions are repeated up to
35–38 weeks and delivery is aimed at 34–38 weeks.

The reported overall survival rate of red cell isoim-
munized pregnancies treated with intravascular trans-
fusions is more than 85% (Table 106.1). The survival
rate for non-hydropic fetuses is more than 90%,
whereas in the presence of hydrops the survival rate
is less than 80%.30,78,79,81–97

Treatment 1139

Table 106.1 Survival rates of pregnancies compli-
cated by isoimmunization disease treated with
intrauterine transfusions

Study n Survival (%)

Bang et al.79 1 1 (100)

DeCrespigny et al.82 4 3 (75)

Doyle et al.83 8 5 (63)

Nicolaides et al.48 18 17 (94)

Berkowitz et al.84 8 6 (75)

Socol et al.85 3 3 (100)

Grannum et al.78 26 21(81)

Orsini et al.86 15 10 (67)

Barss et al.87 13 11 (85)

Parer88 5 4 (80)

Ronkin et al.81 8 8 (100)

Nicolini et al.89 30 25 (83)

Lemery et al.90 15 10 (67)

Poissonnier et al.91 107 84 (79)

Pattison and Roberts92 20 18 (90)

Harman et al.93 44 40 (91)

Weiner et al.30 48 46 (96)

Moise94 20 19 (95)

Plockinger et al.95 21 18 (86)

Harman96 129 114 (88)

Merchant et al.97 7 7 (100)

Harris Birthright Centre 220 194 (88)

Total 770 664 (86)
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Summary
The only accurate method for determining the sever-
ity of disease is blood sampling by cordocentesis and
measurement of the fetal hemoglobin concentration.
However, cordocentesis may result in feto-maternal
hemorrhage,98 an increase in the maternal hemolytic
antibody concentration,99 and consequent worsening
of the disease. It should therefore be reserved for
those patients with a history of severe disease and
those with high hemolytic antibody levels, pathologi-
cal fetal heart rate patterns or abnormal flow velocity
waveforms.

In patients with a history suggestive of severe dis-
ease, cordocentesis should be performed 10 weeks
before the time of the earliest previous fetal or neona-
tal death, fetal transfusion or birth of a severely
affected baby. For patients with mild or no previous
rhesus-affected pregnancies, the maternal hemolytic
antibody levels should be determined every
2–3 weeks from 16 weeks of gestation onwards. In

those pregnancies where antibody concentrations are
persistently below 15 IU/ml, delivery should be
allowed to occur spontaneously at term. However, if
the antibody levels are ≥15 IU/ml, the disease may be
severe and the degree of the hemolytic process in the
fetus should be determined by cordocentesis.

If the fetus is not anemic, another cordocentesis
should be considered if (a) the mother reports
decreased fetal movements; (b) there is a sharp
increase in the maternal hemolytic antibody concen-
tration; (c) there is ultrasonographic evidence of fetal
hydrops, early ascites or dilated heart with a pericar-
dial effusion; (d) there is cardiotocographic evidence
of a sinusoidal or decelerative fetal heart rate pattern;
or (e) Doppler studies indicate the development of
hyperdynamic fetal circulation.

At cordocentesis, the degree of fetal anemia can be
defined accurately by measurement of the fetal hemo-
globin concentration, and corrected by intrauterine
blood transfusion. While this can be given intraperi-
toneally, the intravascular route is preferred.
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107 Management of fetal and
neonatal alloimmune
thrombocytopenia
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Introduction
Neonatal alloimmune thrombocytopenia is the platelet
equivalent of hemolytic disease of the newborn. Feto-
maternal incompatibility may cause maternal alloim-
munization against a fetal platelet antigen inherited
from the father and absent in the mother, and fetal and
neonatal thrombocytopenia may result from placental
transfer of immunoglobulin G (IgG) antibodies.

Most cases are diagnosed after birth, hence the term
‘neonatal alloimmune thrombocytopenia’. However,
the condition develops in utero, and the fetus may be
severely affected. It is appropriate to emphasize this
through the use of alternative terminology, such as
‘fetal and neonatal thrombocytopenia’ or ‘fetomater-
nal alloimmune thrombocytopenia’ (FMAIT).

Considerable progress has been made in laboratory
aspects of platelet immunology since FMAIT was first
recognized,1 allowing a more precise diagnosis of
the condition, and there have been advances in fetal
medicine and transfusion medicine resulting in con-
siderable improvements in its antenatal and neonatal
management. However, there remains a need for a
better understanding of the natural history of FMAIT
and for improved methods for identifying high-risk
pregnancies so that antenatal intervention can be
directed at those cases at greatest risk of severe
thrombocytopenia and hemorrhage.

Pathophysiology
Platelet alloantigens
FMAIT is caused by the destruction of fetal platelets by
maternal alloantibodies against platelet-specific alloanti-
gens. There are a number of well-characterized biallelic
platelet alloantigen systems, and a number of rare, pri-
vate, or low frequency antigens have also been described
(Table 107.1). Most were first discovered during the
investigation of cases of FMAIT. In addition to these

platelet-specific alloantigens, platelets express anti-
gens found on many other cells, including ABO blood
group and human leukocyte antigen (HLA) class I.
Platelet antigens are known to be expressed from 16
weeks of gestation,2 and placental transfer of IgG anti-
bodies can occur from 14 weeks, so thrombocytopenia
can occur very early in pregnancy.

Platelet-specific alloantigens are located on platelet
membrane glycoproteins involved in hemostasis
through interactions with the vascular endothelium
and plasma coagulation proteins. Most of these anti-
gens are on the GPIIb/IIIa complex, which plays a
central role in platelet aggregation as a receptor for
fibrinogen. Other important glycoproteins are GPIb/IX,
which is the main receptor for von Willebrand factor
involved in platelet adhesion to the damaged vascular
endothelium, GPIa/IIa, which is involved in adhesion
to collagen and CD 109 which also appears to be a col-
lagen receptor. Congenital absence or deficiency of
these glycoproteins results in bleeding disorders;
for example, lack of GPIIb/IIIa causes Glanzmann’s
thrombasthenia and absence of GPIb/IX results in
Bernard–Soulier syndrome.

Table 107.1 shows the platelet-specific antigens
implicated in FMAIT according to the current human
platelet alloantigen (HPA) nomenclature, in which
each system is numbered consecutively (HPA-1, -2, -3,
etc.) according to its date of discovery and the high-
frequency allele in each system is designated ‘a’ and
the low-frequency allele, ‘b’.3 Table 107.1 also includes
the glycoprotein localization of the antigens, their fre-
quency in a Caucasian population, and the amino acid
difference on the relevant glycoprotein between the
alleles in each system; for example, there is a single
C–T point mutation on GPIIIa resulting in the substitu-
tion of leucine by proline in HPA-1b.4,5 Knowledge of
the genetic basis of platelet-specific antigens makes it
possible to carry out molecular genotyping on what-
ever material is available, for example, platelet typing
using fetal DNA from amniotic fluid or chorion villus
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samples. Various techniques are available, but the most
commonly used is the polymerase chain reaction with
sequence-specific primers (PCR-SSP).6

Platelet alloantibodies
Series of cases of FMAIT with detectable platelet-
specific alloantibodies have shown that the commonest

antibody in Caucasian women is anti-HPA-1a in 78–89%
of cases, followed by anti-HPA-5b in 6–15%, and the
remainder are due to other specificities.7,8 In Japan, anti-
HPA-5b and anti-HPA-4b are the most frequent antibod-
ies. The HPA-1a/1b polymorphism is very rare in Japan
and anti-HPA-1a antibodies have never been found.9

HLA antibodies are frequently found in pregnant
women, but are not thought to cause FMAIT. This is

1144 Management of fetal and neonatal alloimmune thrombocytopenia

Table 107.1 HPA systems

System

HPA-1

HPA-2

HPA-3

HPA-4

HPA-5

HPA-6

HPA-7

HPA-8

HPA-9

HPA-10

HPA-11

HPA-12

HPA-13

HPA-14

HPA-15

HPA-16

Antigen

HPA-1a
HPA-1b

HPA-2a
HPA-2b

HPA-3a
HPA-3b

HPA-4a
HPA-4b

HPA-5a
HPA-5b

HPA-6bw

HPA-7bw

HPA-8bw

HPA-9bw

HPA-10bw

HPA-11bw

HPA-12bw

HPA-13bw

HPA-14bw

HPA-15a
HPA-15b

HPA-16bw

Alternative
names

Zwa, PlA1

Zwb, PlA2

Kob

Koa, Siba

Baka, Leka

Bakb

Yukb, Pena

Yuka, Penb

Brb, Zavb

Bra, Zava, Hca

Caa, Tua

Mo

Sra

Maxa

Laa

Groa

Iya

Sita

Oea

Govb

Gova

Duva

Vaa

PlT

Vis

Pea

Dya

Moua

Phenotype
frequency* (%)

97.9
28.8

>99.9
13.2

80.95
69.8

>99.9
<0.1

99.0
19.7

0.7

0.2

< 0.01

0.6

< 1.6

< 0.25

0.4

0.25

< 0.17

74
81

< 1

< 0.4

> 99.9

26

Glycoprotein

GPIIIa

GPIbα

GPIIb

GPIIIa

GPIa

GPIIIa

GPIIIa

GPIIIa

GPIIb

GPIIIa

GPIIIa

GPIbβ

GPIa

GPIIIa

CD109

GPIIIa

GPIIb/IIIa

GPV

GPIV

GPIbα

38 kD GP

unknown

Nucleotide
change

T196

C196

C524

T524

T2622

G2622

G526

A526

G1648

A1648

G1564

A1564

C1267

G1267

T2004

C2004

G2603

A2603

G281

A281

G1996

A1996

G141

A141

C2531

T2531

� AAG1929–1931

C2108

A2108

C517

T517

Amino acid
change

Leucine33

Proline33

Threonine145

Methionine145

Isoleucine843

Serine843

Arginine143

Glutamine143

Glutamic acid505

Lysine505

Arginine489

Glutamine489

Proline407

Alanine407

Arginine636

Cysteine636

Valine837

Methionine837

Arginine62

Glutamine62

Arginine633

Histidine633

Glycine15

Glutamic acid15

Threonine799

Methionine799

� Lysine611

Serine703

Tyrosine703

Threonine140

Isoleucine140

*Frequencies based on studies in Caucasians.
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because antibodies against fetal HLA are absorbed
by placental HLA; only HLA antibodies against
HLA not expressed by the fetus pass into the fetal
circulation.10

Incidence
The incidence of FMAIT is between 1 in 1000 and
1 in 5000 live births (Table 107.2).7,11–16 This is sur-
prisingly low, considering that 2% of women are
HPA-1a negative and that 98% of men are HPA-1a
positive. However, only about 10% of HPA-1a-negative
women develop anti-HPA-1a (Table 107.2).

Alloimmunization to HPA-1a appears to be HLA
class II restricted. Reznikoff-Etievant and colleagues
reported a strong association with HLA-DR3, which was
present in 71–95% of women developing anti-HPA-1a.17

It was later found that all alloimmunized women were
positive for HLA-DRw52, and all responders tested by
restriction fragment length polymorphism had the
DRw52a allele at the DRB3 locus.18,19 Further studies
using the PCR-SSP showed that two cases previously
typed as HLA-DRw52a (HLA-DR3*0101) were in fact
HLA-DRw52c (HLA-DR3*0301), and one additional
case out of seven new ones was found to be HLA-
DRw53 (HLA-DR4*0101).20 This means that FMAIT is
not always associated with HLA-DRw52a, and that
pregnancies in HPA-1a-negative women without this
HLA type cannot be excluded from the group at risk of
FMAIT. There is no similar association between HPA-1b
alloimmunization and HLA-DRw52a,21 but a significant
association has been reported between HLA-DRw6 and
alloimmunization to HPA-5b.22

It is important to note that the presence of platelet-
specific alloantibodies does not necessarily mean that
there will be fetal or neonatal thrombocytopenia
(Table 107.2). The factors influencing the develop-
ment of thrombocytopenia and its severity are poorly
understood, and there is no obvious correlation with
the titer or isotype of the IgG antibodies.

Diagnosis
Clinical aspects
The diagnosis of FMAIT is usually made on clinical
grounds, but it can be discovered incidentally when
a blood count is carried out routinely or for other
reasons. Most frequently, a neonate who is otherwise
well is observed to have widespread purpura at or soon
after birth. The mother is healthy, and her first child is
affected in 50% of cases.7,23 These studies also found
that 10–15% of infants had no evidence of bleeding,
but the remainder had purpura, bruising, and/or more
severe hemorrhage.7,23 Intracranial hemorrhage (ICH),
which is the major cause of mortality and long-term
morbidity, occurred in 15–20% of cases. In the study of
Kaplan and associates,23 involving 127 cases, death due
to severe hemorrhage occurred in 7% and there were
neurological sequelae in 21%. Although there is a seri-
ous risk of severe hemorrhage at the time of delivery,
nearly 50% of ICH cases occur in utero,7 usually
between 30 and 35 weeks of gestation, but sometimes
even before 20 weeks.8 There may be more unusual pre-
sentations, such as isolated fetal hydrocephalus, unex-
plained fetal anemia, or recurrent miscarriages.24,25

The first step in the diagnosis of FMAIT is con-
firmation of isolated thrombocytopenia, followed by
exclusion of other causes of neonatal thrombocyto-
penia, such as infection, disseminated intravascular
coagulation, maternal autoimmune thrombocytope-
nia, and conditions causing impaired neonatal
megakaryocytopoiesis.

Laboratory investigations
A diagnosis of suspected FMAIT on clinical grounds
requires laboratory confirmation. Testing is aimed at
detection of a maternal platelet-specific alloantibody
against the paternal platelets, which are a more conven-
ient source of platelets expressing the relevant antigen
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Table 107.2 FMAIT due to HPA-1a alloimmunization during pregnancy

Number of HPA-1a- 
pregnant HPA-1a- positive Overall 
women negative fetuses Maternal incidence 

Study studied mothers (if tested) anti-HPA-1a of FMAIT

Mueller-Eckhardt et al. (1989)7 1211 26 (2.2%) 23/25 2/23 (8.7%) 2 (0.16%)

Reznikoff-Etievant et al. (1988)11 860 27 (3.1%) 16/25 0 0

Blanchette et al. (1990)12 5,000 81 (1.6%) 25/29 3/50 (6%) 1 (0.02%)

Kaplan et al. (1993)13 2,000 — — — 2 (0.1%)

Burrows and Kelton (1993)14 15,471 — — — 10 (0.06%)

Doughty et al. (1995)15 3,473 74 (2.2%) — 2/22 (9.1%) 2 (0.06%)*

Williamson et al. (1995)16 24,417 618 (2.5%) — 44/385 (11.4%) 8 (0.03%)

*Twins equally affected
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than the baby’s own platelets, and determination of the
platelet antigen types of the mother and father.

The investigation is best carried out in a reference
laboratory which is able to carry out the necessary
tests speedily and advise on clinical management.
Testing usually comprises the combination of a sensi-
tive assay using intact platelets, such as the platelet
immunofluorescence test,26 with a glycoprotein-
specific antigen capture method, such as the mono-
clonal antibody-specific immobilization of platelet
antigens assay,27 which allows detection of weak
antibodies and mixtures of antibodies. Molecular
methods, such as PCR-SSP,6 are now used for platelet
genotyping.

Investigation becomes more complicated if it is
not possible to demonstrate parental incompatibility
for platelet-specific alloantigens by detection of the
corresponding maternal antibody. Maternal platelet-
specific antibodies have been reported to be unde-
tectable in up to 20% of cases,23 but this may be less
with improved methods for detecting antibodies, and
it may now be possible to demonstrate parental incom-
patibility for HPA-1a or another HPA in this situation.
Another cause of difficulty in laboratory investigation
is if a rare private antigen is involved; the mother has
an antibody against the paternal platelets, but this
antibody reacts with platelets from very few or no
normal donors and its specificity is not obvious.

Management
Unexpected neonatal thrombocytopenia
There is as yet no routine antenatal screening for
FMAIT, so most cases will be unexpected. The need
for immediate treatment depends on the presence of
bleeding and the severity of the thrombocytopenia.
Any delays or difficulties in the laboratory confirma-
tion of the diagnosis of FMAIT should not prevent
prompt treatment of an infant with bleeding or severe
thrombocytopenia.

The best way of raising the platelet count rapidly is
to transfuse compatible platelets. These can be pro-
vided by plateletpheresis of the mother, in which case
the concentrate should be irradiated to prevent trans-
fusion-associated graft-vs-host disease. Ideally, a
platelet concentrate prepared from the mother should
also be washed to remove platelet antibodies.
However, in practice, washing platelet concentrates is
technically demanding and the transfusion should
not be delayed unduly, as the initial transfusion may
be extremely important in minimizing the risk of
postnatal hemorrhage. A better strategy for providing
compatible platelets before the results of serological
testing are available is to transfuse platelets from HPA-
1a-negative donors. Some transfusion centers ensure
that HPA-1a-negative, or HPA-1a- and -5b-negative,
platelet concentrates are always available for this
eventuality. Often only one transfusion of compatible

platelets is sufficient, as the thrombocytopenia is
self-limiting. The clinical condition of the infant should
be carefully monitored and the platelet count measured
at least once daily until it is obvious that it has reached
a ‘safe’ level and is increasing spontaneously. If there
has been severe thrombocytopenia, a cerebral ultra-
sound or nuclear magnetic resonance scan should be
performed to detect clinically silent ICH.

The transfusion of platelet concentrates from
random donors is unlikely to be effective. There has
only been one formal study of the use of intravenous
immunoglobulin for the neonatal management of
FMAIT; the response rate was 75% and the increase in
platelet count was delayed for 24–48 h, during which
time the infants remained at risk of ICH.28

Antenatal management
The recurrence of FMAIT in subsequent pregnancies
is very high (> 85%) and the condition tends to
become more severe.23,29 If a previous sibling has suf-
fered ICH, the risk of antenatal ICH is high in a subse-
quent pregnancy, and it is easy to justify antenatal
intervention. If the previous infant was thrombocy-
topenic, but did not have a major hemorrhage, the risk
of antenatal hemorrhage is more difficult to assess.
There are no non-invasive tests for the prediction of
which fetuses are at greatest risk of hemorrhage. The
levels of maternal platelet antibodies have not been
found to be predictive of the severity of thrombocy-
topenia,23,30 and cerebral ultrasound scans will be
abnormal only if ICH has occurred.

The only method available at the present time for
assessing the fetal platelet count is fetal blood sam-
pling,31 which allows the diagnosis of FMAIT in utero
and the assessment of severity to be made with cer-
tainty. In addition, this technique provides a means
for transfusing compatible platelets to severely
affected fetuses. The procedure usually takes only a
few minutes, and a few milliliters of pure fetal blood
is obtained. Fetal platelet counts are reliable and it is
unusual to have problems because of contamination
of the sample with maternal blood or amniotic fluid;32

the normal range is similar to adults and there is no
significant variation with gestational age.33

The main risks of the procedure are severe hemor-
rhage from the cord puncture site and obstruction of
the cord circulation due to a hematoma. The main
problems are most likely to occur with the initial
blood sampling at around 20–22 weeks’ gestation,
when the cord is small and the platelet count may be
very low. Fetal blood sampling for FMAIT should be
performed at referral centers, where the risk is about
1%. In one series,34 which now extends to nearly 200
fetal blood samplings for FMAIT, there have been two
fetal deaths, one due to bleeding and one due to a cord
hematoma. Severe bleeding requiring fetal red cell
transfusions occurred in two other pregnancies, but
there was eventually a successful outcome in these
pregnancies. Another group has reported five fetal
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deaths due to exsanguination.35 Because of the risk of
bleeding, it has become routine practice to transfuse
platelets to the fetus following fetal blood sampling
for suspected FMAIT.34,35

The aim of antenatal management where there has
been a previously affected pregnancy is to minimize
the risk of severe hemorrhage such as ICH, but the
optimal management remains controversial.36 The
therapeutic options being explored include maternal
administration of intravenous immunoglobulin37 and
fetal platelet transfusions; early cesarean section
alone is not considered to be effective in preventing
antenatal or perinatal hemorrhage. Counselling of
couples with an index case about the risks of severe
fetal/neonatal thrombocytopenia in a subsequent
pregnancy needs to be based on the severity of disease
in the index case and the outcome of immunological
investigations. The following should be taken into
account:

• thrombocytopenia in subsequent cases is as or,
generally, more severe

• the best predictors of severe fetal thrombocytope-
nia in a future pregnancy are the occurrence of
antenatal intracranial hemorrhage and severe
thrombocytopenia (platelet count < 20×109/L) in
a previous pregnancy

• the antibody specificity and titre do not reliably
correlate with the severity of NAIT, and are of no
value in the management of individual cases

• the zygosity of the partner. If the father is hetero-
zygous for the relevant HPA e.g. HPA-1a/1b, fetal

platelet typing can be performed using a fetal
blood sample obtained at 18 weeks of gestation or
using chorionic villus or amniotic fluid samples
obtained earlier in pregnancy.

As few trials have been performed on the antenatal
management of FMAIT, it is difficult to make definite
recommendations. Weekly platelet transfusions by
FBS have been shown to prevent ICH even in high
risk cases (Figure 107.1), but are technically demand-
ing, invasive and associated with a high mortality due
to hemorrhage, cardiac dysrhythmias and premature
labour.34,38,39 

The high incidence of complications associated
with FBS, and the effectiveness of maternal therapy
in about 67% of cases,39,40,41,42 suggest that treatment
with IVIgG (1g/kg/week) without an initial FBS
should be used as initial management.43,44 This
should be considered from or before 16 weeks’ gesta-
tion in the cases where there is a history of antenatal
ICH in previous pregnancies, because the earliest
reports of ICH are at 16 weeks.34 IVIgG could be
started a few weeks later (20–22 weeks) for those
fetuses with a sibling history of severe thrombo-
cytopenia but no antenatal ICH. FBS may be used to
monitor the effect of maternal therapy (4–8 weeks
after starting IVIgG) and to indicate if alternative
therapy is required. Failure with maternal therapy
may potentially be rescued by the addition of oral
prednisolone (0.5 mg/kg/day) and/or an increased
dose of IVIgG (2g/kg/week), serial fetal platelet trans-
fusions or by early delivery at an acceptable gestation.
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Figure 107.1 The seventh pregnancy of a patient who had already had five miscarriages. The last of these was shown to have
hydrops and hydrocephalus and a platelet count of only 17 ×109/l, and the serological findings supported a diagnosis of FMAIT due
to anti-HPA-1a. The fetal platelet count was less than 10 ×109/l at 25 weeks of gestation in the sixth pregnancy, and a cord hematoma
developed during fetal blood sampling, resulting in fetal death. In the seventh pregnancy, prednisolone 20 mg/day and intravenous
immunoglobulin 1 g/week were administered to the mother from 16 weeks until delivery. The figure shows pre- and post-transfusion
platelet counts following serial fetal blood samplings and platelet transfusions (arrows). The fetal platelet count was less than
10 ×109/l at 26 weeks. The aim was to maintain the fetal platelet count above 30 ×109/l by raising the immediate post-transfusion
platelet count to above 300 ×109/l after each transfusion. The fetal platelet count fell below 10 ×109/l on one occasion following a
transfusion when there were problems in preparing the fetal platelet concentrate and the dose of platelets was inadequate. CS,
cesarean section.
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Further studies are required to determine the optimal
antenatal management for FMAIT. 

Antenatal treatment appears to have improved the
outcome of severely affected cases of FMAIT. However,
there is little information on the long-term develop-
ment of the children who have been treated in utero.
All apparently successfully treated infants should
probably have a cranial ultrasound or nuclear magnetic
resonance scan performed after birth and developmen-
tal follow-up for at least 2 years to detect neurological
impairment caused by occult ICH.

The main issues in the preparation of platelet con-
centrates for fetal transfusions are compatibility with
maternal antibodies, adequate dosage without volume
overload, and avoidance of transfusion-transmitted
infections and transfusion-associated graft-vs-host dis-
ease. The mother is a convenient source of platelets for
single transfusions, but use of the mother for repeated
transfusions is not practical, and panels of selected
donors need to be established, particularly for types
HPA-lb/lb and HPA-5a/5a, as the most frequent anti-
bodies responsible for FMAIT are anti-HPA-1a and anti-
HPA-5b.7,8 The blood group of the fetus should be
determined at the first fetal blood sampling, and fetal
hemolysis due to high-titer anti-A and anti-B should be
avoided by testing donors for these antibodies. Maternal
HLA antibodies may occasionally be responsible for the
shortened survival of platelets transfused to the fetus, in
which case the concentrates should be prepared from
the mother or HLA-matched HPA-compatible donors.45

The risk of transfusion-transmitted infection should
be minimized by standard microbiological screening of
blood donors, who should in addition be cytomegalo-
virus seronegative. The concentrates should be gamma
irradiated to prevent transfusion-associated graft-vs-
host disease. Concentration of the platelet concentrate
to a platelet count of 2500–4000 ×109/l is essential to
achieve satisfactory post-transfusion platelet counts
without an unacceptably high transfusion volume. If
the fetal platelet count is raised to 300–500 ×109/l after
each transfusion, it should be no lower than 30 ×109/l

1 week later; this is thought to be a ‘safe’ level for the
fetal platelet count, and 1 week is an acceptable inter-
val for patients receiving serial transfusions.

In summary, the optimal antenatal management of
FMAIT remains uncertain. More information is
needed about the frequency and timing of ICH, and the
benefits and notes of different management strategies.

Antenatal screening
Progress in the antenatal management of FMAIT in
women who have had previously affected pregnancies
draws attention to the issue of how to identify and man-
age the first affected infant.46 The diagnosis of FMAIT
in first-affected infants is usually made only after birth,
by which time serious hemorrhage might have already
occurred. Improvements in methods for large-scale
platelet antigen typing and platelet antibody detection
have raised the possibility of antenatal screening for
pregnancies at risk of FMAIT alongside established pro-
grams of screening for hemolytic disease of the new-
born. Recent studies in London and Cambridge, UK,
have demonstrated the feasibility of such programs in
determining the frequency of HPA-1a alloimmunization
and its clinical sequelae.15,16 The inclusion of typing for
HLA-DR3*0101 following the initial identification of
HPA-1a-negative pregnant women would focus on
women most likely to develop anti-HPA-1a, but would
not identify all affected pregnancies.20

An important obstacle to the introduction of antena-
tal screening is that the optimal management of women
with anti-HPA-1a with no previous history of affected
pregnancies is uncertain. Reliable non-invasive methods
for identifying the fetuses at greatest risk of antenatal
ICH are not available. Antenatal management has
significant risks, which have to be balanced against
those of a conservative policy with no antenatal inter-
vention but prompt identification and treatment of
affected cases after delivery, and only large scale trials
will clarify this issue.
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108 Severe twin-to-twin
transfusion syndrome:
diagnosis and endoscopic
laser coagulation
N. J. Sebire, J. Hyett and K. H. Nicolaides

In monozygotic twin pregnancies, early embryonic
splitting, which occurs in approximately one-third of
cases, results in dichorionic placentation and two
independent placental circulations.1,2 Splitting after
the third day of fertilization is associated with mono-
chorionic placentation, with vascular communica-
tions between the two fetoplacental circulations; if
cleavage occurs after day 12 the fetuses are conjoint.
The clinical entity of severe twin-to-twin transfusion
syndrome (TTS) is a result of imbalance in the net
flow of blood across the placental vascular anasto-
moses from one fetus, the donor, to the other, the
recipient, and occurs in about 15% of monochorionic
pregnancies.

Pathophysiology
The phenomenon of a shared circulation between
monochorionic twins was first described by Schatz in
1875.3 Although anastomoses may be arterial–arterial
or veno–venous, it is the arterio–venous anastomoses
that are primarily responsible for the development of
TTS. These arterio–venous anastomoses are usually
deep in the placenta, but almost always proceed
through the cotyledonary capillary bed.1 Mild, mod-
erate or severe TTS may develop, depending on the
net flow between these anastomoses, which are vari-
able in size, number and direction.1

The precise underlying mechanisms by which a
subgroup of monochorionic pregnancies with vascu-
lar communications go on to develop TTS are not
fully understood. However, it has been suggested that
the primary defect is abnormal development of the
placenta of the donor twin, which causes increased
peripheral resistance in this placental circulation,
promoting shunting of blood to the recipient. The

donor therefore suffers from both hypovolemia, due to
blood loss, and hypoxia, due to placental insuffi-
ciency.4,5 The recipient fetus compensates for its
expanded blood volume with polyuria,6 but since pro-
tein and cellular components remain in its circulation
the consequent increase in colloid oncotic pressure
draws water from the maternal compartment across
the placenta. A vicious cycle of hypervolemia,
polyuria and hyperosmolality is established, leading
to high-output heart failure and polyhydramnios.

In contrast to neonatal TTS, studies examining fetal
blood obtained by cordocentesis in pregnancies with
severe TTS have reported large intertwin differences
in plasma albumin and total protein concentrations,7,8

but no consistent differences in hemoglobin concen-
tration between donor and recipient fetuses.4,7–9

Diagnosis
Traditionally, the diagnosis of TTS has been made
retrospectively, in the neonatal period, on the basis
of an intertwin difference in birth weight of 20% or
more and in hemoglobin concentration of 5 g/dl or
more.10–12 These observations were made in live
births, and therefore the criteria apply only to moder-
ate TTS, since severe cases result in miscarriage or
intrauterine death. Additionally, large intertwin dif-
ferences in hemoglobin and birth weight are found in
some dichorionic twin pregnancies and are not
pathognomonic of TTS.13

Severe disease manifests clinically in the early
second trimester of pregnancy with the mother
complaining of a sudden increase in abdominal girth
associated with extreme discomfort, and occasionally
respiratory distress. On examination, there is tense
polyhydramnios, which is pathognomonic of TTS
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when observed at this early stage of gestation. In such
cases of severe TTS, ultrasound examination will
reveal a twin pregnancy with the polyhydramnios/
anhydramnios sequence, with or without discordance
in fetal size. However, the pathognomonic features of
severe TTS are the presence of a large bladder in the
polyuric recipient fetus in the polyhydramniotic
sac, and a non-visualized bladder in the anuric donor
that is found ‘stuck’ and immobile at the edge of the
placenta or the uterine wall, where it is held fixed by
the collapsed membranes of the anhydramniotic sac
(Figure 108.1).

Other sonographic findings that may prove to be
of prognostic significance include the presence of a
hypertrophic, dilated and dyskinetic heart in the
recipient fetus, while in the donor the heart may be
dilated and the bowel hyperechogenic; these features
are manifestations of hypoxia and are commonly seen
in hypoxemic fetuses from pregnancies complicated
by severe uteroplacental insufficiency. The donor

fetus may also demonstrate ventriculomegaly and/or
microcephaly secondary to hypoxia.

Color Doppler studies in severe TTS presenting with
acute polyhydramnios during the second trimester of
pregnancy have demonstrated the presence of several
superficial vessels connecting the two circulations.14

Additionally, the umbilical artery pulsatility index
(PI) has been reported to be increased in both donor
and recipient fetuses; in the former, this may be the
consequence of abnormal placental development, and
in the latter this may be the result of polyhydramnios-
related compression.15

Doppler findings in the circulation of the donor
fetus (decreased blood flow velocity in both the
thoracic aorta and the middle cerebral artery) suggest
that this fetus is compromised by severe uteroplacen-
tal insufficiency, but with the additional disadvantage
imposed by chronic hemorrhage and hypovolemia.15

In the recipient fetus, there may be a decreased PI in
the middle cerebral artery and decreased velocity in the
aorta, which may be the consequence of hypervolemia-
related congestive heart failure, which worsens with
advancing gestation.

Although Doppler abnormalities have been des-
cribed in TTS, at present the use of these investigations
is generally limited, because they are neither useful in
the diagnosis of TTS nor do they appear to provide
useful prediction of prognosis.

Screening for TTS
Although severe TTS presents in the second trimester,
the underlying hemodynamic alterations must begin
much earlier in the pregnancy. In a screening study
involving 485 twin pregnancies with live fetuses at
the 10–14-week scan, the risks of subsequent miscar-
riage before 24 weeks of gestation and perinatal death
after 24 weeks were 2% and 1%, respectively, for
dichorionic twins, and 12% and 2%, respectively, for
monochorionic twins.16 It was postulated that the
high risk of fetal loss in monochorionic twins could
be attributed to the development of TTS.

Early sonographic features that have been examined
as possible predictors of subsequent development of
TTS are large intertwin disparities in crown–rump
length (CRL) and nuchal translucency thickness at the
10–14-week scan17 and intertwin membrane folding at
15–17 weeks. We have reviewed 69 monochorionic
twin pregnancies, diagnosed by ultrasound examina-
tion at 10–14 weeks of gestation; at 15–17 weeks, 18
(26%) of the cases demonstrated intertwin membrane
folding with large discrepancies in amniotic fluid vol-
ume. In 10 of these cases there was subsequent devel-
opment of severe TTS. In the other eight cases, large
discrepancies in amniotic fluid volume and intertwin
differences in size persisted throughout pregnancy,
but all these cases with moderate TTS resulted in
healthy live births without the need for any antenatal
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Figure 108.1 Ultrasound images demonstrating the features of
TTS. (a) The ‘stuck’ donor fetus is in an anhydramniotic sac with
no visible bladder. (b) The recipient fetus has a large bladder
and polyhydramnios. 
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intervention. Similarly, the 51 pregnancies with no
membrane folding resulted in live births. Large inter-
twin disparities in fetal CRL at the 10–14-week scan
were observed only in the moderate TTS group,
whereas intertwin disparities in fetal nuchal translu-
cency thickness were observed both in the moderate
and in the severe TTS groups.

Laser coagulation of the
communicating placental vessels
Technique
The method of choice for treating severe TTS is endo-
scopic Nd:YAG laser coagulation of the placental blood
vessels that connect the circulations of the two fetuses.
De Lia et al.18 described a technique involving general
or regional anesthesia in which the endoscope was
introduced into the uterus after laparotomy, hystero-
tomy and the insertion of a purse-string suture to con-
trol bleeding and amniotic fluid leakage. This was
attempted in 30 twin pregnancies and successful laser
coagulation was achieved in 26 of these; 18 of the preg-
nancies resulted in the delivery of at least one live
baby.19 However, despite the advantages of this
approach, the technique has not gained widespread
application, presumably because of its invasive nature.

Ville et al.20,21 reported a sonoendoscopic technique
performed under local anesthesia for the successful
separation of chorioangiopagus twins. Detailed ultra-
sound examination, including color flow mapping, is
first performed to localize the placenta, the intertwin
amniotic membrane, the placental insertion of the
umbilical cords and the communicating blood vessels
on the chorionic plate. The appropriate site of entry on
the maternal abdomen is chosen to avoid injury to the
placenta or fetuses and to allow access to the suspected
area of vascular communications.

Under continuous ultrasound visualization, a rigid
2-mm-diameter fetoscope (field of vision 75°) housed in
a 2.7-mm-diameter cannula (KeyMed, Southend, UK) is
introduced transabdominally into the amniotic cavity of
the recipient twin. A 400-µm-diameter Nd:YAG laser
fiber (MBB, Munich, Germany) is then passed down the
sidearm of the cannula to 1 cm beyond the tip of the
fetoscope. A combination of ultrasonographic and direct
vision is used to examine systematically the chorionic
plate along the whole length of the intertwin membrane
and identify the crossing vessels, which are coagulated
by the administration of a total of 1000–4500 J delivered
in 3-s shots using an output of 30–50 W at a distance of
1 cm. Subsequently, amniotic fluid is drained through
the fetoscope cannula over a period of 10–15 min to
obtain subjective normalization of the amniotic fluid
volume on ultrasonographic examination. The total
procedure usually takes 30–45 min to complete.

Rationale and advantages
The aim of systematic coagulation of all superficial
placental vessels that cross or are adjacent to the

intertwin amniotic membrane is to interrupt the vas-
cular communications between the circulations of the
two fetuses. Arterio–venous anastomoses (which are
thought to play a major role in the hemodynamic dis-
turbance underlying feto-fetal transfusion) are found
deep in common cotyledons, but their afferent and
efferent branches are superficial.1 Although the inter-
twin membrane does not necessarily overlie these
common cotyledons,22 coagulation of all crossing ves-
sels will inevitably include the afferent and efferent
branches of these anastomoses. In reality, the main
problem with endoscopic laser surgery is that coagu-
lation of all placental vessels that cross the intertwin
membrane interrupts the vascular supply to more
than the common cotyledons and this may account for
many cases where the donor twin dies following the
procedure. The extent to which we will be able to
restrict coagulation to the common cotyledons, and
the potential increase in survival without increasing
handicap, remain to be determined.

Laser coagulation of the communicating vessels
potentially avoids many of the complications associated
with severe TTS treated by other means. Cerebral palsy
with periventricular leukomalacia is a well-recognized
complication of monochorionic twin pregnancies and
is usually attributed to vascular accidents following
the intrauterine death of one of the fetuses.23–26 This
complication is commonly seen in survivors after
amniodrainage or other methods of treatment. Suggested
mechanisms include a severe hypotensive episode due
to hemorrhage from the survivor into the placenta of the
dead fetus, or disseminated intravascular coagulation
after the release of thromboplastin from the dead twin.
Laser coagulation of communicating vessels should
potentially avoid these complications. However, brain
damage observed in association with TTS does not
occur only when one of the fetuses dies, and in some
cases it may be the consequence of intrauterine
ischemic-hypoxic brain injury; in the donor, fetus
hypoxia may be the consequence of hypovolemia and
uteroplacental insufficiency, whereas in the recipient
hypoxia may be due to increased blood viscosity and
hypervolemia-related congestive heart failure.

Endoscopic laser coagulation was performed in our
center on a total of 137 completed pregnancies. In 45
pregnancies both babies survived, in 46 one baby sur-
vived and in 46 there were no survivors. There were,
therefore, 91 (67%) pregnancies with at least one sur-
vivor and the total number of babies that survived was
136 of 274 (50%). In the 136 survivors, regular exam-
inations were carried out and 134 (98%) are develop-
ing normally. However, two of them are handicapped
or will potentially become handicapped.

Alternative methods of management
Expectant management
In twin pregnancies with presumed TTS, development
of acute polyhydramnios at less than 28 weeks of
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gestation is associated with a high perinatal mortality
rate, primarily because of spontaneous abortion or very
preterm delivery of growth-retarded babies or babies
with hydrops. Saunders et al.5 reviewed 53 such preg-
nancies in the literature and the fetal survival rate was
only 5%. In the few babies that survive with expectant
management there is a high incidence of morbidity.
Brain damage may occur due to a combination of
factors including intrauterine hypoxia and preterm
delivery.5,27 In addition, death of one fetus, usually the
donor, may be associated with subsequent death or
hypoxic/ischemic sequelae in the cotwin.23–29

Medical therapy
Indometacin has been used in an attempt to prevent the
onset of preterm delivery, both through its tocolytic
properties and through its action in reducing fetal urine
production and therefore polyhydramnios. In a study
reporting the administration of indometacin in three
pregnancies with TTS presenting with polyhydramnios
at 20–25 weeks of gestation, one patient delivered at 25
weeks and both the babies died.30 In each of the other
two pregnancies one fetus died within 4 days of the
onset of treatment; the pregnancies continued to 30 and
36 weeks, respectively, and the two babies survived but
one of the neonates had multicystic encephalomalacia.

Selective fetocide
The poor prognosis of untreated TTS, particularly
when one of the fetuses is severely compromised, has
led various groups to consider selective fetocide as a
method of treatment. The rationale behind this
approach is to interrupt TTS and maximize the
chances of survival of one of the fetuses, mainly by
potentially reducing the chance of severe preterm
delivery. Several techniques have been described,
including: (1) surgical removal of one fetus by hys-
terotomy;31 (2) ultrasound-guided pericardial injec-
tion of saline to achieve cardiac tamponade or the
intracardiac injection of potassium chloride;7,26,32–35

(3) ultrasound-guided insertion of thrombogenic coils
or fibrin into the heart or the umbilical vein of one of
the fetuses36,37 and (4) ultrasound-guided ligation of
one umbilical cord.38 In 15 pregnancies that were
managed by selective fetocide at 20–26 weeks of ges-
tation there were eight survivors (27% of the total).

Serial amniodrainage
The traditional method of treating severe TTS is by
serial amniocenteses and drainage of large volumes of

amniotic fluid. This treatment presumably prevents
the polyhydramnios-mediated risk of spontaneous
abortion or very premature delivery.5,39–41 It is also
possible that with advancing gestation and increasing
fetoplacental blood volume the relative significance
of the hemodynamic effects of placental anastomoses
is reduced. In this respect, repeated amniocentesis
may, at least in some cases, allow the fetal cardiovas-
cular system to outgrow the deleterious effect of pla-
cental anastomoses.5,6 In addition, amniodrainage
reduces amniotic fluid pressure and may relieve the
compression of the membranously inserted cord or
superficial vessels, which could improve blood flow
in the donor fetus.42

In studies published before 1992, amniodrainage
was associated with survival in 30–40% of cases.5

Subsequently, six papers from four centers have
reported survival of 57–83% of fetuses, and 76–100%
of the pregnancies had at least one survivor.39,40,43–45 It
is possible that the marked improvement in survival
with serial amniodrainage, compared to previous
studies that apparently used the same treatment pro-
tocols, presumably reflects differences in the severity
of the disease. A major difference, in terms of out-
come, between treatment with endoscopic laser and
serial amniodrainage may be in the rate of neurologi-
cal handicap in the survivors. Thus, with endoscopic
surgery, both in our first series and in the current
extended group, the rate of handicap is less than 5%.
In contrast, in all three studies with amniodrainage
that reported on rates of neurological handicap,
the rate was much higher at 25%, 37% and 18%,
respectively.5,41,45

Conclusion
Severe TTS complicates 10–15% of monochorionic
twin pregnancies and characteristically presents with
the oligohydramnios/polyhydramnios sequence in the
second trimester. Increased fetal nuchal translucency
thickness at 10–14 weeks of gestation and folding of
the intertwin membrane at 15–17 weeks may be the
first sonographic signs in the development of severe
TTS. The most rational method of treating the condi-
tion is interruption of the placental vascular anasto-
moses by endoscopic laser ablation. This therapy is
associated with survival of at least one baby in about
70% of pregnancies and more than 95% of survivors
are healthy.
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Introduction
Surgery is the logical approach for structural prob-
lems. Medicines can replace enzymatic deficiencies,
but drugs are by definition essentially palliative
approaches. Gene therapy can, in theory, replace the
missing substance, but at the same time give the indi-
vidual the ability to make the substance itself. Gene
therapies per se have been divided into two cate-
gories: classic gene therapy and stem-cell therapy.

Gene therapy
Gene therapy refers to the correction of a disease state
by introduction of foreign nucleic acid sequences
designed to target the affected tissue. The term ‘gene
therapy’ was brought into use to avoid the negative
connotations of the term ‘human genetic engineering’,
first used at the 6th International Congress of Genetics
held in 1932 to imply ‘the application of genetic prin-
ciples to animal and plant breeding’.1 Any form of
genetic manipulation, however, was limited to the
application of Mendelian principles for breeding until
the basics of molecular genetics and techniques for
transfection of genes in bacteria became available in
the 1960s. Several approaches for gene transfer were
investigated before viral vectors were shown to be the
first relatively efficient methods for gene transfer into
mammalian cells in culture. By the late 1970s, trans-
fection techniques became more efficient as a result of
selection systems for cultured cells and recombinant
DNA technology. The development of retroviral vec-
tors in the 1980s further improved the efficiency of
gene transfer into mammalian cells for the purpose of
gene therapy.1 Finally, the last few years have seen an
explosion of experimental studies and clinical trials
of gene therapy in almost every discipline of medi-
cine. Many genetic disorders are already manifest in
the newborn with irreversible organ damage: hence
the attractiveness of in utero gene therapy. This sec-
tion will review some of the advances in gene therapy

in general and focus finally on the possible future
applications of in utero gene therapy.

Therapeutic gene design
Gene therapy may be applied to all diseases that have a
clear genetic cause such as the inborn errors of meta-
bolism. There are several approaches to the treatment of
different diseases by gene therapy. Not all approaches
currently share the same popularity or effectiveness.
However, by outlining the different approaches the
reader can appreciate the tremendous opportunities
that this mode of treatment presents.

Gene replacement therapy
Loss-of-function mutations are responsible for a wide
range of human diseases. Such mutations result in
absence, reduction or faulty production of an essen-
tial protein such as an enzyme or a receptor. Restoring
the lost function can, theoretically, be achieved by
introducing the normal or wild-type gene in a manner
that would facilitate the production of the missing
gene-product in the affected tissues at the appropriate
timing. This appears to be the most useful approach
for in utero gene therapy.

Vitally directed enzyme pro-drug
therapy – suicide genes
Suicide genes encode novel non-mammalian enzymes
that can convert a relatively non-toxic pro-drug into a
highly toxic agent. Cells genetically transduced to
express such genes essentially commit metabolic sui-
cide in the presence of the appropriate pro-drug. Such
metabolic suicide genes may include viral enzymes
like the varicella zoster or herpes simplex-derived
thymidine kinase (HSV-Tk1) or enzymes of bacterial
origin like the Escherichia coli-derived cytosine deam-
inase.2 Only cells transfected with these enzymes
metabolize the pro-drug thereby causing cell death.
This approach may be applied to the therapy of cancer
or retroviral infections.3 Insertion of HSV-Tk1 gene
confers a sensitivity to the antiherpes drug ganciclovir.
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The enzyme phosphorylates the non-toxic ganciclovir
to a potent DNA synthesis inhibitor.4 The selective
effect of such suicide genes can further be perfected by
employment of a triggering mechanism. This approach
takes advantage of the unique production of embryonic
and fetal molecules by some tumor types. For example,
the alpha-fetoprotein (AFP) gene which is normally
expressed in fetal liver is transcriptionally inactive in
the adult, but is reactivated in hepatocellular carci-
noma. This fact can be utilized in creating a hepatocar-
cinoma-specific gene-targeting mechanism. A hybrid
gene can be constructed consisting of HSV-Tk1 gene
under the control of the human AFP gene promoter.
This hybrid gene can then be transferred into AFP-
producing hepatoma cells. Although the gene construct
can transfect many cell types, only AFP-producing cells
will express the HSV-Tk1 gene, rendering them increas-
ingly sensitive to ganciclovir treatment.5 This approach
is most commonly used in cancer gene therapy.

Gene suppression therapy
Another approach is the employment of foreign genes
to oppose the expression of what are, usually, domi-
nant genes that may cause diseases ranging from can-
cer to viral infections. This may also be used to
oppose the expression of genes that are responsible
for genetic diseases that are caused by a mutated pro-
tein that assumes an altered function which is respon-
sible for the disease manifestations [i.e., sickling
caused by sickle cell hemoglobin (HbS)]. Several
strategies have been employed to achieve this goal.

Antisense RNA. With this approach, oligodeoxyribo-
nucleotide sequences (oligos) are designed to target
certain key regulatory elements of genes that are
implicated in disease states. For example, by binding
to promoter regions of certain proto-oncogenes (e.g.,
c-myc) it is possible to block the binding of regulatory
molecules that activate the oncogene, thus rendering
it inactive.6 These oligos have the advantage of being
relatively short sequences, several-fold smaller than
whole genes, making them suitable for transfer by
viral vectors.7

Ribozymes. It is believed that RNA molecules were,
evolutionarily, the first class of molecules that
possessed enzymatic activity. Ribozymes are such a
class of RNA molecules that can perform catalytic
activity in the absence of proteins. Specifically, they
hybridize to and cleave target messenger RNA (mRNA)
molecules thereby preventing their translation into
specific proteins. This approach may have a therapeutic
application by targeting ribozymes to specific mRNA of
key proteins implicated in disease states.8

Gene delivery techniques
With recombinant DNA technology and the ever-
increasing number of newly mapped and cloned

genes, the construction of therapeutic gene sequences
seems to be relatively straightforward, as outlined in
the previous section. In contrast, the rate-limiting step
towards gene therapy appears to be the development
of safe and efficient gene delivery techniques that
would bring the therapeutic gene into the target tissue
where it is to be expressed. Currently employed tech-
niques include various viral vectors, lipofection,
naked plasmid DNA, gene guns, electroporation, mul-
tiple injections, ingestion or inhalation and selective
organ perfusion. All these are currently in the early
stages of investigation and development.

Viral vectors
By far the most widely employed techniques for gene
delivery make use of viral vectors. Many protocols use
an ex vivo approach, whereby cells are removed from
the patient, genetically modified and then re-implanted.
This approach, however, is both cumbersome and
costly, requires high-tech facilities, and most impor-
tantly, is limited to cell that can readily be obtained and
cultured such as blood cells. This approach cannot be
applied to solid tissues and non-dividing cells such as
muscle cells or neurons. The in vivo approach for gene
delivery by viral vectors can greatly facilitate gene ther-
apy protocols of the future, by enabling transfection
into non-dividing cells. However, before in vivo gene
therapy may safely be employed, some significant prob-
lems must be overcome. Ideally, therapeutic genes
should be exclusively expressed only in the relevant
cell type and be free of any untoward effects on healthy
cells. Several different types of viral vectors have been
employed for gene delivery.

Retroviruses. Retroviruses have two identical single-
stranded RNA genomes packaged into a viral particle,
composed of a viral-encoded envelope env protein
which is embedded in a lipid bilayer derived from the
host plasma membrane. The viral core consists of
virally encoded proteins such as reverse transcriptase
and integrase enzymes that are essential for viral
replication and integration of viral DNA into host
chromosomes. Because the genome of retroviral vectors
is incorporated into the host cell genome, the transgenic
cells retain the new genetic information through
subsequent cell divisions. Thus, the transgene is
relatively stable. Vector titers however are low, require
dividing cells for effective transfection to occur and
thus are unsuitable for non-dividing cells like neurons
or muscle cells.

Adenoviruses. Adenoviral vectors usually do not
incorporate their DNA into the genome of the host cell
and generally remain within the host cell as episomes.
This is of concern since it may limit the longevity of the
expressed transgene. However, unlike retroviruses,
they do not require actively dividing cell lines and
high titers can be generated. Such vectors, therefore,
would theoretically be more suitable for targeting
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non-dividing cells. This is especially true for the
treatment of muscle cells, in particular myoblasts,
since myoblasts have an abundance of 3β,5β-integrin,
which is the main component of the internalization
receptor for adenoviruses (AVs). This could contribute,
among other things, to the relatively high susceptibility
of myoblasts to AV infection and AV-mediated gene
transduction.9

Adeno-associated virus. Adeno-associated viral (AAV)
vectors are non-pathogenic, integrating DNA vectors in
which all viral genes have been removed and helper
virus co-transfection is virtually eliminated. These
vectors tend to persist in infected cells for prolonged
periods of time, with no significant untoward effect on
the host. Like AVs, AAV vectors may also persist in an
episomal state. Although AAV vectors may exhibit a
relative preference for actively dividing cells, they do
not require host-cell proliferation. Thus, AAV is an
excellent vector candidate for gene transfer in both
ex vivo and in vivo gene therapy.

Non-viral vectors
Unlike the risks associated with viral transfection,
non-viral gene delivery techniques appear to be as
safe as conventional pharmaceutical products. Various
non-viral vectors are currently being assessed in a
variety of experimental studies and clinical trials of
gene therapy for a variety of disorders, including cystic
fibrosis, cancer and peripheral vascular disease.10

Lipofection. In contrast to the stable transfection of
cells by some viral vectors, other gene delivery
techniques may induce only a transient gene expres-
sion, a concept known as ‘gene therapeutics’. An
example of this approach is lipofection whereby DNA
plasmids carrying the therapeutic genes are entrapped
in lipid vesicles (liposomes). These liposomes act as
vehicles that deliver the gene to the target cells where
they are only transiently expressed. This is due to the
fact that they do not incorporate into the host
genome.11 This approach is particularly promising in
treatment of diseases that are manifested in the
epithelial lining of various organs, making them
accessible to surface delivery methods. Liposomes can
also be introduced into internal organs via selective
vasculature catheterization. This approach has been
employed for selective delivery of recombinant genes
(e.g., HLA-B7 plasmid DNA) to the lungs via the
pulmonary vasculature in a patient with pulmonary
metastases. The treatments were well tolerated and no
adverse respiratory, cardiac, immunological or other
organ toxicities were detected.12

Receptor-mediated endocytosis. Uptake of the
therapeutic DNA by the specific target cells or tissue
is a prerequisite for successful implementation of
gene therapy. The physiological process of receptor-
mediated endocytosis can be exploited to deliver

genetic material to specific cell types. This approach
uses antibodies or ligands with an affinity to a specific
cell-membrane receptor (e.g., transferrin), and are
known to undergo endocytosis. These are complexed
with the therapeutic gene through a covalently bound
polycationic linker molecule (e.g., poly-lysine). The
complexes in turn bind to the cell surface receptor and
are endocytosed into the cell’s endosomal compartment.
Certain steps must be taken to avoid degradation of the
DNA, and to assist endosomal escape of the DNA into
the cytosol where it is to be expressed.13

Gene targeting
Once introduced into the target cells, the therapeutic
gene may be integrated into the host cell genome or
remain as cytoplasmic episomes. Integration of novel
DNA into the genome carries the potential of durable
gene expression and propagation of the therapeutic
gene into daughter cells. However, non-site-specific
viral vectors integrate randomly into the host genome.
This has the potential risk of disrupting functional
genes and is known as insertional mutagenesis. This
could result in a loss of gene function, defective regu-
lation and gene expression, or an altered gene prod-
uct. To overcome this problem, therapeutic genes may
be designed in a manner that would ensure their inte-
gration into predetermined loci within the genome.
This may be achieved by homologous recombination
where the therapeutic gene is flanked by DNA
sequences homologous to the genomic target locus.
This approach takes advantage of the endogenous
recombinational machinery of the cell which favors
crossing-over between homologous sequences. This
results in insertion of the therapeutic gene (if one
crossover occurs) or replacement of the genomic
sequence with the therapeutic gene (if two crossovers
occur).14 Another potentially effective technique
(though still not widely used for gene therapy) is
that of site-specific recombination. This approach
employs exogenously supplied enzymes that induce
recombinations (recombinases) at highly specific sites
in the target DNA. Based on the number and orienta-
tion of these recombination sites, recombinase activ-
ity results in deletions, inversions or gene insertion.15

Experimental studies and clinical trials

Adenosine deaminase deficiency
Historically, the adenosine deaminase (ADA) gene
was the first to be used in a gene therapy clinical trial
aimed at achieving actual medical cure.16 ADA defi-
ciency is another form of fatal severe combined immun-
odeficiency disease with profound T-lymphocytopenia.
Affected individuals have variable defects of both
T- and B-lymphocyte function and greatly increased
morbidity and mortality caused by frequent viral
and bacterial infection, leading to death in early
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childhood. Classical treatments include administration
of the missing enzyme linked to polyethylene glycol
(PEG–ADA), as well as bone marrow transplantation.
Despite its severity, the disease is genetically simple,
and restoration of a functional ADA gene into the
patient’s lymphocytes should theoretically result in
clinical improvement. In 1990, a clinical trial was
initiated using retroviral-mediated transfer of the ADA
gene into the T-cells of two ADA-deficient children
who did not respond to conventional PEG–ADA admini-
stration.16 Peripheral blood lymphocytes were col-
lected, cultured ex vivo, infected with a retroviral
vector expressing the ADA complementary DNA
(cDNA), and re-infused into the patients. This proce-
dure was repeated monthly for 2 years. Subsequently,
both children have been reported to have ADA-
positive circulating lymphocytes. One patient had
over 50% ADA-positive lymphocytes and a normal
immune state. The other patient had only 0.1–1%
ADA-positive lymphocytes, but a reportedly good
clinical state. Gene treatment ended after 2 years, but
integrated vector and ADA gene expression in T-cells
persisted.17,18 Several other teams have tried similar
approaches for treating ADA deficiency by gene
therapy with varying success.19,20

Cystic fibrosis
Cystic fibrosis is an autosomal recessive disease
caused by a mutation of the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. The
CFTR protein is a chloride-ion transporter, regulating
transmembrane voltage. Reduced or absent cAMP-
mediated chloride transport in epithelial-lined organs
is responsible for the clinical manifestations. The dis-
ease is characterized mainly by accumulation of
mucus in the lung, predisposing it to inflammation.
Other affected organs include the gastrointestinal
tract and the reproductive system. Studies with exper-
imental animals demonstrate that the human CFTR
cDNA could be transferred to the airway epithelium
using an adenoviral vector (Ad-CFTR), with expres-
sion of the human CFTR gene lasting for at least
6 weeks.21 The first human trial of gene therapy for
cystic fibrosis was initiated in 1993. This clinical
trial included four patients with cystic fibrosis who
received the adenoviral vector (Ad-CFTR) by instilla-
tion to their nasal or bronchial epithelium.22 Both the
CFTR protein and mRNA, undetectable prior to treat-
ment, were observed in about 14% of one patient’s
epithelium cells, and mRNA alone in another patient
for 1 week. However, after 10 days, no expression was
found.22 Liposome-mediated treatment has also been
attempted in cystic fibrosis patients. The restoration
rate of CFTR activity was only 20%, peaking 3 days
post-treatment, and reverting to pre-treatment levels
after a week.23 Hepatobiliary disease is the second
most common cause of mortality in patients with cys-
tic fibrosis. In the liver, only the intrahepatic biliary
epithelial cells express the CFTR gene. To assess the

feasibility of treating the hepatobiliary component of
cystic fibrosis, intrahepatic biliary ephithelial cells
were isolated from cystic fibrosis patients, immortal-
ized in vitro, transfected with an Ad-CFTR vector,
and assayed 2–31 days later for CFTR function.
Transfected cells showed CFTR function for 31 days
post-transfection although the number of responsive
cells decreased with time.24 Present gene-delivery
methods do not appear to induce permanent CFTR
gene expression, either in lung or in intrahepatic
biliary epithelial cells. For gene therapy to be effective
in cystic fibrosis, repeated administrations need to
be performed. This would obviously limit the use of
adenoviral vectors because of their potential to induce
an immune response.

Inborn errors of metabolism
Numerous experimental studies have addressed
the feasibility of gene therapy for a wide variety of
metabolic disorders characterized by lack or complete
deficiency of essential enzymes. Most of these studies
are still in the early stages of animal model and in vitro
human cell-culture studies.

Gaucher disease. A common inherited metabolic
disorder, this is an excellent candidate for targeted gene
therapy using hematopoietic stem cells. The feasibi-
lity of introducing the human glucocerebrosidase
gene into hematopoietic progenitors with long-term
expression using a variety of retroviral vectors has been
demonstrated in animal models.25 Subsequently, it was
shown that glucocerebrosidase enzyme expression
can be detected in peripheral blood lymphocytes
more than 12 months post-transplantation, with a
transduction efficiency of up to 95% in hematopoietic
stem cells (CD34 +).26 This provides encouraging data
for the future use of gene therapy for this disease.

Phenylketonuria. Classical phenylketonuria is caused
by a deficiency of hepatic phenylalanine hydroxylase
(PAH), resulting in mental retardation. A recombinant
adenoviral vector containing the human PAH cDNA
was constructed and administered to a phenylketonuria-
animal model: PAH-deficient mice (strain PAHenu2).27

The hyperphenylalaninemic phenotype was completely
normalized within 1 week of treatment; however, the
therapeutic effect did not persist. This study indicates
that only 10–20% of normal enzymatic activity in the
mouse liver is necessary to restore normal serum
phenylalanine levels. These results indicate that
phenylketonuria has the potential to be corrected by
gene therapy once a vector system which allows long-
term expression is developed.

Maple syrup urine disease. Maple syrup urine disease
(MSUD) is an autosomal recessive disease caused by a
deficiency of branched-chain keto acid dehydrogenase,
a mitochondrial multienzyme complex responsible for
the decarboxylation of leucine, isoleucine and valine.
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The complex consists of three subunits (E1, E2 and E3)
and mutations in any subunit result in MSUD. No
satisfactory treatment for MSUD is currently available.28

To assess the feasibility of gene therapy for this disease,
a retroviral vector containing the human E2 cDNA
was used to restore leucine decarboxylation activity
in fibroblasts derived from a MSUD patient with a
mutation in the E2 subunit. Decarboxylation activity
in transduced cells was restored to 93% of the wild-
type level. Correct targeting of the expressed wild-
type E2 protein to mitochondria was demonstrated
by comparing the immunofluorescent pattern of E2
and a mitochondrial marker protein. Stable expression
of enzyme activity has been achieved for at least
7 weeks. These results demonstrate the capacity for
phenotypic correction of a gene defect whose product
is a part of a multienzyme complex.28

Metachromatic leukodystrophy. Metachromatic leuko-
dystrophy is an autosomally recessive disease charac-
terized by deficient activity of arylsulfatase A (ASA).
This results in progressive accumulation of cerebroside
sulfate in oligodendrocytes in the brain causing
dysmyelination. An adenoviral vector with the ASA
gene has been shown to achieve successful transduc-
tion with expression of ASA in primary fibroblasts
from metachromatic leukodystrophy patients. In
addition, the expressed ASA protein was correctly
targeted to lysosomes and its resulting enzymatic
activity was shown to be 2.3–5.0 times the activity of
normal control cells.29

Hematological disorders
These disorders are, at least theoretically, more readily
amenable to gene therapy since circulating blood cells
can easily be reached for both ex vivo and in vivo gene
therapy. Several studies have addressed hematological
disorders as candidates for gene therapy. These include
disorders of hemoglobin synthesis and coagulation
defects. Mutations at the α-globin locus are a common
class of mutations in humans resulting in the various
forms of a-thalassemia. Deletion of all four adult
α-globin genes results in the perinatal lethal condition
manifested by hydrops fetalis. It has been demon-
strated that introduction of a human α-globin transgene
can ameliorate the severity of the disorder in a mouse
thalassemia model, providing hope for gene therapy of
this disorder.30 To be relevant to the human disease,
however, this treatment will have to occur prenatally
with the affected fetus being treated in utero.

Coagulation disorders are also potential candidates
for gene therapy. The need to replace deficient coagu-
lation factors with blood-derived products that
resulted in human immunodeficiency virus (HIV)
infection further underlines the need for safe and
effective treatments. Hemophilia B, a model of such
coagulation disorders, is characterized by an X-linked
deficiency of factor IX. It has previously been sug-
gested that keratinocytes in the skin might provide a

suitable target cell for delivery of factor IX to the
systemic circulation in patients with hemophilia B.
Experiments in transgenic mice demonstrated that
human factor IX can be efficiently synthesized in the
skin by keratinocytes and secreted across the epider-
mal basement membrane to reach the systemic circu-
lation where significant levels can be attained.31

Neuromuscular disorders
Both muscle and the nervous system are affected by a
myriad of genetic disorders that could potentially be
treated by gene therapy. They are characterized by rel-
atively inaccessible, non-dividing, terminally differen-
tiated cells. This underscores the need to find efficient
and safe gene delivery techniques for these cell types
before any success can be achieved. The search for a
gene therapy approach for Duchenne’s muscular dys-
trophy and Parkinson’s disease provides some insight
into the difficulty of this task. Duchenne’s muscular
dystrophy, a lethal X-linked disorder, is caused by
mutations in the dystrophin gene which is an excep-
tionally large gene (2300 kb, 79 exons) mapped to chro-
mosome region Xp21. A lack of dystrophin results in
muscle degeneration leading to progressive weakness
and death by the second decade. Duchenne’s muscular
dystrophy demonstrates the problems associated with
somatic gene therapy due to the enormous size of the
gene and the large number of target cells that need to be
treated. Myoblast transfer therapy and gene therapy
have both been proposed as potential treatments for
this disorder. Myoblast implantation has had some
success in animal models but little, if any, effect on
patients with Duchenne’s muscular dystrophy.32 Gene
therapy based on the introduction of dystrophin gene-
constructs by retroviral or adenoviral vectors has also
been successful in animal models.33 Adenoviral vectors
may be a potentially effective delivery system for
muscle disease, provided immature muscle cells are
abundant in the muscle. This is due to the fact that
myoblasts have an abundance of β3,β5-integrin, which
is the main component of the internalization receptor
for adenoviruses.9 Unfortunately, the level of β3,β5-
integrin is about three times lower in mature myotubes
than in myoblast precursors. Another drawback of ade-
noviruses is that the maximal size of a gene insert is
only about 7.5 kb. This is obviously not sufficient to
accommodate the whole dystrophin gene, but may be
enough to accommodate a dystrophin minigene (6.3 kb)
that may confer partial dystrophin activity.34 Although
the minigene encodes a truncated protein, its expres-
sion has been shown in a mouse model to protect
muscle fibers against the degeneration process that
affects the dystrophin-deficient myofibers.2

Cancer
An area that sees some of the most concentrated effort
towards the implementation of gene therapy is that of
cancer. Insight into the mechanisms of cell develop-
ment and growth regulation within cancer cells has
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provided researchers with multiple pathways and
potential methods for genetic intervention. Different
approaches for employing genes and various gene
delivery methods have been attempted. Although no
ideal ‘cure’ gene has been identified, there are several
potential therapeutic genes that may alter the biological
behavior of malignant cells by decreasing their malig-
nant potential or making them sensitive to chemother-
apy. With regard to in utero gene therapy, there is a
growing number of inherited genes that are responsible
for familial cancer. An example of early expression of
tumor-susceptibility genes is the retinoblastoma gene
that may manifest in the first year of life. Potentially,
such genes may be targeted in utero to prevent their
expression by one of the approaches described above.

Ethical issues
Germ-line gene therapy has a sparked a lively ethical
discussion concerning both the technical feasibility
and the ethical acceptability of human germ-line
modification for the prevention of serious disease. It
may be argued by some that this is a slippery slope
towards the Orwellian concept of ‘human genetic
engineering’, viewing germ-line gene therapy as hav-
ing a potential for misuse in trait enhancement and
‘neo-eugenics’, and feeling that this raises troubling
ethical concerns.35 Conversely, others view this as
merely the concept of fetal gene therapy, taken a step
further.36 Some suggest that there is merit in continu-
ing the discussion about human germ-line interven-
tion, so that this technique can be carefully compared
with alternative strategies for preventing genetic dis-
ease.37 There is definitely a need for development of
guidelines for research and clinical practice for the
coming years in order to address the ethics, safety,
accuracy, cost and overall merit of pre-implantation
genetics.38 This issue is becoming more than a hypo-
thetical one since the advent of pre-implantation
genetic diagnosis.

Fetal stem-cell therapy
In utero stem-cell therapy is an important new
approach to the treatment of genetic disorders in the
fetus. This approach poses several significant advan-
tages over treatment of such conditions in the neona-
tal period:

(1) In early gestation, the fetal immunological sys-
tem is immature, and during a critical ‘window
of opportunity’ does not recognize foreign anti-
gens, thus obviating the need for human leuko-
cyte antigen (HLA)-matched donors:

(2) Institution of therapeutic stem cells at an early
developmental stage may facilitate their incor-
poration into tissue-specific ‘niches’; thus,
immuno-ablative therapy associated with high
morbidity and mortality is not necessary;

(3) Establishment of cellular therapy at an early
stage may theoretically prevent the pathological
processes that cause irreversible damage;

(4) The prenatal exposure to donor antigens
induces tolerance, and their recognition as ‘self’,
allowing postnatal cellular therapy from the
same donor, if needed.39

The conceivable scope of disorders that may poten-
tially be treated by such an approach is tremendous.
Obviously, various hematological disorders may be
treated with hematopoietic stem cell; defects in liver
metabolism and protein production may be treated by
hepatocytes; muscular disorders may be amenable to
myoblast therapy. Table 109.1 provides a partial list of
genetic disorders that may potentially be treated by in
utero stem-cell therapy.

Hematopoietic fetal stem-cell therapy
Bone marrow transplantation, a well-established
therapeutic mode, is based on the observation that
engraftment and proliferation of a small number of
normal hematopoietic stem cells are sufficient to sus-
tain normal hematopoiesis for a lifetime. This mode of
therapy has been used for the reconstitution of bone
marrow in patients with hematological malignancies
(i.e., leukemia) but also in the treatment of genetic

1160 Fetal stem-cell and gene therapy

Table 109.1 Some examples of genetic disorders that
may potentially be treated by in utero stem-cell therapy

Hemoglobinopathies

Sickle cell anemia

Alpha and beta thalassemia major

Hemophilia

Immunodeficiency diseases

Severe combined immunodeficiency syndrome (SCID)

Chronic granulomatous disease

Agammaglobulinemia

Chediak–Higashi syndrome

Wiskott–Aldrich syndrome

Inborn errors of metabolism

Mucopolysaccharidoses

Krabbe’s disease

Adrenal leukodystrophy

Metachromatic leukodystrophy

Niemann–Pick

Gaucher’s disease

Neuromuscular disorders

Duchenne’s muscular dystrophy

Becker’s muscular dystrophy
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hematological conditions (thalassemias). Despite its
widespread success, bone marrow transplantation has
several significant limitations:

(1) Scarcity of HLA-compatible donors;
(2) The adverse effects of HLA-mismatch: graft failure

and graft-vs.-host disease;
(3) The need for myeloablation to achieve successful

engraftment into the bone marrow;
(4) Even with successful engraftment, some of the

disease manifestation may have already caused
some irreversible damage. 

The lack of a suitable donor may mean choosing
between two evils: postponing bone marrow trans-
plantation, sometimes to the point where it may be
too late, or choosing a partially matched donor, leading
to engraftment failure or graft-vs.-host disease. The
need for myeloablation requires strict isolation to
prevent opportunistic infections.

Theoretically, at least, in utero stem-cell therapy
overcomes these limitations: there is no need for a
matched donor, because early in gestation, exogenous
cells manifesting foreign antigens may induce immuno-
logical tolerance. Thus, multiple sources of potential
donors open up. These may include fetal stem cells,
cord-blood stem cells or adult-derived stem cells. With
the latter, a designated donor such as an unaffected sib-
ling or parent may be used. This allows postnatal bone
marrow transplantation after tolerance to their antigens
has been established, obviating the need for an HLA-
matched donor. With the maturation of the T-cells, a
process of negative selection takes place in the thymus.
This results in deletion of T-cell clones that manifest
affinity to self-antigens, and preservation of multiple
T-cell clones that exhibit affinity to non-self-antigens.
Introduction of foreign antigens prior to the period
during which this critical process takes place will
result in deletion of T-cell clones that display affinity to
these foreign antigens. Eventually, the immune system
will treat these antigens as ‘self’. The critical ‘window
of opportunity’ may be as early as 12–14 weeks of
gestation.40 In immunodeficiency states, however, this
window of opportunity may extend even further partic-
ularly when T-cell function is abnormal.

Since the immature fetal immune system cannot
mount an immune response against foreign antigens,
there is a reduced likelihood of rejection. However,
graft-vs.-host disease remains a significant problem
that requires depleting the donor bone marrow of
T-cells. There are likely more available ‘niches’ in the
bone marrow during the fetal period; thus, myeloab-
lation is not necessary for ensuring engraftment. This
also prevents the need for isolation and, in any case,
the uterine environment is an ideal sterile environ-
ment. With the current invasive diagnostic techniques
such as amniocentesis and chorionic villus sampling,
and the ever-expanding list of disease genes being
discovered through the concerted efforts of the

Human Genome Project, it is conceivable that many
hematologic disorders may prove to be amenable to
fetal hematopoietic stem-cell (HSC) therapy. This is
further facilitated by recent technical advances in
invasive fetal intervention. It is now realistic to per-
form chorionic villus sampling at 10 weeks’ gestation,
perform the necessary DNA analysis for diagnosis,
and administer fetal HSC therapy at 12–14 weeks.
This would allow engraftment and establishment of
an adequate reconstitution of normal hematopoiesis
during the period leading to delivery. This would also
avoid such complications as recurrent infections, the
need for multiple transfusions, and growth restriction
that often accompany such disorders. 

Source of donor cells

Fetal HSCs. Theoretically at least, fetal-derived HSCs
may be the best source since they contain a small
number of mature T-cells prior to 14 weeks’ gestation.
This fact eliminates the severe outcome of graft-vs.-
host disease, and avoids the need for T-cell depletion,
which is both cumbersome and may also adversely
influence engraftment success. Other benefits of using
fetal-derived HSCs may be attributed to ontologic dif-
ferences in the capacity for both proliferation and dif-
ferentiation of fetal vs. adult HSCs.39 Animal studies
have shown that adult-derived HSCs have a limited
capacity for self-renewal compared to fetal liver-
derived cells41 and that umbilical cord blood-derived
HSCs have increased replating potential compared to
those derived from adult bone marrow. Furthermore,
the proportion of responding cells decreases with age,
when comparing HSCs purified from adult bone
marrow, from umbilical cord blood and from fetal
liver.42 Fetal-derived cells appear to have a wider spec-
trum of lineages that they can express, when compared
with adult-derived HSCs.43 Finally, fetal cells may have
better bone marrow homing ability that would improve
engraftment success.

Unfortunately, the use of fetal HSCs poses great
ethical and technical difficulties. Ethically, the use of
normal fetuses through elective terminations of preg-
nancy as a potential source is likely to meet with wide-
spread opposition. Even if the ethical obstacles were
overcome, there is a serious concern regarding the
sterility of fetal HSCs obtained through standard termi-
nations of pregnancy.44 Obviously, the contamination
of transplanted HSCs with bacterial, viral or fungal
pathogens may have grave consequences for the recip-
ient fetus and/or the mother. Thus, alternative methods
for obtaining contamination-free fetal HSCs need to be
devised. Another technical problem has to do with the
fact that the fetal liver, the rich source of HSCs, can
only provide a limited supply of cells. Moreover, once
this supply has been exhausted, it is not renewable.
This undermines one of the alleged benefits of fetal
HSC therapy, namely, the induction of tolerance to the
donor cells.
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Cord blood HSCs. The use of cord blood as a source
for HSCs would certainly pose less of an ethical
problem. Cord blood is relatively rich in circulating
HSCs and cryopreservation of cord blood for
autologous transfusion in the event of developing a
hematopoietic malignancy is becoming widespread.
Cord blood may be collected in a relatively sterile
fashion, thus eliminating some of the concerns
regarding possible transmission of infection. However,
cord blood has a finite quantity of HSCs and it is not
replenishable. Furthermore, unless the cord-blood
donor is a known relative, who may become a postnatal
bone marrow transplantation donor, there is no
benefit gained by induction of tolerance.

Adult HSCs. Currently, adult-derived HSCs appear to
be the most practical source for in utero fetal HSC ther-
apy. This source would be ethically acceptable, infec-
tion-free, and most importantly, provide a readily
renewable reservoir of donor cells. Thus, the induction
of ‘pre-immune’ tolerance to donor antigens would
allow the repeated administration of postnatal bone
marrow transplantation from the same donor to whom
tolerance has been obtained, such as a family member.
There are, however, some significant limitations to the
use of adult-derived HSCs. The presence of mature
T-cells in adult bone marrow is responsible for graft-vs.-
host disease. Unfortunately, complete depletion of
T-cells often results in engraftment failure. Nonetheless,
it is becoming technically possible to enrich adult
bone marrow with hematogenic progenitors while
reducing T-cell content to a level that would be tolerable
with respect to graft-vs.-host disease, and still obtain
engraftment.45 Another concern stems from the use of a
family member as a potential source of donor cells. In
autosomal recessive disorders, the family member (par-
ent or sibling) may be a heterozygous carrier, and the
HSCs may not have the full therapeutic potential.

Future developments will most likely focus on the
improvement of techniques for enrichment of adult
bone marrow, and the discovery of ways in which
HSCs can be propagated indefinitely in culture.

Diseases potentially amenable to fetal HSC therapy
The prerequisites for institution of fetal HSC therapy
are:

(1) Understanding of the disease pathophysiology;
(2) The ability to perform first-trimester prenatal

diagnosis;
(3) Incomplete amelioration by postnatal bone mar-

row transplantation.

The list of hematopoietic disorders potentially amenable
to fetal HSC therapy can be divided into three general
categories: hemoglobinopathies, immunodeficiency
disorders and inborn errors of metabolism.

Hemoglobinopathies
The most common hemoglobinopathies are sickle cell
disease and thalassemia syndromes (alpha and beta).
These disorders may theoretically be diagnosed by
DNA analysis in the first trimester, given previous
knowledge of the specific gene mutations in the car-
rier parents. They can be ameliorated by postnatal
bone marrow transplantation; however, some of the
severe manifestations of the disorders may have
already occurred by the time of delivery. Moreover, as
time goes by in search of a suitable donor, additional
organ damage may have occurred. Bone marrow trans-
plantation also carries a risk of severe morbidity and
mortality, and has yet to become standard treatment
in these disorders. In thalassemias, the disease pathol-
ogy is due to a lack of alpha or beta hemoglobin
chains, and the ensuing anemia and extramedullary
hematopoiesis. In sickle cell disease, the anemia is
compounded by the tendency for sickling at low oxy-
gen tension, leading to vaso-occlusive episodes. The
addition of red blood cells with normal hemoglobin
reduces the viscosity of the blood in a dose-dependent
fashion. For successful HSC therapy of sickle cell dis-
ease, a sufficient amount of HSCs have to be trans-
ferred in order to overcome the anemia, but also to
significantly alter the ratio of abnormal/normal red
blood cells in order to reduce the risk of sickling.
Maintaining a high proportion of red blood cells orig-
inating from transplanted HSCs may be possible in
both disorders due to the longer half-life in the circu-
lation of normal cells compared to abnormal ones.

Immunodeficiency diseases
These include a wide range of disorders with variable
modes of inheritance and different molecular causes.
Most of these disorders appear to be good candidates
for in utero HSC therapy. However, those diseases in
which a survival benefit exists for normal cells are
likely to have the greatest likelihood of success. An
example of such a disease is the severe combined
immunodeficiency syndrome. More than 50% of
these cases are caused by an X-linked recessive muta-
tion of the gene encoding a common component, the
cytokine receptor super-family.46 Affected individuals
suffer repeated infections due to T-cell dysfunction
and diminished B-cell response. Bone marrow trans-
plantation therapy for severe combined immunodefi-
ciency disease with HLA-matched donors has been
successful without myeloablation. This suggests that
the normal HSCs have a survival advantage over the
abnormal ones.47 Even if no competitive advantage is
expected for the donor HSCs, the partial reconstitu-
tion of a normal cell-line may be sufficient to amelio-
rate some of the clinical manifestations, and at least
result in donor-specific tolerance. As predicted,
immunodeficiency disorders were the first to be
treated successfully with in utero HSC therapy, as will
be outlined in the section about ‘Clinical experience’.
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Inborn errors of metabolism
The last group of disorders that may be treated by
in utero HSCs are inborn errors of metabolism, that are
caused by a specific defect of a lysosomal enzyme. This
results in the inability to hydrolyze specific substrates,
like glycogen, mucopolysaccharides or sphingolipids,
which in turn accumulate and cause disease-specific
tissue and organ damage. At least in some of these dis-
orders, prenatal administration of HSCs may provide a
source for normal mononuclear cells that may differen-
tiate into tissue-specific phagocytes (Kupffer cells in
the liver, macrophages in lymphatic organs, and
microglia in the brain). The phagocytotic cells can
theoretically dispose of the accumulating substances,
thereby ameliorating some of the severe disease
manifestations. The importance of initiating prenatal
therapy is underlined in many of these disorders since
severe and irreversible organ damage (especially in the
central nervous system) may have already occurred at
the time of birth in many of these disorders. In addition
to early onset of central nervous system damage in
some disorders such as metachromatic leukodystrophy,
postnatal maturation of the blood–brain barrier may
prevent the access of therapeutic HSCs into the central
nervous system postnatally. It is still unclear, however,
whether it is feasible to treat severe central nervous
system-damaging disorders by supplying in utero HSCs
for replacement of glial cells. More research using
adequate animal models is required.

Animal models of fetal hematopoietic
stem-cell therapy
The first evidence for in utero induction of immuno-
logical tolerance comes from well-known observations
in cattle. Dizygotic cattle twins may share interpla-
cental circulation, resulting in a state of hematopoi-
etic chimerism. This leads to permanent tolerance for
skin and organ transplantation between such siblings.
Flake and coworkers demonstrated that pre-immune
transplantation of allogenic fetal liver-derived
hematopoietic cells results in long-term, multilineage
hematopoietic chimerism in a sheep model.48 They
reported that the success of such treatments declined
with increasing gestational age, supporting the con-
cept of a ‘window of opportunity’ limited by immuno-
logical development for successful application of
in utero HSC transplantation. Zanjani and colleagues
also demonstrated that tolerance may be induced
to xenogeneic transplantation. This was achieved by
in utero transfer of human HSC into fetal sheep.49

Multilineage engraftment was achieved and main-
tained for several years. Moreover, they were able
to obtain multilineage repopulation after retrans-
plantation into a second-generation recipient.50 This
was achieved by isolation of human HSC from a
human–sheep hematopoietic chimera model, and
performing in utero HSC transfer. However, only

two of the six recipients demonstrated human HSC
engraftment at birth. Nonetheless, this was taken as
evidence for the engraftment of ‘immortal’ HSCs, con-
firming the potential of in utero HSC transplantation
for lifelong reconstitution of fetuses with hematopoi-
etic disease.

Clinical experience
There have been only a handful of reported clinical
studies of in utero HSC therapy. Most cases, however,
were unsuccessful either due to suboptimal timing,
dose or source of donor cells, or due to graft-vs.-host
disease.51 Nonetheless, a few reports in the last few
years have fuelled high expectations of this mode of
therapy. The first successful experience has been
reported by Touraine.52 He reported successful treat-
ment of a child with bare lymphocyte syndrome and
a child with severe combined immunodeficiency
disease using fetal liver-derived HSCs transfused into
the umbilical cord. The child with bare lymphocyte
syndrome had 10% donor lymphocytes at birth and as
many as 26% at 1 year of age. More importantly, this
child was free of infection. The child with severe
combined immunodeficiency disease had received
postnatal cell transplants, making the interpretation
of the results of the prenatal treatment more difficult.

Flake and colleagues reported a successful in utero
HSC treatment of a child diagnosed in utero with
X-linked severe combined immunodeficiency disease.
The source of the HSCs was the unaffected father’s
bone marrow. The donor bone marrow was enriched
for CD34 + cells, and depleted of CD3 + cells. The fetus
received three transplants at 16, 17.5 and 18.5 weeks’
gestation, by ultrasound-guided intraperitoneal injec-
tion. Postnatal documentation of engraftment by
several methods confirmed high levels of donor cell
engraftment, with 100% of T lymphocytes of donor
origin. Serial analyses confirmed persistence of the
engraftment with progressive improvement in lym-
phocyte counts and humoral response, with evidence
of specific response to vaccinations.53

Myoblast therapy
Another potential use of stem-cell therapy exists for
muscular disorders with the transfer of myoblasts,
which are the stem-cell precursors of muscle fibers.
Duchenne’s muscular dystrophy is a paradigm for such
disorders. Theoretically, donor myoblasts injected into
muscles of affected patients may fuse with host muscle
fibers, thus contributing their nuclei, which are poten-
tially capable of replacing the deficient dystrophin.
There have been several attempts at postnatal myoblast
transfer therapy for Duchenne’s muscular dystrophy.
Morandi and coworkers performed myoblast trans-
plantation in three Duchenne’s muscular dystrophy
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patients from HLA-matched donors. However, 3 months
later, biopsies from the injected muscles failed to
demonstrate dystrophin expression by immunocyto-
chemistry and reverse transcriptase-polymerase chain
reaction (RT-PCR).54 Mendell and associates injected
donor myoblasts once a month for 6 months into the
biceps brachii muscles in 12 boys with Duchenne’s
muscular dystrophy. Six months after the final
myoblast transfer, the presence of dystrophin was
assessed with the use of specific antibodies. No signifi-
cant improvement in muscle strength was noted
although in one patient, 10% of muscle fibers expressed
donor-derived dystrophin, three other patients had less
than 1% donor dystrophin, and the remaining eight
patients had none.55 Miller and co-workers evaluated
myoblast implantation in ten boys (aged 5–10 years)
with Duchenne’s muscular dystrophy. Using RT-PCR,
evidence of myoblast survival and dystrophin mRNA

expression was obtained in three patients after 1 month
and in one patient after 6 months.56 The lack of success
in treatment of Duchenne’s muscular dystrophy by
postnatal myoblast therapy underscores the value of
in utero myoblast cell therapy.

Conclusions
Genetic approaches, once thought to be improbable
and futuristic, are now reaching reality. Stem-cell
therapies are more likely to be clinically applied in
the next few years but direct injection of genes will
probably have a place within the next decade. It will
be incumbent upon the proponents of these therapies
to ensure that the ethical arguments are well devel-
oped and espoused so that public opinion will wel-
come such developments.
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110 Treatment of fetal arrhythmias
S. Maheshwari, J. A. Copel and C. S. Kleinman

Introduction
Technical advances have made it possible to diagnose
both structural and functional heart disease prenatally.
The developing fetus normally adapts to abnormal
flow patterns, and is, therefore, rarely compromised
by structural heart disease. In such cases, the major
dilemma is whether to continue the pregnancy or not.
However, in the case of fetal cardiac rhythm distur-
bances there are diagnostic, therapeutic and ethical
dilemmas due to the potential for in utero therapy.

From the diagnostic point of view, in the absence of
reliable transabdominal fetal electrocardiography,
echocardiography and Doppler ultrasound are used to
analyze cardiac rhythm by relating mechanical events
to preceding electrical events. However, without an
electrocardiogram some diagnoses are almost impossi-
ble to make (e.g. Wolff–Parkinson–White syndrome).

In terms of therapy, the pharmacological treatment of
in utero arrhythmias involves the administration of
potent cardiac medications to the mother. The treat-
ment of this ‘patient within a patient’ therefore involves
moral, ethical and even legal considerations. How much
maternal risk is appropriate for a given fetal therapy?
Can a mother provide informed consent that is free of
subconscious coercion to provide potentially lifesaving
treatment for her unborn child? Who should represent
the unconsenting fetus in these deliberations?

The appropriate management of an arrhythmia
requires an understanding of the precise nature, elec-
trophysiologic mechanism and natural history of the
arrhythmia, the pharmacology, pharmacokinetics and
possible toxicity of the antiarrhythmic agents used in
the maternal–fetal unit, and a detailed risk–benefit
analysis.1,2

Although not all fetuses with sustained arrhyth-
mias develop hydrops fetalis, the potential for this
life-threatening complication is present for any fetus
with such arrhythmias. Diastolic filling of the fetal
ventricle is very dependent on atrial systole, probably
due to limited compliance of the fetal myocardium
compared to the ventricular myocardium of older
children and adults.3 This intrinsic ‘stiffness’ of fetal
myocardium makes the fetal heart more prone to the
deleterious effects of tachycardias, which foreshorten

the diastolic filling period. The fetal heart, therefore,
behaves as a heart with a limited reserve.4 These
properties of the myocardium and the unique fetal cir-
culatory system, with the two ventricular cavities
connected in parallel with one another, explains why
hemodynamic compromise leads to elevated right
atrial pressure, systemic venous hypertension and,
ultimately, to systemic edema and hydrops fetalis.

The management of a fetus with a sustained arrhyth-
mia begins with a risk–benefit analysis that considers
whether the fetus has reached pulmonary maturity, and
whether there is evidence of hydrops fetalis. If the fetus
is mature, the best treatment option may be delivery
and postnatal antiarrhythmic treatment, if necessary. If
delivery is inadvisable due to prematurity, the presence
or absence of hydrops dictates the urgency of treatment.
As the mortality rate for severely hydropic infants is
high (irrespective of the cause of the hydrops), vigorous
attempts at in utero therapy are warranted.

In the fetus with sustained tachycardia but without
evidence of hydrops, the therapeutic dilemma
increases. In this setting, the decision regarding pro-
vision of therapy must depend on several considera-
tions, including (1) the potential risk of developing
hydrops fetalis, although determining the likelihood
of this developing in a given patient may be difficult,
or at times impossible; (2) the potential risks of antiar-
rhythmic therapy to mother and fetus and (3) individ-
ual considerations, including the wishes of the
parents after an extensive discussion of benefits and
risks. Such decisions must respect maternal auton-
omy and may be influenced by the gestational age of
the fetus, and whether fetal viability imparts a limita-
tion on maternal autonomy.

Fetal rhythm analysis
and interpretation
When auscultation of the fetal heart reveals an abnor-
mally rapid (>160 bpm), slow (<100 bpm) or irregu-
lar rate, the clinician is confronted with the task of
accurately diagnosing the nature of the arrhythmia.
The use of real-time-directed M-mode echocardiogra-
phy has made this possible.5,6 Fetal cardiac anatomy
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is first reviewed using two-dimensional imaging. The
two-dimensional image is then used to orient the
position of the M-mode sampling line. M-mode
echocardiographic recordings of cardiac motion
against time are made to time mechanical events in
the cardiac cycle (Figure 110.1). The assumption is
that mechanical events reflect preceding electrical
stimulation of the atrium and ventricle. Alternatively,
the sample volume of a pulsed Doppler scanner may
be placed within the ventricles to provide further
information concerning the timing of mechanical
events and their influence on ventricular diastolic
filling and systolic ejection.7–10

For rhythm analysis, atrial and ventricular wall
motion may be visualized. Depending on the position
of the fetal heart in relation to the ultrasound beam,
the M-mode cursor can be directed through a plane

that lies perpendicular, parallel or tangential to the
interventricular septum (Figures 110.2–110.5).

Fetal antiarrhythmic agents
In this section, we will review the pharmacology and
pharmacokinetics of the various medications used to
treat in utero fetal arrhythmias via either maternal or
direct fetal administration. We shall not discuss drug
doses in detail because most doses are determined
empirically, beginning with standard adult doses, rec-
ognizing that the metabolism of many drugs is altered
in pregnancy by the changes in maternal blood
volume and renal and hepatic metabolism. Doses can
then be titrated upward, while closely monitoring the
mother and fetus for toxic effects, or until a response
is seen. We hospitalize all mothers for introduction of
medications so that they can be monitored closely for
any untoward effects. They are maintained on contin-
uous telemetry until stable dosing is achieved. Each
drug can be used for several different indications and

Figure 110.1 Normal M-mode recording. The M-mode cursor
sweeps across the ventricle and the atrium. The ventricular wall
contraction occurs at the same rate as the atrial wall motion,
suggesting a normal 1:1 conduction. RV, right ventricle; RA,
right atrium; V, ventricular wall; A, atrial wall.

Figure 110.2 The M-mode cursor passing through both atria.
Atrial systole is marked by the inward motion of the right and
the left atrial walls and motion of the atrial septum primum
within the left atrial cavity. LA, left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle.

Figure 110.3 The M-mode cursor passing through the leaflets
of the AV valves. The leaflets demonstrate an M-shaped motion
during ventricular diastole, representing normal biphasic
diastolic filling of the ventricles. Initial filling (E wave) is
representative of passive early-diastolic filling, whereas atrial
systole (active atrial contraction) is represented by the A wave.
The onset of ventricular systole begins with inward motion of
the ventricular wall. The atrial rate is the A–A interval and the
ventricular rate is calculated from the V–V interval. LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Figure 110.4 Atrial and ventricular systole is manifested by
contraction of the atrial and ventricular walls, respectively. LA,
left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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this will be further considered in the section on spe-
cific fetal arrhythmias.

The antiarrhythmic agents have traditionally been
classified into four groups. Class I agents act chiefly
by inhibiting the fast sodium channels: class IA agents
include quinidine, procainamide and disopyramide;
class IB agents include lidocaine and mexiletine
and class IC agents include flecainide and propafenone.
Class II agents act by β-blockade (e.g. propranolol).
Class III agents act by a combination of electrophysio-
logic mechanisms and include amiodarone and sotalol.
Class IV agents are the calcium-channel blockers, such
as verapamil.

Digoxin
Although digoxin is not included in the preceding
classification of antiarrhythmic agents, it is the main-
stay of fetal therapy. It remains the drug of first choice
in the treatment of in utero supraventricular tachy-
cardia (SVT).

Mechanism of action
Digoxin inhibits the Na/K–ATPase pump. This leads
to an increase in intracellular sodium, which in turn
promotes calcium influx by the sodium–calcium
exchange mechanism. The increased cytosolic cal-
cium ion concentration leads to enhanced myocardial
contractility. This effect may be useful in treating the
congestive heart failure (CHF) presumed to occur
secondary to the tachyarrhythmia.

Digoxin also causes parasympathetic activation,
resulting in sinus slowing and atrioventricular (AV)
nodal inhibition. This leads to a slowing in AV node
conduction and a prolongation of the AV refractory
period. This may serve to protect the ventricle against
a rapid ventricular rate in the face of a SVT. It also has
a potential role in breaking reentrant SVT involving the
AV node as a part of the reentry circuit. Sympathetic
inhibition via inhibition of sympathetic nerve discharge

may play an additional important role in the effects
of digoxin in CHF.

Pharmacokinetics
Most studies demonstrate that maternal and fetal
serum levels of digoxin are similar, although the ratio
of fetal to maternal levels may vary from 0.6 to 1.0. The
major excretion of digoxin is via the kidneys, so mater-
nal doses have to be decreased in the presence of renal
failure. On the other hand, the increased glomerular fil-
tration rate seen in normal pregnancies results in larger
doses usually being required in pregnant women.

Clinical experience suggests that transplacental
passage of this agent is impaired in the presence of
hydrops fetalis,11 but many patients do respond, with
termination of the tachycardia and subsequent resolu-
tion of the hydrops. Direct administration of digoxin
to the fetus by periodic intramuscular injections has
been used when indirect therapy via the mother has
failed to control the arrhythmia.12,13

A digoxin-like immunoreactive substance (DLIS)
may be present in the serum of pregnant women and
newborn infants who have not been treated with
digoxin. This DLIS appears to be biologically inactive
and does not increase the toxicity of digoxin, but its
presence makes the maternal, fetal and neonatal
digoxin concentrations measured by radioimmuno-
assay difficult to interpret.14 During the administra-
tion of digoxin we therefore monitor the mother and
fetus carefully for clinical evidence of digoxin toxic-
ity, while striving to attain maternal digoxin levels
toward the upper end of the therapeutic range
(1.5–2 ng/ml). To attain these levels, we have used
intravenous digoxin loading (total loading dose of
1 mg) followed by rather large oral maintenance doses
(0.50–0.75 mg/day), which can be titrated upward or
downward depending on response and toxicity.

Drug interactions
Quinidine, flecainide, verapamil and amiodarone
may increase serum digoxin levels by decreasing the
renal and non-renal clearance of digoxin. The dose of
digoxin therefore needs to be adjusted when any of
these medications are used concurrently. Procainamide
and sotalol have no pharmacokinetic interactions
with digoxin.

Features of digoxin toxicity
Features of toxicity include gastrointestinal problems
(anorexia, nausea, vomiting and diarrhea), neurologic
problems (malaise, fatigue, confusion, facial pain,
insomnia, depression, vertigo and disturbed yellow–
green color vision), and cardiac symptoms. These are
largely explained by increased vagal tone and include
AV block and sinus bradycardia. Digoxin also increases
the automaticity of junctional and His–Purkinje
tissue. Accelerated atrial, junctional or ventricular
arrhythmias may therefore result, and when combined
with AV nodal block are highly suggestive of digoxin
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Figure 110.5 Aortic valve motion can be recorded. Ventricular
systole is marked by opening of the aortic valve leaflets and/or
ventricular wall contraction, whereas atrial activity is
represented by atrial wall contraction. LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle.
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toxicity. Any ‘new’ arrhythmia appearing in a patient
receiving digoxin should raise the suspicion of digoxin
toxicity.

Quinidine
Quinidine is the prototype of class IA agents. It has a
wide spectrum of activity against reentrant as well as
ectopic atrial and ventricular tachyarrhythmias.

Mechanism of action
Quinidine, like all class I agents, blocks fast inward
currents of sodium ions. It slows conduction and
increases refractoriness in the retrograde limb of AV
nodal tachycardias and over accessory pathways. It
also has a vagolytic effect and inhibits muscarinic
receptors. This can lead to sinus tachycardia or an
increased ventricular rate in atrial flutter–fibrillation.

Pharmacokinetics
Quinidine is primarily metabolized by hydroxylation in
the liver. Hepatic failure, therefore leads to higher blood
levels. The transplacental passage of quinidine is vari-
able. Traditionally, before quinidine is administered, a
test dose of 0.2 g is given to check for drug-induced idio-
syncratic reactions, including cardiovascular collapse.

Side effects
Quinidine may prolong the QT interval, which can
lead to serious arrhythmias including ventricular
tachycardia and torsades de pointes. This proarrhyth-
mic effect of quinidine and of other agents in this
class (e.g. procainamide and flecainide) must be dis-
cussed with parents when informed consent is sought
for inclusion of this agent in the treatment regimen.

Quinidine excess is best prevented by serial meas-
urements of QRS duration and QT interval on the
electrocardiogram. If the maternal QRS duration
widens by 50%, or if the total QRS duration exceeds
140 ms, or if QT or QTU prolongation occurs beyond
500 ms, the quinidine dose should either be reduced
or its inclusion in therapy reassessed. Unfortunately,
these parameters cannot be monitored in the fetus.

Non-cardiac side effects include diarrhea, nausea,
headaches, dizziness, angioedema and tinnitus. Hyper-
sensitivity reactions including fever, skin rash, agranulo-
cytosis, thrombocytopenia, hepatitis, hemolytic anemia
and lupus erythematosus have occurred. Neonatal
thrombocytopenia has been reported with maternal use,
and in view of anecdotal reports of retinal damage and
intrauterine death with the use of maternal quinidine,
we currently use quinidine very rarely.

Drug interactions
Concomitant use of quinidine and digoxin may lead to
a twofold or a greater increase in serum digoxin levels.
If quinidine is used along with other agents, such as
amiodarone or sotalol, there is a much greater propen-
sity for QT prolongation. Such combinations should,
therefore, be avoided. Other agents that interact to

prolong the QT interval include the macrolide anti-
biotics (e.g. erythromycin), the antihistamine terfena-
dine, certain antifungals (e.g. ketoconazole) and other
type I antiarrhythmics.

Procainamide
This is another class IA agent, which is generally effec-
tive against a wide variety of supraventricular and ven-
tricular arrhythmias, including ventricular tachycardia.
Procainamide does not prolong the QT interval to the
same extent as quinidine, and therefore has a relatively
lower associated incidence of torsades de pointes.

Pharmacokinetics
There is rapid renal elimination (half-life 3.5 h with
normal renal function). Unlike quinidine, there is no
pharmacokinetic interaction with digoxin.

Side effects
Hypotension is a common side effect with intravenous
administration of procainamide. In atrial fibrillation,
the ventricular rate may increase as the atrial rate slows
down, allowing more frequent AV nodal conduction,
so that concomitant digitalization is advisable. Pro-
arrhythmic effects, including torsades de pointes, can
occur and may be dose-related, although the incidence
is less than with quinidine.

Other side effects include fever and rash (early), and
arthralgia, lupus and agranulocytosis (late toxicity).

Although procainamide is included here under
medications used for in utero therapy, there have only
been scattered reports of its use, with varying degrees of
success. There have been reports of successful transpla-
cental cardioversion of fetal SVT with procainamide,15

while others have reported that procainamide is not
effective in the treatment of fetal arrhythmias.12

Flecainide
Although flecainide continues to be used for life-
threatening arrhythmias, it acquired a bad reputation
because of its proarrhythmic effects in the Cardiac
Arrhythmia Suppression Trial (CAST) study16,17 of
postmyocardial infarction patients.

Mechanism of action
Flecainide inhibits the fast sodium channel, and
therefore depresses the upstroke of the cardiac action
potential. It also has a marked inhibitory effect on
His–Purkinje conduction with QRS widening.

Side effects
Cardiac side effects include aggravation of ventricular
arrhythmias and the threat of sudden death (as
shown in the CAST study). The proarrhythmic effect
of flecainide has created controversy regarding its
appropriate use.

When flecainide is used for the treatment of atrial
flutter or fibrillation, it can cause a decrease in atrial
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rate with accelerated AV conduction and ventricular
arrhythmias. It should, therefore, be coadministered
with digoxin, β-blockers or verapamil to avoid accel-
erated AV conduction.

Extracardiac side effects are related to the central
nervous system (blurred vision, dizziness, headache,
nausea, paresthesias, fatigue, tremor and nervousness).

Usage
This potent antiarrhythmic has been used in the treat-
ment of life-threatening arrhythmias of both supraven-
tricular (including Wolff–Parkinson–White syndrome,
atrial flutter, atrial fibrillation) and ventricular origin in
patients without structural heart disease.

The largest study on the use of maternal flecainide
for fetal therapy was by Allan et al.,18 who treated
14 patients with flecainide, of whom 12 responded
with termination of the arrhythmia. There was one
intrauterine death. The main advantage of flecainide
was that the mean time to conversion was about 48 h,
and quick control of the rhythm allowed resolution of
the hydrops.

Although flecainide is effective in the treatment of
fetal arrhythmias,19 its proarrhythmic effect makes it
unsuitable for routine use. Its use should be confined
to high-risk patients with life-threatening arrhyth-
mias, which are refractory to treatment with other
agents. It should be emphasized that while certain
fetal arrhythmias may be potentially life-threatening
to the fetus they are not life-threatening to the mother.
Therefore, exposing her to potentially toxic medica-
tion may not be justifiable.

Propranolol
β-Blocking agents, such as propranolol, have been uti-
lized for the treatment of fetal SVTs. Propranolol is a
non-selective β-adrenergic blocker, which slows
down AV nodal conduction. It also inhibits atrial
ectopic activity and, therefore is useful in the prophy-
laxis of macro-reentrant SVT by inhibiting the initiat-
ing atrial ectopic beats.

Pharmacokinetics
The half-life of propranolol ranges from 1 to 6 h. It is
metabolized primarily in the liver. Propranolol read-
ily crosses the placenta, although the degree of trans-
fer is variable. As propranolol has a broad therapeutic
index, the maternal dose can generally be increased
without untoward maternal effects in efforts to attain
therapeutic fetal levels. The starting dose is 60 mg
orally every 6 h, with rapid titration to 180–240 mg
orally every 6 h.

Side effects
A number of fetal/neonatal adverse effects have been
reported following the use of propranolol in preg-
nancy. These include intrauterine growth retardation
(IUGR) (although a confounding factor is that most

pregnant women who are prescribed propranolol are
hypertensive and this is a risk factor for IUGR), hypo-
glycemia, bradycardia, respiratory depression at birth
(these are the most common side effects), hyper-
bilirubinemia, hyperirritability, hypocalcemia with
convulsions, thrombocytopenia and polycythemia. If
propranolol is used for in utero therapy, the newborn
should be observed for 24–48 h after delivery for any
evidence of bradycardia, hypoglycemia or other
symptoms of β-blockade.

Amiodarone
Amiodarone is a unique wide-spectrum antiarrhyth-
mic agent manifesting chiefly class III activity but also
with powerful class I activity and ancillary class II
and class IV activity.

Mechanism of action
Amiodarone lengthens the effective refractory period
by prolonging the action potential duration in all car-
diac tissues, including any bypass tract that may be
present. It also has powerful class I (sodium channel
inhibition), class II (β-blockade) and class IV (calcium
antagonism) effects. Its class IV effects might explain
the bradycardia and AV nodal inhibition associated
with its use, and the relatively low incidence of tor-
sades de pointes that is seen.

Pharmacokinetics
Amiodarone undergoes variable and slow gastroin-
testinal absorption. The main problem associated
with its use for in utero therapy is its long half-life of
25–110 days, and the serious toxic effects that can
occur. Amiodarone is excreted by the skin, the biliary
tract and the lacrimal glands.

Side effects
In higher doses, there is an unusual spectrum of toxi-
city, the most serious being pneumonitis, potentially
leading to fatal pulmonary fibrosis.

Amiodarone may inhibit the sinoatrial or AV node,
but is generally regarded as a safe drug from the
hemodynamic point of view. Although torsades de
pointes is relatively rare, it can occur.

Central nervous system problems include proximal
muscle weakness, peripheral neuropathy and neural
symptoms (headaches, ataxia, tremors, impaired
memory, insomnia, dreams).

Amiodarone has a complex effect on the metabo-
lism of thyroid hormones. It contains iodine and
shares a structural similarity to thyroxine. It can,
therefore, inhibit the peripheral conversion of T4 to
T3 with a rise in the serum level of T4 and a fall in the
level of T3. In about 3–5% of patients hypo- or hyper-
thyroidism may develop.

Drug interactions
The most serious interaction is an additive proar-
rhythmic effect with other drugs prolonging the QT
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interval, such as class I antiarrhythmic agents and
class III agents, including sotalol. Amiodarone may
increase quinidine and procainamide levels, and
these combinations are therefore not advised.

Although amiodarone is a powerful antiarrhythmic
agent and has been used with increasing frequency in
children and adults, its appropriateness for in utero
fetal therapy remains to be clarified. There have been
several case reports documenting the successful use
of amiodarone for fetal arrhythmias,20,21 although
hypothyroidism in the newborn has been reported
and is of serious concern.22

Apart from maternal administration of amiodarone,
there are reports in the literature of amiodarone injec-
tions into the umbilical vein, after maternal therapy
with multiple antiarrhythmics, including amio-
darone, failed to resolve the fetal arrhythmia.21 As
serious adverse effects attributable to amiodarone
have been observed in the newborn, we continue to be
cautious about advocating the use of amiodarone for
fetal arrhythmias because of the limited data avail-
able. If it is used for refractory or life-threatening
arrhythmias, it is mandatory to check thyroid func-
tion tests in the newborn period and to monitor the
mother closely for any possible side effects.

Verapamil

Mechanism of action
Verapamil inhibits the action potential of the AV node,
where depolarization is calcium-mediated. It thus
inhibits one limb of the reentry circuit, which is
believed to underlie most paroxysmal SVTs. Verapamil
increases AV block and this explains the reduction in
the ventricular rate in atrial flutter and fibrillation.
Verapamil also has a negative inotropic effect on the
heart and causes arterial dilatation, the combination of
which can lead to hypotension and even cardiac arrest.

Drug interactions
Verapamil can interact with digoxin to increase serum
digoxin levels. Digoxin doses should therefore be
adjusted downward in order to avoid toxicity.

Side effects
Headache, facial flushing, dizziness and constipation
can occur. Verapamil has a striking negative inotropic
effect. Its use is contraindicated in ventricular tachy-
cardia as it can cause myocardial depression, which
may be lethal.

In infants, the use of verapamil is contraindicated
as it can cause hypotension and cardiovascular col-
lapse. It is believed that the immature myocardium,
with its inherently limited systolic and diastolic
reserve, is extremely calcium channel-dependent for
contractile force. Administration of a profound cal-
cium channel-blocking agent can have an extremely
negative effect on the myocardium of the already

stressed immature heart. Although verapamil is used
for the treatment of fetal arrhythmias, it should there-
fore be used with caution, especially in the presence
of cardiac failure and myocardial depression.

Adenosine
Adenosine is also a class IV agent that is a potassium
channel opener and an indirect calcium antagonist. It
inhibits the AV node and prevents reentry of electri-
cal impulses through the AV node. The chief indica-
tion for its use is, therefore, narrow complex SVT [AV
nodal reentrant tachycardia (AVNRT), AV reentrant
tachycardia (AVRT) and Wolff–Parkinson–White
syndrome]. Adenosine has no effect on ectopic atrial
tachycardia or atrial flutter.

Adenosine is quite effective in breaking reentrant
SVT, so it may be considered for inclusion early in the
treatment protocol as a therapeutic/diagnostic trial.
Should administration of this agent result in even a
brief episode of sinus rhythm, one may be reassured
regarding the accuracy of the initial electrophysiolog-
ical diagnosis of the arrhythmia, and further therapy
should be focused on the assumption that one is deal-
ing with a reciprocating SVT. Adenosine may also be
useful in breaking refractory SVT when transplacental
therapy is unsuccessful. In that setting it should be
followed by intraumbilical venous digoxin to load the
fetus with a long-acting agent.

Pharmacokinetics
Adenosine has an extremely short half-life of 10–30 s.
It must, therefore, be delivered directly to the fetal
umbilical vein rather than to the mother for transpla-
cental passage. The dosage should be approximately
100–200 µg/kg of estimated fetal dry weight.

Side effects
Side effects include headache, flushing, broncho-
constriction, chest pain and excess sinus or AV nodal
inhibition. Since adenosine is given to the fetus rather
than to the mother, none of these effects would be
expected for the mother, although the electrophysio-
logical side effects may occur in the fetus, especially
with excessive dosing.

Tachyarrhythmias
Supraventricular tachycardia
The most common tachyarrhythmias identified in the
fetus are SVTs. SVTs may be (1) reentrant (reciprocat-
ing), related to a ‘circus’ movement of electrical activ-
ity, (2) automatic (arising in an irritable ectopic focus
above the bundle of His) or (3) a manifestation of
atrial flutter or fibrillation.

Reentrant tachycardias
In the fetus and neonates, the most common electrical
mechanism underlying SVT involves a reentrant or
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reciprocating mechanism. An electrical impulse
enters the atrium from the ventricle and develops a cir-
cular movement of repeated electrical stimulation that
is faster than, and independent of, the normal sinus
nodal pacemaker. Because the heart will beat at the rate
of the fastest pacemaker, this electrical stimulus drives
the heart at an abnormally fast and fixed rate.

The two common kinds of reentrant tachycardias
are AVNRT and AVRT. In AVNRT there are two path-
ways with differing conduction velocities and refrac-
tory periods within the AV node itself. The usual
inciting mechanism is an extra systole that encounters
the fast conducting pathway (with a longer refractory
period), while it is still refractory following the pre-
ceding normal sinus beat. AV conduction, therefore,
occurs down the slow pathway. If the fast pathway
has recovered by this point, ventriculo-atrial conduc-
tion may occur up the fast pathway to the atrium. This
results in establishment of a circus movement of elec-
trical activity.

In AV reentrant tachycardia, there is a discrete acces-
sory conduction pathway that bypasses the usual delay
within the AV node. This pathway directly connects
atrial to ventricular muscle (as in the ‘bundle of Kent’ in
the Wolff–Parkinson–White syndrome) and serves as
the fast link in the reentrant pathway.

Reentrant tachycardia can be recognized by its
sudden onset and sudden termination, with both events
associated with precipitating extrasystoles. For fetal
SVT, the typically encountered heart rate is in the
220–260-bpm range (Figure 110.6).

Therapy
As the AV node is generally a part of the reentrant cir-
cuit, any maneuver that slows down AV nodal conduc-
tion may abruptly terminate the reentrant tachycardia.
An increased vagal tone caused by cord or head com-
pression during uterine contractions has been reported

to break SVT. Antiarrhythmic agents that depress
conduction and prolong refractory periods in the AV
node or accessory conduction tissue can disturb the
reentrant circuit and may be useful for the termination
of, as well as the prevention of, AVNRT or AVRT. These
include the cardiac glycosides (digoxin), the class IA
antiarrhythmics (quinidine, procainamide), class IC
antiarrhythmics (flecainide), β-blockers (propranolol),
the calcium channel-blocking agents (verapamil), and
the class III antiarrhythmic agents (amiodarone).

We usually begin maternal therapy with digoxin
and then add propranolol, flecainide or other agents,
if necessary. It is important to note that the diagnosis
of Wolff–Parkinson–White syndrome cannot be made
prenatally, because its diagnosis depends on the analy-
sis of an electrocardiogram. The use of digoxin remains
controversial in the treatment of Wolff–Parkinson–
White syndrome because it can increase conduction
over the accessory pathway and lead to a rapid ven-
tricular response in the presence of atrial flutter or
fibrillation. Patients who are being considered for
transplacental therapy of SVT with digoxin should,
therefore, be informed about the potential risks asso-
ciated with digoxin and the Wolff–Parkinson–White
syndrome.

Atrial flutter and fibrillation
These arrhythmias are much rarer than SVT in fetal
life. They can be associated with congenital cardiac
malformations and can present with hydrops fetalis.
In addition, therapeutic control is more difficult than
with SVT. Atrial flutter results from a circuit movement
of electrical energy within the body of the atrium itself.
Although the typical flutter rate in the postnatal period
is about 300 bpm, in the fetus monotonous atrial flutter
rates of 400–500 bpm typically occur (Figure 110.7).
Although postnatally, therapy aimed at decreasing the
ventricular response is successful, this has unfortu-
nately not been found to be the case prenatally. This is
probably related to the relatively restrictive myocardium
of the fetus, with a relatively volume-loaded right
heart. Unless the atrial flutter is controlled, atrial con-
tractions would continue against a closed AV valve,
resulting in high atrial and systemic venous pressures
contributing to the persistence of the hydrops. Thus,
with in utero therapy of atrial flutter, it is imperative
that the therapeutic endpoint be a resumption of 1:1 AV
contraction.

Fetal therapy for atrial flutter involves (1) the con-
trol of the ventricular response rate with digoxin, ver-
apamil or β-blockers that act at the level of the AV
node and (2) the use of a class I antiarrhythmic agents,
such as quinidine, procainamide or flecainide, to
restore a normal atrial rhythm. Amiodarone may be
used as an alternative if class I agents are ineffective
or poorly tolerated.

Atrial fibrillation appears to be even rarer in the
fetus than atrial flutter. Digoxin therapy can be
attempted. If, however, the arrhythmia persists

1172 Treatment of fetal arrhythmias

Figure 110.6 M-mode echocardiogram demonstrating a rapid
atrial rate of 238 bpm secondary to SVT. The M-mode cursor is
at the level of the atria.
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despite the control of the ventricular response rate,
and if there is associated prematurity and/or hydrops
fetalis, a class IA or IC antiarrhythmic agent is another
option.

There is an increased mortality rate in patients with
atrial flutter and fibrillation, which probably reflects
the difficulty encountered in controlling this arrhyth-
mia, in addition to its association with structural heart
disease. It should be noted that the association of con-
genital heart disease with sustained fetal arrhythmias
and hydrops fetalis appears to be ominous, imparting
an extremely poor prognosis for survival with or with-
out vigorous in utero and postnatal therapy.

Ventricular tachycardia
Fetal ventricular tachycardias are much less common
than tachycardias of the supraventricular origin and
they are also much more difficult to diagnose without
an electrocardiogram. Many patients with this tachy-
cardia are initially thought to have SVT. Careful exam-
ination of the M-mode echocardiographic tracings and
recognition of the presence of AV dissociation (i.e. a
lack of 1:1 relationship between atrial and ventricular
contractions) are required to make this diagnosis. AV
dissociation may also be found in junctional tachycar-
dia, but is not found in AV reentrant tachycardias.

As fetal ventricular tachycardias are uncommon
there, is not much literature available on in utero ther-
apy. We have followed those fetuses with structurally
normal hearts free of hydrops fetalis without any ther-
apy. If there is evidence of right ventricular dilatation
in the presence of a ventricular tachycardia and the
fetus is previable, it would be reasonable to consider
in utero therapy. Agents that could potentially be
used after considering the risk–benefit ratio include
β-blockers, flecainide, and perhaps, amiodarone.

Although flecainide has been used with some success
in the treatment of this arrhythmia, there are risks with
this form of therapy, because in utero electrocardio-
grams are not available, and certain contraindications
to the use of flecainide, such as a prolonged QT interval
or a prolonged QRS duration, are not available for
analysis before therapy is initiated. It is therefore
important to inform the parents about possible risks
and the limitations of in utero diagnosis and therapy for
ventricular tachycardia, before treatment is initiated.

Bradydysrhythmias
The detection of a persistent fetal bradycardia
(defined as a heart rate <100 bpm) poses an infre-
quent but difficult management problem. In late preg-
nancy, the obstetrician’s initial response is to suspect
fetal distress. Inappropriate premature or operative
delivery may follow. It is therefore important to be
able to distinguish and diagnose the various causes of
bradycardia in the fetus.

Sinus bradycardia is usually of no pathological
significance, and implies immaturity of the fetal con-
duction system if it occurs in the presence of normal
cardiac structure with normal heart rate responses to
fetal activity. In the absence of hydrops fetalis, mod-
erate sinus bradycardia (heart rates between 90 and
120 bpm) does not appear to be an ominous fetal
arrhythmia. It requires no treatment and usually dis-
appears spontaneously toward term.23

In atrial bigeminy with block, the bradycardia is
related to coupled atrial ectopic beats. The ectopic
beats follow too closely on the sinus beats to initiate
ventricular contraction and the ventricular rate is thus
halved. Electrophysiologically the ectopic beat is so
closely coupled to the previous normal sinus beat that
it encounters the AV node while it is still refractory,
resulting in every second beat being blocked. This is a
benign variant of premature atrial contractions and
usually resolves quickly.

AV block implies that conduction of sinus or atrial
impulses to the ventricle is delayed or interrupted.
First-degree AV block is defined as prolongation of
the PR interval and is impossible to identify in a fetus
because of the absence of a reliable electrocardiogram.
Second-degree AV block has been traditionally char-
acterized as Mobitz type 1 or Mobitz type 2. Mobitz
type 1 AV block, also referred to as Wenckebach con-
duction, is characterized by progressive PR prolonga-
tion with successive cycles prior to an eventual atrial
impulse that fails to conduct to the ventricles. In con-
trast, Mobitz type 2 AV block refers to abrupt failure
of AV conduction for one or more beats and is not pre-
ceded by progressive PR prolongation. During second-
degree AV block multiple atrial impulses may be
blocked for each impulse conducted. Conduction may
occur in a regular or irregularly recurring pattern.
Regular block can be characterized by the conduction
ratio as 2:1, 3:1, 4:1, etc. Mobitz type 2 AV block has

Figure 110.7 Atrial flutter with 2:1 block. Rapid and regular
atrial contractions are being measured on the top panel (black
arrows), while slower ventricular wall contractions are shown
on the lower panel (white arrows). The atrial rate is around
480 bpm, with a ventricular response rate, which is half of that.
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been reported in fetuses. Some of these may progress
to complete heart block. In the presence of Mobitz
type 2 AV block, we recommend testing the mother
for anti-Ro and anti-La antibodies. If these are positive
one may hypothesize that the fetus is developing pro-
gressive damage to the AV node on an autoimmune
basis, and the use of maternal steroids to ameliorate
the inflammatory autoimmune response might be
reasonable.24

Complete AV block
In third-degree heart block, no atrial impulses con-
duct to the ventricles. It is diagnosed when there is
AV dissociation with a regular atrial rate exceeding a
slow ventricular rate.

Etiology
Complete AV block occurs in two settings, character-
ized by the presence or absence of major congenital
and anatomic cardiac defects. Certain forms of con-
genital heart disease have a high association with
complete heart block, particularly AV septal defects
and those involving abnormalities in bulboventricular
looping, such as L-transposition of the great arteries or
left atrial isomerism.25 About 30% of the newborns
with complete heart block have associated cardiac
malformations.26

Congenital complete AV block in the absence of
structural heart disease occurs in 1:15,000 to 1:20,000
live births.27 An association between maternal connec-
tive tissue disease and congenital AV block was first
demonstrated in 1977.28 This has been demonstrated to
be secondary to the transplacental passage of maternal
IgG antibodies, termed anti-Ro (SSA) and anti-La (SSB).
Several reports have demonstrated selective binding of
immune complexes to His–Purkinje tissue and to fetal
myocardium.29,30 This has been associated with the
presence of inflammatory infiltrates and fibrosis in
the region of the AV node and bundle of His. The

immune complex binding to fetal myocardium may
also account for the clinical finding of myocarditis in
some of these fetuses.

Prognosis
Clinical experience has shown that complete heart
block in association with structural heart disease can
be associated with the development of CHF and
hydrops fetalis (Figure 110.8). On the other hand, fetal
complete heart block without cardiac malformations
only occasionally leads to hydrops fetalis, especially
at higher atrial rates. In most cases, once complete AV
block develops it is irreversible. The prognosis for the
fetus with complete AV block, associated structural
heart disease and hydrops fetalis, is very poor. On the
other hand, the fetus with complete AV block, an ade-
quate escape rate, and no evidence of CHF can usually
be followed to term with serial ultrasounds to moni-
tor for signs of cardiac decompensation. These fetuses
tend to have a relatively good prognosis. In a multi-
center study,31 fetal or neonatal death was signifi-
cantly related to the presence of associated structural
heart defects, hydrops, an atrial rate less than 120 bpm
and a ventricular rate less than 55 bpm.

In fetuses without CHF, vaginal delivery may be
attempted. Assessment of the fetal atrial rate variability
is a suitable form of intrapartum monitoring, which can
be performed using external Doppler devices. Internal
monitoring must not be used as it only reflects the
ventricular rate that does not respond to changes in
fetal oxygenation or acid–base status. If, however,
hydrops fetalis is present, a cesarean section should
always be performed since in these cases a vaginal
delivery may result in a sudden and dramatic deterio-
ration of the fetal condition.26

Management
Although several different therapies have been
attempted in the treatment of a fetus with complete
heart block with or without myocarditis, so far there
has been no universally effective prenatal therapy.
Maternal administration of β-agonists to increase fetal
ventricular rate, such as ritodrine or terbutaline, has
been attempted. This therapy may be associated with
some increase in fetal heart rate, although in our expe-
rience this does not necessarily translate to an improve-
ment in fetal edema because AV coordination has not
been reestablished. In complete heart block, there is
a lack of 1:1 AV contraction. This leads to an increase
in atrial pressure with a consequent rise in systemic
venous pressure causing the hydrops. Unless the 1:1
AV contraction sequence is restored, any therapy
aimed at increasing the ventricular response rate may
not be successful in helping resolve the hydropic state.

There have been several reports on the use of
maternal steroid therapy in the presence of fetal
hydrops and congenital complete heart block.24,32,33

The rationale behind this treatment is that the anti-
inflammatory effect of steroids could ameliorate the
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Figure 110.8 Fetal hydrops in a fetus with complete heart
block. The arrows indicate the abdominal wall edema.
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fetal inflammatory reaction by reducing damage to the
fetal conduction tissue and/or myocardial dysfunc-
tion caused by myocarditis. Dexamethasone has been
used, as it is not metabolized by the placenta and is
available to the fetus in an active form. Steroids also
hasten lung maturity and their use may be associated
with improved survival in premature infants.
Although steroids have been shown to be effective in
the treatment of the fetal myocarditis, with subse-
quent resolution of some of the fetal edema and
improvement in the degree of block, the complete
heart block itself may not necessarily be reversible.

Other prenatal therapies that are of interest, but
which are not yet in standard use, include pacing of
the fetal ventricle via a maternal transuterine–fetal
transthoracic route.34 At this point, we do not believe
that such therapy is warranted unless studies on
animal models demonstrate that ventricular pacing by
itself may have a positive therapeutic effect.

Experimental therapeutic regimens, including the
performance of plasmapheresis to diminish the quan-
tity of maternal antibody that is transmitted to the
fetus, have also been described.35 Although congenital

heart block persisted in the neonate described in this
report, there were no signs of myocarditis at birth.

Conclusion
Fetal arrhythmias remain difficult, at times, to diag-
nose accurately and treat, because of the limitations of
direct ‘patient’ accessibility. A close collaboration
between obstetricians, perinatologists and pediatric
cardiologists is essential to optimize patient manage-
ment. Ideally, once a fetal arrhythmia is diagnosed,
the mothers should be referred to tertiary care centers
with specialized teams available for joint consultation
and prenatal management of the problem. If the
arrhythmia persists despite optimal medical therapy,
delivery should preferably be at a center that has
trained pediatric cardiologists experienced in dealing
with arrhythmias in the neonatal period.

Although much progress has been made in the diag-
nosis and prenatal management of fetal arrhythmias,
controversies persist. Hopefully, with time, our knowl-
edge and experience will become more clearly defined.
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Introduction
During the past two decades, fetal surgery has become
an option for some life-threatening and even non-lethal
conditions. The advances in obstetric sonography, diag-
nostic imaging, and sampling techniques have allowed
for the early prenatal diagnosis of some fetal anomalies.
Serial prenatal ultrasounds have given us the opportu-
nity to learn the natural history of these anomalies. This
prenatal information may influence the timing, location
and method of delivery, and, in highly selected cases,
provides opportunity for in utero fetal surgery for the
treatment of life-threatening anomalies.1

Fetal surgery is an option only if the following strin-
gent criteria are met: (1) the natural history and patho-
physiology of the disease are understood; (2) prenatal
diagnosis is accurate and criteria exist to predict which
fetuses have a poor enough prognosis to warrant fetal
surgery; (3) maternal risk is acceptably low; and (4) in
most cases, an animal model exists in which in utero
therapy has demonstrated efficacy. Clinical studies

may provide some of this information, but many of
these vital questions cannot be answered without
experimental studies.2 This chapter will focus on
animal studies that are used to study fetal therapy.

Animal studies
Since fetal therapy involves risk to both the mother
and the fetus, before it can be offered to families the
proposed fetal procedure must be technically feasible,
safe, and effective in treating the anomaly. These
requirements are best met through rigorous experimen-
tal animal studies. An animal model of the disease
must simulate the natural history, pathophysiology and
sequelae of the anomaly that is seen in human fetuses.
The model must also allow for fetal intervention and
provide objective criteria to determine the efficacy of
the intervention. Animal models that have been used to
study fetal disease processes and fetal interventions are
listed in Table 111.1.

Table 111.1 Animal models for fetal studies

Sheep Rabbit Mouse Monkey

Congenital Esophageal ligation Cleft lip Congenital 
diaphragmatic hernia diaphragmatic hernia

Biliary atresia Congenital Cellular Tocolysis
diaphragmatic hernia transplantation

Cardiac defects Craniosynostosis Wound healing Hydrocephalus

Hydrocephalus Gastroschisis Spina bifida

Urinary tract obstruction Intrauterine growth retardation Fetoscopy

Bladder exstrophy Urinary tract obstruction Fetal vascular access

Amniotic bands Wound healing Urinary tract obstruction

Myelomeningocele Pulmonary hypoplasia

Craniosynostosis

Congenital cystic
adenomatoid malformation
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In some instances, nature provides an animal
model of a disease process that closely mimics that
seen in humans. For example, intrauterine growth
retardation is seen in fetal rabbits positioned in the
middle of the uterine horn (a vascular ‘watershed’
area).3 However, most of the disease processes that are
seen in human fetuses must be created in the animal
model prior to fetal intervention (e.g., creation in fetal
lambs of a diaphragmatic hernia that is subsequently
repaired later in gestation).4

The choice of an animal model takes into consider-
ation several variables. The importance of each vari-
able depends on the focus of the particular study.
Variables include accurate time-dating of the pregnancy,
seasonal availability, litter number, duration of gesta-
tion, fetal size, rate of spontaneous and intervention-
induced miscarriage, susceptibility of the gravid uterus
to preterm labor, operative considerations (i.e., anes-
thesia, instruments of appropriate size, venous access,
etc.) and cost.

To demonstrate experimental fetal animal studies
in different animal models, we shall discuss three
models in greater depth:

(1) Congenital diaphragmatic hernia in sheep;
(2) Intrauterine growth retardation in rabbits;
(3) Hydrocephalus in monkeys.

Congenital diaphragmatic
hernia in sheep
Congenital diaphragmatic hernia (CDH) is an anatom-
ically simple defect that is correctable after birth by
removing the herniated viscera from the chest and
repairing the diaphragmatic defect. Unfortunately, the
physiologic consequences of CDH are much more
extensive and up to 60% of afflicted infants die of
pulmonary insufficiency despite optimal postnatal
care.5 The pulmonary hypoplasia appears to be
related to in utero lung compression by the herniated
abdominal viscera. In theory, the in utero removal of
abdominal viscera from the chest should allow pul-
monary development to continue so that pulmonary
function is adequate at birth.6

To test this theory, a model of CDH was developed in
sheep.7 The sheep has been used as a model for a wide
variety of fetal anomalies and interventions. There are
several advantages to using sheep as an animal model,
including accurate time-dated pregnancies, a long ges-
tation (gestational term 145 days), frequent twinning
(provides a control fetus), a large animal to work on,
reliable vascular access, stability during anesthesia,
the ability to monitor the fetus non-invasively with
ultrasound, and a quiescent uterus postintervention.
Disadvantages include seasonal pregnancy, cost of long-
term care, and a lower phylogenicity. Additionally, the
quiescent postoperative uterus is not representative
of a human uterus, which is exquisitely sensitive to

preterm labor after intervention; therefore, one may not
assume that a procedure which is technically feasible
in a sheep will be so in a human.

For the model of CDH the following characteristics
were required: (1) a space-occupying lesion in the
fetal thorax must enlarge through gestation and pro-
duce severe pulmonary hypoplasia incompatible with
life after birth; (2) simulated postnatal diaphragmatic
repair by removal of the space-occupying lesion; and
(3) quantitative assessment of the effect of the simu-
lated lesion and its removal on survival at birth and
pulmonary vascular and parenchymal development.

All work performed at UCSF was under Institutional
Review Board approval. Following 48 h of fasting, time-
dated ewes at 100 days of gestation were induced with
ketamine (Parke-Davis, Morris Plains, NJ, USA), intu-
bated and maintained on a halothane–oxygen mixture
on a Harvard ventilator. Antibiotics were given intra-
venously and into the amniotic fluid when the uterus
was closed. Following a maternal midline laparotomy, a
purse-string suture was placed through the uterine wall
and hysterotomy performed inside the purse-string. A
fetal left thoracotomy was performed and an inflatable
silicone rubber balloon inserted into the left chest.
Electrocardiographic (ECG) leads were tunneled subcu-
taneously on the fetus. The ECG leads and inflatable
balloon catheter were brought out through the hystero-
tomy and maternal abdomen and were then tunneled to
the ewe’s left flank (Figure 111.1).

Twice a week the balloon had saline added for infla-
tion while the fetal heart rate was observed. If fetal
bradycardia was seen, the balloon was deflated until the
heart rate stabilized, and the saline was then added
more gradually and in smaller increments. The total bal-
loon volume was 100 cm3 at 120 days of gestation and
150 cm3 at 140 days of gestation. This volume was cal-
culated to be a little less than one half the total lung vol-
ume through the last trimester. After cesarean delivery,
all lambs were intubated and ventilated. Frequent blood
gas measurements were taken by a catheter placed in

1178 Prenatal diagnosis and therapy: animal studies

Figure 111.1 Fetal lamb model simulating congenital dia-
phragmatic hernia. A balloon placed in the left hemithorax is
gradually inflated, simulating herniated abdominal viscera
compressing the lung. ECG, electrocardiographic.
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the umbilical or femoral artery. Lambs underwent defla-
tion of the balloon to simulate postnatal surgical repair.
After 2 h support was withdrawn to determine viability.
Control lambs were delivered by cesarean section and
were not operated on, except for one twin, which had a
balloon placed but never inflated. Analysis of the lungs
included weight, construction of pressure–volume
curves, fixation with barium–gelatin and gluteralde-
hyde, and microscopic examination.

The results of this study showed that lambs with
the inflated balloon catheter had reduced lung weight,
flattened pressure–volume loops, and reduction in
air space volume and vascular bed volume. Blood gas
analysis showed acidosis, hypoxia and hypercarbia.
None of the experimental lambs were viable. Simulated
postnatal repair by balloon deflation did not improve
viability. The histologic studies did not show any strik-
ing difference between experimental and control
lambs. All of these findings simulate the clinical and
pathologic findings seen in human infants with CDH.
This model provided valuable knowledge regarding
compression as a causative factor of the pulmonary
hypoplasia seen in infants with CDH. This knowledge
led to refinements in the prenatal diagnosis and man-
agement of human fetal diaphragmatic hernia, includ-
ing consideration of in utero correction.

Intrauterine growth retardation
in rabbits
One-third of low birth weight babies are small for
gestational age secondary to intrauterine growth retar-
dation (IUGR). IUGR is believed to represent fetal
undernutrition and in most cases this is because pla-
cental insufficiency prevents adequate nutrient and/or
oxygen transfer from mother to fetus.8 Nutritional sup-
plementation of the mother will not benefit the fetus
because of insufficient placental function. In theory,
fetal enteral feeding could provide fetal nutrition.
Amniotic fluid is swallowed and absorbed by the fetus,
therefore instillation of nutrients into the amniotic
fluid may provide a means to improve fetal nutrition,
leading to improvement in IUGR.9,10

Rabbits provide a natural model for IUGR.3 By
virtue of the fetal position in the uterine horn, a ‘runt’
in the litter is usually present. The position of this
fetus is in a vascular ‘watershed’ between the ovarian
and vaginal artery, and is consistently the third fetus
from the ovary. In contrast, the first fetus from the
ovary is in a ‘favored’ position, having an excellent
blood supply. The weight ratio of the runt to the
favored fetus is consistently 0.85. For this study there
were several advantages to working with rabbits in
addition to the natural model of IUGR. These include
accurate time-dated pregnancies, enough fetuses to
provide littermate controls, uterine quiescence allow-
ing fetal manipulation without inducing abortion,
short gestation (gestational term 31 days), inexpensive

animal costs, and relative tameness which allows
chronic intervention. Disadvantages of working with
rabbits include an exquisite sensitivity to anesthetics
with a very narrow margin between anesthesia and
respiratory arrest, cannibalism of young, and high
rates of spontaneous abortion if the rabbit is stressed
by the environment (noise, movement, handling, etc.).

Time-mated rabbits were shipped to arrive 3–6 days
before the planned procedure, to allow adaptation to
their new environment. The does were not fasted pre-
operatively since they rarely vomit. At 23 days of
gestation, the does received premedication with keta-
mine and acepromazine (Fort Dodge Laboratories Inc.,
Fort Dodge, IO, USA) followed by halothane–oxygen
via a face mask. Preoperative antibiotics were given
intramuscularly. For this relatively short procedure,
intravenous access was not required. The rabbits
were placed on a heating pad as they quickly become
hypothermic during intra-abdominal procedures.
Following a maternal midline laparotomy, the uterus
was inspected to determine the litter size. The runt
was identified by position in the uterine horn. A purse-
string was placed through the uterine wall and a hys-
terotomy made using electrocautery. The fetus was
marked for future identification by placing a silk
stitch in the fetal foot. A polyethylene catheter was
placed into the amniotic cavity and secured in place
when the purse-string was tied (Figure 111.2). A
second catheter was placed in the amniotic cavity of
the fetus in the most favored position. The catheters
were led out of the incision and were tunneled sub-
cutaneously to an exit site near the ear where they
were attached to a swivel harness that allowed the
rabbit to move freely about the cage. The abdominal
incision was closed in layers; a subcuticular suture
was used to close the maternal skin because rabbits
chew out external stitches or staples.

Amniotic ‘feeding’ was provided to the litter runt
by infusion of dextrose, dextrose and amino acid, or a
lipid solution. The fetus in the ovarian position had
placement of a catheter and infusion of saline. Control
animals were fetuses from the opposite horn who had
catheters placed but no nutrient or saline infusion.
The fetuses were delivered on gestational day 30, and
fetal body, liver and brain weights were recorded.

Intrauterine growth retardation in rabbits 1179

Figure 111.2 Fetal rabbit model of intra-amniotic nutrient
infusion.
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Interestingly, the results of this study showed that
none of the nutrient amniotic infusions increased the
weight ratio of the runt to the favored fetus. In fact,
the fetus who received lipid infusion had a worsening
of IUGR and lipid globules present in the fetal lungs.
This study suggests that it is perhaps oxygen defi-
ciency that leads to IUGR. The fact that nutrients did
not enhance fetal growth suggests that oxygen may be
the growth-limiting factor in this natural model of
IUGR. Additional useful information was that sub-
stances placed into the amniotic fluid may be aspi-
rated into the lungs. The results of this study did not
support the use of transamniotic nutrient supplemen-
tation as a prenatal treatment for IUGR.11

Hydrocephalus in monkeys
Children born with significant hydrocephalus often
have neurologic damage and a poor prognosis despite
early postnatal treatment.12 Fetal hydrocephalus may
be detected by prenatal ultrasound. Given the poor
prognosis after birth and the ability to detect the abnor-
mality prenatally, the question arose as to whether pre-
natal treatment was possible. The consideration of fetal
intervention was based on the assumptions that:
(1) obstruction of cerebrospinal fluid (CSF) increases
intraventricular pressure and leads to ventricu-
lomegaly and has a deleterious effect on the developing
brain; and (2) release of the obstructed CSF would
allow for normal brain development. A model of
hydrocephalus was developed in the monkey, based on
obstruction of CSF flow and allowing for subsequent
fetal intervention for CSF drainage.13,14

Monkeys are the most rigorous model used to
test fetal surgical interventions. The gravid monkey
uterus is very sensitive to preterm labor. Maintaining
a pregnancy after fetal intervention has proved to
be extremely challenging. Successful fetal interven-
tion and maintenance of the pregnancy is perhaps
more difficult in monkeys than in humans and thus

provides an excellent and demanding model to use as
a prerequisite for human fetal intervention.15

Rhesus monkeys with time-dated pregnancies
received ketamine premedication and were then intu-
bated, and anesthesia was maintained with halothane
and nitrous oxide inhalation. In addition to providing
anesthesia, halothane acts to relax the uterus.
Ventilation was controlled or by hand. Intravenous
access was obtained and antibiotics administered. The
gravid uterus was exposed through a midline incision
and the site of the placental disks determined. After a
small hysterotomy was made with electrocautery, the
uterus was opened using a stapling device. Kaolin (J.T.
Baker Chemical Co., Phillipsburg, NJ, USA) was
injected through the atlanto-occipital membrane into
the subarachnoid space. The uterus was closed after
removal of the uterine staples. Ultrasound was used to
evaluate the fetuses postoperatively for the develop-
ment of hydrocephalus. All fetuses with kaolin properly
placed into the subarachnoid space developed ven-
triculomegaly. The fetuses were born with enlarged
heads, diastasis of cranial sutures and bulging fontanels.
Microscopic examination of the brains showed changes
that closely parallel those seen in afflicted human
neonates; there was thinning of the cortical mantle,
primarily involving the white matter with preservation
of the gray matter. This suggested that the structural
changes induced by kaolin injection may be reversible.

The kaolin injection model of obstructive hydro-
cephalus in the monkey was used to evaluate the
efficacy of in utero ventricular shunting. Kaolin was
injected as described above and 14–21 days later,
experimental fetuses underwent ventriculo-amniotic
shunting. Non-shunted fetuses with kaolin-induced
hydrocephalus served as controls. The shunting
procedure is outlined in Figure 111.3. A shunt with
a one-way flow valve was placed from the dilated
lateral ventricle to the amniotic cavity. The results of
this study were the following; ventriculo-amniotic
shunting led to an increase in viability, a decrease in
ventricular size to normal, and a decrease in head size.
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Figure 111.3 Fetal monkey model of ventriculo-amniotic shunting after subarachnoid kaolin injection. CSF, cerebrospinal fluid.
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However, histopathologic brain injury did not improve
after shunting and there were problems with shunt
occlusion. Based on these findings, we believe that
knowledge of the pathophysiology of congenital hydro-
cephalus and the impact of fetal decompression on neu-
rologic outcome, and improved efficacy of shunts are
required before this procedure can be offered to humans.
Of note, there is currently a self-imposed moratorium on
fetal intervention for hydrocephalus.

Conclusion
During the past 15 years, with the availability of
sophisticated prenatal diagnosis, the rationale and

feasibility of prenatal intervention for a number
of fetal anomalies has been investigated. Based
on animal studies that have shown that in utero
intervention may be justifiable, technically feasible
and efficacious, human fetal intervention has been
performed for some life-threatening conditions
(Table 111.2). The use of animal studies in the field of
fetal surgery has been crucial in our development of
successful therapeutic strategies, and has also demon-
strated strategies that were unsuccessful and need
further investigation. With continuing research efforts
and rigorous animal studies the applications for
fetal surgical intervention should continue to expand
and offer new hope for some life-threatening fetal
anomalies.

Conclusion 1181
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Table 111.2 Life-threatening anomalies that may be amenable to in utero intervention

Anomaly Effect on fetus Natural history In utero intervention Animal model

Urinary obstruction Hydronephrosis Renal failure Percutaneous catheter Rabbit, sheep

Lung hypoplasia Pulmonary Vesicostomy, open 
failure orfetoscopic

Congenital cystic Lung hypoplasia, Hydrops, death Open pulmonary Sheep
adenomatoid hydrops lobectomy
malformation

Congenital Lung hypoplasia Pulmonary Open complete repair, Sheep, rabbit, 
diaphragmatic failure temporary endoscopic monkey
hernia tracheal occlusion

Sacrococcygeal High output Hydrops, death Tumor resection None
teratoma cardiac failure

Twin–twin Vascular ‘steal’ Hydrops, death Fetectomy, cord ligation, Sheep
transfusion through placenta laser ablation of 
syndrome communicating vessels
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112 Fetal cells in maternal
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Introduction
One of the great challenges facing obstetricians and
medical geneticists in this century is how to meet the
increased demand for prenatal counseling and diag-
nosis. Due to the inherent, albeit low, risks involved
with current invasive procedures for prenatal diagno-
sis, such as amniocentesis or chorionic villus sam-
pling, the need has been voiced for non-invasive
alternatives.1

Hence, the past decade has witnessed many con-
certed, even multinational, efforts to establish a
means of performing prenatal diagnosis using risk-
free non-invasive methods. The main endeavor in this
respect has been the attempt to enrich fetal cells from
the circulation of pregnant women, and indeed
great strides have been made both in the detection of
fetal aneuploidies2–4 and also in the diagnosis of
single-gene disorders.5,6 As with all major scientific
enterprises, this research has also led to unexpected
findings, which themselves have become the focus of
further interesting scientific questions.

In this chapter, we will highlight the most impor-
tant developments regarding the diagnostic potential
of fetal cells gained from the maternal periphery and
how these developments have recently altered our
thinking with regard to certain disorders, such as pre-
eclampsia7 and even autoimmune diseases such as
scleroderma.8

Eclampsia as the initial evidence for
feto–maternal cell exchange
It is more than a century since Schmorl, in 1893,
reported his finding that trophoblasts could be
detected in the lungs of 14 out of 17 women who had

died of eclampsia.9 This finding should have alerted
researchers to the concept of feto–maternal cell
exchange, with its possible immunological conse-
quences and the likelihood that the process can be
altered under pathological conditions. However, these
factors have only recently been appreciated once
again. The problem that confronted pioneers in the
field, and which needed to be resolved first, was to
determine which fetal cell was most suited for genetic
analysis.

Despite the confirmation of Schmorl’s initial find-
ings in the early 1960s by Attwood and Park,10 who
reported that trophoblasts were frequently found in
the lungs of patients who had died from a variety of
causes during pregnancy, or immediately thereafter,
and were also found to be elevated under conditions
of eclampsia, trophoblasts have been found to be
unsuitable for fetal cell analysis in the blood of preg-
nant women. This was partially due to the irregularity
of trophoblast transfer into the maternal circulation;11

although trophoblasts were present in the uterine
vein, they were detectable to a much lower extent in
the inferior vena cava and not at all in the peripheral
circulation. This phenomenon is probably largely due
to the trapping and filtering-out of these large multi-
nucleate cells from the circulation in the lungs of
pregnant women.10

This scarcity has been exacerbated by the apparent
inability to specifically enrich these cells due to the
general lack of suitable antibodies.12–14 Furthermore,
their heterogeneous genetic nature, arising on the one
hand from their multinucleate status, but also from
the potential mosaicism existing in the placenta,15,16

severely restricts their use in a genetic analysis based
on fluorescent in situ hybridization (FISH). This limi-
tation does not apply to diagnostic approaches based
on polymerase chain reaction (PCR), and indeed it
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was by this means that Hawes et al.17 were able to
correctly perform a diagnosis for paternally inherited
β-thalassemias. The use of trophoblast cells may,
however, be reinstituted in the semi-invasive method
of cervical washings, a development that will have to
await a thorough assessment of its efficacy and safety
before it can be established as a possible alternative.18

Fetal lymphocytes and the
problem of persistence
Although fetal lymphocytes have been readily identi-
fied19 and enriched by fluorescence-activated cell
sorting20 in blood samples taken from pregnant
women, the disadvantage of their use has been their
potential longevity. They have been shown to persist
for periods of up to 6 years postpartum in the mother’s
circulation.21–25 This increases the risk of obtaining
cells from previous pregnancies. These results again
served to show that fetal cells migrate into the mater-
nal periphery, where they can be enriched and identi-
fied, thereby providing the basis for a non-invasive
prenatal diagnostic test. However, the results should
have led researchers to raise the question of the pos-
sible immunological consequence of foreign immune
effector cells persisting in a new host. As will be dis-
cussed later in this chapter, the answer to this ques-
tion has recently become the focus of considerable
scientific interest.

Evidence that the maternal immune system can
react to the presence of semiallogeneic cells is pro-
vided by the observation that anti-human leukocyte
antibodies (HLA) can be detected within the late-
second/early-third trimester of a small percentage of
primiparae, with a tendency that these are more fre-
quent in multiparous women.26,27 Although thought to
be partially suppressed, or shifted to a less cytolytic
TH2 phenotype,28 maternal T-cells have been found to
react to fetal cells.29 This raises the question of how
these fetal lymphocytes are able to persist for such
long periods in a potentially aggressive host.

Prompted by the numerous observations that fetal
lymphocytes can persist for several years after delivery
in the maternal blood stream,21,22 Bianchi et al.25 re-
addressed this question by the fluorescence-activated
cell sorting of blood from women currently pregnant,
and from those who had previously borne a son, for the
presence of hemopoietic stem cells, lymphoid progeni-
tor cells, T- and B-lymphocytes. In this examination,
they tested for the presence of male cells by a Y-specific
PCR analysis. In the CD34-positive stem-cell-enriched
fraction obtained from blood samples of women who
were currently pregnant (9.5–19 weeks of gestation and
prior to any invasive procedure) this group found that
male DNA was detectable in 4 out of the 13 cases where
the fetus was female. As extensive precautions against
the danger of contamination were taken, it could be

concluded that this Y-chromosome-positive material
could be the result of male fetal cells persisting from
previous pregnancies where these women had borne
sons or had terminations. On the other hand, male
DNA was only detectable in 13 out of the 19 pregnan-
cies bearing a male fetus. This implies that this popu-
lation of fetal cells may not be present in the blood of
all pregnant women, or if so, then they may sometimes
be below the threshold of the detection method
employed. When examining blood from women who
had previously borne a son and who were not currently
pregnant, the observation was made that male DNA
was detectable in the samples that had been enriched
for lymphoid progenitor cells (CD34 + CD38 +) for
periods of up to 27 years after the birth of the last son.
In the same analysis, male fetal T-lymphocytes were
found to persist for a period of up to 6 years. This study
indicated that pregnancy might lead to the establish-
ment of a long-term microchimeric state in the mother.
One possible explanation for the extended survival
of lymphocytic precursor cells, in contrast to mature
T-lymphocytes, is the limited amounts of HLA mole-
cules that these progenitors express.

Are feto–maternal microchimera
implicated in disease?
If fetal cells can persist for several decades after
birth in the blood stream of the mother, one can ask
the justifiable question of whether these cells could be
involved in the establishment, or at least progression,
of diseases, in particular autoimmune disorders. The
reasoning for this being that women are more prone to
such diseases and that the fetal cells resulting from
this microchimeric state would contain immune
effector cells of the type proposed to be important for
the eliciting of such disorders.30

This facet is currently being addressed by several
groups, the first report of which was recently pub-
lished by Nelson et al.8 These studies have focused on
the autoimmune disorder scleroderma, an invariably
fatal graft vs. host disease, because of the higher
predilection of this disease in women, especially in
the postchildbearing years. Furthermore, graft vs. host
disease has been observed in blood-transfusion
patients in instances where the blood was obtained
from a HLA homozygous donor,31 which implies that
the microchimerism that can result after such a trans-
fusion may be implicated in the later development of
the autoimmune disorder. Hence, it seems feasible
that the microchimerism of fetal cells that occurs in
women after birth may play a role in the etiology of
autoimmune disorders. It was this hypothesis that
Nelson et al.8 set out to test. They examined periph-
eral blood samples that had been taken from a cohort
of patients with scleroderma, and where possible,
from their healthy sisters and normal controls. As all
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of these recruited patients had borne at least one
son, the authors examined the potential levels of male,
and hence fetal, cells in the periphery of these women
by a quantitative PCR method for Y-chromosome
sequences.32 In this study, they determined that the
levels of male DNA equivalents per given blood
sample were considerably higher in the instances of
scleroderma than in either of the control populations
(a maximum of 61 vs. 5, or a mean of 11.1 vs. 0.38 in
16 ml of whole blood). A further interesting point of
this study was the observation that patients with scle-
roderma more frequently had a major histocompati-
bility complex (MHC) class II homozygous child than
the controls. Although, in contrast, no such relation-
ship was found for MHC class I alleles, these data do
provide support for the proposal put forward by
Artlett et al.,33 whereby fetal–maternal HLA compati-
bility would confer susceptibility to scleroderma, by
means of a graft vs. host reaction. Such HLA compat-
ibility may also help explain the prolonged survival of
potential immune effector cells in the new host, in
that while maternal T-cells would normally register
paternal alloantigens,29 their clearing, at least in a
murine system, is less rapid under syngeneic condi-
tions.34 Should this hypothesis be validated, it will be
interesting to investigate the possible association of
microchimeras with other autoimmune disorders
such as systemic lupus erythematosus.

An interesting alternative speculation is that,
although scleroderma is rare in males, microchimeras
of maternal origin could be involved in the develop-
ment of this disorder under similar instances of HLA
compatibility. Since maternal cells can be found with
significant frequency in cord blood samples,35–37 indi-
cating that the exchange of cells is not unilaterally
restricted from fetus to mother, but is bidirectional,
further supports this hypothesis.

Erythroblasts and the first successful
detection of fetal aneuploidies
The conclusion gained by most researchers in the
field to date from work on fetal lymphocytes is that
fetal cells do traverse the placental barrier, but that
care is needed to be taken to ensure that the cell
chosen was of limited lifespan and self-replicative
capacity. The cell that fulfills these criteria most effec-
tively, by being easy to enrich and readily identifiable,
is the erythroblast, also referred to as the nucleated
red blood cell (NRBC). Consequently, most attention
has been focused on this cell type.

Evidence for the presence of fetal erythrocytes in
the circulation of pregnant women was first obtained
by Kleihauer et al.,38 who, by developing a staining
procedure specific for fetal hemoglobin, were able to
detect fetal erythrocytes under certain conditions
such as rhesus incompatibility. These observations

were confirmed by Clayton et al.39 in the early 1960s,
who also noted an increase in the number of these
cells following terminations or amniocentesis. Since
no direct genetic proof existed in these studies, such
as by the identification of a Y chromosome, that the
cells observed were indeed fetal, these reports were at
best indicative but not conclusive: a fact that became
all the more important when it emerged that the
majority of erythroblasts detected in the circulation of
pregnant women were not of fetal but rather of mater-
nal origin.7,40–42

Evidence for fetal origin of some of these cells was
first provided by Bianchi et al.43 in 1990, when they
enriched by fluorescence-activated cell sorting for
fetal erythroblasts on the basis of their high expres-
sion of the transferrin receptor (CD71), and proved
their fetal origin by the presence of male DNA. Our
group was shortly thereafter able to successfully
apply the then new magnetic cell sorting technology44

to similarly enrich for fetal erythroblasts using micro-
magnetic beads.45 The relative ease of these enrich-
ment protocols no doubt facilitated the first correct
determinations of fetal aneuploidies by the use of
such cells, which were reported in close succession
by Elias’,2 Bianchi’s3 and also our4 groups.

These first optimistic results prompted the
National Institute of Child Health and Human
Development (NICHD) to extend its Fetal Cell
Isolation Study (NIFTY) trial into a phase II clinical
investigation. The aim of this trial is to assess the
diagnostic efficacy of detecting aneuploid fetal cells
in affected pregnancies.

For this study, a cohort of at least 3000 women
were recruited who were considered to be at risk of
bearing an aneuploid fetus: maternal age of greater
than 35 years, indicative serum screening, sono-
graphic abnormalities or previous instance of an ane-
uploid fetus. Furthermore, only those who were about
to undergo an invasive diagnostic procedure were
enrolled, as this permits a direct comparison to the
experimental laboratory results obtained regarding
fetal sex and ploidy. In all instances, informed con-
sent was requested under the understanding that no
experimental results were made available to the par-
ticipants, nor that these results would in any way
influence the lives of the mother or her baby. A fur-
ther important aspect of this trial was a psychosocial
study that investigated such relevant issues as social
acceptance and coercion. The results of this study,
following a rigorous statistical evaluation, were avail-
able in 2002.

A general observation made by the participants of
this trial is that detection of fetal aneuploidies
appeared to be easier than the determination of fetal
sex, in that the number of aneuploid fetal cells
appeared in greater numbers in the periphery of preg-
nant women than their normal counterparts. By the
use of a quantitative PCR analysis, Bianchi et al.32
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were recently able to confirm these findings, in that
the quantity of male fetal DNA in maternal blood was
higher in pregnancies with an aneuploid fetus, than in
those with karyotypically normal fetuses. Further-
more, it has been found that the expression of CD71,
the antigen commonly used for the enrichment of
fetal erythroblasts, is also elevated under conditions
involving an aneuploidy. It, hence, appears that the
system favors the detection of fetal aneuploidies,
which will be a major benefit for those wishing to
develop this methodology for prenatal diagnostic pur-
poses. Until then, however, several obstacles still
need to be overcome, such as the need for automated
image analysis and rapid fetal cell identification. This
deficit has been noted by companies such as Applied
Imaging, who are sponsoring a second similar trial
that makes exclusive use of their image analysis
equipment, proprietary enrichment protocols and
antibodies for fetal erythroblast identification. The
majority of those researchers desiring to use fetal ery-
throblasts for diagnostic purposes encounter the prob-
lem that, even after enrichment for fetal cells, the cells
are hidden in the midst of a large population of co-
enriched maternal cells. This problem is exacerbated
by the fact that the majority of erythroblasts are of
maternal and not of fetal origin.7,40,42

Ways in which this major problem may be sur-
mounted include the use of new enrichment proto-
cols,47–50 more specific antibodies,51,52 better fetal
specific markers53 and, as mentioned previously,
automated scanning and detection systems.54–58

Recent success with the detection
of single gene disorders
PCR was first used in the field, not for the detection of
fetal genetic anomalies, but to provide additional evi-
dence for the existence of fetal cells in maternal
blood, a matter that had then still been the subject of
considerable dispute. This was first achieved by Lo
et al.57,58 They were able to determine the sex of the
fetus with considerable accuracy by performing a PCR
analysis with primers specific for the Y chromosome
directly on whole-blood samples taken from pregnant
women. That such an allele-specific amplificatory
approach, i.e. where the gene of interest was missing
from the maternal genome, could be used diagnosti-
cally was shown by the subsequent detection of a
paternally inherited hemoglobinopathy59 and assess-
ment of the fetal rhesus status.60 The sensitivity of
this technique for the non-invasive detection of the
rhesus factor was shown to be enhanced by carrying
out the examination on fetal RhD mRNA rather than
on RhD DNA.61 The rationale for this was that the
number of mRNA copies is far in excess of the few fetal
RhD DNA templates. This approach was followed

by Al-Mufti et al., who found a similar increment in
sensitivity when examining RhD mRNA vs. DNA in
fractions that had been enriched for fetal erythroblasts.62

As discussed, the main disadvantage of this method
is that it is restricted to those instances where the gene
of interest is absent from the maternal genome. In order
to overcome this obstacle, researchers have resorted to
techniques first pioneered in the examination of preim-
plantation embryos,63 namely, by physically isolating
single fetal cells under the microscope and then per-
forming PCR on them. It is by these means that signi-
ficant breakthroughs have been achieved, in the
examination of both the fetal genotype for Duchenne’s
muscular dystrophy by Sekizawa et al.5 and hemaglo-
binopathies in the laboratory of Kan.6

Enhanced transfer of fetal cells
into the maternal periphery
in pre-eclampsia
As mentioned above, the occurrence of fetal cells,
in this instance trophoblasts, migrating into the
maternal cell periphery was first described in
patients who had died from eclampsia.9 During our
routine investigations we had previously observed
a remarkable rise in the number of erythroblasts
detectable in the periphery of women with pre-
eclampsia.64 Since, we at that time, were not able to
determine whether these were fetal, and since, as
discussed, the minority of these cells appeared to
be fetal, we have recently readdressed this issue, by
focusing exclusively on male singleton pregnancies.7

In this case–control study, we examined an equal
number of patients diagnosed with pre-eclampsia
and an equal number of gestational-age-matched con-
trols, who were similarly pregnant with a single
male fetus, but who had not had any invasive proce-
dure nor had the pregnancy been complicated by any
hematological disorders.

With this approach, but now with the aid of FISH
for the X and Y chromosomes, we were able to deter-
mine what proportion of enriched erythroblasts were
male, and hence fetal, and how many were female,
and therefore maternal. As before, our results indi-
cated a clear significant increase in the number of
morphologically identified erythroblasts in the pre-
eclamptic patients when compared to the normal con-
trols (a mean of 32 vs. 7). Interestingly, a comparative
increase in the number of Y-chromosome-positive
cells was also noted (a mean of 9 vs. 2). Although this
increase in Y-chromosome-positive cells could not
account for all the erythroblasts observed in the pre-
eclamptic cases, this result did indicate that while
not all of these erythroblasts were fetal, a significant
proportion was. A further interesting feature of this
examination was the linear correlation that we
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observed between the maternal and fetal erythroblast
populations. This implies that one and the same factor,
which is able to traverse the placental barrier, is
responsible for the same changes in both these pools.
Erythropoietin is a likely candidate for such a factor,
since hypoxic conditions that are known to occur in
pre-eclampsia65–67 are known to induce an expression
of this gene.68 However, it remains to be shown
whether it is indeed involved, since the placenta is
thought normally to be impervious to the transfusion
of such cytokines.69 This freer exchange of both cells
and cytokines across the feto–maternal barrier could,
however, be brought about by the gross morphological
differences in the placenta found in pre-eclampsia,67,70

whereby the fetal syncytiotrophoblast appears to be
incapable of differentiating normally and, hence,
is incapable of invading the maternal arterioles
successfully.71–73

In this respect, it is unlikely that the increase in
the feto–maternal cell exchange that we have observed
to occur in pre-eclampsia is causal to the disease, but
is probably a reflection upon the structural changes
in this barrier. The increase in both maternal and
fetal erythroblast pools is probably a reflection upon
the generalized hypoxic state that occurs in these
individuals.

One intriguing possibility is that while this alter-
ation in feto–maternal cell transfer may not be
involved in the etiology of pre-eclampsia, the
increased flow of semi-allogenic cells into the mater-
nal periphery may contribute to other disorders, such
as the associated hemolysis, elevated liver enzymes,
low platelets (HELLP) syndrome, which bears certain
hallmarks of an overt immune response.

Since the transfer across the placenta is bidirec-
tional it will be interesting to observe whether the
flow is also enhanced in the direction of mother to
fetus. Our preliminary results do indeed indicate that
a greater number of maternal cells are found in cord

blood samples obtained from pregnancies affected by
pre-eclampsia when compared to normal samples.

Conclusion
Great strides have been made in bringing us closer to the
day when a non-invasive prenatal diagnosis using fetal
cells from maternal blood will become part of the reper-
toire at the disposal of the modern obstetrician and
geneticist. We doubt, however, that the advent of this
will render current invasive practices obsolete, since
other new methods, such as chorionic villus sampling
with its inherent advantages of earlier gestational age,
did not replace amniocentesis. It is more likely that it
will become a complementary technique, with its own
advantages and disadvantages. This is partially due to
the current inability to obtain a full karyotype from fetal
erythroblasts, and that even with the aid of five-color
FISH, only the most common fetal aneuploidies are
detected, namely those for chromosomes 13, 18, 21, X
and Y. Although this may account for as much as
60–70% of all chromosomal aberrations routinely
detected in our prenatal diagnostic facility,1 in those
instances where a full karyotype is required, it will be
necessary to resort to using current invasive procedures.

An unexpected and scientifically interesting spin-
off of the research carried out in this field is the new
knowledge that has been gained concerning the trans-
fer of both fetal and maternal cells across the placen-
tal barrier, and the possible roles this may have in the
etiology or progression of certain disorders such as
scleroderma and pre-eclampsia.
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113 Ultrasonographic soft
markers for chromosomal
abnormalities
A. Antsaklis

1189

Genetic sonography
Until the mid-80s, the main indication for second-
trimester genetic amniocentesis was maternal age
≥35 years at the time of delivery. Maternal serum
screening triple test, was introduced in the mid-80s
and today is a standard practice, in order to reduce
the loss of normal fetuses from amniocentesis, since it
is important to identify methods that focus on a better
group of candidates for invasive procedures. Women
aged 35 years and older have traditionally been offered
genetic amniocentesis, because at 35 the incidence of
trisomy [e.g. Down’s syndrome (DS)] starts to rapidly
increase. Also at this time, the risk of any aneuploidy
roughly equals the risk of amniocentesis-related preg-
nancy loss of 1 in 200, thus justifying the test. 

Using maternal age to select women for an amnio-
centesis and make an antenatal diagnosis of DS is
associated with a low detection rate. Maternal age is a
poor method of screening.

Because younger women have the majority of preg-
nancies, younger women give birth to the majority
(65%) of all DS children. In the 1980s, it was reported
that alpha fetoprotein was unusually low in pregnan-
cies complicated by DS. Elevated serum levels of
chorionic gonadotropin and decreased unconjugated
estriol have been identified in pregnancies with
fetuses with DS. This combination of these three ana-
lytes is more predictive than any individual analyte
alone. It is termed the triple screen, or multiple
marker screening test, and has become the preferred
DS screening test in many centers with a 5% screen-
positive rate, the multiple marker screening test iden-
tifies approximately 60% of all DS pregnancies in
women under the age of 35. In women over 35 years,
it detects over 75% of DS pregnancies.

Genetic sonography has been established in the last
decade as a very useful examination and offers the
opportunity to better select candidates for invasive

prenatal diagnosis by using a series of sonographic
markers that are present more frequently in aneuploid
than euploid fetuses. This permits the identification
of 60–80% of the affected fetuses and this applies
equally well to women whose fetuses are at high and
at low risk for aneuploidy. Conversely, when these
sonographic markers are absent, the age-specific
risk of aneuploidy can be readjusted in women at
increased risk of carrying an abnormal fetus because
of age.

The second-trimester sonography includes evalua-
tion of fetal biometry, and anatomy for detection of
structural and non-structural anomalies (Figures 113.1
and 113.2). Examples of anomalies associated with DS
are as congenital heart defects, duodenal atresia, ven-
triculomegaly, hypoplasia of the middle phalanx of the
fifth digit with clinodactyly, flat face with maxillary
hypoplasia, macroglossia, brachycephaly, hydrops and
clubbed foot. Congenital heart disease (CHD) is the
most common anomaly in infants with DS (44% of the
infants with DS have CHD), with 45% of these defects
being atrioventricular septal defects, 35% ventricular
septal defects, 8% isolated secundum atrial septal
defects, 7% persistent pattern ductus arteriosus and
4% isolated tetralogy of Fallot.1 The prenatal diagnosis
of CHD carries a significant risk of fetal aneuploidy.
When prenatal diagnosis of CHD is found in associa-
tion with other fetal structural malformations, the inci-
dence of fetal chromosomal abnormalities is 60–70%,
while when isolated CHD is found, the incidence of
aneuploidy is 15–20%.

Ninety-nine percent of newborns with trisomy 18,
90% of newborns with trisomy 13 and 50% of new-
borns with trisomy 21 have CHD and, especially,
ventricular septal defect.

Therefore, normal cardiac ultrasound examination
theoretically decreases the prior risk of the birth of a
child with trisomy 21 by 50% and almost eliminates
the risk of trisomy 18 or 13.
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Non-structural markers (soft markers) included
nuchal fold thickness of 6 mm or greater, renal pyelec-
tasis (anterior–posterior diameter of renal pelvis
greater than 4 mm), choroid plexus cyst (CPC), hyper-
echogenic bowel, echogenic intracardiac focus (EIF)
and extremity shortening (humerus or femur). These
markers are more common than the major structural
abnormalities in fetuses with trisomy 21 and are
non-specific. These markers are also present in
fetuses without abnormalities, are often transient and
can be readily detected during the second trimester.

Risk status is ascertained preferably by the patient’s
age and biochemical screening test results (triple or
quadruple markers). Low risk is defined as anyone
having a ‘negative’ biochemical screen or, in the
absence of biochemical information, a maternal age
younger than 35 years.

The soft markers for DS were originally described
to help improve the sonographic detection of DS in
high-risk women (predominantly pregnant women of
advanced maternal age), who were attempting to
gather more accurate risk information than that based
on age alone before deciding whether to proceed to
amniocentesis.

Major abnormalities are observed in fewer than
25% of affected fetuses, whereas one or more soft
markers may be observed in 50% of the affected
fetuses. This emphasizes the importance of soft mark-
ers for the detection of fetal trisomy 21 among high-
risk women in whom high sensitivity is desirable. But
the false-positive rate may be unacceptably high
(13–17%) if any one of the soft markers is detected
among low-risk women.

Sonographic markers are often associated with
other markers or structural abnormalities and the
risk of fetal DS increases with the number of markers

present. Sonographic markers were considered iso-
lated when they were not associated with the major or
the other soft marker.

These sonographic markers are more common in
fetuses with chromosomal defects, leading to the
assumption that they might be useful in the prenatal
identification of the fetus at risk of aneuploidy.

Echogenic intracardiac focus
EIF (golf ball) is defined as a small bright area within
the fetal heart ventricles, generally in the left ventri-
cle, but occasionally bilateral or right-sided located
below the mitral or tricuspid valves with similar
echogenicity to bone, and represents microcalcifica-
tion in the papillary muscle or chordae tendinae of
the fetal heart in the second trimester.2 The majority
of the cases of EIF are simple, but in some cases there
is a multiple EIF in one or more chambers of the heart
(Figure 113.3).

During the routine examination of the four-
chamber view of the fetal heart, these foci are seen to
move synchronously with the valve leaflets through-
out the cardiac cycle.

Recently, it has been confirmed that EIF is caused
by mineralization within the papillary muscle, but the
cause of such changes remains unknown.

EIF is the most recent and the most controversial of
the soft markers, because it is a subjective finding and
its prevalence is influenced by a variety of factors,
including the resolution of the sonographic equip-
ment, the technique and the sonographer’s experience
and the maternal ethnic background.3 The prevalence
of second-trimester foci in fetuses with black mothers
is 6%, in white mothers it is 10%, in Asian mothers,
30% and in mothers in whom the race is not identi-
fied, 11%.

1190 Ultrasonographic soft markers for chromosomal abnormalities

Figure 113.1 Fetal omphalocele.

Figure 113.2 Duodenal atresia.
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It has been shown that fetuses of Asian mothers
have a three- and eightfold increased incidence of
EIF over fetuses of white and black mothers, respec-
tively, and because the incidence of EIF among fetuses
of Asian mothers is actually higher than it is among
fetuses with DS, this particular marker cannot be
used accurately to predict the risk of DS in the Asian
population.4

Fetal position is also important and EIF is best
visualized when the cardiac apex is oriented toward
the transducer. The association between aneuploidy
and EIF was first seen in the early 1990s and is
now well established.5,6 The EIF is considered a soft
marker for trisomies 21 and 13. This finding is neither
sensitive nor specific and < 20% of aneuploid fetuses
as well as 5–10% of normal fetuses display this sono-
graphic marker.

EIF is not associated with congenital heart defects
in chromosomally normal fetuses. The prevalence of
EIF has been quoted to be as low as 0.46% and as high
as 22% in the second and third trimesters of preg-
nancy. The prevalence of EIF may be affected by the
timing of the ultrasound examination during preg-
nancy, as sometimes EIF resolves or develops late,
and also whether the EIF was detected in pregnancies
at high risk or low risk of aneuploidy. In high risk, the
prevalence of isolated EIF in the second trimester is
3.5% and in low risk it lies between 0.4 and 7.4%.

In a period of 3 years, 10,769 women had a routine
detailed anomaly scan, and there were 311 cases of
isolated EIF. Among these, there was only one case of
trisomy 21. In the same period, there were 14 cases
with DS. The sensitivity of isolated EIF for detecting
trisomy 21 was 7.1% and the specificity was 97.1%.
They concluded that the isolated EIF is a normal
ultrasonographic finding and should not be consid-
ered as a risk factor for trisomy 21 in an unselected
low-risk population.7

Whether low-risk woman should undergo invasive
testing because of the presence of a fetal EIF remains

controversial.5 Isolated EIF carries a relative risk of
twice the prior risk of the presence of DS.8,9

The prevalence of this marker in high- and low-risk
pregnancies is between 3% and 5%, making this find-
ing the most commonly detected ultrasound marker.
The prenatal detection of EIF might be potentially
significant as a marker for aneuploidy.

Nyberge et al. confirmed that EIF is associated with
an increased risk of trisomy 21, although as an isolated
marker this association just reached statistical signifi-
cance. These data support a large number of other
studies suggesting an association between EIF and tri-
somy 21, whereas some studies have failed to show
this association.10

Two independent studies in a high-risk population
showed that the risk of aneuploidy in fetuses with
isolated EIF is about four times greater than the risk in
those with a normal scan.11,12

In a total of 5480 women undergoing amniocente-
sis, the prevalence of EIF was 4.6% (253 cases) and
trisomy 21 was diagnosed in 23 cases (9.1%) of the
253 fetuses with EIF and in 69 (1.3%) of the 5227
without EIF.5,11.13

In a low-risk population, there is no such associa-
tion. In 9263 low-risk pregnancies 153 fetuses had EIF
and none of them had trisomy 21.6

On the contrary, Bromley et al. identified 290 fetuses
with EIF of whom 165 were from a low population
according to the maternal age and four (2.4%) had tri-
somy 21, concluding that the risk of aneuploidy is also
increased in the low-risk population with EIF.14

On the basis of the current literature, there is strong
evidence to support the fact that EIF is more prevalent
in fetuses with chromosomal defects, specifically tri-
somy 13 and trisomy 21. In the high-risk population,
an isolated EIF is associated with an increased risk of
trisomy 21, whereas in the low-risk population the
risk is considerably lower than the risk of fetal loss
associated with amniocentesis.

When a EIF is identified, a detailed scan for other
signs of aneuploidy must be undertaken.

Although this finding has been reported in associa-
tion with fetal chromosome abnormalities, no other
major or minor anomalies were identified in this
fetus. In the absence of other risk factors, this is con-
sidered a normal variation and no further evaluation
is recommended. When an EIF is identified, it is nec-
essary to evaluate for other sonographic markers of tri-
somy 21, such as nuchal thickness. These additional
efforts will help add to the certainty that the EIF is a
normal variant in a low-risk woman.15

In the absence of associated sonographic findings
suggestive of fetal DS in low-risk women, the risk of
an affected fetus when an isolated EIF is found
remains lower than the risk of fetal loss associated
with an amniocentesis. In an otherwise unselected
healthy pregnancy with a fetus at low risk of aneu-
ploidy, the discovery of an isolated EIF on routine
detailed anomaly scanning in the second trimester is

Echogenic intracardiac focus 1191

Figure 113.3 Echogenic Intracardiac focus.
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normal and should not be considered as a risk factor
for trisomy 21.7

Nuchal fold
Nuchal thickness was the first sonographic marker
associated with an increased risk of trisomy 21 in the
fetus and is now accepted as the single most sensitive
and specific marker for the detection of DS in the
second trimester, in high- and low-risk pregnancies.

Sonographic measurements of nuchal thickness are
obtained at the level of the posterior fossa on a modi-
fied transverse view of the fetal head, which includes
the thalami, the cavum septi pellucidi, the cerebellum
hemisphere the cicterna magna as well as the occipi-
tal bone (Figure 113.4). The soft tissue thickness pos-
terior to the occiput is measured from the outside of
the occipital bone to the outer skin edge and should
be measured three times with the largest consistent
measurement used for evaluation. Measurements
≥6 mm are considered abnormal and it has been sug-
gested that a nuchal fold of > 6 mm was associated
with a marked increase in the risk of DS.16,17 Several
investigators recommended that nuchal fold measure-
ments become a part of every scan performed in this
period of the second trimester.18 It has been found
using a 6-mm cutoff that there is an increase in sensi-
tivity in older fetuses (19–24 weeks) vs. the fetuses
between 14 and 18 weeks from 35% to 83% with a
minimal corresponding decrease in specificity from
98.8% to 96.5%, and a high incidence (76%) of
nuchal thickening among fetuses with DS between 14
and 18 weeks of gestation, and it has been suggested
that for older fetuses, 6 mm should be used as a
threshold between 19 and 24 weeks.19 Several meta-
analyses have studied the efficacy of the nuchal fold
thickness measurements. Overall, Wald et al. in 1998
calculated a sensitivity of 38% for the efficacy of nuchal
fold and a specificity of 98.7% for the diagnosis of
trisomy 21.20

The gestational age at which the nuchal fold is
measured is definitely an important issue. The nuchal
fold is a transient finding, which may fluctuate even
within the second trimester, and this marker does
resolve over time. Nuchal fold measurements should
only be used between 15 and 20 weeks. During this
period, the normal measurements of nuchal fold
remain remarkably constant at < 5 mm.

Furthermore, nuchal fold abnormalities can resolve
on subsequent scans whether or not the fetus has DS.
A thickened nuchal fold is also associated with other
euploid syndromes, such as Noonan syndrome and
heart defects.

A thickened nuchal fold can appear one week and
be gone the next with normal follow-up measure-
ments still resulting in a fetus with DS.

There are two recommendations. (1) Once a thick-
ened nuchal fold is identified in the second trimester
regardless of resolution in a subsequent scan, it places
the patient at a high risk of fetal DS. (2) Measurements
after 19 or 20 weeks are less reliable. Never use these
measurements after 20 weeks in predicting the pres-
ence or the absence of DS.

Most of the nuchal thickening in fetuses with DS is
thought to represent some form of lymphatic abnor-
mality similar to cystic hygromata. Nuchal fold meas-
urement is a useful marker for the detection of fetuses
at risk of DS, and is a screening test that can alter the
risk of a fetus having DS.

It has been shown that a normal nuchal fold in
high-risk patients can decrease the risk of an affected
fetus both in patients with abnormal triple test and in
patients with advanced maternal age.21,22

The nuchal fold is the single most sensitive and
specific finding leading the list for detecting fetuses
at risk of DS, although the combination of several
markers together has resulted in the most effective
method for detecting affected fetuses.

Choroid plexus cyst
Cysts of the choroids plexus in the fetal brain usually
are present in the second trimester as a solitary unilat-
eral and simple round anechoic structure within the
choroids plexus of the lateral ventricle (Figure 113.5).
CPC is considered a marker predominantly for trisomy
18. Most of the cases are detected incidentally at rou-
tine second-trimester anomaly scan. Occasionally, they
can be multiple, bilateral or complex. The prevalence
of these cysts in the second trimester is approximately
1% and more than 25% disappear before 26 weeks.

The observation that most of the fetuses with CPC
had trisomy 18 demonstrates that CPC can be the only
marker in a trisomy 18 fetus.23,24

Despite the large number of cases of CPC reported,
there is no consensus regarding the definitive role of
this ultrasound marker in the prenatal detection of
aneuploidy.25

1192 Ultrasonographic soft markers for chromosomal abnormalities

Figure 113.4 Increased nuchal thickness.
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There is agreement that the ultrasound charac-
teristics of CPC, such as bilaterality, size, number, com-
plexity and resolution, are not related to the risk of
aneuploidy. Once a CPC has been identified, a detailed
fetal anatomical survey is needed including examina-
tion of the fetal hands, heart and central nervous
system. Most of the controversy has been focused on
whether an isolated CPC should be an indication of
amniocentesis for trisomy 18.

Maternal age is an independent risk factor for tri-
somy 18 and in calculations of the risk of trisomy 18,
this variable has to be taken into consideration.

Among fetuses with isolated CPC, the likelihood
ratio for trisomy 18 is 0.03 and increases to 0.4 with
one additional ultrasound finding and to 20.5 if there
are two or more additional abnormalities detected by
ultrasound. It was concluded that if the cyst is appar-
ently isolated, the risk of trisomy 18 is marginally
increased and maternal age should be the main factor
in deciding whether or not to offer fetal karyotyping.26

In a recently published meta-analysis, it was shown
that the option of offering prenatal karyotyping to rule
out trisomy 18 in cases with isolated CPC is only jus-
tified when the maternal age at delivery is 36 years or
older.27

In a large review, 658 fetuses with CPC were identi-
fied in 101,600 births. Overall, 2.1% of these had a chro-
mosomal abnormality. When only isolated findings of
CPC were separately analyzed, 0.5% were chromoso-
mally abnormal. If the analysis was stratified by age,
0.36% of mothers below the age of 36 years were
aneuploid, whereas 2.4% were older.28

A review of 13 studies reporting more than 100
cases of isolated CPC revealed that the prevalence of
trisomy 18, regardless of the maternal age or previous
screening, was 0.6% or 1/176, which is above the
population frequency of trisomy 18.29

It was concluded that the presence of isolated CPC,
in an otherwise normal second-trimester fetus, carries

an increased risk of trisomy 18. A detailed ultrasound
examination of the fetus should be mandatory and if
no abnormal findings are detected, maternal age and
maternal serum screening results should be considered
to determine whether the offering of karyotyping is
advisable.29 When a CPC is identified in a patient other-
wise considered at low risk for fetal aneuploidy, it is
necessary to exclude other sonographic markers of tri-
somy 18, such as ‘clenched’ hands. These efforts will
help add to the certainty that CPC is a normal variant in
low-risk women. Women confronted with the informa-
tion that their fetus has a ‘marker’ for a chromosomal
anomaly often have to endure a great deal of anxiety.

It has been suggested that the reporting of these two
findings (the CPC and the EIF) causes more harm than
good. It was recommended that when a CPC or an EIF
is the only detected abnormality in a patient other-
wise considered at low risk for fetal aneuploidy, it is
considered a normal variant and not clinically signif-
icant and does not change her status from low to high
risk and no further evaluation is needed.

Fetal echogenic bowel (FEB)
FEB is not a truly pathological condition, but rather
a non-specific ultrasound feature associated with a
number of fetal pathological conditions of which
chromosomal defects and cystic fibrosis (CF) are the
most well known (Figure 113.6).

FEB is defined as the fetal small bowel as echogenic
as the surrounding bone in the second-trimester fetus.

Different pathological conditions, such as trisomy
21, CF, severe early onset of intrauterine growth
restriction (IUGR), thalassemia, intramniotic bleed-
ing, gastrointestinal obstruction, mesenteric ischemia,
perinatal death and cytomegalovirus infections have
been associated with second-trimester hyperchoid
bowel.19,30,31

Poor perinatal outcome has been noted in one-third
of pregnancies with FEB, including chromosomal
defect in 9% of the cases, CF in 2%, congenital infec-
tion in 3% and IUGR in 8%.

The main limitation in the use of FEB as an ultra-
sound marker is the fact that the diagnosis is highly
subjective and attempts to grade the echogenicity of
fetal bowel have been abandoned due to the subjective
nature of the findings.32 The improved image resolu-
tion and the transducer frequency play a significant
role in the diagnosis of this condition. The association
between FEB and aneuploidy was established by
Nyberg et al. in 1990, who reported increased bowel
echogenicity in 5 (7%) of 68 second-trimester fetuses
with trisomy 21. It has been estimated that the overall
prevalence of chromosomal defects in cases of FEB was
approximately 10% (79 out of 804) and the estimated
risk of aneuploidy in cases of isolated FEB has been
calculated to be between three- and fivefold greater
than the background risk according to maternal age.29,33

Fetal echogenic bowel (FEB) 1193

Figure 113.5 Unilateral choroid plexus cyst.
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Slotnik and Abuhamand in 1996 published a
system that grades the relative echogenicity of the
bowel when compared with the density of the adja-
cent fetal iliac crest. Of 7432 patients, 145 had fetuses
with echogenic bowel. In 40 fetuses with bowel that
was echogenic, but less echodense than the iliac crest,
no cases of DS or CF were identified. In 81 cases
where the bowel was equally echodense as the iliac
crest, two cases of CF and two cases of DS were iden-
tified. When the bowel was more echodense than the
fetal iliac crest, five cases of CF and six cases of DS
were diagnosed out of 24 fetuses with echogenic
bowel.34

Once the diagnosis of FEB is made, a detailed
ultrasound examination of the fetus is warranted
for other markers for aneuploidy to exclude intra-
amniotic bleeding. If no associated findings are
detected, the option of perinatal karyotyping should
be discussed with the parents.31

Routine CF screening should also be considered,
although in a low-risk population for this condition
the chances seem to be low.30

If prenatal karyotyping is performed, fetal DNA
testing for CF mutations should be considered. How-
ever, a serious limitation of CF testing is the small
fraction of CF mutations currently available for
screening. The diagnosis is only definitive in cases of
homozygous fetuses.35

Routine screening for infection has not been advo-
cated in view of the low yield and because most
affected fetuses have additional findings suggestive of
congenital infections. While this is not a particularly
sensitive marker for DS, it is present in only 0.6% of
the second-trimester fetal population; hence, the
identification of this marker should lead to consider-
ation of karyotyping, particularly if accompanied by
any other sonographic findings.2

Mild ventriculomegaly
Mild ventriculomegaly (MV) is defined as a ventricu-
lar width of 10 mm or greater at the level of the
atrium. A practical decision was made to include this
as an anomaly rather than as a sonographic marker.
The incidence of congenital ventriculomegaly ranges
from 0.3 to 1.5 in 1000 births.

MV, including isolated MV (IMV), is the most com-
mon brain abnormality found on prenatal ultrasound
(Figure 113.7). The most accepted definition of ven-
triculomegaly is the width of the atria of the lateral
ventricles exceeding 10 mm.36

Progressive ventriculomegaly usually results
from an excessive accumulation of cerebrospinal
fluid, either because of obstructed flow or from loss
of brain tissue, and is associated with CNS abnormal-
ities, such as spina bifida, Dandy Walker complex,
agenesis of the corpus callosum, congenital infec-
tions, chromosomal abnormalities and intracerebral
hemorrhage.

The natural history and the etiology of MV remains
unknown, much less well defined and does not appear
to be associated with either obstruction or atrophy. The
incidence of MV in a low-risk population is 1.48 per
1000 live births and increases to 22 per 1000 in high-
risk patients. It usually involves both ventricles, but it
may be unilateral or asymmetrical.37,38

In case of MV, a detailed genetic scan must include
examination for markers of aneuploidy, fetal echocar-
diogram and serological tests for congenital infections
should be taken, blood samples for platelet antigen
typing and amniocentesis for karyotyping should be
offered. IMV does not appear to be associated with
raised intracranial pressure and appears to resolve in
approximately 29% of the cases, remains stable in
57% and progresses in 14%.39,40
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Figure 113.6 Fetal echogenic bowel. Figure 113.7 Mild ventriculomegaly.
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The incidence of chromosomal abnormalities
varied from 3% to 12.6% (mean 9%) in cases with
MV and 40% have other findings, while in cases
with IMV the incidence decreased to 4%. It has been
suggested that the majority of fetuses with MV and
abnormal karyotyping will have additional sono-
graphic abnormalities.41

The follow-up of fetuses with IMV in early child-
hood is good with 90% of the cases being normal. The
quality of the outcome studies is poor with a small
number of patients. Counseling should be based on the
premise that IMV is a diagnosis of exclusion and out-
come is generally good and further detailed studies are
needed to document the significance of this finding.

Mild pyelectasis
Dilatation of the fetal renal pelvis (pyelectasis) was
defined as an anteroposterior (AP) diameter ≥4 mm of
fetal renal pelvis at 16–20 weeks, ≥5 mm at 20–30 weeks
and ≥7 mm at 30–40 weeks of gestation42 (Figure 113.8).
An AP renal pelvis diameter of less than 7.0 mm was
found to be predictive of a normal postnatal renal out-
come. Pyelectasis may be unilateral or bilateral, but is
more frequently reported as bilateral. There is also a
marked sex difference with a male:female ratio of
around 2:1.43,44 The majority of cases of pyelectasis
detected in the second trimester will resolve either
before delivery or within the first year of postnatal
life.23 Mild pyelectasis is commonly detected in the
second-trimester fetus and is associated with an
increased risk of both chromosomal abnormalities
and urinary tract pathologies. Thirty percent of cases
with mild pyelectasis have persistent postnatal renal
anomalies. The association with aneuploidy remains
unclear, but it seems likely that mild pyelectasis is a
marker that will alter prior risks.

Pyelectasis was described in association with
trisomies 21, 13 and 18 and Benacerraf et al. reported
seven fetuses (3.3%) with DS from a selected popula-
tion of 211 fetuses with hydronephrosis. It also has
been shown that the risk is higher when pyelectasis is
associated with other abnormalities.42

In a recent study by Chudleigh et al. of 737 fetuses
with mild pyelectasis from an unselected population
of 101,600 births, it has been shown that when
pyelectasis was present as an isolated finding, the risk
of aneuploidy in women < 36 years of age was 0.33%
and 2.2% in women > 36 years. Another approach
has been to estimate the increased risk due to mild
pyelectasis and adjust the prior risk by this factor.

It has been suggested that isolated mild pyelectasis
confers a risk of trisomy 21 that is 1.5 times the back-
ground risk.45

Mild pyelectasis is a marker not sufficiently sensi-
tive and specific to be used as an isolated finding for
the detection of DS and the relative risk of DS is 1.5
times the prior risk. Mild pyelectasis is a soft marker
to be used only in combination with other markers.
Isolated pyelectasis in a low-risk patient should not
warrant an amniocentesis.8 The association between
prenatal pyelectasis and postnatal pathologies (uri-
nary tract obstruction and vesico-uretal reflux) is well
established and 3–5% of cases of second-trimester
pyelectasis may require urinary tract surgery. The sen-
sitivity of second-trimester pyelectasis in identifying
postnatal pathologies is improved by selecting those
fetuses with persisting AP pelvis > 10 mm in the third
trimester.

The detection of perinatal pyelectasis is an indica-
tion of detailed genetic sonogram looking for other
markers of aneuploidy and for extra renal anomalies.
The urogenital system should be examined carefully
and care should be taken to exclude the duplex system,
multicystic displastic kidney and to examine the blad-
der. Parents should be assured that this finding is com-
mon and the risk of serious sequelae is very small.
Repeated scans should be performed early in the third
trimester if the dilatation is still present or is increased;
furthermore, postnatal scans and other investigations
should be initiated as clinically indicated.43

Other sonographic markers
There are some other sonographic features of fetuses
with DS. However, these may not be either sensitive
or specific enough to be helpful for sonographic
screening and they are difficult technically to evalu-
ate accurately. Individuals with DS have short ears
but the measurements are difficult to accomplish
accurately and there is an overlap between normal
and abnormal.

Hypoplastic or absence of the middle phalanx of
the fifth digit is known as a finding among neonates
with DS and together with clinodactyly can be
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Figure 113.8 Mild dilatation of the fetal renal pelvis.
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demonstrated in the early second trimester. This
marker is difficult to measure and the false-positive
rate is as high as 18%46 for using this finding as a
screening tool for DS.

Recently, there is evidence to suggest that delayed
fusion of the amnion and the chorion is associated
with an increased incidence of DS.47 This finding is
rare, occurring only occasionally in fetuses with DS
and in normal fetuses.

The separation of the great toe (sandal gap toe) is a
morphological feature seen in infants with trisomy 21,
but occasionally detected in utero because of the rarity
of this abnormality, and regarding its power as a marker
is not useful in screening for fetal DS (Figure 113.9).

Some other fetal biometric parameters have been
investigated as potential indicators of fetal trisomy 21.
They do not have the same efficacy of detecting DS.
The femur was considered shortened when the meas-
ured to expected ratio was 0.91 or less and the overall
sensitivity and specificity for detecting DS was 29%
and 92%, respectively.48 The short humerus (meas-
ured to expected ratio 0.89 or less) has a sensitivity of
31% and a specificity of 95%, whereas when the short
femur and short humerus are present, there is 33%
sensitivity and 95% specificity for detecting DS. 

Vintzileos et al.49 measured four fetal long bones
and compared their length with controls standardized
on the basis of gestational age. Femur, humerus, tibia
and fibula were measured in 493 normal fetuses and
22 with trisomy 21. The risk of having at least one of
the four bones shortened had a sensitivity of 64% and
a specificity of 78%.49

Scoring index
It is clear that the use of multiple sonographic mark-
ers is a more sensitive method and improves the
detection of fetal aneuploidy over the use of any sim-
ple marker. Several authors have proposed grading
or scoring systems to improve risk assessment.
Benacerraf et al. proposed a scoring system based on
the major and minor abnormalitites.50 Major fetal
abnormalities and the thickened nuchal fold both
have a score of 2 and even if isolated, there is a strong
indication for amniocentesis. Soft markers are often
present in normal fetuses and each one receives a
score of 1 (short femur and humerus, pyelectasis,
echogenic fetal bowel, EIF and CPC) (Table 113.1).

It has been demonstrated, that the sonographic scor-
ing index can achieve a sensitivity of 81% for trisomy
21 and 85% for trisomy 18 with a false-positive rate of
4%, when a score ≥2 is used for amniocentesis.

The use of ultrasound-adjusted risks of fetal trisomy
21 is expected to decrease the number of amniocenteses
in women over the age of 35 when a genetic ultrasound
examination does not demonstrate any abnormal ultra-
sound markers, while still identifying the majority of
fetuses with DS. By applying Bayes’ theorem to the risk

of trisomy at a given maternal age in a fetus with a sono-
graphic score of 0, a modified risk was calculated.

In women over 35 years of age, a threshold of 1 was
used as a positive criterion to optimize the identifica-
tion of the affected fetuses. This results in a sensitivity
of 83% and a false-positive rate of 13%, respectively.
The same scoring system can be used to decrease the
risk of trisomy 21 in patients at risk of having an
affected fetus, either because of advanced maternal age
or because of abnormal triple screening test.

Women of 40 years of age or older, with a genetic
sonogram score of 0, were advised to undergo amnio-
centesis since the score 0 could not reduce the patient’s
age-specific risk below the commonly accepted thresh-
old for offering amniocentesis. Women between the
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Table 113.1 Proposed sonographic score for the
detection of DS

Score Likelihood ratio

Major structural anomalies 2 25

Nuchal fold 2 18.6

Short femur 1 2.5

Mild pyelectasis 1 2.2

FEB 1 1.5

Echogenic indracardiac 1 5.5
focus EIF

CPC 1 2.0

From Benacerraf et al.51

If amniocentesis is performed for fetuses scoring > 2, 73% of fetuses
with trisomy 21 and 85% of fetuses with trisomy 18 can be identi-
fied with a false positive of 4%. Each likelihood ratio can be multi-
plied by the maternal age-based risk

Figure 113.9 Seperation of the great toe (sandal gap toe).
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age of 35 and 39 years, however, can benefit from the
genetic sonography.52

It has been suggested that a genetic sonogram be
offered as an option for women who are at increased
risk of having fetuses with aneuploidy, but who do
not wish to undergo invasive testing without addi-
tional information.

Nyberg et al. have developed the genetic sonogram
via the age-adjusted ultrasound risk assessment for
DS, based on maternal age and the likelihood ratios of
the various sonographic markers.4 Major structural
anomalies, nuchal thickening, echogene bowel, short
humerus, short femur, EIF and pyelectasis have likeli-
hood ratios of 25, 18.6, 5.5, 2.5, 2.2, 2.0 and 1.5,
respectively. Each likelihood ratio can be multiplied
by the maternal age-based risk to revise the individual
risk of the woman. They found that using one or more
sonographic markers allowed identification of 68% of
fetuses with DS with a false-positive rate of 12.5%.8

Vintzileos et al.49 determined that the best combi-
nation of sonographic markers for detecting affected
fetuses was the thickened nuchal fold, pyelectasis and
short humerus, resulting in a sensitivity of 89% with
a false-positive rate of 6.7%. It also has been demon-
strated that a normal ultrasound could reduce the risk
of DS by a likelihood ratio of 0.4.49

They reported that the yearly utilization of the
genetic sonogram rather than amniocentesis was 0.4%
in 1993, 16.6% in 1994, 48% in 1995 and 55% in
1996. They showed that women are accepting the
genetic sonogram more and over half of the women
presenting to the ultrasound laboratory, because of
advanced maternal age or abnormal triple test screen,
choose to have the genetic sonogram before they
decide whether or not to have amniocentesis.2,22,49

In addition to the combination of sonographic
markers with maternal age, the triple biochemical
screen may also add information to the specific risk
that a woman has a fetus with DS, before a woman
makes a decision to undergo amniocentesis.

In a study by Yagel et al. evaluating women less
than 35 years of age with abnormal triple screen
results, the sensitivity for detection of DS using sono-
graphic markers was 80%.53 The use of ultrasound-
adjusted risks of fetal trisomy 21 is expected to
decrease the number of amniocenteses in older
women when a genetic ultrasound examination does
not demonstrate any abnormal ultrasound markers,
while still identifying the majority of fetuses with DS.

A multicenter study was undertaken to evaluate
the diagnostic efficacy of the genetic sonogram. Of a
total of 176 fetuses with DS, 125 (71%) had an abnor-
mal long bone length (femur, humerus) or a major
structural abnormality or a sonographic soft marker
for DS. The combined diagnostic sensitivity was
71.6%. The sensitivity of individual markers varies
between 3% (sandal gap) and 46.5% (nuchal fold
thickness). In this eight-center study, it was concluded
that the genetic sonogram can be used to better adjust
the DS risk for high-risk patients.54

In conclusion, multivariate analysis of sonographic
markers of trisomy 21 has resulted in a detection rate
of DS between 75% and 90% and presents a reason-
able alternative to high-risk women considering inva-
sive testing. Multivariate analysis permits more
accurate counseling and allows identification of the
optional components of a genetic sonogram. This may
lead to a standardization of the contents, a shorter
duration of the examination with no loss of sensitiv-
ity and a decrease in the false-positive rate.55
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114 Fetal anatomy in the first
trimester of pregnancy
A. Antsaklis and A. Souka

Introduction
First-trimester ultrasound scan was initially used to
date the pregnancy. In the last 15 years, technological
progress and, in particular, the introduction of the
transvaginal approach made possible the detailed
examination of the fetal anatomy in the first trimester
for the diagnosis of structural defects.

In this decade, a number of studies have shown
that nuchal translucency (NT) (the accumulation of
fluid in the nuchal area, Figure 114.1) can be meas-
ured by ultrasound at 11–14 weeks. NT measurement
is a sensitive and accurate screening test for the diag-
nosis of chromosomal abnormalities yielding a sensi-
tivity of about 75% for a 5% screen positive rate.1 The
introduction of first-trimester biochemical markers
free beta-human chorionic gonadotropin (beta-hCG)
and pregnancy associated plasma protein A (PAPP-A)
has increased the sensitivity to about 90% for the
same screen positive rate.2

Increased NT at 11–14 weeks has been associated
with structural defects and in particular cardiac defects
and a wide range of genetic syndromes.3 Possible patho-
physiological mechanisms include cardiac dysfunction,
venous stasis, anomalous or delayed development of
the lymphatic vessels of the neck, abnormal collagen
biosynthesis, fetal anemia and congenital infections.

The majority of the fetal organs can be visualized in
the first trimester and transvaginal scanning has greatly
increased our ability to examine the first-trimester fetus.

Using ultrasound scanning in the first trimester, we
can accurately date the pregnancy, establish fetal via-
bility and ascertain chorionicity in multiple pregnan-
cies. At 11–14 weeks, we can estimate the risk of
chromosomal defect by NT measurement and exam-
ine fetal anatomy.

The normal first-trimester fetus
Several ultrasound studies4–28 using mainly the trans-
vaginal approach at 4–12 weeks of gestation describe
the development of the normal fetus as follows.

The fourth week
The gestational sac is visible from about 4 weeks and
3 days as a hypoechoic, ring-like 2–3 mm structure
surrounded by a hyperechoic rim. Further details
within the sac cannot yet be defined. The sac repre-
sents the chorionic cavity and is typically located in
the upper part of the decidualized endometrium in an
eccentric position.

The fifth week
The yolk sac becomes visible as the first structure
within the sac at about 5 weeks and is always present
at 5 weeks and 4 days. At the end of the fifth week the
fetal pole measuring 2–3 mm can be seen beside the
yolk sac and heart motion may be identified. At this
stage the fetal heart rate is about 100 beats/min.

The sixth week
At 6 weeks, the embryo measures (crown–rump
length, CRL) 4–8 mm. The fetal pole, the yolk sac and
the heart motion are always visible. Heart activity
should always be seen in embryos of 5 mm (6 weeks
and 4 days) or more. The gestational sac contains two

Figure 114.1 Nuchal translucency in an 11-week fetus. 
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fluid-filled cavities: the coelomic (chorionic) cavity
with the yolk sac and the considerably smaller amni-
otic cavity with the fetal pole. The two cavities are
separated by a thin membrane surrounding the
embryo, the amniotic membrane. At the end of the
sixth week the cavity of the rhombencephalon
becomes visible as a small hypoechogenic area at the
cephalic part of the fetal pole.

The seventh week
At 7 weeks the CRL is 9–14 mm and the mean heart
rate is about 130 beats/min. The amniotic cavity starts
expanding rapidly. The head can be distinguished
from the body and hypoechogenic areas (brain vesi-
cles, Figure 114.2) appear in the developing brain at
the cephalic end of the embryo. The cavity of the
rhombencephalon that will eventually form the pons
and the cerebellum can always be identified at 7
weeks as a rhomboid, hypoechoic area at the cranial
pole of the embryo. At this stage the rhomben-
cephalon is larger than the developing hemispheres.
The small cavities of the hemispheres originating
from the dividing Y-shaped telencephalon, the dien-
cephalon (that will form the thalami, hypothalamus
and the third ventricle) and the mesencephalon (that
will later form the nuclei and the aqueduct of Sylvius)
may be identifiable.

The umbilical cord is short and appears wider and
hyperechogenic at the point of the insertion in the
abdomen; this is the first sign of bowel herniation into
the cord. The lower limb buds can vaguely be depicted.

The eighth week
At 8 weeks, the CRL is 15–22 mm, the brain vesicles are
more prominent and the choroid plexuses can be visu-
alized as small hyperechogenic areas. The rhomben-
cephalon is still the largest cavity lying on top of the
brain. There is a broad connection between the lateral
ventricles, the diencephalon and the mesencephalon.
Fetal heart rate is about 160 beats/min and the heart
occupies more than 50% of the thoracic cavity. Atria
and ventricles are sometimes visible at the end of the
eighth week. The abdominal cavity is fully occupied by
the liver anteriorly and the stomach dorsally while the
intestine is herniated into the umbilical cord. Fluid in
the stomach can occasionally be seen toward the end of
the eighth week probably as a product of the gastric
epithelium, since swallowing movements only start at
11 weeks. The outlines of the skull, spine and ribs can
vaguely be seen. The limbs appear as short echogenic
outgrowths and the first body movements become visi-
ble during the eighth week.

The ninth week
At 9 weeks, the CRL is 23–31 mm. The amniotic cavity
is now larger than the coelomic cavity and occupies

most of the sac volume. The fetal body becomes
ellipsoid with the head being disproportionately big
and the soles of the feet touch in the midline. The
choroid plexuses are obvious and occupy almost fully
the lateral ventricles. The cortex is thin and hypoe-
choic. The cerebral hemispheres become visible and are
clearly separated. The connection between the mesen-
cephalon and the third ventricle becomes narrower.
The fetal heart rate reaches a peak of about 175 beats/
min. Bowel herniation is visible in all fetuses. The first
ossification centers can be seen at the mandible and
clavicle. Limb movements can be identified.

The postembryonic period
(10–11 weeks)
During the postembryonic period, the CRL is
32–54 mm. The fetus acquires human shape and the
fetal body becomes longer although the head is still dis-
proportionately large with a prominent forehead and a
flat occiput. The cerebral hemispheres start being
detectable during the ninth week. Ossification starts
from the occipital bone at 10 weeks. The cortex is about
1 mm thick at the end of the first trimester. The lateral
ventricles occupy completely the anterior part of the
head and cover the diencephalon. The mesencephalon
gradually moves toward the middle of the brain, the
third ventricle, after a transient increase, becomes
narrow and the cerebral hemispheres fuse in the mid-
line at 11–12 weeks. Fetal heart rate drops to about
165 beats/min at the end of the 11th week. The motion
of the atrioventricular valves and the atrial and ven-
tricular septa may be visible at 10 weeks. All cardiac
structures can be visualized at the end of the 11th
week. Starting from the end of the eighth week the
small bowel herniates into the umbilical cord and gives
the sonographic appearance of a hyperechogenic mass
at the insertion of the cord. Maximum herniation of the

Figure 114.2 A 7-week fetus. The arrow points to the cavity of
the rhombencephalon.
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bowel is detectable at the beginning of the 10th week,
whereas the return of the bowel in the abdominal
cavity begins at 10 weeks and 4 days and is usually
completed at 11 weeks and 5 days. In 75% of embryos
the stomach is visible before the 10th week. The
ossification centers of the spine and the long bones
start being visible at 10 weeks. The ossification of
the spine begins at the level of the cervical vertebrae
and spreads caudally to the thoracic and lumbosacral
areas during weeks 12–13. Ossification of the
metacarpals and metatarsals can be identified at
12 weeks. The digits and sometimes the toes become
visible from 11 weeks.

Fetal anatomy at 11–14 weeks
Although in the general population structural defects
are relatively common (3–5%) and cardiac defects the
commonest amongst them, few studies have addressed
the issue of fetal anatomy in low-risk populations as
part of the 11–14 weeks’ scan.20,29–34 Visualization of
the cardiac anatomy at this gestational period has
been reported from specialists in fetal echocar-
diography and has been mainly limited to high-risk
pregnancies.35–45

Two studies20,46 examining fetal anatomy at 11–14
weeks have used the following protocol:

(1) Skull and brain: examination of the completeness
of the skull, the presence of the midline in the
brain and the butterfly shape of the choroid
plexuses (Figure 114.3).

(2) Face: examination of the orbits and lenses and the
view of the fetal profile (Figures 114.4 and 114.5).

(3) Spine: examination of the alignment of the
vertebrae and the skin covering the spine (Figure
114.6).

(4) Heart: examination of the four-chamber view and
the great vessels (three-vessel view, Figures 114.7
and 114.8).

(5) Stomach: visualization of the stomach as a
hypoechoic structure at the left upper abdomen
(Figure 114.9).

(6) Abdomen: examination of the umbilical cord
insertion into the abdominal wall (Figure 114.10).

(7) Kidneys: visualization of the kidneys as hypere-
choic structures with a hypoechoic center lateral
to the spine (Figure 114.11).

(8) Bladder: visualization of the bladder as a
hypoechoic structure in the fetal pelvis (Figure
114.12).

(9) Extremities: examination of the long bones, fin-
gers, toes and the movement and posture of the
joints (Figures 114.13 and 114.14).

Figure 114.3 Fetal skull and brain.

Figure 114.4 Fetal face.

Figure 114.5 Fetal profile.

Fetal anatomy at 11–14 weeks 1201
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1202 Fetal anatomy in the first trimester of pregnancy

In a study of 1144 fetuses examined at 11–14 weeks
with a combination of the transabdominal and trans-
vaginal route full check of the fetal anatomy was
achieved in 48% of the fetuses, whereas non-cardiac
anatomy was visualized in 86% of the fetuses.46

Successful visualization of the fetal organs depended
on CRL (Table 114.1). The use of the transvaginal
approach increased successful examination of the

Figure 114.6 Fetal spine.

Figure 114.7 Fetal heart. The four-chamber view.

Figure 114.8 Fetal heart. The three-vessel view.

Figure 114.9 Transverse section of the abdomen (the
stomach).

Figure 114.10 Umbilical cord insertion.
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fetal anatomy from 72% to 86% of the fetuses
(Table 114.2). Transvaginal scanning was particularly
helpful in examining the face, kidneys and bladder.

In a screening study for structural abnormalities
at 11–14 weeks using transvaginal ultrasound, fetal
anatomy (not including face and heart) was seen in
94% of the cases.30 Similarly in an anatomical survey
of 298 fetuses at 12 +0 to 13 +6 weeks of gestation,
Braithwaite et al. were able to complete the examina-
tion of the fetal anatomy, including the four-chamber
view, in 95% of the fetuses.20 With the combination
of the transabdominal and transvaginal route the four-
chamber view of the heart was seen in 97% of the
fetuses, the bladder in 98%, the head, brain and kid-
neys in 99% and the remaining organs (diaphragm,
stomach, abdominal wall, spine and extremities) in
100% of the fetuses. The use of the transvaginal
approach increased successful examination of the fetal
anatomy from 72% to 95%.20 In both studies the factors
influencing visualization of the fetal organs were gesta-
tion, maternal habitus and uterine position and the
authors stress the contribution of the transvaginal ultra-
sound in completing the examination of the fetus.

A few studies have addressed the issue of visualiz-
ing the four-chamber view and the outflow tracts at
11–14 weeks (Tables 114.3 and 114.4).36–39,44,46,47

Examination of the fetal heart at this early gestation is
still mainly restricted to high-risk patients and per-
formed in specialized centers by experts in fetal
echocardiography. Visualization rates of the four-
chamber view improved with gestation, remaining
poor before 11 weeks and increasing to more than
90% during the 12th and 13th weeks (Table 114.3).
Similarly, visualization of the outflow tracts was
achieved in the majority of the fetuses examined
between 12 +0 and 13 +6 weeks of gestation. Only
two studies have examined cardiac anatomy as part of

Figure 114.11 Fetal kidneys.

Figure 114.12 Fetal bladder.

Figure 114.13 Fetal lower extremity.
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Figure 114.14 Fetal hand.
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1204 Fetal anatomy in the first trimester of pregnancy

the routine 11–14 weeks’ scan.20,46 In the first study
on 298 women, examination was performed at 12 +0
to 13 +6 weeks and the four-chamber view was seen
in 76% of fetuses transabdominally, 95% transvagi-
nally and 97% using a combined approach. Outflow
tracts were not examined.20 In the second study, 1144
women were examined at 11 – (13 +6) weeks of ges-
tation (CRL 45–82 mm). Complete cardiac anatomy
was seen in 50% of fetuses, with visualization of the
four-chamber view in 87% of cases and of the three-
vessel view in 50% of cases.

Studies on screening for structural
defects by first-trimester ultrasound
Three studies on a total of 12,327 pregnancies have
examined the impact of assessing fetal anatomy in the
first trimester on the detection rate of structural
defects (Table 114.5). The differences in the detection
rates can mainly be attributed to differences in proto-
cols, definition and postnatal ascertainment of anom-
alies. The study with the lowest detection rate reports
on all (major and minor) anomalies; if only major

anomalies were included, the first-trimester scan
sensitivity would be 50.8% and the overall ultrasound
scan sensitivity 78.8%.34 Detection rates in the two
other studies have been calculated excluding nuchal
anomalies. The majority of abnormalities diagnosed
in the second and third trimester would not be detect-
able in the first trimester including central nervous
system defects (microcephaly, ventriculomegaly,
brain atrophy, Dandy–Walker malformation, cerebel-
lar asymmetry), cardiac defects (tetralogy of Fallot,
hypoplastic left heart, ventricular septal defects),
renal defects (hydronephrosis, multicystic dysplastic
kidneys) and gastrointestinal defects (bowel obstruc-
tion). However, it is likely that at least some of the
cases of neural tube defects and cardiac defects and
probably all cases of abdominal wall defects and limb
reduction defects will in the future be diagnosed in
the first trimester. These studies have shown that the
first-trimester scan can detect more than one-third of
the major structural anomalies, including lethal
anomalies or those leading to severe handicap (anen-
cephaly, holoprosencephaly, body stalk anomaly).

In conclusion, examination of the fetal anatomy is
feasible during the routine 11–14 weeks scan and the
completeness of the examination mainly depends on
maternal habits and gestational age. It is clear that the
optimal gestation for examining both cardiac and non-
cardiac anatomy starts from the beginning of the 12th
week to the end of the 13th week of gestation. Access
to the transvaginal approach is important in complet-
ing the examination.

With the modern trend of shifting prenatal diagno-
sis at the earliest possible gestation and the advancing
technology, it is not difficult to see the 11–14 weeks’
scan becoming the first minianomaly scan with the
aim of diagnosing the severest structural anomalies,
thus giving the parents earlier reassurance about the
well-being of their fetus.

Table 114.1 Visualization of fetal anatomic structures according to crown–rump length. Anatomy Check
I �includes all other organs except of the heart, Anatomy Check II � all organs including heart anatomy46

CRL Anatomy Anatomy Head/
(mm) N Check I Check II Brain Face Spine Heart Abdomen Stomach Kidneys Bladder Extremities

45–54 174 113 38 174 171 172 44 172 166 123 170 174 
(64.94%) (21.83%) (100%) (98.27%) (98.85%) (25.28%) (98.85%) (95.40%) (70.68%) (97.70%) (100%)

55–64 400 337 173 400 398 399 183 400 398 341 397 400 
(84.25%) (43.25%) (100%) (99.5%) (99.75%) (45.75%) (100%) (99.50%) (85.25%) (99.25%) (100%)

65–74 413 386 233 413 409 413 238 413 412 388 412 413 
(93.46%) (56.41%) (100%) (99.03%) (100%) (57.62%) (100%) (99.75%) (93.94%) (99.75%) (100%)

75–82 157 150 105 157 157 157 105 157 157 150 157 157 
(95.54%) (66.87%) (100%) (100%) (100%) (66.87%) (100%) (100%) (95.54%) (100%) (100%)

Total 1,144 986 549 1,144 1,135 1,141 570 1,142 1,133 1,002 1,136 1,144 
(86.18%) (47.98%) (100%) (99.21%) (99.73%) (49.82%) (99.82%) (99.03%) (87.58%) (99.30%) (100%)

Table 114.2 The contribution of transvaginal scanning in
visualizing fetal anatomy according to crown–rump length46

CRL (mm) N TAS TAS +TVS

45–54 174 99 (56.89%) 113 (64.94%)

55–64 400 301 (75.25%) 337 (84.25%)

65–74 413 307 (74.33%) 386 (93.46%)

74–82 157 119 (75.79%) 150 (95.54%)

Total 1,144 826 (72.20%) 986 (86.18%)
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Table 114.3 Visualization rates of the 4-chamber view according to gestational age

Visualization rate % (Number of fetuses examined)

Author 10–10+6 wks 11–11+6 wks 12–12+6 wks 13-13+6 wks

Dolkart and Reimers 199136 0 (8) 30 (10) 90 (10) 100 (13)

Johnson et al. 199237 27 (26) 58 (33) 71 (51) 74 (61)

Bronshtein et al. 199238 NE 17 (18) 36 (25) 100 (NS)

Gembruch et al. 199339 NE 80 (15) 93 (30) 100 (51)

Gembruch et al. 200047 56 (9) 88 (16) 93 (15) 100 (16)

Haak et al. 200244 NE 85 (85) 97 (85) 98 (85)

Souka et al. 200446 NE 67 (1,144) 87 (1,144) 96 (1,144)

NE: not examined, NS: not specified

Table 114.4 Visualization rates of the outflow tracts according to gestational age

Visualization rate % (Number of fetuses examined)

Author Vessel 10–10+6 wks 11–11+6 wks 12–12+6 wks 13–13+6 wks

Dolkart and Reimers 199136 Aorta 0 (10) 20 (10) 40 (10) 46 (13)

Pulmonary 0 (10) 0 (10) 40 (10) 38 (13)

Johnson et al. 199237 Aorta 4 (26) 24 (33) 59 (51) 62 (61)

Pulmonary 12 (26) 21 (33) 41 (51) 51 (61)

Gembruch et al. 199339 Combined NE 67 (15) 80 (30) 100 (51)

Gembruch et al. 200047 Combined 44 (9) 75 (16) 93 (15) 100 (16)

Haak et al. 200244 Aorta NE 33 (85) 77 (85) 95 (85)

Pulmonary NE 75 (85) 89 (85) 98 (85)

Souka et al. 200446 Combined NE 25 (1,144) 48 (1,144) 61 (1,144)

NE: not examined

Table 114.5 Screening studies of major structural abnormalities by first-trimester ultrasound

Prenatal diagnosis

Author N Anomalies Total 11–13+6 weeks

Hernandi and Torocsik, 199730 3,991 40 30 (75.0%) 11 (27.5%)

Economides et al. 199833 1,632 13 10 (76.9%) 7 (53.8%)

Carvalho et al. 200234 2,853 66 52 (78.8%) 25 (37.8%)

Drysdale et al. 200248 960 18 15 (83.3%) 2 (11.1%)

Total 9,436 137 94 (68.6%) 58 (42.3%)

Structural defects at 11–14 weeks 1205
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1206 Fetal anatomy in the first trimester of pregnancy

Structural defects at 11–14 weeks
Central nervous system defects

Acrania/anencephaly (birth prevalence 1 in 1000)
The diagnosis of anencephaly in the second and third
trimesters of the pregnancy is based on the absence of
cranium and cerebral hemispheres. Animal studies
have shown that the absence of the skull leads to pro-
gressive degeneration and destruction of the brain
tissue. Similarly, ultrasound studies have shown that
in human embryo acrania progresses to exencephaly
and anencephaly.48–56 Acrania, meaning the absence
of the skull (cranium), is the hallmark of anencephaly
in the first trimester. The brain may show signs of degen-
eration or even appear normal. Several authors have
described cases of anencephaly from as early as 9 weeks;
the appearance of the brain varies from echogenic and
disorganized with abnormal shape of the skull and
head circumference smaller than the abdominal cir-
cumference to completely normal.48,49,53–55 In the
four screening studies for structural defects by first-
trimester ultrasound, all cases of anencephaly were
diagnosed in the first trimester.30,32,34,57 In two screen-
ing studies for chromosomal abnormalities by NT
measurement on a total of 6861 pregnancies, all seven
anencephalic fetuses were correctly identified in
the first trimester.50,56 In another screening study of
about 54,000 pregnancies there were 47 cases of
anencephaly.51 In the first phase of the study the
sensitivity of the first-trimester scan for diagnosing
anencephaly was 74% (23 of 31 cases) but this
increased to 100% (16 of 16 cases) in the second phase
when sonographers were instructed to look for the
specific signs of anencephaly at this early gestation.

Holoprosencephaly (birth prevalence 1 in 5000)
This rare but severe defect covers a spectrum of con-
ditions where there is a defect in the division of the
prosencephalon, the frontal part of the brain. There
are three types (lobar, semilobar, and alobar holopros-
encephaly) depending on the degree of fusion of the
prosencephalon. In the lobar type, the ventricles and
thalami are divided but the cavum septum pellucidum
is absent. In the semilobar type the lateral ventricles
and thalami are only partially separated and in the alo-
bar type there is complete fusion of the ventricles with
a large monoventricle and fused thalami. The defect is
strongly related to chromosomal abnormalities (particu-
larly trisomies 13 and 18) and other structural defects
(mainly facial clefts). Holoprosencephaly was present in
24% of the 46 fetuses with trisomy 13 at 10–14 weeks,
as described by Snidjers et al.58 The diagnosis of
the alobar type has been reported in the first trimester
based on the visualization of a single ventricle and
the fusion of the thalami.59–67 In the earliest report
of alobar holoprosencephaly Blaas et al. diagnosed
the defect at 9 weeks and 2 days (CRL 22 mm).66 There
was a small monoventricular endbrain behind the

forehead and a proboscis. The diagnosis was con-
firmed a week later. In four screening studies for
structural defects by first-trimester ultrasound on a
total of about 9500 fetuses, there were four cases of
holoprosencephaly and three were diagnosed in the
first trimester.30,33,34,46 Spina bifida (birth prevalence 1
in 1000) is the result of failed closure of the neural tube
normally occurring during the sixth week, whereas
the ossification of the spine begins at 10 weeks. The
hallmarks of the diagnosis of spina bifida in the
second trimester are the scalloping of the frontal
bones of the skull (lemon sign) and the displacement
of the cerebellum (Arnold–Chiari malformation,
banana sign).

The diagnosis of spina bifida has been reported in
the first trimester from as early as 9 weeks.68–72 Blaas
et al. identified the defects in three embryos from
high-risk pregnancies at 9 weeks of gestation (CRL
22–28 mm).71 The authors used a combination of two-
and three-dimensional transvaginal ultrasound to
examine the spine. They note that the scalloping of the
frontal bones and the Arnold–Chiari malformation did
not occur before 12 weeks (Figure 114.15).

In four screening studies for structural defects by
first-trimester ultrasound, there were 12 cases of spina
bifida on a total of about 9500 fetuses and six were
diagnosed in the first trimester.30,33,34,46 It is of interest
that at least in some cases the lemon sign and banana
sign are present in the first trimester (Figures 114.16
and 114.17).

Heart defects
Congenital heart defects are amongst the commonest
structural defects with a birth prevalence of 5–10 per
1000 births. Approximately, one half of those will need
medical or surgical treatment (major defects) and the
other half will be asymptomatic (minor defects). First-
trimester diagnosis of several cardiac abnormalities
has been reported in the first trimester, such as ectopia
cordis, common truncus arteriosus, dextrocardia,
monoventricular heart, Uhl disease, atrioventricular
septal defect and ventricular septal defect.73–77

Figure 114.15 Spina bifida in a 13-week fetus.
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In a screening study of 114 pregnancies at risk
for cardiac defects by transvaginal ultrasound at 11–16
weeks of gestation, there were six abnormal fetuses
scanned at 11–14 weeks and the defect was diagnosed
in five (sensitivity 83%).78 Nuchal fluid was increased
in four fetuses. In another small study of 15 high-
risk fetuses scanned at 12 – (13 +6) weeks,79 the
first-trimester scans were normal in 10 cases and
inconclusive in four cases; one of the two cardiac
anomalies (left isomerism) was identified at 12 weeks
and a muscular ventricular septal defect was diagnosed
postnatally (sensitivity 83%). Haak et al. performed
first-trimester transvaginal fetal echocardiography in 54
fetuses with increased NT and reported sensitivity and
specificity of 88% and 97%, respectively.43 Another
study on 241 fetuses with increased NT at 11–14 weeks
(CRL 40–85 mm) identified 28 of the 37 cardiac anom-
alies in the first trimester (sensitivity 76%).80

Screening studies for heart defects have so far been
limited to high-risk pregnancies defined by family
history, maternal disease (diabetes, epilepsy) or
increased nuchal thickness and performed in the set-
ting of fetal echocardiography units by experts in car-
diac scanning, thus explaining the high sensitivities
reported. There is a strong association of increased
NT with cardiac defects. A meta-analysis of screening
studies reported that the detection rates for heart
abnormalities were about 37% and 31% for NT
cutoffs of 95th and 99th percentiles, respectively.81

Fetal echocardiography, during the first trimester if

possible, should be included in the routine follow-up
of the fetuses with increased nuchal fluid.

Abdominal wall defects

Exomphalos (omphalocele, birth prevalence 1 in 4000)
In exomphalos there is midline defect of the abdominal
wall through which intra-abdominal viscera herniated
into a sac. The umbilical cord inserts at the apex of
the sac. Herniation of the small bowel only is a normal
step of the embryonic development and occurs between
8 and 10 weeks. The diagnosis of exomphalos is made
if the bowel fails to return into the abdominal cavity
by 11 weeks or if other viscera are herniated at any
gestation.

Exomphalos is commonly associated with chromoso-
mal abnormalities and syndromes. Chromosomal
abnormalities, usually trisomy 18, are present in about
half of the fetuses with exomphalos in the first trimester,
one-third of cases in the second trimester and about
15% at birth. Exomphalos may be part of an extended
defect in the abdominal wall development. If the abnor-
mality involves the cephalic fold it results in pentalogy
of Cantrell (exomphalos, ectopia cordis, cardiac defects,
diaphragmatic hernia, sternal cleft). If it involves the
caudal fold it results in bladder or cloacal exstrophy,
bowel atresia and vertebral defects.

Many cases with exomphalos have been diagnosed
in the first trimester, the earliest case being at 11 weeks
for exomphalos containing liver.82–87 Van Zalen-
Sprock et al. reported on 14 cases with exomphalos at
11–14 weeks.86 Nuchal fluid was increased in eight
fetuses and seven of those were chromosomally
abnormal. Exomphalos contained bowel only in fetuses

Figure 114.16 Lemon sign in a 13-week fetus.
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Figure 114.17 Banana sign in a 13-week fetus.
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1208 Fetal anatomy in the first trimester of pregnancy

with chromosomal abnormality. Liver was often pres-
ent in the contents of the sac as well as bowel in the
chromosomally normal ones.

In a study of 622 high-risk patients there were two
cases of exomphalos diagnosed in the first trimester.31

In four screening studies on a total of about 9500
patients there were two cases with exomphalos cor-
rectly identified in the first trimester.30,33,34,46

In a study screening for chromosomal defects at
10–14 weeks by NT measurement in about 1500
patients, the diagnosis of exomphalos was made at
this early gestation.56 Finally, in another screening
study for chromosomal defects at 11–14 weeks by NT
measurement, 15,726 fetuses were examined and
there were 18 cases of exomphalos.87 The karyotype
was normal in seven fetuses; the remaining 11 fetuses
had trisomies 18, 13 or triploidy. This study showed
that the prevalence of exomphalos and the risk of
chromosomal defects in affected fetuses is increased
in the first trimester because of the strong association
with lethal chromosomal anomalies.87

Gastroschisis (birth prevalence 1 in 4000)
In gastroschisis there is a small defect of the abdominal
wall laterally and usually on the right of the umbilical
cord insertion through which herniation of the viscera
(usually small bowel) occurs. Although gastroschisis is
as common at birth as exomphalos, there are few cases
reported in the first timester.88,89 Prenatal diagnosis is
based on the visualization of loops of bowel floating in
the amniotic fluid. Gastroschisis is rarely associated
with chromosomal abnormalities.

Defects of the urinary tract

Megacystis
Dilatation of the urinary bladder in first-trimester
fetuses has been reported in association with obstruc-
tive uropathy (usually with posterior urethral valves
or urethral atresia), severe renal abnormalities and
prune belly syndrome.90–97

Liao et al. studied 145 fetuses with bladder diameter
more than or equal to 7 mm at 10–14 weeks of gesta-
tion.98 Fetuses with mild and moderate megacystis
(bladder diameter 7–15 mm) were chromosomally
abnormal in 24% of cases; in the ones with normal
karyotype spontaneous resolution occurred in 90% of
cases but in 10% there was progressive evolution to
obstructive uropathy and/or echogenic kidneys.
Fetuses with severe bladder dilatation (more than
15 mm) were chromosomally abnormal in 11% of cases
but progression to obstructive uropathy was observed
in all of the remaining chromosomally normal cases.

In a study of 622 high-risk patients there were two
cases of megacystis diagnosed in the first trimester.31

In four screening studies on a total of about 9500
patients there were two cases with megacystis cor-
rectly identified in the first trimester.30,33,34,46

Meckel–Gruber syndrome
(birth prevalence 1 in 10,000)
This is a lethal, autosomal recessive condition with
variable phenotypic expression. The typical features
include encephalocele, bilateral polycystic kidneys
and polydactyly. Other features may be present such
as growth deficiency of prenatal origin, microcephaly,
cerebral and cerebellar hypoplasia, anencephaly,
Dandy–Walker malformation, absence of the corpus
callosum, cleft lip and palate, renal agenesis, hypo-
plastic bladder, obstructive uropathy, syndactyly of
the fingers and toes. Phenotype may vary from isolated
polydactyly, which may represent the mild expression
of the heterozygote state, to the full clinical manifesta-
tion of the disease. The diagnosis is based on ultrasound
examination demonstrating encephalocele, usually
occipital, enlarged, dysplastic, echogenic kidneys and
polydactyly.

In three studies on a total of 15 pregnancies from
high-risk families all eight affected fetuses were cor-
rectly diagnosed in the first trimester.99–101 Another
case of the syndrome from a low-risk couple was
identified at 13 weeks in a study screening for chro-
mosomal abnormalities by NT measurement.100 In
four screening studies on a total of about 9500
patients there were two cases with Meckel–Gruber
syndrome diagnosed in the first trimester.30,33,34,46

These studies have shown that the phenotype of
Meckel–Gruber syndrome is present from the first
trimester and it is likely that the diagnosis is actually
easier at this early gestation when amniotic fluid vol-
ume is still within the normal range rather than in the
second trimester when oligohydramnios hinders
detailed ultrasound examination.

Skeletal defects

Caudal regression syndrome (sirenomelia,
birth prevalence 1 in 500,000)
This is a rare sporadic defect involving vertebral
abnormalities varying from partial sacral agenesis to
complete absence of the lumbosacral part of the
spine. Sirenomelia, the extreme form of the syn-
drome presents with variable degrees of hypoplasia
and fusion of the lower limbs and is associated with
genitourinary, gastrointestinal and central nervous
system defects. Sirenomelia is about 250 times
more common in mothers with poorly controlled
diabetes.

There are five cases of first-trimester diagnosis of
sirenomelia, the earliest being at 9 weeks of gesta-
tion.102–105 In one case the mother was a diabetic pre-
senting with ketoacidotic coma.102 Features of the
syndrome identifiable in the first trimester are CRL
shorter than expected for the gestation, inability to
visualize independently the lower limbs and abnor-
mal movement of the lower limbs, intra-abdominal
cyst and increased nuchal tanslucecny.
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Body stalk anomaly (birth prevalence 1 in 15,000)
This is a rare sporadic anomaly characterized by ante-
rior wall defect, kyphoscoliosis, limb reduction and a
rudimentary umbilical cord (Figure 114.19). Possible
pathogenetic mechanisms included abnormal folding
of the trilaminar embryo in the first 4 weeks of gesta-
tion, early rupture of the amniotic membrane and
abnormal embryonic blood supply. In a study of about
106,000 pregnancies for chromosomal abnormalities by
NT measurement there were 14 cases of body stalk
anomaly and all were diagnosed in the first
trimester.106 In all fetuses the lower part of the body
was outside the amniotic sac, in the coelomic cavity,
which is possible because of early rupture of the
amniotic membrane (Figure 114.17). NT was
increased in about 70% of cases and the karyotype
was normal in all cases. Contrary to this theory, Paul
et al. presented a fetus with body stalk anomaly at 10
weeks of gestation (CRL 35 mm).107 There were multi-
ple anomalies including clefting defect of the cranium
and brain, anterior wall defect, severe kyphoscoliosis
and deformity of the lower limbs. The fetus was inside
the amniotic sac, which appeared intact with no sono-
graphic features of rupture. The earliest diagnosis
of the defect is at 9 weeks of gestation; the fetus
was partly outside the amniotic cavity, there was an
abdominal wall defect and the lower limbs could not
be seen.108 In four screening studies on a total of about
9500 patients there was one fetus with body stalk
anomaly diagnosed in the first trimester.30,33,34,46

Skeletal dysplasias
Skeletal dysplasias present with a prevalence of about
1 in 4000 (Figure 114.19). Although in some skeletal
syndromes the clinical picture does not become obvi-
ous until the second or even the third trimester, there
are skeletal defects that have been diagnosed in the
first trimester and the commonest ultrasound features
include limb shortening and bowing, limb fractures
and hypomineralization of the skull and the spine and
increased NT.

Achondrogenesis (birth prevalence 1 in 40,000)
Achondrogenesis type II is a lethal, autosomal reces-
sive skeletal dysplasia usually presenting with
hydrops, severe shortening of the limbs, narrow tho-
rax, and hypomineralization of the vertebral bodies
but normal mineralization of the skull. In the rarer
type I of the disease there is hypomineralization of the
skull and rib fractures.

There are two case reports on the first-trimester
sonographic diagnosis of achondrogenesis type II in
high-risk pregnancies; both fetuses had increased NT
and short limbs that were abnormally positioned,
with lack of movement.109,110 There is also a report
of a fetus with achondrogenesis type I presenting at
13 weeks with increased NT, short limbs, small thorax
and deficient ossification of the skull, vertebral bodies
and pelvic bones.111

Hypophosphatasia (birth prevalence 1 in 100,000)
Hypophosphatasia is a rare skeletal disease, which
is clinically classified according to the age of onset
of symptoms. The most severe type is perinatal
hypophosphatasia, which has an autosomal recessive
mode of inheritance. The perinatal form of the disease
is due to abnormalities in the tissue-non-specific isoen-
zyme of alkaline phosphatase.

Souka et al.112 reported on three pregnancies of a
high-risk family. In the two affected pregnancies the
diagnosis was made at 12 and 14 weeks and the fea-
tures were marked hypomineralization of the skull
and spine, narrowing of the chest with short ribs,
shortening of all the long bones, bilateral talipes and
increased NT.

Osteogenesis imperfecta type II
(birth prevalence 1 in 60,000)
This is a lethal skeletal dysplasia where the majority of
cases are new mutations of the genes encoding collagen
type I. Recurrence (6–7%) is usually due to parental

Figure 114.18 Body stalk anomaly in a 12-week fetus. The
arrow points to the large abdominal wall defect. Part of the fetal
body lies outside the amniotic cavity and is stuck to the uterine
wall.

Figure 114.19 Kyphoscoliosis in a 14-week fetus.
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mosaicism (somatic or germ-line), although, in a small
number of families, autosomal recessive inheritance
has been observed. In the second trimester, the charac-
teristic sonographic features are short limbs and ribs
with multiple fractures and hypomineralization of
the skull.

Makrydimas et al. reported on an affected fetus
presenting at 11 weeks with obvious shortening of all
long bones and ribs and increased NT.113

Roberts syndrome
This is a rare, autosomal recessive condition character-
ized by symmetrical limb defects of variable severity

(tetraphocomelia), facial cleft, hypertelorism, micro-
cephaly and growth retardation.

In a fetus with Roberts syndrome, from a high-risk
family, the sonographic findings at 11 weeks were
increased NT and tetraphocomelia.114

Short-rib polydactyly syndrome
This is a rare, autosomal recessive, lethal skeletal dys-
plasia, characterized by short limbs, narrow thorax
and postaxial polydactyly.

In a fetus with short-rib polydactyly syndrome type
I, from a high-risk family, the sonographic findings at
13 weeks were increased NT, narrow chest, short
limbs and polydactyly.115
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115 Fetal growth characteristics
J. M. Carrera, B. Serra and R. Devesa

Introduction
‘Growth’ is generally defined as the process whereby
the body mass of a living being increases in size as a
result of the increase in the number (hyperplasia) and
size (hypertrophy) of its cells and intercellular matrix.
‘Development’, on the other hand, should be under-
stood as the process by which organs and their regu-
latory mechanisms gradually assume their functions.
Broadly speaking, the term ‘growth’ is preferred when
referring to measurable anatomic changes, while
‘development’ is used to refer to the gradual acquisi-
tion of specific physiological functions.

From the time of conception, embryonic and fetal
growth does not happen in a disorganized manner, but
is governed by still poorly defined physical and chem-
ical mechanisms, which are responsible for a perfectly
modulated cellular multiplication and differentiation.
Gestation is a biological process that normally develops
according to a predetermined sequence from its begin-
ning. Duration of pregnancy is also pre-established and
varies in different species (in humans 266 days or
38 weeks from the time of fertilization). Major intra-
uterine changes take place: a 130-µm zygote weighing
10 µg multiplies its length 4000 times and its weight
200 million times. During the embryonic stage (the first
8 weeks of development), the embryo does not look like
a human being, although his or her appearance and
proportions change during the remaining period of
gestation: the head to body length ratio increases from
1:2 at 3 months to 2:5 at 5 months and 1:3 at 9 months.

It is surprising that fetal growth has been of little
interest to physicians for almost the entire history of
medicine. There is no mention of the birth weight of a
child in the Bible, ancient Greek, or in the writings
of Roman and Arabic physicians. Cone1 reviewed the
history of weighing the newborn infant and found the
earliest mention of birth weight in the fourth edition
(1964) of the celebrated textbook of Françoise
Mauriceau, the great French obstetrician of the 17th
century. According to Mauriceau, one fetus of 9 months
ordinarily weighs 13 lb (about 6 kg). However, this
excessively high birth weight was, amazingly, quoted
by Smellie, a Scottish obstetrician, and Lobb, an
English surgeon. In 1747, Lobb stated that the mean

birth weight of neonates was approximately 16 lb.
The first birth weights with scientific value were pro-
vided by the German physician Roederer in 1753, who
reported average weights of 6 lb 12 oz (3038 g) in male
infants and 6 lb 5 oz (2841 g) in females. In 1786, Clarke
published the following estimations: 7 lb 5 oz (3291 g)
in males and 6 lb 11 oz (3009 g) in females. Neverthe-
less, scientific and systematic studies on birth weight
appeared in 1835, when Quetelet, trained in statistics
and mathematics, reported mean values of 3200 and
2900 g for male and female neonates, respectively.

Anatomical studies of fetal growth were initiated by
Streeter2 and Scammon and Calkins3, who provided
useful information on intrauterine growth as estimated
from weights at postmortem examinations. In 1951,
Thomson4 was the first author to construct growth
curves derived from fetal crown–rump length and fetal
weight and in 1963, Lubchenco and colleagues5 pre-
sented weight curves in the form of percentiles.

Nowadays, the interest of Perinatal Medicine is not
only focused on clarifying the characteristics of the
fetal growth and its possible anomalies, but also in
the consequences that they can have all through the
life. In some way, these discoveries have changed the
image of obstetrics as a discipline.6

Mechanisms of fetal growth
A series of processes occurring simultaneously during
fetal growth, i.e. organic differentiation, weight gain
and development of bodily function, prepare the fetus
for an extrauterine life in optimal conditions. ‘Timing’
in each system may be different: formation of the ear,
tactile sense, urine production or circulatory changes
may occur much earlier than thermoregulation,
endocrine adaptations or pulmonary maturation. At
present, fetuses weighing less than 500 g cannot be
maintained alive. In neonates weighing more than
1000 g, current advances in technology allow us to
overcome functional immaturity-related complica-
tions and to achieve excellent survival rates.

Cellular processes characteristic of fetal growth
(mass growth, protein synthesis and differentiation)
are still poorly understood.

1215
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Cell mass growth
Cell mass growth involves three mechanisms (i.e. an
increase in the number of cells, an increase in the size
of cells and an increase in the intercellular matrix)
interacting with each other, especially the increase in
cell number and size of cells. Cell division or multi-
plication (hyperplasia) is usually followed by an
increase in the size of individual cells secondary to
the uptake of nutrients from the outside. After a deter-
mined cell size is attained, a subsequent cell division
resumes. Sinclair7 estimated at 1014 the total number
of cells of an adult human being that are accom-
plished after 45 cell generations derived from the
fertilized ovum. Immediately after fertilization of the
ovum, growth of the fertilized egg is characterized by
simple cell division until a certain stage is reached,
after which cell multiplication is accompanied by an
increase in the cytoplasm. While at the beginning of
the embryonic period, divisions of cells occur simul-
taneously (synchronism), at more advanced stages of
development, cell divisions are asynchronous, i.e. in
each tissue of different organs only a few cells
undergo division at the same time.

It is well known that DNA forms the primary
genetic material. Martell and Bertolini8 established
the following: (a) the DNA content of a determined
cell lineage remains constant, whatever variations in
the environmental and nutritional conditions occur;
(b) the DNA content of each cell lineage is related to
its functional complexity; (c) the organism as a whole
shows greater DNA content and consequently more
total genetic information as complexity increases and
(d) all cells of different tissues in the same species
show an identical composition of DNA bases, which
remains unaffected by changes in the environmental
or nutritional conditions.

The human haploid genome has approximately
3 ×109 base pairs, forming between 50,000 and 100,000
genes of 1000 to 200,000 base pairs each. Functionally,
the genome is involved not only in the genetic code
system, but also in DNA regulation and replication, as
well as chromosome alignment and recombination.

The intercellular matrix, mainly composed of
hyaluronic acid and water-retaining complex polysac-
charides, is poorly developed in the embryonic stage,
but as the fetus grows, collagen and elastic fibers
become prominent (collagen fibers account for a third
of the proteins of the organism).8

Protein synthesis
Of all substances synthesized by cells during the
process of growth and development (nucleic acids,
glycogen, fat, steroids, etc.), proteins are undoubtedly
the most important. Briefly, transcription refers to the
process by which a base sequence of messenger RNA
(mRNA) is synthesized (by an RNA polymerase) on a
complementary strand of DNA and translation is the
rather complex process by which mRNA, transfer

RNA (tRNA) and ribosomes effect the production of
protein from amino acids. A set of three consecutive
nucleotides (triplet or codon) provides the genetic
information to code for a specific amino acid that will
be incorporated into a protein chain or serves as a
termination signal.

Cellular differentiation
Although all cells of the organism have the same chro-
mosomal content, the fact that they differ in functional
differentiation continues to be a mystery. It has been
suggested that cellular differentiation is a process of
repression and derepression.8 However, it is highly
improbable that such a large amount of repressor sub-
stances could exist, for example, to repress indefinitely
the multiplication capacity of neurons. In any case,
permanent inhibition of a series of cell function capa-
cities to open the way to the development of other
functions may be based on specific immunological
responses and may occur through methylation of some
DNA or histone bases.

Numerous studies support the concept that ‘embry-
onic induction’ is essential for the development of
tissue diversity. Embryonic induction refers to the
stimulation of a specific developmental pattern in
specific cell groups (responding or target tissue) by
other close groups (stimulating or inductor tissue).
For example, vertebral bodies are formed from the
notochord, whereas the halves of the vertebral arch
derive from the neural tube, so that anomalies in the
development of one component will produce anom-
alies in the other. However, the molecular basis of
these interactions is poorly understood.

The diversity of substances required for each
process of cellular differentiation may be simplified
by the action of ‘organizing substances’ (molecular
inductors) whose presence would only be required at
a given time of development (e.g. in a particular cell
lineage); from this moment on, cell division would
proceed normally. This is currently the subject of
extensive research. Among these molecules, growth
factors have been identified in almost all animals
including humans and constitute a group of proteins
with primarily stimulating activity. Growth factors are
also involved in tissue differentiation, e.g. transform-
ing growth factor-β is associated with differentiation
of the ectodermal layer into the mesodermal layer.
Genes with the function of activating cell differentia-
tion have also been identified (e.g. homeobox genes).

General characteristics
of fetal growth
Fetal growth is primarily genetically controlled (dif-
ferentiation from other species, racial differences,
gender, etc.) but also considerably modified by more
intangible environmental factors. Genetic factors are

1216 Fetal growth characteristics

Kurjak-115.qxd  5/10/2006  9:57 AM  Page 1216



involved in the control of embryonic development,
rate of cell division, number of cells forming each
organ and tissue and ‘potential’ growth of fetal weight
and height. The human fetus may be considered to be
the result of the interaction of its genetic potential and
the environment, i.e. fetal and maternal factors that
limit or favor growth. This explains the high rate of
variability among individuals of the same species,
which is genetically and biologically necessary.

According to Elejalde and de Elejalde9, normal fetal
growth and development is proportional, symmetrical,
global, temporal and controlled. Proportional growth
refers to the development of different parts of the body
as expected to give rise to an infant of normal weight
and appearance at the end of gestation. Double organs
show the appropriate symmetry. The mechanisms by
which right/left and cranial/caudal symmetry and
asymmetry axes are established have not been fully
identified, although it seems that a genetic alteration
would produce protein anomalies10 resulting in true
morphogenetic substances, the effects of which would

be related to their function, spatial disposition, or
simply to their gradient or concentration (right, left, cra-
nial or caudal). Theoretically, for example, an elevated
concentration on the left would place the heart in the
correct site or would determine an anatomical differen-
tiation in the formation of the right and left bronchial
tree. Moreover, all organs grow following a determined
rate and up to a determined time to maintain the
expected proportions and symmetry. Each organ and
system has its own ‘timing’ – a particular growth rate –
although the rate of fetal growth and development
during the first trimester of gestation is much faster than
during the second and third trimesters. Finally, cellular
growth of each organ at each moment of intrauterine life
is perfectly established (with minimal and maximal
ranges) in relation to the gestational age.

All these features determine that fetal growth, in
reference to weight and height gain, is a dependent,
constant and linear function and although all organs
and tissues have different growth rates and capacities,
the overall proportion of the fetus is preserved.
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116 Regulating factors
J. M. Carrera, B. Serra, E. Scazzochio and M. Carrera

Introduction
Fetal growth can be divided into two stages, consist-
ing of two phases each; a first stage of exponential
fetal growth, in which differentiation of organs and
systems occurs simultaneously, and a second stage of
linear fetal growth that continues until birth, in which
maturation processes predominate. Although some
specific endocrinological actions can be related to
certain aspects of fetal growth, in general terms the
mechanisms responsible for general coordination or
development of particular organs are still to be eluci-
dated (Figure 116.1).

Fetal growth rate is primarily governed by an intrin-
sic fetal growth potential, which is essentially genetic in
nature (‘genetic regulating factor’). Genetic control of
fetal growth, however, is largely modified by two
superimposed intrauterine growth regulating factors:
‘hormone regulating factor’ (of fetal origin and of a
stimulating nature) and ‘environmental regulating fac-
tor’ (of maternal origin and mostly restrictive in nature).
Thus, the slope of the fetal growth curve throughout
pregnancy, and consequently the birth weight, results
from the interaction of inhibiting and stimulating
factors on the fetal genotype. The human fetus may be
considered as the interaction between genetic potential
(its chance of ‘being’) and incidental factors associ-
ated with the accomplishment of this goal (the ‘environ-
ment’), which may act to limit or favor this purpose.1–7

Whilst the genetic regulating factor predominates
during the first half of pregnancy, determining a nar-
row range of fetal growth variability, hormone and
environmental regulating factors have a marked effect
during the second half of gestation, inducing a wide
range of variability in fetal growth and development.
In addition, other factors play a main role in fetal
growth regulation, such as the bioavailability of sub-
strates for the fetus, the nature of fetoplacental inter-
action, and the organization of progressive fetal
maturation.

Genetic regulation of fetal growth
The mechanisms through which genetic information
in the fertilized ovum controls cellular multiplication

and differentiation until giving rise to a human being
are purely speculative.8 Biochemical aspects of fetal
growth are also poorly defined. It is well known, how-
ever, that two cell genomes (paternal and maternal)
are required for normal embryonic growth and devel-
opment. Surani and colleagues9 and Solter10 found
that parthenogenetic embryonic cells with male
genome produced primarily embryonic tissues,
whereas parthenogenetic embryonic cells with only
genetic contribution from the female could initiate
preimplantational development and even placenta-
tion, but were unable to differentiate extra-embryonic
tissues properly. It has been suggested that these dif-
ferences related to genetic contribution from the male
and female arise from ‘imprinting’ during gametogen-
esis. Although the molecular nature of these phenom-
ena has not been reliably demonstrated, there is

Figure 116.1 Fetal growth rate in relation to physical
parameters. There is exponential growth in the first two phases
(until 12 weeks’ gestation) and linear growth thereafter. The
normal range becomes wider as the fetal growth rate decreases,
so that the accuracy of a single measurement to estimate
gestational age is inversely proportional to age.
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evidence that locus-specific methylation patterns
are probably inherited according to predetermined
paternal/maternal patterns.11

Holliday and Pugh12 postulated that developing
fetal cells would probably be subjected to genetic con-
trol, resembling in nature the ‘modifying enzymes’ of
some bacteria. These enzymes would allow a precise
number of cell divisions. Differentiation would be
attained until a certain stage of development, by
means of changing the position of some sequences of
DNA bases in each cell division, inducing activation
of a particular gene or genes, which, in turn, would
initiate cell differentiation. Accordingly, the follow-
ing issues may be explained:

(1) In the full-term fetus, the total number of cells is
the result of 42 successive divisions of the fertil-
ized ovum. The importance of this precise number
is appreciated by the fact that only five more cell
divisions are required to achieve the adult size. In
this case, the genetic chronometer ‘counts’ exactly
the number of cell divisions and decides, accord-
ing to an established program, after which cell
division, differentiation of a particular cell line-
age is going to be started.

(2) A given developmental process occurs at a given
gestational age. It is evident that the program is
‘written’ in basic sequences of DNA, which, after
consecutive replications, activate particular
genetic ‘commutators’ to induce these events.

(3) There is a time order in the formation of fetal
structures. This order is obviously related to the
number of cell divisions, carefully counted by
the ‘genetic chronometer’ in the developing cells.

(4) Although cell differentiation may be induced by
activation of a single gene, codification and an
active enzymatic system at different genomic sites
with identical control sequences are required.

(5) Differential characteristics of genetic code and
DNA changes would be responsible for preserving
the stability of each cell lineage.

The effect of the genetic regulating factor on fetal
growth and development has been demonstrated in
studies carried out in monozygotic twins whose final
heights were highly correlated (r �0.95), as opposed
to the definitive heights of dizygotic twins.

However, fetal genotype accounts for about 15% of
variations in birth weight due to certain inherited traits.
These include fetal sex, racial and ethnic characteris-
tics, and paternal and maternal genetic contributions.

Approximately 2% of variations in birth weight can
be attributed to sex chromosomes.13 The birth weight of
a full-term male infant is on average 150–200 g higher
than that of a female. This increase may be due to the
effect of testicular hormones or to a more marked anti-
genic difference between the male fetus and his
mother.14 Placentas from male neonates also weigh
more than those from females (2% higher at 40 weeks).

Generally speaking, Black neonates have a tendency
to be smaller than Caucasian babies, although they
have a faster maturation thereafter. Asian newborns
are smaller than both Caucasian and Black neonates.
As an example, the mean birth weight of Cheyenne
newborns – tribe of North American Indians – is
3800 g, compared with 2400 g for newborns from the
Luni tribe in New Guinea.15 However, it is important to
take the influence of socioeconomic conditions into
consideration when comparisons between different
ethnic groups are made.

Paternal influence on fetal weight is exclusively
exerted through autosomal genes and sex chromo-
somes. From an anthropometric perspective, for each
centimeter by which paternal height exceeds normal
values, fetal weight at birth is increased by 9 g.16 The
maternal contribution is more complex and not only
expressed through genetic material; in fact, the effect
of maternal genotype on fetal growth and develop-
ment is probably as important as the fetal genotype-
derived influence.17 Anthropometric data indicate
that maternal weight prior to pregnancy has a greater
influence than maternal height.18

It is therefore evident that several factors, which are
considered physiological but have a genetic basis,
determine the weight of a newborn child.19 However,
the majority of these factors (height and weight of the
mother and the father, ethnicity, parity, etc.) are regret-
tably not considered in the population models used
currently. The exception is the gestational age.7 The
consequence of this omission is the adoption of an
inadequate classification of the newborn children. So
the newborn babies, whose mothers are low weight
and short height and therefore belong to an ethnic
group of normally small newborn babies, are misclas-
sified as babies subject to a growth restriction.20

Hormonal regulation of fetal growth
In addition to a genetic chronometer, there is no doubt
that other ‘endocrine chronometers’, inducing hor-
monal secretion, must be present. The genetic chrono-
meter is virtually immutable, whereas the endocrine
chronometer(s) are theoretically susceptible to phar-
macological modification.

Maternal hormones
The placenta is impermeable to many maternal hor-
mones, especially to protein hormones and growth
factors (for that reason, the fetus is substantially
autonomous from an endocrinological point of view).
With regard to other hormones, thyroxine and cortisol
can pass through the placenta, but in practice they do
not reach fetal blood because increased concentrations
of thyroxine and hydrocortisone in the maternal circu-
lation are not accompanied by significant increases in
fetal blood levels of these hormones.

Hormonal regulation of fetal growth 1219
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Although maternal hormones are not directly
implicated in fetal growth, they are indirectly
involved by ensuring adequate concentrations of
glucose and nutrients in fetal blood. Some disorders
of fetal development and endocrinological function
may be explained by changes in blood glucose levels.
In maternal diabetes, for example, pancreatic function
of the fetus may be affected as a result of fetal hyper-
glycemia secondary to maternal hyperglycemia.
During the first half of pregnancy, there is a noticeable
maternal hyperinsulinism (due to an increase in the
number and function of pancreatic cells) resulting from
progestational and estrogenic stimuli, that promotes
maternal anabolism but does not increase the energy
supply to the fetus. By contrast, fetal anabolism pre-
dominates during the latter half of pregnancy due to an
increase in a series of anti-insulin factors (an increase
in insulin clearance, an increase in insulin receptor
resistance and insulin antagonists of endocrine
nature), resulting in a partial catabolism of maternal
reserves that are directed to the fetus.

On the other hand, catecholamines, angiotensin II,
aldosterone and prostaglandins play an important
role in maintaining maternal cardiovascular home-
ostasis and uteroplacental blood flow. According to
Speroff,21 by analogy with the kidney, prostaglandins
and the renin–angiotensin system would be involved
in the regulation of uterine blood flow.

Placental growth factors
The placental growth is determined by the prolifera-
tion, differentiation and migration of the cytotro-
phoblast. The proliferation of the trophoblastic cells
is closely related to the placental growth. For this rea-
son, the progressive reduction of this proliferation,
after its time of maximal activity between the eighth
and ninth week of gestation, suggests that the placen-
tal invasion has been successful.22,23 On the contrary,
an increase of the proliferation rate during the last
period of gestation must lead to think that there are
some problems of implantation that can be associated
with hypoxia conditions.

The fetal growth depends basically on the placen-
tal function. The placenta is an organ specialized in
providing an appropriate fetal nutrition, but it also
acts as an endocrine organ. In this sense, the special-
ized cells of the trophoblast produce peptide growth
factors, whose function is to serve as modulators of
the fetal growth.

One of these growth factors is the insulin-like
growth factor (IGF), which has a fundamental role in
the control of the placental and fetal growth.24,25

Nowadays we know that it not only stimulates the
production of glucose and amino acids, but also acts
in the proliferation and differentiation by producing
several hormones.26 It has been shown that growth
hormone-induced growth stimulation is mediated by
IGFs,27 in particular IGF-1.

For this reason, human fetal IGF levels have been
associated with birth weight.28,29 Recent studies have
confirmed IGF secretion in a large variety of fetal tis-
sue, mainly the connective tissue and mesenchymal
cells, and the paracrine effects of this factor.30 Fetal
IGF-1 levels have been shown to be significantly
lower in cases of growth restriction.31 There is a sta-
tistically significant increase in maternal IGF-1 levels
in the third trimester of pregnancy, which stimulates
the transplacental passage of nutrients. IGF-1 action
seems to be modulated by placental lactogen. On the
other hand, this mechanism may be inhibited by IGF
binding proteins (IGFBP-1), which bind to placental
IGF receptors. Apparently, progesterone may in turn
modulate this effect by regulating decidual secretion
of IGFBP-1 (Figure 116.2).32 However, further studies
are warranted to define the role of growth hormone in
fetal weight regulation.

On the other hand, low levels of serum IGF-1 in
IUGR and preterm infants appear to predict an
increased risk of retinopathy of prematurity (ROP).33

IGF bioavailability is modulated by specific binding
proteins. Among these, IGFBP-1 is present in the
decidua and at the decidua–trophoblast interface34 and
may act as a local modulator of IGF action on fetal
growth. Increased IGFBP-1 has been implicated in
poor placentation, potentially by reducing trophoblast
invasion of the spiral arteries in early pregnancy,35

raised serum maternal IGFBP-1 concentrations occur
in pregnancies that are complicated by IUGR or
pre-eclampsia.35–37

There is a robust relationship among the rate of
increase in individual maternal IGF-1 levels after
16 weeks, placental mass, and neonatal fat mass.
This does not imply causality but does indicate that
mid-pregnancy changes in IGF-1 levels may be a valu-
able marker for anomalous fetal growth.38

Human placental development combines elements
of tumorigenesis and vasculogenesis. The dysfunction
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Figure 116.2 Paracrine and autocrine regulation of insulin-like
growth factor-1 (IGF-1) and IGF-binding protein (IGFBP-1) in
the placenta and decidua. HPL, human placental lactogen; P4,
progesterone.
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of the vascular endothelium is now thought to be the
primary factor responsible for growth anomalies.39

Besides IGF, also other growth factors as the vascu-
lar endothelial growth factor (VEGF) can be impor-
tant. VEGF is a specific mitogen and survival factor
for endothelial cells, and a crucial promoter of angio-
genesis in physiological and pathophysiological con-
ditions.40,41 During pregnancy, VEGF is essential to
the proliferation of trophoblasts, the development of
embyonic vasculature, and the growth of maternal
and fetal blood vessels in the uterus.42

Fetal vasculogenesis and angiogenesis, and vascu-
lar adaptation of the uterine circulation, are unique.43

VEGF is a protein with antiapoptotic, mitogenic, and
permeability-increasing activities specific for the
vascular endothelium.

Other factors of vasculogenesis
Ashworth et al.44 showed that myometrial arteries
from women with pre-eclampsia have an attenuated
response to the endothelium-dependent vasodilator,
bradykinin. However, Ashworth et al. used vaso-
pressin as a vasoconstrictor, a substance that has no
known role in the myometrial vascular bed45 and only
assumes a physiological role in cases of profound
shock.46,47 Other more physiological agents, such as
noradrenaline, 5-hydroxytryptamine, angiotensin II,
prostaglandin F2 α and endothelin-1, do not provide
such a contraction on myometrial arteries45 and there-
fore cannot be used.

Ong et al. confirmed that myometrial arteries from
women with pre-eclampsia or intrauterine growth
restriction, exhibit an attenuated endothelium-
dependent vasodilatory response.48

Fetal hormones
Recent studies also suggest that the underlying mech-
anisms that regulate feto-placental growth responses
to changes in substrate availability involve the
endocrine, paracrine, and autocrine effects of placen-
tal growth hormone, placental lactogen, insulin, the
family of IGFs, and their binding proteins.

Fetal growth hormone
Fetal growth hormone concentrations are substan-
tially higher than those found after birth (resembling
growth hormone levels in patients with acromegalia)
and show a peak at 20–24 weeks’ of gestation.49

However, the influence of growth hormone on the reg-
ulation of fetal growth is negligible.50 This is probably
related to the absence of growth hormone receptors in
the fetal liver.51 For example, mean growth hormone
levels in anencephalic fetuses are 80% lower than
those found in normal conditions, but fetal weight is
not significantly reduced.52 In cases of growth hor-
mone familial deficiency, weight at birth is practically

normal, height may be somewhat lower,53 and there
are no clinical signs of growth hormone deficiency. In
animal studies, fetal growth rate was not affected by
hypophysectomy54 or decapitation.55

Despite this evidence, results of different studies
suggest that growth hormone possibly contributes to
fetal growth to some extent. Hoet56 considered that
growth hormone can increase the sensitivity of β-cells
of the pancreas to plasma glucose levels. Thus, the
well-known increase in the number of fetal β-cells
and insulin levels that is observed in maternal dia-
betes does not appear in anencephalic fetuses from
diabetic mothers. Fetal weight may be conditioned by
insulin–growth hormone balance. In fact, the relation-
ship between growth hormone and insulin is shown
by the intrauterine diabetogenic effect of growth hor-
mone57 and by an inhibiting action on fetal hypo-
glycemia secondary to endogenous hyperinsulinism,
acting as an antagonist of insulin. Some functional
similarities between growth hormone and placental
lactogen may be expected given that 85% of their
amino acids are identical. Growth hormone promotes
lipolysis and glycogen deposits in the fetal liver,58 and
exerts a direct stimulation of the adrenal glands59 and
possibly of the epiphyses of long bones.30

An 80% decrease in neonatal growth hormone
secretion after childbirth has also been demonstrated.
The fact that growth hormone levels increase in fetal
plasma by the same relative proportion that growth
hormone levels decrease in the hypophysis has
remained unclear for many years. These findings sug-
gest a ‘defect’ in the regulation of growth hormone
secretion, probably due to immaturity of the fetal
hypothalamus–portal system and absence of IGFs. At
the end of gestation, however, this situation is
reversed by maturation of the portal system and func-
tioning of the hypothalamic negative feedback regu-
lating system.60

Thyroxine
Despite the essential role attributed to thyroxine in
cell metabolism, the thyroid gland does not seem to
be implicated as a regulating factor of intrauterine
growth. Thyroid hormones, however, are involved in
antenatal maturation of the fetal lungs and skeleton. It
has been shown that birth weights of hypothyroid
fetuses are even higher than the average.61 The excess
of thyroxine in thyrotoxic fetuses does not accelerate
fetal growth rate, and they are even susceptible to
intrauterine growth retardation.62 Fetuses from thy-
roidectomized rats and rabbits did not exhibit growth
retardation.8

However, thyroxine may be involved in fetal growth
as shown by results of experimental studies. Sheep
fetuses undergoing thyroidectomy 7 weeks prior to
delivery showed marked growth restriction.63 This
indicates that a period of time is required for thyroxine-
related effects to become evident. Inconsistencies
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between these results and those mentioned above may
be explained by ovine placenta not being permeable
to thyroxine and tri-iodothyronine,64 whereas in
humans, rats and rabbits, the placenta is slightly per-
meable to maternal thyroxine. It seems that small
amounts of maternal hormone are sufficient to main-
tain normal fetal growth rates. In the absence of both
maternal and fetal thyroid hormones, fetal growth
restriction occurs. In rhesus monkeys, ablation of
maternal and fetal thyroid tissue by means of radioac-
tive iodine was followed by a decrease in protein
synthesis, with decreased levels of total RNA, total
proteins, ATPase activity, and carbonate dehydratase
activity.65 Studies on the growth of fetal guinea pigs
showed decreased plasma levels of thyroxine and tri-
iodothyronine in cases of intrauterine growth restric-
tion.66 Information based on these experiences may be
relevant in humans.

Insulin
Insulin is the only fetal hormone related to intrauterine
growth. Macrosomia is frequently observed in pregnan-
cies complicated by diabetes mellitus. Given that
maternal insulin cannot diffuse through the placental
membrane, insulin is exclusively of fetal origin. It has
been suggested that maternal hyperglycemia would
induce fetal hyperglycemia, which would stimulate
fetal pancreatic islet cells with an increase in the secre-
tion of insulin.67 Fetal hyperinsulinism mobilizes glu-
cose deposits, increasing fetal growth. Other authors68

have also shown that an increase in maternal amino
acids causes a similar stimulating effect on fetal insulin
secretion.

Clinical and experimental evidence indicates that
insulin can be considered as the true ‘fetal growth
hormone’. High insulin levels are found in neonates
of diabetic mothers.69 There is a positive correlation
between plasma insulin levels and fetal weight in a

high number of animal species. A positive correlation
between insulin cord levels and excessive birth
weight in newborns of diabetic mothers has also been
reported.70 Low insulin levels have been consistently
associated with low weight fetuses (Table 116.1).71,72

Fetal injections of insulin in rat73 and sheep models74

produced an increase in birth weight with an increase
in fat tissue and nitrogen content. Growth restriction
was reported in fetuses of rhesus monkeys and sheep
which were rendered insulin-dependent by chemical
ablation of pancreatic β-cells after uterine injection of
streptozocin,75,76 and despite the induction of hyper-
glycemia, use and oxidation of glucose in fetal tissues
was impaired. Intrauterine growth restriction has also
been documented in full-term neonates with pancre-
atic agenesis77 whose development seemed to be
interrupted at 30–32 weeks’ gestation (the time at
which excessive fetal growth in maternal diabetes
is documented).76 Pancreatectomy-induced growth
retardation has also been confirmed in experimental
studies. In sheep fetuses,78 pancreatectomy was fol-
lowed by a 40–50% decrease of the growth index
(Figures 116.3 and 116.4) that returned to normal after
insulin therapy.79 Fetal insulin concentration varied
in parallel with glucose levels.78

Insulin effects in the antenatal and postnatal periods
are substantially different. Maternal plasma glucose
levels are maintained within a narrow range by mater-
nal insulin, so that there is a relatively constant and
uniform glucose perfusion to the fetus. The absence of
sudden fluctuations in glucose levels is the reason for a
fetal lack of requirement of pancreatic β-cells, resulting
in a fetal pancreas insensitive to acute increases in glu-
cose concentrations (to some extent a situation similar
to that found in diabetics).80 Amino acids show an even
greater stimulating effect on insulin secretion than glu-
cose. However, in cases of sustained hyperglycemia
(e.g., maternal diabetes) the fetal pancreas ultimately
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Table 116.1 Effect of experimental manipulation of fetal insulin levels on fetal weight at term in different animal
species78

Fetal
Insulin level Procedure Species weight

High Maternal diabetes Monkey, pig Unchanged

Sheep, rat Unchanged

High Insulin infusion Pig, sheep Unchanged

Monkey, rat ↑10–25%

High Glucose infusion Sheep, rat ↑10–20%

Low Pancreatectomy Sheep, rat ⇁ 20–30%

Diabetogenic drugs Sheep, rat ⇁ 20–40%

Monkey ⇁ 10–20%
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shows a response with hyperplasia of β-cells and an
increase in insulin secretion.

An adequate supply of nutrients and uteroplacen-
tal blood flow are necessary for fetal growth stimula-
tion by insulin. In maternal diabetes with progressive
uteroplacental vascular insufficiency due to microan-
giopathy of villi arterioles, fetal hyperinsulinism due
to β-cell hyperplasia is followed, on the contrary, by
chronic hypoglycemia and growth restriction.

No insulin receptors are found during the first
stages of fetal growth, so that there is a lack of
response to insulin at this stage.81 On the other hand,
it seems that these receptors are not insulin-specific,
as they also respond to somatomedins.82

In rats, plasma insulin levels decrease suddenly after
birth and remain low despite proper postnatal devel-
opment of the animal. Plasma levels of growth hormone
also decrease. These findings may be explained by
glucose being the only intrauterine fetal nutrient.
After birth, insulin loses its role as a growth hormone
since a nutrient (milk) poor in carbohydrates but rich
in fat is supplied. The stimulating action of insulin on
fetal growth is due in part to its direct anabolic effect
on fetal metabolism and to an indirect stimulating
effect on other growth factors, such as somatomedins
(IGF-1 and IGF-2). It has been shown that the higher
the fetal weight, the higher the IGF-1 levels are.83

Placental hormones

Human placental lactogen
Human chorionic somatomammotropin (HCS), also
known as human placental lactogen (HPL) or human

chorionic growth prolactin (HCGP), is the only pla-
cental hormone significantly related to fetal growth.
This hormone, secreted by the placental syncytiotro-
phoblast, diffuses exclusively to the maternal cir-
culation. Maternal plasma levels of HPL increase
exponentially according to placental growth. HPL
represents 5–10% of the total proteins synthesized
and released by the placenta. The levels of HPL are
closely related to placental weight, i.e., to functional
trophoblastic tissue mass.84

Human placental lactogen is detectable in maternal
plasma from weeks 6–8 of pregnancy. In normal con-
ditions, HPL levels show an exponential increase
up to a plateau of 6 ±1 mg/ml at week 35, which is
1000-fold higher than baseline growth hormone levels.
As stated above, HPL replaces growth hormone in some
of its functions.

Physiological actions of HPL include a series of
maternal changes (Figure 116.5).85,86 In relation to the
lipolytic activity of this hormone, HPL mobilizes fat
deposits with a subsequent increase in plasma free
fatty acids and triglycerides which would be there-
fore available to fetal needs. On the other hand, there
is an increase in insulin resistance due to a periph-
eral antagonist effect of HPL on glycolytic activity
but not on lipogenic or glycogenetic activities. HPL
induces a decrease in maternal glucose consumption,
thus ensuring adequate nutrients to the fetus, stimu-
lates amino acid incorporation to proteins (an action
probably synergistic with insulin), and increases cir-
culating levels of insulin as a response to glucose
overload.
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Figure 116.3 Mean ±SD crown–rump length (crown–heel) in
sheep fetuses before and after pancreatectomy on day 0 (•,
n =6) and before and after a sham operation on day 0 (◦,
n =5).78

Figure 116.4 Relationship between plasma insulin concen-
tration and daily increase in crown–rump length in sheep fetuses
after a sham operation (◦) or pancreatectomy and insulin replace-
ment (•) (y =3.97, log x +1.50; n =19; r =0.847; p < 0.001).78
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Based on the knowledge of these partial functions,
it may be assumed that the metabolic role of HPL
in relation to fetal development consists mainly in
ensuring an adequate supply of carbohydrates by
inhibiting insulin glycolysis in maternal tissue, facili-
tating the conversion of fat into metabolic nutrients,
and protecting the maternal protein supply by its
synergistic effect on the protein-anabolic activity of
insulin, so that lipids rather than carbohydrates are
more extensively used for maternal nutrition. Since
transplacental diffusion of large amounts of lipids is

not possible, and given that fetal nutrients are mainly
carbohydrates, this maternal metabolic condition favors
fetal nutrition. This pathway is particularly important
in cases of maternal malnutrition; in fact, fasting is
the main stimulus for HPL secretion in pregnancy.
The anti-insulin effects of HPL are only counteracted
in the immediate postprandial state by peak plasma
levels of insulin, which, on the other hand, allow
maternal hepatic stores of glycogen and fat to be
replaced. Increased insulin and HPL levels activate
protein synthesis. Therefore, insulin constitutes a
fluctuating modulator of HPL effects on the maternal
organism.87 Food intake increases ‘effective insulin’
and restores maternal substrates, whereas fasting
induces a decrease in ‘effective insulin’, and the cata-
bolic effects of HPL guarantee an adequate supply of
nutrients to the fetus.

Sex steroids
Progesterone has catabolic and insulinogenic effects,
and estrogens are antagonists of HPL effects on bone
growth. It is likely that both sex steroids and hydro-
cortisone would also have a modulating effect on
physiological actions of HPL and that HPL, in turn,
may regulate the effects of some growth factors, such
as IGF-1 and IGFBP-1.32

Eicosanoids
Recent studies have considered prostaglandin E2 of
placental origin as responsible for a reduction of fetal
breathing movements occurring in hypoglycemic con-
ditions.88 Accordingly, the fetus would ‘save’ glucose
to be used by other more essential processes.

Placental proteins
During the last years, several research works have
linked the low levels of pregnancy-associated plasma
protein A (PAPP-A) and free beta-subunit of human
chorionic gonadotrophin (FβhCG) to fetal growth
anomalies. However, there are still some doubts about
the consistency of this association.

One study found a positive correlation between
PAPP-A at 8–14 weeks and eventual birth weight89 and
an analysis of 60 in vitro fertilization pregnancies
described lower concentrations of PAPP-A in the first
trimester among eight women who eventually delivered
preterm.90 A further study of 5297 women showed
lower PAPP-A and FβhCG levels at 10–14 weeks’ gesta-
tion among women who miscarried, delivered babies
small for gestational age and developed pre-eclampsia.91

The association between first-trimester biochem-
istry and later pregnancy complications has been
examined in such a multicenter, prospective, non-
interventional cohort study among a subgroup of 8839
women with singleton, karyotypically normal babies,
where outcome data had been retrieved. This analysis
showed strong and highly statistically significant
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Figure 116.5 Role of human chorionic somatomammotropin
(HCS) in (a) the provision of maternofetal substrate,86 (b) the
provision of maternofetal substrate and nutritional status,86 and
(c) maternofetal provision in fasting conditions.86 FFA, free fatty
acids.
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associations between levels of PAPP-A at 8–14 weeks
and the risk of fetal growth anomalies.92

The association persisted in multivariate adjusting
for body mass index (BMI), height, smoking status,
ethnicity, parity, maternal age, gestational age at the
time of sampling (Table 116.2). There was also an
association between FβhCG and growth restriction
across the range of deciles. However, the association
between FβhCG and later outcome did not persist in
multivariate analysis including the PAPP-A level.

Other studies also reflect a defect in early preg-
nancy placentation and later adverse outcome. For
this reason, low first-trimester maternal circulation
of PAPP-A, is associated with an increased risk of
growth restriction.93–97

However, some researchers consider that this
so-called association cannot be considered as proven,
since some epidemiological,98 diagnostic and meth-
odological variables have not been taken into account
(errors in dating).99

PAPP-A has been found to be part of the system
controlling the IGFs in trophoblast. PAPP-A has been
identified as a protease for IGFBP-4.100 IGFBPs bind
IGF-I and IGF-II, inhibiting their interaction with cell
surface receptors and have, therefore, a key role in
modulating IGF activity.101 Because PAPP-A breaks
down IGFBI100 low levels of PAPP-A would be
expected to be associated with high levels of IGFBP
and, therefore, low levels of free IGF.

Environmental regulation
of fetal growth
Reduction of the free rate of fetal growth due to its
environment is a common and normal occurrence.
In the absence of these environmental conditioning

factors, it is possible that the weight at birth would be
doubled. It has been postulated that fetal growth
restriction may be exerted by the activation of a pre-
determined maternal regulating factor102 (‘environ-
mental chronometer’), which may be triggered by the
maternal genotype and by the degree to which mater-
nal fetal growth was restricted during its own devel-
opment. Therefore, it is possible that fetal weight
variations may be transmitted through successive
generations without forming part of the genotype.
This hypothetical regulating factor would act on the
‘intrauterine environment’ and through the external
environment where the mother lives. With regard to
the intrauterine environment, it seems logical that the
first mechanism of action would be related to a
limiting effect on the trophoblastic activity resulting
in a decrease in the exchange surface of the placenta.

On the other hand, if maternal support to fetal
growth is unlimited, fetal growth rate would be linear
not only until week 38, but also until the time of
delivery. Gruenwald103 considered that from week 38
onwards there is a physiological placental insuffi-
ciency due to a lack of maternal support, which
limits fetal growth potential. This has been definitely
confirmed by the postnatal increase in growth rate
once the newborn is free from intrauterine restriction,
thus achieving again the growth rate present before
38 weeks’ gestation. Gruenwald103 observed that in
countries with the highest neonatal birth weights,
such as Sweden, there was a delay in the flattening of
the fetal growth curve (with respect to the potential
fetal growth curve) as compared with communities
with a worse degree of nourishment.

On the other hand, as commented on in the
description of factors affecting fetal growth, the
ability of the uterus to retain the fetus until maturity,
and the ability to nourish the fetus properly (adequate
uteroplacental blood flow, etc.) vary according to

Environmental regulation of fetal growth 1225

Table 116.2 Adjusted odds ratios for adverse perinatal outcomes associated with first-trimester PAPP-A and
free hCG in the lowest 5th percentile (from Smith et al.92)

PAPP-A << 5th percentile Free hCG << 5th percentile

Outcome Adjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

Birth weight < 5th percentile 2.9 (2.0–4.1) < 0.001 1.3 (0.9–2.0) 0.15

Delivery 24–32 weeks 2.9 (1.6–5.5) 0.001 1.1 (0.5–2.7) 0.77

Delivery 33–36 weeks 2.4 (1.7–3.5) < 0.001 0.5 (0.3–1.0) 0.04

Pre-eclampsia 2.3 (1.6–3.3) < 0.001 1.1 (0.7–1.8) 0.64

Stillbirth 3.6 (1.2–11.0) 0.02 2.3 (0.7–8.2) 0.18

Odds ratios adjusted for BMI, height, smoking status, ethnicity, parity, maternal age, gestational age at the time of sampling, PAPP-A and free
hCG
Odds ratio for delivery week 33–36 also adjusted for interaction between age¸ ≥35 years and height
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multiple factors, such as parity, maternal weight,
maternal height, fetal gender, etc.

In respect of the ‘external environment’, the mother
herself seems to act as a buffer protecting the fetus from
an adverse environment. Until recently, it was consid-
ered that only substantial changes in the diet,104 per-
centage of oxygen72 or socioeconomic factors would be
able to induce minor modifications of birth weight.

Recent studies,105 however, have suggested that fetal
availability of macronutrients (particularly carbohy-
drates and amino acids), mainly during the last weeks
of pregnancy, plays an important role on fetal weight
at birth. An inadequate maternal nutrition during
pregnancy has been associated with small fetuses.106

In animal studies, a decrease in oxygen supply also
induced fetal growth retardation.107
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Introduction
Fetal growth has been evaluated by obstetricians by
observing maternal abdomen enlargement, and for
many years measurement of the uterine height was
practically the only method to estimate intrauterine
growth. Although, after the introduction of antenatal
ultrasound imaging many studies were reexamined,
the only reliable method to measure the product was
to do so after delivery. Neonatal anthropometry was
developed under these circumstances in an attempt to
measure systematically multiple variables related to
gestational age of the neonate (after a pregnancy con-
sidered normal), and growth tables in relation to
weight, height, head circumference, volume of differ-
ent organs, etc. were developed.

Ultrasound examination has allowed the assess-
ment of not only fetal growth as a whole but also the
individual growth of all visible structures. At present,
virtually all parts of the fetus have been measured cross-
sectionally and longitudinally from its initial vestiges
until birth, so that normal ranges of practically all fetal
structures throughout the gestational period have been
established. Fetal growth is a dynamic process, the eval-
uation of which requires at least a comparison of two
measurements taken at different intervals to obtain more
reliable information on how fetal growth develops.

Dynamics of fetal growth
Fetal growth has been studied by means of biochemi-
cal methods and anthropometric methods.

Biochemical methods
Biochemical studies carried out in experimental ani-
mals and in necropsy specimens from human fetuses
have focused on cellular biochemical aspects, and
assessment of changes in fetal biochemical composi-
tion and in the chemical composition of some indi-
vidual organs.

Cellular biochemical studies
Biochemical methods for measuring the number and
volume of cells were introduced by Winick.1 Since

DNA is almost exclusively limited to the nucleus, and
the DNA content of a diploid nucleus in a given
species is constant, the total DNA content of an organ
reflects exactly the number of diploid nuclei; there-
fore, dividing the total DNA of an organ by the fixed
DNA content of the diploid nucleus results in the
actual number of cells. Similarly, weight, proteins, or
RNA content of a cell can be determined by dividing
total weight, total proteins, or total RNA content of an
organ by the number of cells. These values, however,
are not valid for organs with a high number of non-
diploid nuclei (e.g. liver, testis), or multinucleated
cells (e.g. pancreas). Although the time-course of fetal
and placental cellular growth in pregnancy has been
studied with this method, in practice, weight/DNA
and protein/DNA ratios are used to estimate cell vol-
ume, and the RNA/DNA ratio is used to assess the
mean RNA content of each cell.

According to data reported by Winick,1 three growth
stages are identified: a first stage consisting of propor-
tional increases in weight, proteins, and DNA content
(hyperplasia) (DNA increase occurs both in the fetus
and in the different organs); a second stage, character-
ized by a slower increase in DNA content as compared
with proteins and weight; and a third stage, in which
there is an increase in neat proteins and weight, but not
in DNA content (hypertrophy). This different behavior
is related to a decrease in the rate of DNA synthesis.

During the first half and a large part of the second
half of gestation, growth is based on cell hyperplasia,
whereas by the end of pregnancy, hyperplasia is com-
bined with hypertrophy. Therefore, malnutrition
during the stage of hyperplasia causes inhibition of the
cell division index, resulting in irreversible size reduc-
tion and a decrease in the number of cells of an organ.
Malnutrition during the stage of cell hypertrophy
causes growth deceleration, with recovery taking place
once the adverse factor has been corrected, resulting in
an organ of normal volume. This pattern of cellular
growth is valid for organs in which regeneration is not
possible. The time at which the process of cell division
is interrupted, however, varies in different organs.

Changes in fetal biochemical composition
In terms of relative fetal body composition, fetal
growth means constant adjustment of proportions.
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Water content is about 94% in an embryo at 10 weeks
and 70–80% in a full-term fetus. The percentages of
extra- and intracellular water change from 65% and
15–20% during the first weeks of pregnancy to 40%
and 38%, respectively, at the end of gestation, due to
a progressive increase in the cellular mass by storage
of substances (especially proteins) and water. High
levels of hyaluronic acid, acting as a gelatinous
matrix, probably play an important role in preserving
the structure of fetal tissues.

The curve of protein accumulation shows a rapid
increase until 26 weeks’ gestation (fetal weight 1 kg),
followed by slow weekly decreases and steady values
starting from 35 weeks’ gestation (Figure 117.1).

The rate of fat synthesis early in pregnancy is very
low and probably limited to synthesis of structural
lipids of cellular membranes and other structures.
During the second half of gestation, fat synthesis
and storage rates increase exponentially2 and from
38 weeks’ of gestation fat levels are higher than those
of proteins.

Figure 117.2 shows energy rates stored in fetal pro-
teins and fat according to the calculations of
Widdowson.3 Maximal protein-derived energy rates
are found between days 220 and 260 of pregnancy
(about 30 kcal/day). Storage of fat-derived energy is
very low until day 140 of pregnancy (< 6 kcal/day).
However, starting from day 200 and coinciding with
an increase in fat synthesis, there is a marked increase
in energy as strong as (100 kcal/day). Therefore,
requirements of metabolizable energy are almost
totally fulfilled at the end of pregnancy. This fact is
very important since fetal weight decreases in cases of
intrauterine growth restriction are mainly related to fat
loss.4 Fetal lipid composition remains unchanged from
6 to 32 weeks’ of gestation, given that lipid metabolism

is perfectly developed early in pregnancy. In relation
to fat distribution, Southgate and Hey5 reported
increases in body fat of 10–80 g between day 200 and
birth, whereas subcutaneous fat showed an exponen-
tial increase, from 20 to 350 g during the same period.
Subcutaneous fat wasting characterizes fetal growth
restriction.

Changes in chemical composition in fetal organs

Liver. Southgate and Hey5 described that from day
100 of pregnancy, the curve of fetal liver weight is
similar to that of total body weight. Fetal liver
composition (Table 117.1) also remained unchanged
from the second trimester.4,5 Widdowson and
colleagues6 studied liver cell growth by measuring
DNA and protein content, and found a rapid increase
in DNA from week 15 to the end of gestation, while
the protein/DNA ratio showed no variations between
weeks 15 and 25. This suggests that in the early
stages, liver growth occurs by an increase in the
number of cells rather than by an increase in the
volume of these.

Heart. Functional development of the heart is
completed by day 31. Cardiac development is initially
very fast, but from day 100 of pregnancy, the heart
weight curve is similar to that of total fetal body
weight. The chemical composition of this organ
remains stable during the last two trimesters of
pregnancy (Table 117.2). Widdowson and Dickerson7

reported an increase in sodium concentration and a
decrease in potassium concentration from week 20 to
the end of gestation, apparently related to interstitial
fluid loss of the cardiac muscle.

1230 Dynamics of fetal growth

Figure 117.1 Protein and fat accumulation curve (data from
Southgate and Hey5).

Figure 117.2 Energy stored in fetal proteins and fat (graph
constructed according to calculations from Widdowson3 and
data from Southgate and Hey5). 
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Kidney. The kidney grows and develops rapidly
during the fetal period (the fetal kidney becomes
functional from the ninth week). Kidney weight is
variable during the first trimester of pregnancy, but
from day 100 of pregnancy its growth curve is similar
to that of total fetal body weight (Table 117.3).
Nitrogen concentration in renal tissue increases
throughout pregnancy.7 It should be noted that small-
for-dates babies have a higher renal fat content than
appropriate-for-gestational age newborns.

Anthropometric methods

Neonatal anthropometry
The distinction between the constitutionally small
and the growth-restricted infant is being increasingly
accepted, the former being considered the low
extreme of the distribution of normal neonates
weight, which is not considered a pathologic condi-
tion by itself. Thus, birth weight alone has been
observed to be poorly correlated with perinatal out-
come.8 On the contrary, abnormalities of neonatal
constitution are believed to reflect impaired fetal
nutrition and have been found to be more useful indi-
cators of adverse perinatal and long-term outcomes.9

The skin-fold thickness at different sites, the mid-arm
circumference to occipitofrontal circumference ratio,
and the ponderal index (weight (g)/height (cm)3) have
been suggested as useful parameters to identify
growth-restricted fetuses.

Fetal anthropometry
Theoretically, fetal anthropometric studies can be car-
ried out in the framework of different designs, which
can be categorized in cross-sectional (each fetus is
measured once) and longitudinally (measurements
are made in the same fetus at different gestational
age).10,11 Since growth is a dynamic process, it seems
biologically plausible that its quantification requires
the evaluation of serial measurements. Nevertheless,
longitudinal studies are more likely to result in biased
estimates (e.g. high-risk fetuses and/or pregnancies are
more likely to be intensively scanned). On the other
hand, the high correlation between measurements
on the same fetus means that the effective sample size

Dynamics of fetal growth 1231

Table 117.1 Fetal liver composition (from day 100
to full term),5 for fetuses with normal and small
weights for gestational age

Median Mean Range 
(g/kg) (g/kg) (g/kg)

Water
Normal 811 809 780–840
Small 795 805 788–824

Total nitrogen
Normal 19.8 19.4 12.3–22.9
Small 21.3 20.9 17.4–22.9

Proteins
Normal 121.4 121.3 76.7–143
Small 133.1 131.5 107.8–143

Fat
Normal 23.8 23.9 10.0–32.6
Small 22.8 23.5 16.4–32.3

Glycogen
Normal 13.8 16.3 4.4–40
Small 15.5 17.2 4.5–38

Table 117.2 Fetal heart composition (from day 100
to full term),5 for fetuses with normal and small
weights for gestational age

Median Mean Range
(g/kg) (g/kg) (g/kg)

Water
Normal 811 809 780–840
Small 331 828 798–850

Total nitrogen
Normal 16 16.8 11.2–22.9
Small 18.9 18.8 17.0–20.3

Proteins
Normal 100 105 69.7–142.9
Small 118 118 106.0–127

Fat
Normal 16.8 17.6 9.9–23.9
Small 21.1 21.2 14.7–27.1

Glycogen
Normal 6.4 11 0.8–32.8
Small 4.6 5.91 4.0–10.8

Table 117.3 Fetal kidney composition (from day 100
to full term),5 for fetuses with normal and small
weights for gestational age

Median Mean Range
(g/kg) (g/kg) (g/kg)

Water
Normal 834 816 568–885
Small 842 843 774–908

Total nitrogen
Normal 14.5 14.7 11.6–18.5
Small 15.4 16 9.5–24.6

Proteins
Normal 90.5 91.8 72.3–115.7
Small 96.5 99.9 59.3–153.6

Fat
Normal 19.1 18.1 12.6–24.7
Small 20.9 22 12.3–30.6

Glycogen
Normal 6.4 11 0.8–32.8
Small 4.6 5.91 4.0–10.8
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will be nearer to the number of fetuses than to the
total number of measurements. In addition, longitudi-
nal designs require more complex statistical models
than cross-sectional studies. Among the methods
described to construct longitudinal curves, the most
straightforward ones, as pairwise means, do not
account for the regression toward the mean pheno-
mena, which is essential to analyze growth ‘velocities’.
More complex methods, as multilevel models, appear
to be the most appropriate methodology to derive con-
ditional centiles, which take into account the fetus’
size earlier in gestation. Software applications (pack-
ages ML-3 and ML-n) for these methods have been
developed in recent years.12–14 Although, there are
preliminary clinical data suggesting that conditional
centiles better predict infants with low ponderal
index than unconditional centiles,15 further studies
are needed before the introduction of these reference
ranges in clinical practice.

Other design drawbacks could hamper the validity
of fetal anthropometric standards. Among them, inap-
propriate selection of cases, unclear inclusion and
exclusion criteria, small sample size and unreliable
gestational ages are considerably frequent.10,11

Fetal weight. All authors agree that fetal weight is the
most sensitive indicator of fetal nutrition and growth,
since fetal weight is the earliest parameter to be
affected by adverse intrauterine circumstances. For
this reason, however, and because of the high
variability in birth weight among different population
groups,16–18 it is difficult to obtain a pattern of fetal
growth exclusively based on fetal weight, particularly
because there is a linear relationship between weight
at birth and duration of gestation. On the other hand,
the construction of tables or curves of normal fetal
weight at different weeks of gestation faces several
difficulties. These include the fact that data obtained
in longitudinal studies are not reliable (a fetus or a
neonate may be weighed only once, and previous
weight variations are unknown), weights of fetuses
born prematurely cannot be included in the range of
normality, and comparison of different tables and
curves is further complicated by the lack of uniformity
in the entry of data.

In 1963, Lubchenco and coworkers19 presented
weight curves in the form of percentiles as estimated
from the birth weights of 5635 liveborn Caucasian
infants at 24–42 weeks of gestation. One year later,
Gruenwald20,21 estimated intrauterine growth in the
form of standard deviations (Figures 117.3 and 117.4).
Many other curves representing intrauterine growth
have been reported thereafter. These curves, however,
cannot be superimposed due to sample-inherent limi-
tations, such as differences in socioeconomic condi-
tions, altitude, racial features, etc. For example, fetal
weight curves constructed for singleton fetuses in
Spain, France, Italy, Czechoslovakia, and other coun-
tries showed fetal weights higher than the median

weights of Colorado babies in the study of Lubchenco
and coworkers19 (Denver is 1584 m above sea level)
which, in turn, were lower than those given by
Swedish authors.22,23 Fetal weight curves used by the
authors of this chapter24 are depicted in the form of
percentiles (Figure 117.5) and standard deviations
(Figure 117.6).

Most fetal weight curves can be divided into four
areas of different fetal growth rates (Figure 117.7), i.e.
low rate (up to 16 weeks’ gestation, mean weight gain
≤10 g/week); accelerated rate (between 16 and 26–27
weeks’ gestation, 85 g/week); maximal rate (between
28 and 38 weeks’ gestation, 200 g/week); and deceler-
ated rate (around 37–38 weeks’ gestation, 70 g/week).
Beyond 42 weeks’ gestation, fetal weight shows no
variation or negligible increases. A remarkable fact is
that 10% of the weight at term is exclusively reached
during the first half of pregnancy, and it is only after
the first two trimesters of pregnancy that the fetus
acquires one-third of its weight at birth. During the
first half of pregnancy, however, organogenesis and
progressive development and refinement of fetal
structures are taking place. The most crucial period of
fetal life starts at about 28 weeks of gestation, coin-
ciding with the maximal slope of fetal weight gain
(mean 200 g/week).

Fetal weight curves are somewhat different when
constructed according to sex or multiple pregnancies.
Values obtained in females are lower than in males,
with differences of up to 300 g in some sections. In
multiple pregnancies, McKeown and Record25,26

reported that maternoplacental supply can ensure
normal growth of fetuses until achievement of a deter-
mined overall weight, so that earliness of weight
deficit is inversely related to the number of fetuses.

Differences in fetal weight curves. Fetal weight curves
derived from data reported by different authors may
be substantially different. After an extensive review of
the literature, Gruenwald27 proposed a classification
of fetal weight curves into four groups (Figure 117.8).
Group 1 included data on intrauterine growth as
estimated from weights of dead fetuses.28,29 These
estimations were clearly beneath weight curves of the
remaining groups for most weeks of gestation, given
that they were based on postmortem examination of
abnormal fetuses. Group 2 consisted of fetal weight
curves made with corrected data of liveborn neonates.
In these cases, dead fetuses, inaccurate menstrual data,
liveborn neonates with anomalies, etc. have been
excluded.19,27,30 Most published fetal weight curves
based on adequately corrected material are included
in this group. Group 3 was formed by fetal weight
curves somewhat above group 2, since, in general,
uncorrected27 or partially corrected data28,29 were used.
Group 4 included fetal weight curves based on
uncorrected material or representing populations with
particular racial or social characteristics33–35 (Kaltreider,
personal communication).

1232 Dynamics of fetal growth
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As noted by Gruenwald,27 all types of fetal weight
curves except those based on deadborn neonates,
coincide at 38 weeks of gestation because at this time
the likelihood of an error in gestational age is very
rare. Before this time, outstanding differences found
in some cases may be attributed to information bias or

inadequate correction. From 38 weeks’ gestation to
birth, fetal weight curves diverge again due to changes
in the supply line (maternal and placental) among dif-
ferent population groups on which curves are based.27

In fact, although all types of fetal weight curves
stabilize at 41 weeks’ gestation, heights are different
according to the socioeconomic conditions of the
sample. Thus, a difference of more than 500 g is found
between the curve of Kaltreider, based on data from
the indigent black population in Baltimore, USA (per-
sonal communication), and that of Lindell,23 based on
Swedish neonates (a tall population with high living
standards). The fact that the estimations of Lubchenco
and colleagues19 were lower than those given by other
authors may be attributed to the altitude of Denver.

Dynamics of fetal growth 1233

Figure 117.3 Fetal weight curves (percentiles) for males (solid
lines) and females (dotted lines) (data from Clavero Salvador
et al.16).

Figure 117.4 Relationship between fetal growth curves in
percentiles (from Clavero Salvador et al.16), and curves
constructed with standard deviations (from Alonso and Arizcun17

and Meredith18).

Figure 117.5 Overall fetal growth curve in percentiles.21

Figure 117.6 Overall fetal growth curve with standard
deviations.21
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Human fetal weight would presumably follow a
straight line after term if there were no limitations to
provision of nutrients, that is, if maternal and placen-
tal supply provide endless support to fetal growth.20,21

Therefore, deviations from the ideal extrapolated
curve are less evident as nutritional supply decreases.

Customized birth weight standards. Due to the fact
that several maternal (height, weight, race, age, parity,
etc.) and fetal (number, gender, etc.) variables play a
significant role in fetal growth both in low-36 and
high-risk37 pregnancies, population-based birth
weight standards result in misclassification of a large
proportion of cases.38 Individually adjusted or cus-
tomized growth charts aim to optimize the assessment
of fetal growth by taking individual variation into
account, and by projecting an optimal curve, which
delineates the potential weight gain in each preg-
nancy. Customized birth weight standards increase
the possibility of identification of fetuses at risk of still-
birth, neonatal death, and low Apgar score, probably
due to improved identification of growth restriction.39

Moreover, customized curves are better correlated with
neonatal morphometry than population-based stan-
dards.40 The evidence of their usefulness as well as
the fact that customized charts could be used in clin-
ical setting in a very flexible way, make customized
birth weight references the current standard for eval-
uation of fetal growth.

Fetal height. As in the case of fetal weight, fetal
height curves show a moderately sigmoid shape with
an ascending trend as gestational age increases. Fetal

1234 Dynamics of fetal growth

Figure 117.8 Fetal growth curves classified into four groups by Gruenwald.24

Figure 117.7 Fetal weight curve (with standard deviations)
divided into four areas of low (A), accelerated (B), maximal (C),
and decelerated (D) fetal growth rates.
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height curves from our institution (Figures 117.9 and
117.10) were based on a depurated sample of 8876
liveborn neonates at 22–42 weeks of gestation.

After fetal weight, fetal height is the second param-
eter that is rapidly affected by fetal macro- and
microenvironmental conditions. While fetal heights
recorded in Sweden22 and in some areas of the USA41

were taller than in Spain, our figures are, in turn,
higher than those reported by others.19,42 Fetal height
has rarely been used in the past for assessing fetal
growth. The anthropometric value of this parameter
in association with fetal weight and head circumfer-
ence to identify some fetal growth patterns has been
recently established.27,41

Head circumference. Given that fetal brain weight
is the parameter least affected by an adverse
intrauterine environment (malnutrition), the importance
of this measurement is considerable. Although head

circumference is not a highly reliable index of fetal
growth and nutritional conditions, it is a sensitive
indicator of gestational age, which may be useful for
comparison with the remaining parameters. Therefore,
as may be expected, head-circumference curves do
show large variations throughout the gestational period.
The curve is almost linear with a more accentuated
slope than the fetal-height curve (Figure 117.11).
Interestingly, Ferrazzi et al.43 found that normaliza-
tion of the umbilical vein flow provided the most
sensitive parameter for growth-restricted fetuses,
suggesting that due to the brain-sparing effect, head
circumference is preserved in placental insufficiency.
Differences in the individual curves by sex were
smaller than those observed in fetal height curves,
and values of the fetal head circumference in twins
are lower than the overall fetal growth curve.
Comparatively, our values for fetal head circumference
are higher than those reported by Lubchenco and
colleagues,19 but lower than those presented by Miller
and Hassanein41 and Usher and McLean.44

Three-dimensional fetal growth assessment. The
advent of three-dimensional sonography has allowed
a new insight into fetal growth. Calculation of organ
volumes could be made reliably and in a non-invasive
way using this new technology. Brain volume has
been found45 to increase from 34 ml at 18 weeks to
316 ml at 34 weeks of gestation. At the same time,
brain growth demonstrates a marked slow down as
expressed by a weekly increment in brain volume at
34 weeks of only one-third of the weekly increment at
19 weeks of gestation. Fetal liver is very important in
determining the status of fetal growth. In uncomplicated
pregnancies, mean fetal hepatic volume was 9.7 ml±4.4
at 20 weeks and 96.4 ml ±8.2 at 36 weeks of gesta-
tion.46–48 Interestingly, the fetal brain/liver volume
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Figure 117.9 Overall fetal height curve with standard
deviations.21

Figure 117.10 Overall fetal height curve in percentiles.

Figure 117.11 Fetal head circumference curve with standard
deviations.
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ratio has been described as a predictor of fetal
outcome in the growth-restricted fetus. An inverse
relationship exists in small-for-gestational-age fetuses
between brain/liver volume ratio and fetal weight-
related umbilical venous blood flow. Fetal lung
volume ranged from 1.18 ml at 18 weeks to 56.26 ml
at 37 weeks for the left lung, and from 1.69 ml at
17 weeks to 60.2 ml at 39 weeks for the right lung.49–50

Fetal kidneys volume has been observed to increase
linearly through the second and third trimester,
ranging from 1.5 ml at 20 to 16.3 ml at 40 weeks for
the right kidney, and from 1.8 ml at 20 to 17 ml at
40 weeks for the left one.51

Relationship between fetal anthropometry
and placental biometry
The interest elicited by placental weight and its rela-
tionship with fetal weight is fully justified by the
crucial role played by this organ in fetal growth and
nutrition. For this reason, it is surprising that this
question has been poorly addressed in studies on fetal
growth published in the literature.

Analysis of placental weight at different gestational
ages shows different periods similar to the evolution
of fetal weight. Until 16 weeks’ of gestation, placental
weight is greater than fetal weight because of a more
rapid growth of the placenta early in pregnancy.
Placental and fetal weights are similar by 16–28 weeks’
gestation. At week 27, however, the placenta has
already achieved 50% of its weight at term (because of

its rapid initial weight gain), whereas the fetus has
only gained 30% of the weight at birth. During the
period of maximal fetal growth (28–38 weeks’ of gesta-
tion), placental growth rate is much lower than fetal
growth rate (in relative terms placental growth is
restricted with respect to fetal growth). From 38 weeks’
of gestation, placental growth rate shows an accentu-
ated deceleration as compared to fetal weight gain,
which is even more apparent from week 40. Curves of
the relationship between fetal and placental weights
expressed as percentages of normal fetal weight at birth
are particularly illustrative of this finding. 

The inter-relationship between fetal and placental
weights can be studied by the so-called ‘fetoplacental
relationship’ (fetal weight/placental weight ratio), the
‘placentofetal relationship’ (placental weight/fetal
weight ratio), also named the placental index, which
is the most usual method (Figures 117.12 and 117.13).
The fetoplacental relationship increases as pregnancy
advances, whereas the placental index decreases. At
24 weeks’ of gestation, the value of the fetoplacental
relationship is 3; at week 35 it varies between 4 and 5;
at term it varies between 5 and 6; and from 40 weeks’
of gestation, there is no change. The placental volume
is the parameter that correlates better with fetal
weight.16 In contrast, there is a poor correlation with
the number of cotyledons, suggesting that by the
fourth month structural development of the placenta
has been completed, so that potential adverse factors
acting later on in pregnancy have no effect on the
number of cotyledons.

1236 Dynamics of fetal growth

Figure 117.12 Placental index curve (fetoplacental relation-
ship) throughout gestation (from Gruenwald21).

Figure 117.13 Relationship between placental index and fetal
growth throughout gestation.
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118 Intrauterine growth
restriction: concept and
epidemiology
E. Fabre, R. González de Agüero, J. L. de Agustín and A. Ezquerra

Concepts related to growth restriction
It is clear that there exists an optimal range of size at
birth, within which complications are rare. The inci-
dence of morbidity and mortality increases when
there is a deviation from this optimal range. In order
to specify this clinical impression we need a standard
reference with which to be able to define terms like
‘too small’, as well as to relate to dependent variables
such as mortality and morbidity rates. Considering
intrauterine growth, it is important to recognize several
remarkable concepts and definitions.

Growth and maturity
In any consideration about development, one may
arbitrarily distinguish maturation, meaning change of
structure and function, from growth in the sense of
increase in mass, while realizing that the two of them
are not entirely independent of each other. Growth is
measured in terms of change in weight and size in
relation to age. Maturation determines the functional
capabilities of the organism and its parts, and thus
controls such aspects as the ability of a neonate to
adjust itself to extrauterine life; it is largely independ-
ent of the effects of deprivation.

Low birth weight
The term low birth weight (LBW) describes infants
with a weight of less than 2500 g, regardless of gesta-
tional age1. To avoid confusion, the word preterm is
used for infants born under 37 weeks’ gestation, regard-
less of the birth weight. Further subdivisions of LBW
have been commonly used: very low birth weight
(VLBW) and extremely low birth weight (ELBW)
describe infants with weights less than 1500 and
1000 g, respectively (Figure 118.1). From this point of
view, LBW at first glance seems to be a simple concept:
any baby below a certain threshold of weight is an LBW

baby. But what is threshold? And should it be the same
for babies of all types and from all populations? Are
there different kinds of LBW babies?

Populations vary considerably in the size of their
babies at birth. The median birth weight among infants
born in India is lower than in Ireland, while the median
gestational age at birth is very similar, and the percent-
age of LBW infants is higher in India than in Ireland
(Table 118.1). The differences in the birth weight could
reflect either the diversity of the human biology or the
social differences among the studied populations. The
election of a universal threshold below which LBW is
defined will mistakenly define the Indian population
of newborns as having a high incidence of a patho-
logical condition. For a really valid comparison we
therefore need a specific reference standard for the
individual population under study.

A method has been suggested to adjust the differ-
ences in mean birth weight among different popula-
tions. It is based on the observation that many
distributions tend to be approximately ‘normal’ in
shape in their central portion. The effect of a shift in
the mean birth weight in different populations can
then be eliminated by using the percentage of births
below the estimate (mean –2 SD). The result is an
‘adjusted’ rate for (relative) LBW occurrence, which is
applicable regardless of the mean birth weight for the
population (Table 118.2).2 This procedure yields a
much greater degree of uniformity for the ‘adjusted’
LBW percentages as compared to the unadjusted per-
centages. This simple technique is only applicable if
the birth-weight distribution is known to be Gaussian.

Mathematically oriented studies3 have argued that
the roughly normal birth-weight curve in any popula-
tion is really a mixture of two distributions, one of the
normal population and the other of a pathological
group of babies (referred to as the ‘residual’ distribu-
tion) in whom small size is a reflection of some
unhealthy maternal or fetal condition. The compari-
son between Japanese babies and African-American
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babies illustrates this fact.4 The mean birth weight in
Japanese babies is about the same as that for American
blacks, at about 3200 g. But these two populations
differ markedly in the proportion of births in the
residual distribution, 1.3% in Osaka and 4.3% in
American black babies, who are small for presumably
pathological reasons. This difference, because it is
composed of infants at very high risk of death,
explains why mortality is so much higher among
African-American infants than among Japanese
infants, even though both populations have relatively
equal mean birth weights. The important point to note

is that it is the pathological conditions that lead to an
excess of small babies in the residual distribution that
should stimulate public health action, not that part of
the variation in birth weight which appears to be irrel-
evant to human health.

The use of a single cutoff point for birth weight
when applied to a range of gestational ages will auto-
matically result in heterogenous data. Children born
with low birth weight include both the ones born
preterm as well as those born at term gestation but
subnormal in weight. For this reason a classification
frequently used in epidemiological surveys is to take
all LBW babies and to divide them arbitrarily into
preterm-LBW (< 37 weeks) and term-LBW (37 weeks or
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Figure 118.1 Increase in body weight of a fetus during the second half of gestation according to menstrual age and including
recommended terminology. LGA, AGA and SGA, large, appropriate and small for gestational age, respectively.

Table 118.1 Comparison of birth weight and
gestational age at delivery in different countries
(based on data from Rooth2)

Infants Median 
weighing Median gestational 

≤2500g at birth age at 
Country birth (%) weight (g) birth (weeks)

Ireland 5.9 3478 40.5

Poland 6.8 3380 40.1

Venezuela 7.9 3206 39.7

Greece 9.5 3287 39.8

Taiwan 11.3 3106 40.0

Japan 11.3 3029 40.2

Iran 14.2 3024 39.4

Philippines 14.2 2889 39.6

Malaysia 17.3 3057 40.2

India 29.0 2771 40.6

Table 118.2 Low-birth-weight percentages before
and after adjustment for differences in mean birth
weight (based on data from Rooth2)

Mean Low birth weight (%)
birth

weight Mean –2 Unadjusted Adjusted
Country (g) SD (g)

Austria 3150 2200 5.7 5.5

Cuba 2900 1850 10.8 3.5

Hungary 2900 1900 10.8 5.6

Japan 2950 2150 5.3 3.3

New Zealand 3150 2200 5.2 4.0

Sweden 3205 2250 3.9 3.8

USA 3100 2100 6.0 3.5
(six states)
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more); fetuses with retarded growth would fall into the
second group and preterm babies into the first. This
classification does not differentiate the fetus with delay
of growth and born before 37 weeks’ gestation, which is
identified as born preterm; therefore it ignores a sub-
stantial number of growth-retarded fetuses.

Preterm delivery and fetal growth appear to have
distinct determinants, and one of the most important
and little-appreciated observations about the state of
our knowledge in this area is that, while we have con-
siderable understanding of the causes of impaired
fetal growth, we know next to nothing about the
causes of preterm delivery. For term-LBW infants,
most underlying causes (e.g. maternal smoking,
weight at conception and gestational weight gain)
have been identified, for preterm-LBW infants, the
etiology largely remains unexplained.5 Both concepts
differ in another important way. Preterm delivery is
much more important as a cause of infant mortality in
developed nations. Fetal growth impairment, though
not rare, does not cause the same rate of mortality as
does early delivery. The long-term impact of fetal
growth restriction on neurodevelopment, though
more important than its effect on the newborn, is also
not as pronounced as the effect of preterm birth.

For public policy purposes, a single cutoff value for
low birth weight in all populations must therefore be
treated with a certain amount of skepticism. It is a crude
indicator, useful for making a quick and rough assess-
ment, but one that needs more refinement if public
policy initiatives are to be appropriately targeted. How-
ever, this approach has several advantages, considering
that it is easy to use and offers a practical means to com-
pare incidences worldwide and among populations of
different ethnic origin and socioeconomic status, taking
into account their own restrictions.

Small-for-gestational age fetuses
Intrauterine growth of the human fetus can be charted
by plotting birth weight, or other birth dimensions,
against the gestational age. Starting from fetal growth
curves, distributions of birth weight at each gesta-
tional age, intrauterine growth anomalies have been
quantitatively defined, in terms of absolute values of
weight for gestational age, or standard deviations from
a mean, or percentile ranking. A deficit of birth
weight in relation to gestational age is evidence of
fetal growth restriction. The LBW concept underesti-
mates the magnitude of the problem since it does not
include those infants whose weight at birth falls
below the cutoff of weight for gestational age but who
weigh more than 2500 g; these infants also have
intrauterine growth restriction (IUGR).

Neonates can be categorized as appropriate (in
weight) for gestational age (AGA), small for gestational
age (SGA) or large for gestational age (LGA). In general,
the term SGA refers to those infants below the 10th per-
centile of birth weight relative to a specific gestational
age in representative distributions6 (Figure 118.1).

However, there is no general agreement as to what
constitutes an SGA fetus. Some studies have used the
third or fifth percentiles,7,8 whereas others have used
2SD below the mean birth weight9,10 as the cutoff point.
Birth-weight distributions are affected by factors other
than intrauterine nutrition, including maternal height,
weight, race, parity, ethnic background and sex of the
newborn. It is obvious that the use of different birth-
weight percentiles, or correction of the standard for the
mentioned factors have a major effect on the birth
weights that define SGA fetuses. Even when the same
statistical criteria are used, the limits often vary among
different populations,11–14 and hence are not always
comparable (Table 118.3). For this reason infants of
certain weights will be diagnosed as being small for
gestational age in some studies but not others. In conse-
quence, many of the SGA-related risk factor and infant
outcome studies are not comparable, which often leads
to conflicting results.15 Although at present it remains
universally accepted as the best and most standardized
method for examining fetal growth and its restriction,
we should look closely at its limitations.

SGA is not synonymous with fetal malnutrition;
one may occur without the other. Fetal malnutrition
is a clinical diagnosis and is independent of birth
weight at a given gestational age, and may be present
at almost any birth weight. An infant who is classified
as SGA may or may not have malnutrition. Fetal
malnutrition is characterized by obvious intrauterine
weight loss or failure to acquire normal amounts of
subcutaneous fat and muscle.16 Weight, length and
head circumference may or may not be affected. In
fetal malnutrition, the subcutaneous tissue and
underlying muscle are diminished and the skin of
arms, legs, elbows, knees and interscapular regions is
very loose. Perinatal problems and/or central nervous
system sequelae occur primarily in malnourished
babies, whether AGA or SGA, but not those who were
simply SGA and not malnourished.

The clinical manifestations of fetal malnutrition
depend, in part, on when it began during gestation.
Babies whose length, head circumference and weight
are significantly reduced were probably exposed to
malnutrition beginning early in the second trimester.
Those whose length and head circumference are less
affected but are small and underweight with some
loss of subcutaneous tissues and muscle probably
became malnourished early in the third trimester. For
babies who are significantly underweight for gesta-
tional age with obvious loss of subcutaneous tissues,
but with length and head circumference within the
normal range, an insufficient or unbalanced nutrient
supply most likely occurred in the late third trimester.
For the last two categories, weight may be above the
10th percentile for gestational age; however, signs of
malnutrition may be obvious.

Intrauterine growth restriction
The phrase IUGR describes the fetus who has failed to
reach its own theoretical normal growth potential.17

1240 Intrauterine growth restriction: concept and epidemiology
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Currently, most investigators accept the SGA infant as
a marker for IUGR and, in everyday usage, the term
IUGR is often used synonymously with SGA,
although there is little doubt that the two are not iden-
tical. The National Institute of Child Health and
Human Development in the USA18 recommends that,
both for clinical and research purposes, IUGR birth
should be defined as resulting in birth weight less
than the 10th percentile for gestational age, using cri-
teria appropriate to the populations under study.
However, IUGR is used to denote a pathophysiologi-
cal process resulting in restriction of fetal growth,
while SGA refers to a statistical grouping of infants
below the 10th percentile. From a practical stand-
point, there may be considerable overlap of these
groups, although at a conceptual level the distinction
may be important.19 Statistically, 10% of infants
should fall below the 10th percentile regardless of
medical intervention and this group may reflect both
biological diversity as well as restriction of growth.
Small infants may be constitutionally small, small
secondary due to infections, toxic or congenital
growth limitations, or small due to deprivation or pla-
cental insufficiency.20 The biological variation of birth
weight implies that not all SGA infants are growth-
retarded and that some infants classified as AGA can
be growth-retarded. A fetus that has stopped growing
but is delivered before the weight crosses the 10th
percentile should still be considered an infant sub-
jected to a growth-restricting process even if the birth
weight is appropriate for gestational age.

LBW and SGA are pediatric terms that refer only to
the anthropometry of the newborn and mainly to birth
weight. These concepts have a notable disadvantage:
they are limited to the recognition at birth of an event
that has already occurred, while the most important
time for identification of whether or not there is
growth restriction is during the antenatal period.
Currently, only ultrasound is capable of providing data
sufficiently accurate for assessing the fetal growth rate.
IUGR may be indicated by insufficient growth rates of
several fetal measures that are easily observed in utero
regardless of birth weight. The growth restriction
describes a dynamic event in which the fetus deviates

progressively from a normal growth line, and hence
diagnosis of true IUGR requires at least two measure-
ments of size.21 A single measurement will not be able
to differentiate between size and growth. The observa-
tion of a fetus with small dimensions at a determined
date does not confirm that there has been a change in
the rhythm of growth. Although ultrasound allows the
longitudinal study of fetal growth, it has not been uti-
lized by epidemiologists to study IUGR. On the con-
trary, the concept and definition of SGA are still
utilized in order to evaluate the utility of the ultra-
sonic measures. This is a paradoxical situation in
which the value of a technique that studies the longi-
tudinal growth of the fetus is mistakenly judged by a
unique observation and measurement at birth.

In fetuses with IUGR, two different patterns of
growth can be demonstrated by using ultrasound.22 In
the first case, growth decreases from early in preg-
nancy, with a sustained low rate; these infants are
usually small, presenting a reduction of all of their
external measures. This symmetry has important
prognostic implications as it relates to whatever pri-
mary process is limiting fetal growth and the potential
functional damage that may follow. Symmetric IUGR
is seen with extrinsic conditions (intrauterine infec-
tions and exposure to drugs) that are active early in a
pregnancy, or alternatively with intrinsic embryonic
conditions (genetic causes and congenital anomalies)
that act to diminish the growth potential of an
affected fetus. Symmetric IUGR may be considered to
represent a wide variety of conditions with a large
range of prognoses. In most cases, the small size of the
newborn is constitutional and not associated with
abnormality. However, in many others the risk of peri-
natal asphyxia, serious permanent disability or non-
survival accompanies the subnormal growth. In the
second case, growth may be normal until early in the
third trimester but then flattens. The infant is small,
with the head circumference and length being rela-
tively normal in size for gestational age, but with a
reduced abdominal circumference, weight/length
ratio and ponderal index. Head growth assessed sono-
graphically by biparietal diameter or head circumfer-
ence often remains normal throughout the pregnancy
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Table 118.3 Differences between definitions of small-for-gestational age neonates based on a birth weight below
the 10th percentile for gestational age

Gestational 
Birth weight (g)

age (weeks) Lubchenco et al.6 Babson et al.11 Brenner et al.12 Naeye and Dixon13 Williams et al.14

28 860 695 770 967 727

32 1290 1351 1310 1534 1301

36 2050 2173 2190 2121 2229

38 2430 2602 2510 2570 2629

40 2630 2880 2750 2776 2848

42 2720 3039 2830 2778 2965
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or only drops below the normal growth curve later.
Trunk growth, conversely, as indicated by abdominal
circumference, decreases earlier. The overall pattern
of fetal growth in these cases is typically normal until
late in the second or early in the third trimester, when
the limit of the uteroplacental capacity to sustain a
normal fetal growth rate is reached. Asymmetrical
IUGR is mainly a result of uteroplacental insuffi-
ciency secondary to extrinsic factors like hyperten-
sion, diabetes mellitus, etc. The asymmetry is perhaps
the result of predictable adaptation of the fetus to
sequential deprivation, and fetal asphyxia is often the
terminal event. The long-term prognosis for the infant
with asymmetric IUGR is usually better than that for
the infant with non-constitutional symmetric IUGR.

In summary, IUGR is defined as a pathological
decrease of the fetal growth rhythm. The result is a
fetus that does not reach its growth potential and has a
high risk of perinatal complications. The diagnosis is
difficult considering that it is not always easy to define
accurately the fetal growth rhythm. In spite of this
inconvenience, the definition of IUGR should be based
on fetal growth and not on the birth weight or other
birth dimensions. The condition of IUGR is not homog-
enous and similar presentations may have different
etiologies and implications. IUGR does not define a
homogenous population that necessarily shares a com-
mon fate, nor does it mean that those infants of similar
birth weight share a common prognosis.

Epidemiology
The use of many different standards in order to define
the anomalies of fetal growth is leading to statistical
anarchy. Since the LBW concept was accepted as an
international definition, one might think that a stan-
dard reference percentile should serve equally well as
the basis of an international definition of SGA babies,
thereby enabling direct comparisons to be made of
data from different sources. But we seem to be a long
way from any such agreement, and a locally produced
standard is usually thought to be more appropriate
than any general standard. Most studies on perinatal
epidemiology are based on classification by birth
weight because this measurement is generally readily
available. Likewise, risk factors and perinatal mortal-
ity are chiefly reported in terms of birth weight. In
only a few reports are populations defined in terms of
birth weight and gestational age.

Epidemiological factors
Epidemiologic investigations have revealed that in
developed countries, the predominant risk factors in
order of importance are: (1) cigarette smoking (2) low
maternal weight gain and (3) low prepregnancy
weight. These three risk factors account for nearly
two-thirds of growth-retarded infants.23 Other risk
factors for LBW include black race, first births, female
sex, short maternal stature, maternal low birth weight,
prior LBW birth, maternal illnesses, fetal infections
and a variety of metabolic and genetic disorders.

Age and parity
It has become axiomatic that the age of the mother is
a determinant factor that determines her reproductive
efficiency. Rates of LBW are significantly higher
among young mothers.24 At the other end of the spec-
trum, older women are beginning to show the effects
of the aging process. Consequently, the pattern of
LBW related to age is a U-shaped curve, with inci-
dence elevated below 20 and over 35 years of age.
However, it is not clear if the risk of teenage child-
bearing is due to young maternal age or to the low
socioeconomic status that often accompanies teenage
pregnancy.

Socioeconomic status
LBW is closely related to socioeconomic disadvantage.
Socioeconomic status is usually determined by income,
occupation and education. Low educational attainment
is associated with higher rates of LBW. Women with a
lower education level are 50% more likely to have
VLBW babies and more than twice as likely to have
moderately LBW babies (between 1500 and 2500 g) than
women who have graduated from college.25 It appears
unlikely that income and education by themselves
account for the differences in birth weight. Rather, it is
the social and physical environment that these factors
represent that is exerting an effect.

Race and ethnic background
In the United States, the prevalence of LBW varies
according to the ethnic background. African–
American infants (13.5%) are twice as likely to be
born LBW than whites (5.8%), Hispanic origin (6.2%)
or Asian–American infants (6.5%).26 Epidemiological
research has shown that these ethnic group differ-
ences are not wholly explained by ethnic differences
in the occurrence of various medical illness, in smoking
or use of other drugs, or in the use of prenatal care, or
by demographic characteristics and other lifestyle
differences. This provides some evidence that poverty
may not be the sole reason for the high rates of LBW
births among African–Americans. While it is valuable
to know what does not cause the racial group differ-
ences in LBW, more emphasis needs to be placed on
studying the basic biological differences between
the racial groups, which may be responsible for these
disparities.

Maternal weight gain and prepregnancy weight
Maternal weight gain during pregnancy results from a
variety of factors, including maternal dietary intake,
prepregnancy weight and height, length of gestation and
the size of the fetus. Epidemiological evidence has
demonstrated a nearly linear association between mater-
nal weight gain during pregnancy and birth weight, and
an inverse relationship to the rate of LBW.27 A meta-
analysis of nine studies found that weight gain during
pregnancy has a significant effect on birth weight when
prepregnancy weight is low.23 Investigators who have
examined the effect of a given gestational weight gain in
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women with different prepregnancy weight for height
status have been virtually unanimous in concluding
that the two factors strongly interact. A clear tendency
exists toward increasing rates of IUGR with decreasing
prepregnancy weight for height among women with low
gestational weight gain. The effect of gestational weight
gain on fetal growth is weak, or perhaps even absent, in
obese women.28 The evidence for other effect modifiers
is not nearly as strong as that for prepregnancy weight
for height.

Lifestyle choices
The bulk of evidence shows a clear and consistent asso-
ciation between LBW (primarily due to IUGR and not
preterm birth) and smoking during pregnancy. Cigarette
smoking is unequivocally the largest and most impor-
tant known modifiable risk factor for LBW. It accounts
for up to 20% of all LBW births.25 The result holds
among women of different ages, gravidities, geographic
regions, social classes and ethnic groups. It has been
consistently reported that, even after controlling for
other factors, women who smoke are about twice as
likely to deliver an LBW baby as are women who do not
smoke.29,30 Other behaviors, such as the abuse of alco-
hol and other drugs, while important, do not have
nearly the same impact on overall rates of LBW births
as cigarette smoking. The effects of alcohol intake
during pregnancy upon birth weight have also been
widely studied. A prospective study of 900 pregnant
women adjusted for social class and smoking demon-
strated that drinking more than 100 g of alcohol per
week (10 standard measures) is associated with a risk of
IUGR twice as high as for those drinking less than 50 g
per week. The effects of alcohol and smoking are syn-
ergistic, although it is probable that smoking is a greater
risk factor for IUGR than is drinking.31

Prenatal care
It is unclear whether or not the observed decreased
rates of LBW among women who receive prenatal care
are due to its effectiveness in preventing LBW or to
other differences between women who receive prena-
tal care and those who do not. Women who receive
prenatal care are a heterogenous group, but are gener-
ally healthier, more educated, and more advantaged
than women who do not receive prenatal care. Rather
than preventing LBW, prenatal care may be another
indication of the many health-enhancing behaviors
that characterize healthy, insured women who have
healthy children. Although prenatal care provides a
variety of valuable medical services to pregnant
women and their fetuses (for example, management of
normal birth, maternal hypertension and maternal
diabetes, and/or detection of congenital malforma-
tions and genetic diseases in the fetus), evidence sug-
gests that prenatal care may not provide significant
benefits with respect to LBW.

Previous LBW infants
Several studies have shown that a maternal history of
previous preterm or LBW infants increases the risk of

giving birth to a subsequent preterm or LBW infant.
LBW is known to repeat itself in 25% of cases where
no maternal high-risk factor exists,32 although many
of them are born of a low-risk pregnancy and might be
constitutionally small. Bakketeig and colleagues33

showed that birth weight and not length of gestation
is the best predictor of birth weight in subsequent
pregnancies, just as length of gestation is the better
predictor for subsequent gestational length. Mothers
whose first-born infants were LBW have a two- to
three-times higher risk of having an LBW second
infant than the total population of secundiparae; the
tendency to repeat births of lower weight is not
markedly affected by a tendency to repeat medical
complications that predispose to LBW.

Assisted reproductive technology (ART)
In the last few years, the number of births after the use
of ART has increased steadily around the world, espe-
cially in developed countries. However, ART has been
associated with an increased number of adverse peri-
natal outcomes, multiple pregnancies, preterm birth,
low birth weight (LBW), very low birth weight
(VLBW) and perinatal death.34 Some studies suggest
that the high incidence of multiple births after the use
of ART is responsible for the majority of adverse peri-
natal outcomes, such as preterm delivery and LBW.
Schieve found that ART singletons were 2.6 times
more likely to be term-LBW compared with the gen-
eral population.35 Wang found that the observed num-
ber of preterm births and LBW was 2.4 and 2.1 times
higher respectively than the expected number when
applying general population birth rates. The compari-
son between ART singletons and general population
singletons suggests that ART infants have a higher
risk for preterm birth and LBW. This increased risk
persists even when comparing ART singletons con-
ceived with the transfer of only one embryo with sin-
gletons in the general population.36

Incidence and mortality
The incidence of LBW by region ranges from 31.1% in
Middle South Asia and 19.7% for Asia as a whole to
14.0% in Africa, 10.1% in Latin America, 6.8% in
North America and 6.5% in Europe.37 The LBW rate is
lower in many Western European nations, while in
underdeveloped countries the LBW rates are often
over 10% and the incidence of LBW is four times
higher than that of developed countries. The LBW rate
in Europe varies from 4.1% in Finland to 9.5% in
Romania (Table 118.4).38

The general opinion is that the incidence of LBW
in developed countries is diminishing. However,
researchers using time series data have observed that
the LBW rate has increased in the past few years. In
European Union (EU) the incidence of LBW has
increased from 5.97% in 1982 to 6.87% in 2002
(Table 118.5).38 The Spanish Perinatal Mortality Survey
of the Perinatal Medicine Section of the Spanish
Obstetrical and Gynecological Society recorded data
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from 597,585 births, with known birth weight and
gestational age, at hospitals in different Spanish
regions from 1980 to 1992.39 During the period sur-
veyed the total incidence of LBW increased from
4.8% in 1980 to 7.1% in 1992 (Table 118.6).

The contribution of LBW to perinatal deaths is very
important. In the Spanish Perinatal Mortality Survey,
LBW represents 66.4% of fetal deaths, 69.6% of early
neonatal deaths, and 67.7% of overall perinatal
deaths. The high percentage of perinatal deaths gen-
erated from a relatively low number of LBW infants

should call attention to the importance of this prob-
lem. Table 118.6 shows mortality rates during the
perinatal period in LBW births. In the overall period
surveyed, the fetal mortality rate was 31 times higher
in LBW fetuses than in those born weighing ≥2500 g
(87.0 vs. 2.8/1000 births), the early neonatal mortality
rate was 40 times higher (64.8 vs. 1.6/1000 live births)
and the perinatal mortality rate was 33 times higher
(146.1 vs. 4.4/1000 births) (Table 118.6).

Medical scientists have focused on two major stra-
tegies to find ways to reduce the number of perinatal
deaths: improving the survival of infants, and pre-
venting births in groups of lower weight that have a
higher risk of death. In European Union (EU), during
the last two decades, the overall perinatal mortality
rates have declined substantially (14.86 in 1980 vs.
6.42/1000 births in 2004), while rates of LBW have
increased (from 5.97% in 1982 to 6.92% in 2003).38

How can these very highly correlated outcomes, peri-
natal mortality and LBW rates, have shown such dif-
ferent tendencies? The seemingly contradictory
decline in perinatal mortality without parallel
declines in LBW birth is attributed to the increasing
survival of LBW infants (Table 118.7). From an epi-
demiologist’s point of view, in a given population, the
overall perinatal mortality rate depends as much on
the birth-weight distribution as on the birth-weight-
specific mortality rates. In European Union, the recent
decrease in perinatal mortality can be attributed
solely to specific mortality improvements for each
birth-weight group, since the incidence of LBW has
increased. This mortality pattern indicates that our
response to LBW has been effective at the level of
treatment but not at the level of prevention. Every
year many LBW infants are now added to the popula-
tion who would not previously have survived.
Although the vast majority of these infants are
healthy, some of them have such severe handicaps as
to make their impact on the population prevalence of
cerebral palsy noticeable.

An examination of the epidemiology of LBW chil-
dren must therefore include consideration of whether
the children were born preterm or at term gestation.
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Table 118.4 Incidence of low-birth-weight (LWB)
and perinatal mortality rates in European countries in
2003 (based on data from WHO Regional Office for
Europe)

Perinatal 
mortality 

rate 
Incidence of per 1000

Country LWB (%) births

Albania 4.2 —
Austria 7.1 3.61
Belgium — —
Bulgaria 8.9 12.1
Croatia 5.15 6.35
Czech Republic 6.62 3.65
Denmark 6 4.17
Finland 4.1 3.42
France 8 —
Germany — 5.91
Greece — —
Hungary 8.7 5.34
Iceland — 3.37
Israel 8.3 —
Italy — —
Lithuania 4.7 5.47
Luxembourg — 5.64
Malta 7.04 4.72
Moldova 5.2 11.42
Netherlands — 7.37
Norway 5.1 3.87
Poland 5.94 5.6
Portugal 7.4 6.15
Romania 9.5 11.79
Russian Federation 6.1 10.33
Slovakia 6.98 6.61
Slovenia 5.9 4.34
Spain — —
Sweden 4.62 3.87
Switzerland — 7
Ukraine 5.4 8.07
United Kingdom — 8.48
European Union (EU) 6.92 6.45

Table 118.5 Trends in the incidence of low birth
weight  from 1982 to 2002 (based on data from WHO
Regional Office for Europe)

Incidence of low birth weight (%)

Country(*) 1982 1992 2002
Finland 3.7 3.8 4.3
Romania 7.6 8.21 9
Spain 3.9 5 7.1
Eropean Union 5.97 5.99 6.87

(*)Finland and Romania have been selected because they
are the countries in which the incidence of LBW is the
highest and the lowest in Europe respectively.

Kurjak-118.qxd  5/10/2006  10:09 AM  Page 1244



In developed countries, the major contributor to LBW
is preterm birth, while in underdeveloped countries it
is IUGR.40 In the Spanish Perinatal Mortality Survey,
when the analysis is carried out differentiating the
preterm LBW births from the term LBW births, it is

observed that the preterm LBW rate has increased by
37%, from 3.0% in 1980 to 4.1% in 1992, and the term
LBW rate has also increased by 53%, from 1.9 to 2.9%
(Table 118.7). Compared to term LBW infants, preterm
LBW infants are four to five times more likely to die

Concepts related to growth restriction 1245

Figure 118.2 Perinatal mortality rate (per 1000 births) by birth weight and gestational age groups based on the Spanish Perinatal
Mortality Survey from 1980 to 1992.

Table 118.6 Trends in the incidence of low birth weight, fetal mortality, early neonatal mortality and perinatal
mortality from 1980 to 1992 (mortality rates per 1000)

Birth weight (g) 1980 1983 1986 1989 1992 1980–1992

Incidence (%) 

< 2500 4.8 5.3 6.0 6.4 7.1 6.0

Fetal mortality rate

< 2500 127.7 97.3 91.5 75.2 63.6 87.0
≥2500 3.2 3.1 2.8 2.7 2.2 2.8

Early neonatal mortality rate

< 2500 91.2 82.4 73.7 57.2 39.4 64.8
≥2500 2.4 1.5 1.7 1.3 1.3 1.6

Perinatal mortality rate

< 2500 207.2 171.7 158.4 128.1 100.5 146.1
≥2500 5.6 4.7 4.4 4.1 3.6 4.4

Spanish Perinatal Mortality Survey of the Perinatal Medicine Section of the Spanish Obstetrical and Gynecological Society

Table 118.7 Trends in the incidence and perinatal mortality rate (per 1000 births) in preterm (< 37 weeks) and
term (≥37 weeks) low-birth-weight infants (< 2500 g)

1980 1983 1986 1989 1992 1980–1992

Preterm Term Preterm Term Preterm Term Preterm Term Preterm Term Preterm Term

Incidence (%) 3.0 1.9 3.0 2.4 3.4 2.6 3.5 2.8 4.1 2.9 3.4 2.5

Perinatal 
mortality rate 284.5 82.8 267.0 53.3 236.0 56.1 201.5 36.5 154.7 24.0 220.1 46.3
(per 1000)

Spanish Perinatal Mortality Survey of the Perinatal Medicine Section of the Spanish Obstetrical and Gynecological Society
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within the perinatal period. The perinatal mortality
rate in preterm LBW infants in the overall period was
220.1/1000 births, compared to 46.3/1000 births in
term LBW infants (Table 118.7). In the United States
the incidence of increase in LBW from 1981 to 1991
(6.6 vs. 7.1%) resulted from the increase in preterm
LBW infants (3.8 vs. 4.4%), while the term LBW rate
decreased from 2.9 to 2.7% in the same period.39 In the
United States, the increased incidence of preterm LBW
infants during 1981–1991 partly reflects changes in
the distribution of selected maternal and infant char-
acteristics. In particular, the percentage of births to
unmarried women and women receiving no prenatal
care may be markers of psychosocial and environmen-
tal risk factors for preterm deliveries.

There is evidence that the growth restriction
process is associated with significant consequences to
the infant. The likelihood of stillbirth or death during
the first week of life is several times higher in SGA
than in AGA babies, considering the corresponding
gestational age (Figure 118.2). It is obvious that babies
weighing less than about 1000 g are very likely to die,
regardless of gestational age. The group with birth
weight 1000–2000 g also has a rather high perinatal
mortality rate, especially at early gestations. At all
gestational ages, mortality falls steeply when birth
weight increases up to about 4000 g, while the influ-
ence of gestational age at any given weight is compar-
atively much smaller.
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Introduction
Agents or factors supposedly associated with
intrauterine growth restriction (IUGR) can be divided
into intrinsic (endogenous) and extrinsic (exogenous)
factors. The subject, however, is further complicated
because these factors can be studied with regard to
the fetus and/or the placenta, and because there are
doubts about how some of these mechanisms should
be classified. Therefore, we prefer to consider maternal,
fetal and placental factors, although their endogenous
or exogenous condition will be mentioned when
describing the pathogenesis of IUGR.

Maternal factors
General and constitutional factors

Age
Evidence seems to confirm that at maternal age
between 21 and 29 years, conditions for the develop-
ment of normal newborns are the best, with the low-
est rates of abortion, prematurity, perinatal mortality
and growth restriction. At these ages, metabolic,
homeostatic, nutritional, and psychological mecha-
nisms reach a prime. Butler and Alberman1 have
shown that for equal parities, there is a significant
effect of maternal age on fetal weight, i.e., the rate of
growth restriction increases before and after this
decade. In our experience, the incidence of infants
with a birth weight < 1500 g related to both, prematu-
rity and IUGR, in women under the age of 20 years is
twofold higher than in women aged between 25 and 30
years. On the other hand, there is a higher rate of con-
genital defects in mothers under 15 years, especially of
those (anencephalia) that are sometimes associated
with IUGR. Older women experience a larger number
of metabolic and vascular disorders (hypertension,

diabetes mellitus) that favor poor implantation and
uteroplacental insufficiency. The greater relative risk
of fetal chromosomal abnormalities, frequently asso-
ciated with IUGR, in women over 35 years of age is
well known.

Maternal height
Some authors2 consider that for each centimeter by
which maternal height exceeds normal values, fetal
weight at birth is increased by 16 g, while others3,4

affirm that when the weight factor is corrected, mater-
nal height has little effect on the weight of the fetus. In
the opinion of Fabre and colleagues,5 shorter women,
usually with a lower weight before pregnancy, have
more low birth weight infants. Other investigators,
such as Abdul-Karim and Beydoum6 found that the
influence of paternal height on fetal weight is more
closely correlated than maternal height. It has been
argued that infants born of short-stature fathers have a
mean decrease of 183 g in birth weight as compared
with those born of high-stature fathers.7 Lechtig et al.8,9

and Junis et al.10 observed a statistically significant
association between short maternal height and the inci-
dence of fetuses with low weight at birth (Figure 119.1).
A positive association between paternal adult height
and fetal growth has been described after controlling
for confounding factors.11

Maternal weight at birth
Ounsted and Ounsted12 have shown a statistically sig-
nificant relationship between neonatal birth weight
and maternal birth weight, and have suggested a
potent hereditary influence on fetal variables. Many
mothers of infants with IUGR have been small-for-
dates themselves.13–15 Moreover, it has been reported
that women who were themselves low birth weight
infants as a result of IUGR are more likely to deliver
an IUGR fetus than those mothers who were low birth
weight secondary to prematurity.
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Maternal weight prior to pregnancy
Simpson and associates16 have shown a clear associa-
tion between maternal and fetal weight. Fetal growth
restriction is particularly associated with mothers
weighing less than 54 kg (Table 119.1). Fabre and col-
leagues5 found a positive correlation between mater-
nal body mass index and neonatal birth weight.
According to the statistical analysis in this study,
maternal weight prior to pregnancy would account for
11.02% of differences in birth weight. Similar results
have been documented in other reports.17–21

Maternal weight gain during pregnancy
Low maternal weight gain in pregnancy,22,23 in partic-
ular prior to 12 weeks’ gestation,24 may be considered
an index of possible fetal malnutrition. Weight gains
< 3 kg until 20 weeks’ gestation or an increase
< 1 kg/month in the second half of pregnancy5 should
alert to the risk of IUGR.

Maternal heart volume
Lehmann and coworkers18 demonstrated a clear asso-
ciation between neonatal birth weight and maternal
heart volume, with heart volumes < 600 ml in moth-
ers of newborns with birth weights < 3000 g (Table
119.2). In cases of IUGR, Duvekot and colleagues25

reported poor cardiovascular adaptation at the begin-
ning of pregnancy with hypovolemia and reduced
maternal heart volume.

Race
It is very difficult to find strictly comparable studies
of different ethnic groups matched for social and eco-
nomic status, as well as to isolate the effects of genetic
factors from those related to unfavorable nutritional,
socioeconomic and environmental conditions.26 As
stated by Gruenwald,27 the actual influence of ethnic

factors on fetal weight will remain unknown until
diverse ethnic groups have been living under compa-
rable conditions for a period of time, perhaps two gen-
erations. However, there is extensive information
which provides evidence of ethnic differences. Thus,
Indian infants are constantly smaller in different cir-
cumstances: in India as compared with general reg-
istries, in South Africa as compared with other ethnic
groups, in Malaysia as compared with Chinese, and in
Kenya as compared with Caucasians and Blacks. Even
taking into account socioeconomic and environmen-
tal differences, it seems that there are differences in
birth weight between Caucasian and Black neonates,
which can be attributed in half of the cases to purely
racial influences.28 At 40 weeks’ gestation, weights of
White fetuses are 156 g greater on average than those
of Blacks, even when the weight factor is corrected for
economic level and parity (Figure 119.2).29 Jans30

offers a clear example of the role played by ethnic fac-
tors, finding that Bambuti pygmy babies from the Itu
tropical forest have a very low mean birth weight
(2635 g) with an extremely low weight variation as
compared with that usually found in Caucasians. But
other sudies31 have not found statistically significant
differences between White and Aboriginal population
in Australia. They concluded that there is no reason
to use separate fetal growth curves when examining
Aboriginal fetuses.

Genetic and familial factors
Epidemiological studies have demonstrated a possi-
ble role of genetic and familial factors in determining
birth weight.32,33 Klebanov34 found that delivery of
small for gestational age infants and preterm delivery
were significantly more common among women
who were themselves small for gestational age and who
were delivered preterm, respectively. In addition,
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Figure 119.1 Relationship between short maternal height and
percentage of infants with low birth weight.8 

Table 119.1 Relationship between pre-pregnancy
weight and neonatal weight in Caucasian and Black
women11

Mean neonatal 
Maternal n birth weight (g)
pre-pregnancy
weight (kg) Caucasians Blacks Caucasians Blacks

<45 1293 122 3066 3057

45–53 8851 618 3215 3132

54–62 9733 806 3332 3176

63–70 3198 369 3419 3262

71–80 854 144 3431 3282

≥80 406 72 3444 3410

Total 24335 2133
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several studies have found that infants are more likely
to have low birth weight if their mother’s sisters had
delivered small for gestational age infants.35

Bakketeig32 found that mothers whose fetus was small
for gestational age are two to three times more likely
to produce a small for gestational age second infant
compared to the total population of mothers who had
delivered their first and second infants without IUGR.
These observations support the importance of genetic
or environmental factors in the genesis of an infant of
low birth weight. Although it is difficult to exclude
familial aggregation of certain specific environmental

factors such as dietary habits with any certainty, it is
unlikely that in developed countries these factors
have a large impact on birth weight.

Ghezzi36 assessed the familial pattern of the IUGR
condition through a detailed pedigree analysis of a
selected population of women with more than one
affected child, and he identified a subset of families in
which the IUGR condition demonstrated vertical
transmission, suggesting an autosomal pattern of
inheritance. Some fetuses from different families
showed an abnormal chromosome constitution and
severe IUGR, indicating that more than one genetic
cause may contribute to the low birth weight.

Chromosome abnormalities have been cited by
several investigators as the possible genetic cause of
IUGR. Moreover, placental chromosome mosaicism,
favoring an abnormal segregation of imprinted regions
in the fetus, has been widely described in IUGR fetuses.
Ghezzi36 postulated two further conditions where an
inherited genetic cause can be identified: first, a domi-
nant or recessive inheritance of gene mutations may
disturb the correct fetal growth; second, a parental car-
rier of balanced chromosome abnormalities may confer
a risk not only for unbalanced malformed fetuses, but
also for IUGR conditions due to the anomalous segre-
gation of the imprinted regions.

Several authors believe that the identification of
the inheritance pattern of IUGR has an important clini-
cal value because a knowledge of the family history
and of the parental karyotypes may be helpful in pre-
venting both fetal malformations and adverse neona-
tal morbidity in subsequent low birth weight infants.

Socioeconomic conditions
Unfavorable socioeconomic conditions markedly
increase the incidence of fetuses with low weight at
birth in relation to the following factors: diet, family
and social environment, education and intellectual
level, type of work, teenage pregnancies and marital
status, among others. Women of low socioeconomic
class are prone to a larger extent than their counter-
parts to early, frequent and numerous pregnancies,
which continue to a more advanced maternal age. It
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Figure 119.2 Relationship between racial group and fetal and
placental weights.29

Table 119.2 Relationship between maternal heart volume, maternal height and weight, placental weight, and
weight and height of neonates2

Fetal age or Maternal weight Maternal Placental Neonatal Neonatal Maternal heart 
weight at birth at birth (kg) height (cm) weight (g) weight (g) height (cm) volume (ml) n

3400–3600 g 62.3 163 560 3552 50 647 15

≥4000 g 74.7 165 737 4270 53 671 25

40–41 weeks 60.6 163 475 2746 47 568 29

38–39 weeks 60.6 161 480 2632 46 597 17

36–37 weeks 61.7 162 442 2497 46 597 18
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has been largely recognized that fetal and neonatal
risks increase significantly at the limits of age and
parity, as well as in cases of repeated gestations at
short intervals.8,9,37,38

Role of sense of control
There is limited earlier literature on the role of sense
of control and pregnancy outcomes, especially IUGR.
Several authors have looked at how sense of control
might affect health outcomes. Taylor and Seeman39

concluded that sense of control might act as a media-
tor of the effects of socioeconomic status on health,
while other authors think that sense of control may
have an impact on how one copes with stress, perhaps
modulating how stress affects health outcomes.
Literature also suggest that other measures of control
may have an impact on access to health care services,
health behaviors and participation on screening
activities.40–43 Durousseau44 found no statistically
significant association between IUGR and maternal
pregnancy intendedness, initial happiness about
becoming pregnant, and maternal sense of control. 

Deficient maternal schooling
Deficient maternal schooling is associated with illiter-
acy and ignorance, with unawareness of the physiology
of reproduction and the possibilities of contraception,
and as a result, high natality rates, poor hygiene, and
scarce or absent medical control of pregnancies are
found among these social groups (Table 119.3).45

Marital status
In the study by Norska,46 the percentage of single
mothers was 1.2% in the control group vs. 6.9% in the
group with IUGR.

Psychosocial factors
Few studies have examined the association between
psychosocial factors and the risk of IUGR, probably
due to the difficulty to separate the impact of these
factors (pregnancy intendedness, initial happiness
about becoming pregnant, stress, etc.) from that of
other sociodemographic variables. Several limitations
should be considered when assessing the results of
these studies.47–50

Inappropriate physical work
Inappropriate or excessive physical work can exert an
unfavorable effect on fetal nutrition, particularly when
found in association with other factors related to a pre-
carious economic condition. Some types of work can
cause poor intrauterine fetal growth, such as those
which implicate heavy physical work; jobs requiring
long periods of time spent in forced or uncomfortable
positions which, in addition, impair renal or uterine
circulation; jobs with chemical products or accompa-
nied by mechanical vibrations; stressful working
places, causing risk of nerve-induced uterine contrac-
tions; work in the open air under unfavorable meteo-
rological conditions, or work in poorly ventilated and
highly contaminated closed spaces; or work in places
far from home that require travel of several kilometers
each day. In these cases, a decrease in neonatal weight
may be expected.51,52

Maternal malnutrition
On a worldwide scale, maternal malnutrition is the
most frequent cause of IUGR. One should distinguish,
however, between transient nutritional deficits (of dif-
ferent causes, either forced or voluntary) and chronic
undernutrition.

Transient malnutrition. There is evidence that when a
normally well-nourished woman suffers from severe
starvation for a period of time, gestation is not
substantially affected. Studies carried out in The
Netherlands53,54 during wartime (1944–45), when for 27
weeks daily food intake was lower than 1000 kcal and
40 g of protein, a marked decrease in fetal weight
(< 240 g) was not documented. Perinatal mortality did
not increase either, and intellectual or somatic deficits
did not occur in the long term. Placental abnormalities
were not seen. Hammond55 postulates that, in these
cases, fetuses are able to compete with the mother for
the use of nutrients due to their high metabolic rate.

Chronic malnutrition. In these cases, there is pre-
pregnancy and pregnancy malnutrition. Gruenwald56,57

compared the birth weight of Japanese neonates born in
different decades: in a period of severe food deprivation
(1945–46), birth weight was significantly lower than
that of North American infants, whereas some years later
(1963–64), when nutritional problems disappeared,
differences between both populations were almost
inappreciable (Figure 119.3). In a rural Guatemalan
population, Lechtig68 reported a higher incidence (40%)
of low birth weight neonates, with a four-fold mortality
rate during the first year of life among women who had
been severely undernourished since childhood. After
nutritional intervention, a progressive reduction in the
incidence of low birth weight was observed. According
to others,59 establishment of a balanced diet during the
last trimester of pregnancy could even compensate the
effects of malnutrition in the first months of gestation on
fetal weight.
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Table 119.3 Maternal education level and rate of
intrauterine growth restriction (IUGR)

IUGR Control 
Maternal education group group Total

University degree 10 19 29

Secondary education 12 61 73

Primary education 78 20 98

Total 100 100 200

Kurjak-119.qxd  5/10/2006  10:06 AM  Page 1250



Pathogenetic mechanisms involved in poor
intrauterine fetal growth include: (a) a low nutrient
supply to the placenta, which, in turn, causes a defi-
cient turnover of amino acids and other substances in
the major organs, such as the fetal liver60; and (b) pla-
cental abnormalities, with a marked decrease in pla-
cental weight and in the number of chorionic villi.61,62

This indicates that the placenta is highly sensitive to
the effects of malnutrition.63

Nutritional deficits. Long-standing unbalanced diets
can be harmful for fetal growth.64,65 Papiernik and
associates66 assessed the influence of maternal diet on
fetal growth in a middle-class Parisian community. The
mean caloric intake was 1689±123 kcal in the study
group and 1944±155 kcal in the control group. In
general, subjects included in the study group con-
sumed less fat and significantly lower amounts of
carbohydrates than controls. The study showed that
IUGR in women with no apparent cause was associated
with a lower caloric intake (300 kcal) than controls.
Since protein consumption was similar in both groups,
a decrease in the ingestion of carbohydrates was the
presumed reason for fetal growth restriction. On the
contrary, Bender and Nuñez67 found that after adjusting
for other known maternal risk factors, caloric intake did
not present a direct effect on IUGR. Lechtig9 found that
protein supplementation had no effect on fetal weight,
in contrast to carbohydrate supplementation, which
had a positive effect on fetal weight gain. Abnorma-
lities in blood composition caused by selective
nutritional deficits (folic acid, magnesium, riboflavin
and other vitamins, iron, etc.) should be included in
this subgroup as well as, in a broad sense, some
hypoxic states (high altitude) or disorders preventing
adequate maternal nutrition. Riboflavin deficiencies in
the last trimester of pregnancy cause a delay in the
appearance of rapid isoenzymes of alkaline phos-
phatase, which, in turn, determines fetal hypotrophy.
In these cases, placental alkaline phosphatase activity
is dramatically reduced.

Micronutrients and fetal growth
Observational studies, recently reviewed by
Ramakrishnan et al.68 and Fall et al.69 show for almost
every vitamin and mineral, associations between poor
maternal micronutrient status and IUGR or other
adverse pregnancy outcomes, but most studies should
be considered with caution because of methodology
problems. Nevertheless, we will review available
information regarding different micronutrients and its
relation with fetal growth.

Fat-soluble vitamins. Trials among HIV-positive
mothers in Tanzania70 and South Africa71 showed no
effect of vitamin A alone on fetal growth. Regarding
vitamin D, two studies of adequate quality have
not found significant differences in fetal growth in
newborns from mothers that received vitamin D
supplementation during pregnancy. There is a trial
of vitamin E supplementation in pregnancy focused
on hypertensive disorders.72 Women with a previous
history of pre-eclampsia or with abnormal uterine
artery Doppler waveforms were randomly assigned to
receive vitamins C and E or placebo. The supplement
was associated with a significant decrease in the
incidence of pre-eclampsia and a lower number of
small-for-gestational-age infants, but showed no effect
on mean birth weight.

Water-soluble vitamins. Vitamin B-1 (thiamin), B-2
(riboflavin) and B-3 (niacin) are essential cofactors for
energy metabolism, and therefore its deficiency might
be expected to result in impaired fetal growth, but
despite evidence that deficiency in pregnancy is
common, there are only observational studies that
focus this issue and with contradictory results.73,74

Vitamin B-12 is derived mainly from animal sources
and its deficiency is therefore more common in
vegetarians, but there is no literature available regarding
its relation with pregnancy. On the other hand there
is a large body of literature on folic acid in pregnancy.
A recent Cochrane review75 concluded that despite a
significant reduction in maternal anemia, there was
only a small and non-significant effect on the incidence
of low birth weight. Finally, several observational
studies showed positive correlations between maternal
vitamin C status and birth weight.76,77

Minerals. Iron. Several large studies in developed
countries have shown a U-shaped relationship
between maternal hemoglobin concentration and
birth weight, with higher birth weights at both ends of
the distribution.78,79 This fact may be explained by
maternal plasma volume expansion, which although
producing anemia, probably acts as a compensatory
mechanism to improve uteroplacental perfusion.
Evidence from developing countries shows that
maternal iron deficiency is associated with low birth
weight and poor obstetric outcome,78,79 but the
previous Cochrane review80 reveals that data from
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Figure 119.3 Fetal growth curves in Japanese neonates born in
two different periods: 1945–46 (wartime) and 1963–64
(economic recovery), as compared with American neonates.57
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these countries are not sufficient for drawing
conclusions.

Zinc deficiency states are characterized by
impaired growth, and although there are numerous
observational studies, most of them have an inade-
quate size or methodological problems.81 Although a
large, well conducted study on 580 women with low
serum zinc concentrations in a developed country
showed a significant increase in birth weight, recent
large trials of zinc in low-income women of develop-
ing countries showed no effects on birth weight.82,83

Iodine. Levels of iodine in soil and therefore in
plant foods are highly variable, with several defi-
ciency areas. A non-randomized trial in Algeria84

showed a significantly higher birth weight in iodine-
supplemented mothers.

Calcium. Most trials of calcium supplementation
couldn’t find any effect on birth weight,85,86 although
the Cochrane metaanalysis,87 showed a significant effect
on low birth weight, probably because of prolongation
of gestation rather than enhanced fetal growth.

Magnesium. The Cochrane review88 showed a ben-
eficial effect on low birth weight.

Other trace elements. The role of copper, selenium,
chromium, manganese and molybdenum in human
pregnancy remains unknown.

Geographical and climatic factors
Although in poverty-stricken areas it is difficult to dif-
ferentiate geographical factors from socioeconomic
conditions, there is enough evidence of the influence of
altitude and temperature on birth weight of neonates.

Altitude
Chronic maternal hypoxia caused by living at high
altitudes may be a restrictive factor of placental and
fetal growth,89,90 although pregnancy increases mater-
nal ventilation and raises arterial O2 saturation, which
helps to protect against altitude-associated IUGR. On
equal terms of socioeconomic status, it seems that
there are differences in the weight of babies born at
sea-level and at high altitudes,91 that Moore quantifies
in 100 g fall per 1000 m elevation gain.92 Adaptations
in multigenerational high-altitude populations seem
to permit higher uterine artery blood flows and pro-
tect against altitude-associated IUGR.

Climatic conditions
Although an inverse correlation between mean fetal
weight and mean annual temperature has been
reported, these data should be interpreted with cau-
tion since many other variables (race, socioeconomic
status, etc.) are associated with the effect. Toverud93

found that babies born in summer had a greater birth
weight than babies born in winter, and he explained
these differences by changes in maternal energy pro-
duction and tissue regeneration stimulated by rest

when the weather is cold. In contrast, Prasaad94

reported that birth weights of Indian babies were
systematically lower in summer and the rainy season
than in winter.

Air pollution
The association between air pollution and adverse
pregnancy outcomes, among them IUGR, has been
studied in several countries,95–97 but a recent review of
12 epidemiologic studies conducted by Maisonat con-
cluded that current scientific knowledge on the impact
of air pollution on fetal growth is still limited.98

Toxic habits

Smoking
Cigarette smoking has been unequivocally associated
with low birth weight. The first report on the reduc-
tion of fetal weight by the effect of maternal smoking
was published by Simpson and Linda,99 and there-
after extensively documented by others.1,100,101

Different studies102,103 have demonstrated that after
excluding other variables, the weight at birth is
reduced by an average of 170–200 g in infants born to
mothers who smoke more than 10 cigarettes a day.
The distribution curves of birth weights according to
weeks of gestation confirms a displacement to the
right in the curve corresponding to smoking women
(Figure 119.4).104 This factor accounts for 5% of
variations in weight at birth.5

There is no agreement regarding the mechanism by
which cigarette smoking decreases fetal weight, but
some of the following have been postulated105–111:
(a) increased fetal levels of carboxyhemoglobin105,106;
(b) left-shift of the hemoglobin dissociation curve;
(c) nicotine-related uteroplacental vasoconstriction;
(d) moderate anorexia and deficient maternal nutri-
tion, preventing fetal compensation of the high rate
of fetal carboxyhemoglobin by means of an increase
of hematocrit; (e) reduced plasma volume; and
(f) increase in requirements for vitamin B12 and some
amino acids which are necessary for tobacco-supplied
cyanide detoxification. Given the variety of factors
involved, it is not possible to establish a common
pathogenetic mechanism for the effects of maternal
smoking. This is the reason for which, in some cases,
fetal weight is the only parameter affected, while in
others fetal height and head circumference are also
reduced.101,112

Despite this information, a lot of controversy was
aroused in the 1970s, with most authors107,108 in favor
of the causative role played by cigarette smoking, and
others109 believing that maternal constitutional differ-
ences between smokers and non-smokers could be
responsible for the depressant effect on fetal weight.
Recently, a relationship between IUGR and an altera-
tion of epidermal growth factor receptor in placental
membranes of smokers has been suggested.113
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Recently, it has been discovered that offspring of
mothers who smoked during pregnancy are more
likely to develop type II diabetes.114

Zaren115 found that the negative effect on fetal
growth from maternal smoking curiously affected
male fetuses proportionally more than female ones. A
different hormonal milieu is suggested as possible
explanation for the greater male susceptibility.

Alcohol use
Ulleland116 reported for the first time that IUGR was
particularly common among children born to alcoholic
mothers. In addition to evidence of the adverse effects
of alcohol on fetal weight in animal models,117,118 there
are multiple reports in humans.119 The weight at birth
is reduced by an average of 160–190 g in infants born to
mothers with daily alcohol consumption > 200 g.
Different authors120,121 described the characteristics of
these children and established the concept of ‘fetal
alcoholic syndrome’, in which weight, height, and
head circumference of the neonates are below the 3rd
percentile. Moreover, different abnormalities (skeletal,
cardiac, neurological, etc.) and craniofacial stigmata
are frequently observed. Frequently, alcohol consump-
tion is accompanied by elevated caffeine, tobacco
and/or cannabis consumption, complicating the epi-
demiological analysis of the effect of each of these
substances.122

Caffeine
Methylxanthines, especially caffeine and theo-
phylline, are found in numerous food products, bev-
erages and medicines. Although a clear deceleration
effect of caffeine on fetal growth has been reported in
experimental animals,123 data in pregnant women are
controversial. Risks associated with maternal caffeine
consumption during pregnancy and perinatal out-
comes have been proved difficult to estimate. Caffeine
is consumed by most of pregnant women, and small

risks influence large numbers of pregnancies. The
ingestion of more than seven or eight cups of coffee a
day (600 mg of caffeine) apparently increases the rates
of both fetal growth restriction and prematurity.124–127

These findings, however, have not been confirmed in
other studies.128–130 It is possible that caffeine con-
sumption and smoking interact to reduce fetal growth,
but the involved mechanisms remain unclear.

Some earlier studies131 provide reassurance that
moderate caffeine consumption during pregnancy does
not meaningfully influence fetal growth, but large
quantities of caffeine should be avoided.

Illicit drug addiction
Babies born to heroin-addicted mothers weigh sig-
nificantly less than do those born to mothers who do
not consume opioids,132–134 independently of mater-
nal nutrition and drug use withdrawal during gesta-
tion. Low fetal weight is related both to prematurity
and IUGR. An increase in fetal weight has been shown
in pregnant women giving maintaining doses of
methadone, although similar fetal weights than in
controls were not reached.135

At early stages of gestation, opioids have a critical
influence on fetal growth. Different mechanisms have
been proposed to explain the effect of drug abuse on
fetal growth, such as a significant decrease in the
number of cells of different organs and in the size of
the brain132 (methadone antagonizes cell reduction by
an unknown mechanism), impairment of carbohy-
drate fetal metabolism (methadone seems to have a
hyperglycemic action), and a decrease in plasma
concentrations of corticosteroids136 (methadone may
reverse a relative adrenal hypofunction, acting indi-
rectly on carbohydrate metabolism).

With respect to the effect of cocaine on fetal weight,
no conclusive evidence is available.137,138 A recent
multicenter study, however, failed to demonstrate an
increased incidence of low birth weight and preterm
birth among cocaine consumers, although there was a
significantly higher rate of abruptio placenta.

Drug treatment
Some teratogenic drugs also have an important effect
on fetal growth. Adverse effects of tetracyclines include
fetal growth restriction secondary to skeletal hypopla-
sia when this antibiotic is administered during the first
trimester of pregnancy, and permanent staining of the
teeth in the second trimester. Untoward effects of anti-
coagulation drugs (warfarin), especially when given
between 6 and 9 weeks’ gestation,139 comprise mental
restriction, dysmorphisms (nasal hypoplasia), and
evident IUGR. Folic acid antagonists (aminopterin
and derivatives) are potentially lethal drugs for the
embryo when given within 40 days before conception.
The administration of these compounds during the
first trimester of pregnancy can cause severe struc-
tural defects (neural tube defects, abnormalities of the
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Figure 119.4 Influence of smoking habit on fetal weight.1
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limbs, ophthalmic hypoplasia, etc.) and fetal growth
restriction that persists in postnatal life.140 Hydantoin
anticonvulsants are responsible for the ‘fetal hydan-
toin syndrome’ characterized by mental restriction, a
number of craniofacial defects, and fetal growth
restriction.141 The ‘fetal trimethadione syndrome’ con-
sists of characteristic craniofacial and cardiac defects
which are almost always associated with mental and
fetal growth restriction.141 Lithium causes a number of
cardiac defects (Ebstein’s disease) and IUGR.

Maternal diseases
A large number of maternal disorders have been
related to fetal growth restriction.

Poor adaptation of maternal circulation
There is growing evidence for poor pregestational
preparation of maternal circulation (with or without
uterine vascular insufficiency) as a cause of very early
recurrent miscarriages and IUGR.142 Current research is
focused on color Doppler examination of the uterine
arteries to detect defective placentation. Results of
these studies will probably provide some keys for
establishing an early prognosis of pregnancies in which
this condition occurs. Immunologic aspects may also
be involved in poor adaptation of maternal circula-
tion.143 This seems particularly plausible in very early
IUGR with positive antiphospholipid antibodies
(lupus anticoagulant and anticardiolipin antibodies),
in which the cause may lie in an early inhibition
of the production of prostacyclin at the vascular
endothelium.144

Chronic renal disease
Chronic renal diseases most frequently associated
with IUGR include chronic pyelonephritis, glomeru-
losclerosis, chronic glomerular disease, and lupus
glomerulonephritis.145,146 Fetal growth restriction in
maternal renal disease is largely secondary to protein
loss.145 Chronic renal disease should always be sus-
pected in patients with a history of IUGR associated
with ‘toxemias’ and persistent proteinuria and hyper-
tension after childbirth.

In patients with blood urea nitrogen > 60 mg/dl,
fetal mortality is 80–100%. In fact, Parbooshing and
Cochburn147 reported an IUGR incidence of 100% in
patients with plasma urea levels upon 60 mg/dl
and/or creatinine clearance values below 60 ml/min.

Pre-eclampsia and chronic hypertension
Hypertensive disorders of pregnancy and chronic
hypertension exert an unfavorable effect on fetal
growth.148–150 In patients with hypertension and pro-
teinuria, fetal weight is decreased by 300–400 g.151 In
our experience, fetal growth restriction is initiated
from 35–36 weeks of gestation, so that the birth
weight of preterm infants is lower than that expected

for the gestational age. It is likely that severe
pre-eclampsia or serious chronic hypertension need
to be present to substantially affect fetal weight.152

Several studies support the hypothesis that pre-
eclampsia is an etiologically heterogeneous disorder
that occurs in at least two separate subsets, one with
normal or enhanced placental function and another
involving placental dysfunction.153–155 In the subset
with placental dysfunction, IUGR fetuses often
have asymmetric fetal body proportion and reduced
fetal length, which is consistent with placental
hypoperfusion.

Uteroplacental ischemia has been considered for
many years to be the most important factor of fetal
distress and hypotrophy. Vasoconstriction would
account for most cases of sudden intrauterine fetal
death. It seems equally proven that placental oxygen
consumption is decreased in hypertensive pregnan-
cies with hypertrophic fetuses. The involvement of
coagulation disorders has been recently hypothesized
based on the identification of extensive infarctions
and intervillous and perivillous fibrin deposits in pla-
centas of some small-for-date neonates from hyper-
tensive mothers. Intervillous fibrin deposits could be
explained by activation of coagulation pathways.156,157

There is evidence of platelet activation in many cases
of IUGR occurring in normotensive and hypertensive
pregnancies.158 Trudinger159 reported depletion of
platelets in maternal blood in IUGR associated with
pre-eclampsia as a result of intravascular coagulation
in the placenta with local deposition of fibrin and
platelets. An abnormal increase in the thromboxane/
prostacyclin index at the intervillous level and in
the peripheral blood due to a deficient production
of prostacyclins of trophoblastic origin is currently
accepted as the cause of altered vascular reactivity.160

Elevated homocisteine is an independent risk fac-
tor for peripheral vascular thrombosis, found in
20–30% of pre-eclamptic women, that seems to act
through similar mechanisms.161 Recent reports have
related elevated homocysteine plasma levels in the
early second trimester with the subsequent develop-
ment of pre-eclampsia,162–164 but other studies have
not observed this relation.165

Placental growth factor (PlGF) and vascular
endothelial growth factor (VEGF) are involved in
placental angiogenesis through interactions with
the VEGFR-1 and VEGFR-2 receptors, and placentas
of pregnancies with fetal growth restriction are
characterized by abnormal angiogenic development,
classically associated with hypoxia.166 Tsatsaris167

suggested that there are two different pathophysiolog-
ical mechanisms associated with pre-eclampsia. The
first one is related to an overproduction of competi-
tive VEGFR-1 that may lead to suppression of VEGF
and PlGF effects. The second one is the downregula-
tion of its membrane bound form (VEGFR-1) in the
placental bed, which may result in the defective
uteroplacental development.

1254 Etiology and pathogenesis of intrauterine growth restriction
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Maternal hyperinsulinemia
There is evidence for interrelationships between glu-
cose, insulin and human placental lactogen (HPL) in
fetal growth. Fragmentary data were obtained by three
research groups. Abell and coworkers168 found that low
estriol levels and hypotrophic fetuses were associated
with a higher incidence of abnormal glucose toler-
ance, particularly hypoglycemia, but also hyper-
glycemia. Frydman169 demonstrated that insulin levels
were clearly increased in many pregnant women with
growth-restricted fetuses, especially in the postprandial
phase, as a result of which less substrates are offered
to the fetus due to excessive dispersion to maternal
deposits. Grumbach170,171 described the anti-insulin
activity of HPL, and Spellacy172 confirmed the lipolytic
properties of this agent. Accordingly, postprandial
maternal hyperinsulinemia due to high hormonal
secretion, low tissue resistance to insulin, or impaired
insulin removal by the placenta (low HPL levels)
would enhance anabolism and decrease transpla-
cental passage of carbohydrate substrates. In a group
of pregnant women with IUGR, Frydman and col-
leagues169 found that glucose ingestion was followed
by an increase in the maximal peak of insulin, marked
inhibition of HPL, and prominent reduction of free
fatty acids and amino acids. This situation may be
further complicated by deficient fetal insulin pro-
duction. The hypothesis of the ‘selfish mother’ is
depicted in Figure 119.5.

Long-standing, poorly controlled insulin-dependent
diabetes associated with diabetic retinopathy, hyper-
tension and nephritis may cause placental microvas-
cular disorders that give rise to an increase in IUGR.173

Low fetal weight is accompanied by low weight of all
other fetal organs.

In pregnancies complicated by insulin-dependent
diabetes, treatment with insulin and caloric restriction
results in a decreased incidence of macrosomia and
perinatal mortality, although fetal growth restriction
may increase significantly (19.1% vs. 10.8% in the con-
trol group).174 Fetal weight decrease may be explained
by iatrogenic hyperinsulinemia and/or excessive caloric
restriction with marked consumption of carbohydrate
substrates, especially in the postprandial phase.175 For
this reason, there is a high percentage of newborns
above the 90th percentile when maternal serum glucose
levels are maintained between 100 and 150 mg/100 ml,
while low birth weights are frequent when glucose con-
centrations are < 100 or > 150 mg/100 ml.176

Pregnant women with a family history of diabetes
mellitus should have a glucose tolerance test, since a
marked decrease in the K1 coefficient is consequently
associated with fetal weight alterations. Abnormal
glucose tolerance (hyperglycemia) is especially found
in old and obese women of high parity with history of
miscarriages, fetal death, and newborns of unusual
birth weights (low or high).177

Impairment of fetal growth in cases of maternal
hypoglycemia secondary to unbalanced diets or

relative hyperinsulinemia is related to enhanced
maternal lipolysis and ketonemia178 or catecholamine
release.

Chronic cardiopulmonary disease
Fetal growth restriction has been reported in patients
with heart or lung disease causing hypoxemia, such as
coarctation of the aorta, pulmonary atresia, reduced
cardiac output, bronchial asthma, bronchiectasis, etc.

Anemia
Whilst low levels of hemoglobin (<6 g/dl) are associ-
ated with an increase in perinatal mortality, moderate
anemia (6–10 g/dl) is associated with a significant
decrease in fetal weight.179 This may be due to a
decrease in oxygen transport (sickle cell anemia, etc.)
or it may simply be related to poor maternal nutrition.

Urinary tract infection
It has been generally accepted that pyelonephritis
during pregnancy causes IUGR.145

Autoimmune diseases
The association between systemic lupus erythematosus
and IUGR is well known, although it is usually difficult
to distinguish between the effects of high doses of
glucocorticoids and azathioprine, and vasculitis
caused by the disease.180 On the other hand antiphos-
pholipid (lupus-like) syndrome has been associated
with an increase in the incidence of miscarriages, IUGR
and intrauterine death.144,181,182 Serum concentrations
of insulin-like growth factor I (IGF-I) and insulin-like
growth factor binding protein I (IGFBP-I) are abnormal
in the antiphospholipid syndrome.

Maternal factors 1255

Figure 119.5 Hypothesis of the ‘selfish mother’ according to
Frydman and colleagues.169 Possible causes: 1, excessive insulin
anabolism; 2, low tissue insulin resistance; 3, deficient fetal
insulin production; 4, others.
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Angiotensinogen mutation
Angiotensinogen is the precursor of the vasoactive
hormone angiotensin II, which plays an important
role in blood pressure regulation, body fluid volume,
and vascular remodeling. It has been shown that
mutations affecting its gene lead to failed pregnancy
volume expansion and fetal growth impairment.183–185

Vaginal hemorrhage
North186 reported an increase in perinatal mortality
and in the incidence of small-for-dates neonates in
pregnancies complicated by vaginal hemorrhage
during the second trimester.

Fetal factors
Fetal sex
It is well known that the birth weight of full-term
male infants is an average of 140–150 g higher than
that of females (about 4% difference). Consequently,
the incidence of IUGR may be higher among females
if birth weight curves are not differentiated by sex
(Figure 119.6).

Chromosomal abnormalities
Chromosomal abnormalities are accompanied by a
high incidence of IUGR.187,188 Chromosomal defects
are identified in approximately 15% of cases of IUGR.

Autosomal abnormalities

Down’s syndrome (trisomy 21). Various studies189,190

have demonstrated that, as compared with normal
babies, newborns with trisomy 21 have lower birth
weights (about 450 g) and are shorter. The mean birth
weight of infants with trisomy 21 is 2725 g.187

Although the length of gestation is reduced by 7–10
days, this fact cannot account for such a large
difference in fetal weight. Because in these cases
placental morphology is normal, it may be concluded
that IUGR in fetuses with trisomy 21 is related to a
decrease in intrinsic fetal growth potential.

Edward’s syndrome (trisomy 18). Fetal growth
restriction is an outstanding characteristic of this
syndrome, and most fetuses are below the 10th
percentile at any time of gestation. The mean birth
weight of neonates with trisomy 18 is 2333 g.187

Patau’s syndrome (trisomy 13). Fetal weight is less
severely affected than in trisomy 18. The mean birth
weight of babies with trisomy 13 is 2400 g.187

Segmental chromosome imbalances
All these syndromes are accompanied by a signifi-
cantly higher incidence of IUGR. Seventy percent of
neonates with 5p-cri-du-chat syndrome have a birth
weight below the 10th percentile. Fetal growth restric-
tion also occurs in other syndromes, such as mono-
somy 21, 18p-short arm, and ring chromosome-related
abnormalities.191 Disorders caused by autosomal rup-
tures, such as Fanconi’s anemia and Bloom’s syndrome
are also associated with fetal growth restriction.

Abnormalities of sex chromosomes

Turner’s syndrome (45,X). About one-third of
neonates with this defect weigh less than 2500 g at
birth.192 A mean birth weight of 2800 g has been
reported in babies with Turner’s syndrome.193 The
occurrence of IUGR apparently depends on the
presence of mosaicisms in other cell lines and on
the abnormal structure of the X chromosome.194 This
karyotype is found in 20% of miscarriages in the first
trimester of pregnancy, and it is estimated that 90% of
fetuses with Turner’s syndrome are not viable.

Multiple X syndromes.
Multiple X syndromes are more frequent than mono-
somies, i.e., the XXX karyotype is found in 1:1125
female babies born alive, and XYY in 1:700 male
infants born alive. Barlow195 reported that for every
extra X chromosome, fetal weight loss is equivalent to
300 g, and that for every extra Y chromosome, fetal
weight loss is equivalent to 100 g.

Other chromosomal abnormalities that have been
associated with fetal growth restriction are shown in
Table 119.4.
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Figure 119.6 Relationship between sex of the neonate and
birth weight and placental weight.29
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Inherited syndromes
A variety of diseases of bone dysplasias, e.g.,
dwarfism (achondroplasia, hypochondroplasia,
Russell–Silver syndrome etc.) and chondrodystro-
phies, osteogenesis imperfecta, etc. have been associ-
ated with IUGR. Placental sulfatase deficiency has
also been cited in connection with IUGR. With regard
to neural tube defects, most studies report low mean
weight at birth in cases of both anencephalia (2117 g)
and spina bifida cystica (200 to 240 g less than in the
control group).196,197

Maternofetal radiation
Fetal pathology depends on the x-ray dose and the
time of exposure. Radiation effects on fetal weight are
related to a large extent to placental damage. Although
there are no data for calculating the risk of fetal com-
plications due to unintentional radiation therapy
during the first trimester of pregnancy, it seems that
the risk increases when the dose exceeds 10 rads.
Radiation-induced IUGR may be due to chromosome
ruptures, congenital malformations of the central
nervous system, inhibition of cell replication, etc.

Intrauterine infection
Embryopathic infectious processes may influence
intrinsic fetal growth potential in several ways, either
by first affecting the mother, thereby directly affecting
the fetus, or by negatively affecting both. When they
directly affect the fetus during the stages of organ dif-
ferentiation, they are capable of causing permanent
reductions in the number of cells, thereby causing
more or less severe damage to most of the fetal organs
(Figure 119.7). According to Knox,198 10% of IUGR
cases are due to transplacental infection of the fetus.
Rubella and cytomegalovirus infection are the most
significant, followed by herpes simplex, toxoplasmo-
sis, paludism, congenital syphilis, and other acute
bacterial infections.

Rubella infection illustrates the pathogenesis of
IUGR. During primary viremia the virus affects at the
placenta, causing villous placentitis and lesion of the
vascular endothelium. Continued viral replication

with secondary viremia may then follow.199 Viral fetal
invasion determines direct inhibition of cell replica-
tion, obliterans angiopathy, chromosomal ruptures
and cytolysis. These abnormalities together with
chronic ischemia derived from vascular placental
lesions would explain IUGR. Sixty percent of
neonates with congenital rubella have a birth weight
below the 10th percentile.200 Viral replication also
affects postnatal growth. In these cases, continued
viral secretion after childbirth has been documented.
With regard to cytomegalovirus infection, IUGR is
found in 35% of cases.201 It seems that there is a rela-
tionship between severity of infection and frequency
of fetal growth restriction.

On the contrary chlamydia pneumonia infection is
unlikely to play a role in the pathogenesis of IUGR.202

Twin pregnancies
This is one of the most frequent causes of IUGR. In all
series of IUGR, twin pregnancies account for 20% of
cases.203 The intrauterine growth curve of twin preg-
nancies is similar to that of singleton pregnancies
until week 33 of gestation; from then on, the curve for
monozygotic twins diverges whilst that of dizygotic
twins does so between weeks 35 and 36. Weight dis-
crepancy in twin pregnancies may be due to twin-to-
twin transfusion (severe anemia in the ‘donor’ twin),
but most frequently to placental problems (unequal
nutritional supply due to a smaller placenta, marginal
insertion of the cord, etc.). Poor perinatal outcome has
been reported for the ‘smaller’ twin.204,205

Immunological factors
In 1953, Medawar,206 a specialist in transplantation,
considered for the first time the product of conception
as a ‘grafted’ tissue and argued that a mechanism pre-
venting rejection of the placenta by the maternal
immune system has to exist to allow viviparity. The
lack of normal HLA antigenic expression in the
trophoblast is probably the principal mechanism.
HLA-G expression protects trophoblastic cells from
maternal recognition and immunological response to
incompatibility.207 From an immunological point of
view, it is currently accepted that there is active sig-
naling between embryonic and maternal tissue even
before implantation of the fertilized egg. An embry-
onic secretion product, presumably platelet activating
factor, induces the release of early pregnancy factor
(a sign of immunosuppression),208 which, in turn,
stimulates the secretion of leukocytic molecules
responsible for the suppression of T cell function.

In animal models, ‘dwarf’s syndrome’ or Runt’s
syndrome refers to weight restriction as a result of an
exacerbated host-vs.-graft reaction. In human beings it
is also possible that immunological mechanisms
could play an important role in some forms of IUGR.
Some findings include weight restriction found in
fetuses undergoing intrauterine transfusion, an
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Table 119.4 Cytogenetic anomalies that may be
associated with intrauterine growth restriction

Ring 1 Ring 9

1q partial trisomy Ring 18

4p trisomy 18p-

Ap– 18q-

5p– Ring 21

5q– Trisomy 22
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increase in congenital anomalies in gestations with
incompatibility against human leukocyte antigen (HL-
A), and the similarity of placental histological fea-
tures in some case of IUGR with those seen in animals
with the dwarf’s syndrome.209

Some findings suggest that reproduction efficacy
may be affected by maternofetal ‘genetic disparity’.
Jones210 indicated that mean placental weight was lower
in gestations with probable genetic disparity regarding
the fetus, and found a higher incidence of low weight
fetuses in patients with leukoagglutinins. In contrast,
larger placentas are found in male fetuses from primi-
paras in cases of ABO incompatibility. Billington211

demonstrated in mice that genetic disparity in hybrid
animals caused significantly larger placentas than in
pure lineage animals. Findings in humans also indicate
that genetic similarity may be an etiological factor of
IUGR; newborns of incestuous unions and of first
cousins weigh 200–300 g less than normal. The fact of a
lower weight of female fetuses as compared with males
has been attributed by Ounsted and Ounsted212 to a cer-
tain antigenicity of the Y chromosome.

Based on these data, the concept originally proposed
by Walton and Hammond213 has been broadened, sug-
gesting that intrauterine growth is mainly controlled
by two variables; that is, genetic disparity between
mother and fetus, and predetermined stimulus of
maternal regulator. Independently of the immunologi-
cal mechanism involved, signs of immune depression
that may persist up to 9 months after childbirth are
found in many small-for-gestational age neonates.214,215

Interval between pregnancies
There is a decrease in both, duration of gestation and
fetal weight, when the time passed between the last
delivery and the new pregnancy is less than 2 years or
more than 6 years.216 The incidence of infants with
low weight at birth is higher in women with short
intervals between gestations.

Fetal order at birth
Fetal growth restriction occurs more often in first-
born neonates, particularly when the mother is very
young or old. The second or third child of the same
mother usually weighs more than the first child. Mean
fetal and placental weights in multiparas are signifi-
cantly higher than in primiparas (at 40 weeks, 3.4%
and 2.5%, respectively). The first pregnancy may well
determine a true maturation of uterine structures,
especially the vessels, which become more sensitive
to gestational stimuli resulting in improved local
conditions in subsequent gestations. On the other
hand, and according to data of Scott and Usher,217 the
probability of fetuses with IUGR increases in relation
to the number of previous gestations with low birth
weight neonates (Figure 119.8).

Uteroplacental factors
Uterine anomalies
Congenital uterine anomalies, in particular uterus bicor-
nuate and septate uterus, are consistently associated
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Figure 119.7 Pathogenesis and outcome of fetal infection. IUGR, intrauterine growth restriction.
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with IUGR,218 accounting for approximately 1–3% of
cases.219 Although Scott and Usher217 did not find sta-
tistically significant differences in neonatal birth
weight between pregnant women with and without
uterine fibromyoma, other authors219 reported uterine
fibromas in 1–5% of cases of IUGR. Uterine synechiae
have not been related to IUGR.218

Placental anomalies

Anomalous cord insertion
Sotelo-Avila and Shanklin220,221 studied the relation-
ship between the site of cord insertion and IUGR. The
incidence of full-term small-for-dates neonates was
significantly higher in cases of anomalous cord inser-
tion. Velamentous insertion of the cord is a well-
defined pathologic entity, with an 1% estimated
frequency. This anomaly accounts for approximately
12% of cases of IUGR. Fetal growth restriction has
also been associated with marginal and markedly
eccentric insertions of the cord.

Abnormalities of placental form
The girdle placenta is the only abnormality of placen-
tal form associated with a high incidence of small-for-
gestational age birth. A phenomenon of secondary
placental growth to compensate for an early placental
insufficiency seems to be confirmed by the observa-
tion by Shanklin and Sotelo-Avila221 of a decreased
superficial cord vasculature.

Abnormalities of placental site
It is well known that placenta previa, especially total
and partial placenta previa, is associated with a
higher frequency of IUGR.222

Tumors
Vascular tumors originating from extra-embryonic
primitive mesenchyma, mainly hemangiomas and
hamartomas, have been associated with an increased
incidence of growth restriction.56,220 It has been sug-
gested that the effect on fetal growth is exerted through
placental insufficiency56,223 resulting from a consid-
erable portion of fetal blood flow passing through the
tumor rather than through functional placental tissue.
However, arteriovenous shunting as a cause of IUGR
and even fetal death has been proposed by other
authors.220,221,224 Although it has been insisted that there
is a frequent association between these tumors and
growth restriction and also with congenital anomalies,
Fox225 considered the latter improbable. In large tumors,
cardiomegaly and cardiovascular insufficiency is a
prominent complication in neonates due to increased
peripheral resistance of the placental vasculature.

Single umbilical artery
The absence of one umbilical artery has an incidence
of 1% in singleton pregnancies and up to 7–14% in
twin pregnancies. Malformations are present in about
15–20% of fetuses with a single umbilical artery
syndrome and can affect any organ system. They are
accompanied by IUGR,226 particularly when they are
associated with trisomies. Growth restriction is
caused by reduced fetoplacental blood flow.

Parabiotic syndrome
Monochorionic multiple gestations place the fetuses
at risk of twin transfusion syndrome. In such cases an
arteriovenous shunt is present at the placental level
between the two members of the set. Under those
conditions, one fetus, the donor, provides the major
share of the blood supply to its co-twin. As pregnancy
progresses, this major physiopathologic change in the
fetal blood volume causes the donor fetus to become
anemic and growth-restricted, whilst the recipient
twin becomes fluid-overloaded, polycythemic and
cardiomegalic.

Placental mosaicism
Numerous cases of placental aneuploidies have been
described, particularly trisomies 2, 7, 9, 10, 12, 13, 15,
16 and 18,227–230 that have been associated with mis-
carriages, growth restriction and fetal death, despite
the fact that fetuses were chromosomally normal.
Kalousek and Dill227 have suggested that the occur-
rence of non-disjunction at random in the very early
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Figure 119.8 Incidence of fetal growth restriction in the current
pregnancy according to number of previous gestations with low
birth weight neonates. The total number of current gestations
studied in each group is given in parentheses.218 
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stages after conception could give rise to mosaicism in
the placenta or in the fetus.

There is a high correlation between the number
of aneuploid cells found in cultured villi and the
number confirmed in studies of the placenta at term.
These data are also relevant for fetal outcome. Thus,
growth restriction (80% of cases) and fetal death
(20–30% of cases) normally need only be feared in
cases of high levels of mosaicism (more than 35% of
cells involved).231,232 For this reason, it has been sug-
gested that, at least in part, the length of gestation and
fetal survival depends upon the ratio of euploid cells
to aneuploid cells in the placenta. Many other con-
ceptions are, however, aborted before 22 weeks of ges-
tation. There are nevertheless case reports of normal
fetuses.233,234 Fetal outcome may be related to the
effect of uniparental dysomy. Some authors235,236 have
shown a threefold increase in mosaicism confined to
the placenta in growth-restricted fetuses (25%) as
compared with neonates with normal birth weight
(8%). Placental molecular reports support the concept
of a clear biological effect of chromosome mosaicism
on fetal growth.236,237

Pathogenesis
All different etiological factors related to IUGR act
through common pathogenetic mechanisms. Based on
studies in animal models,238–240 three basic etiopatho-
genic mechanisms are currently recognized: (a) decrease
in intrinsic fetal growth potential, (b) uteroplacental
vascular insufficiency, and (c) fetal malnutrition
secondary to maternal malnutrition.

Decrease in intrinsic fetal growth potential
Intrinsic fetal growth potential relies upon genetic
material, sex and anatomy of the fetus, and length of
gestation. Different etiological factors, such as those
of genetic or chromosomal origin, embryopathic infec-
tious processes (rubella, cytomegalovirus, toxoplas-
mosis, syphilis, paludism, etc.), and toxic habits or
radioactive agents begin to exert their influence from
the time of conception, or at least from the embryonic
stage, acting on fetal metabolism and organogenesis. In
these circumstances, although the placental maternal
blood supply remains unaffected, the fetus is unable to
progress. However, genetic potential accounts for about
35–40% of variations in fetal weight.

Growth restriction may result from a single genetic
defect (e.g., cystic fibrosis, phenylketonuria) or a
polygenic multifactorial action, which would explain
the majority of height and weight variations of ‘hered-
itary’ type. The influence of chromosomal-related fac-
tors on fetal weight is probably exerted by affecting
the duration of some periods (G1 or G2) of the cell
cycle. Studies in rats have shown that chromosomal
antigenic inequality (Y trophoblast and XX decidua)
would apparently explain greater trophoblastic plugs
in male eggs and greater development subsequently.

Abnormalities of placental nutrients
and oxygen supply
Etiopathogenic mechanisms that cause a deficient
supply of oxygen and/or nutrients through the pla-
centa are included in this section. In addition to
chronic hypoxia and fetal malnutrition secondary to
maternal malnutrition already mentioned, uteropla-
cental insufficiency deserves particular attention.

Uteroplacental insufficiency
This includes those factors capable of affecting mater-
nal–fetal–placental exchange as a result of (a) impaired
uterine perfusion due to anomalies of the terminal uter-
ine branches, and (b) a deficient exchange surface due
to villous microcirculatory anomalies.

Impaired uterine perfusion due to physiological changes.
Uterine vasculature undergoes a series of modifications,
that is, an increase in uterine circulation with arterial
and venous hypertrophy and hyperplasia, in order to
increase blood flow from 50 ml/min at 10 weeks of
gestation to 600 ml/min at term. Main changes after
implantation consist in the formation of the intervillous
space and trophoblastic infiltration of the spiral arteries.

Trophoblastic infiltration produces fibrinoid
degeneration with disruption of the musculoelastic
wall,241 and adrenergic denervation of uterine vessels
with a marked decrease in sympathetic neurotrans-
mitters.242 These changes are accompanied by vasodi-
lation and inhibition of platelet aggregation in
relation to the effects of prostacyclin243,244 released by
placental vascular endothelial cells (Figure 119.9).
Local decrease of the thromboxane/prostacyclin
index as an adaptative mechanism prevents spiral
artery thrombosis and subsequent placental infarc-
tion. As a consequence of trophoblastic activity, the
spiral arteries are converted into a low-resistance,
high-flow vascular bed. Prostacyclin also favors a
phenomenon of vascular insensitivity.245

Partial or total replacement of the normal musculo-
elastic wall by fibrinoid material has the following
effects: (a) widening of spiral arteries (30-fold as com-
pared with non-pregnant women) which confers
greater capacity and an infundibuliform aspect to these
vessels; (b) reduced vascular resistance of the placental
bed, which therefore determines a higher adaptation
capacity of spiral arteries for increasing blood flow; and
(c) decrease or abolition of the vasoconstriction response
to stimuli of adrenergic agents (catecholamines, etc.) or
to stimuli of the autonomic nervous system. Control of
uteroplacental circulation is mainly exerted on radial
rather than on spiral arteries.

Impaired uterine perfusion due to pathological changes.
Uteroplacental insufficiency takes place during the
last weeks of gestation (because of a deprived supply
line according to Gruenwald246) that justifies a
decrease in fetal growth rate around the 37th
gestational week. This ‘physiological’ insufficiency is
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related to inability of the maternal environment to
satisfy fetal needs despite the fetal capacity to maintain
growth rate. Early or enhanced ‘physiological’ utero-
placental insufficiency accounts for about 35% of
cases of growth restriction.247

The sequence of events leading to impaired uterine
perfusion is probably initiated by a pathologic
increase in the thromboxane/prostacyclin index in
the intervillous space secondary to reduced prostacy-
clin production,243 resulting in discontinuation of
trophoblastic infiltration of the spiral arteries248 and
preservation of their vasomotor activity.241,249 As a
consequence of impaired trophoblastic activity there
is an early reduction of uteroplacental blood flow.

Moreover, alterations in systemic maternal circula-
tion include a decrease in prostacyclin levels and a
relative increase in thromboxane (TX2). An unbalanced
thromboxane/prostacyclin index leads to an increase in
vascular resistance and vasopressor sensitivity, and a
reduction of plasma volume. This cascade (Figure
119.10) seems to be precipitated by a reduced prostacy-
clin production,250–252 which is further supported by the
finding of statistically significant decreases (50%) of
prostaglandin I2 in pre-eclampsia.253 In addition, there
is an activation of coagulation with increased platelet
aggregability, thrombopenia etc., as well as general and

local vasoconstriction (vasospasm, hypertension, etc.)
leading to decreased systemic blood flow and, in short,
to a reduction in uteroplacental blood flow and
IUGR.250,254 At the level of the uteroplacental circula-
tion, there is also a specific decrease in prostacyclins,
probably mediated by a local paracrine mechanism
resulting from high epinephrine and norepinephrine
concentrations in the maternal portion of the placenta.

On the other hand, specific changes in the vascular
endothelium resulting from insufficient trophoblastic
activity include alterations of permeability (responsi-
ble for fibrin and lipid deposits) and a decrease in the
local synthesis of prostacyclin and other factors, such
as endothelial-derived relaxing factor, nitric acid and
C-protein (anticoagulant), with a simultaneous
increase in vascular endothelial growth factor (VEGF),
asymmetric dimethylargine (ADMA), an endogenous
inhibitor of endothelial nitric oxide synthase,255,256

and platelet-derived growth factor. All these factors
will favor acute atherosis, vasoconstriction, and acti-
vation of coagulation. Lipid deposits are frequently
accompanied by IgG, IgM and complement deposits
and perivascular lymphomonocytic infiltration
resulting from a maternal immunitary reaction against
antigens from the endovascular trophoblastic cells
(Figure 119.11).
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Figure 119.9 Normal gestation. A balanced thromboxane/
prostacyclin index guarantees an adequate uteroplacental blood
flow. As compared with pregestational status, there is a decrease
of this index in the systemic circulation with a clear
enhancement of prostacyclin-related vasodilation and inhibition
of platelet aggregation.

Figure 119.10 In gestations with ‘poor adaptation of maternal
circulation’, there is a pathological increase in the
thromboxane/prostacyclin index leading to an increase in
systemic resistance, platelet aggregation and uterine activity, all
of which cause a decrease in uteroplacental blood flow.
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In cases of pre-eclampsia with or without IUGR, an
immunologically mediated deficiency in trophoblast
invasion of the spiral arteries of the placental bed
leads to a poorly perfused fetoplacental unit. The sub-
sequent secretion of VEGF into the maternal circula-
tion leads to activation of the vascular endothelium.
Galatzios257 observed a correlation between raised
umbilical cord serum VEGF levels and the develop-
ment of pre-eclampsia, and in some circumstances of
IUGR and preterm delivery. On the other hand,
Sawidon258 observed a correlation between elevated
concentrations of ADMA and the same pathologies.

Subclinical placental infection may cause the
release of inflammatory cytokines,259 which, in turn,
cause an overproduction of VEGF in the placenta,
which may lead to IUGR.

The correlation between serum levels of antiphos-
pholipid antibodies and fetal morbidity including
IUGR has been demonstrated in different studies.260–262

From a biological point of view, antiphospholipid anti-
bodies increase the risk of venous and arterial throm-
bosis, and inhibit local synthesis of prostacyclins.

Impaired uterine perfusion finally causes hypoxic
ischemia in the intervillous space, with secondary
vasoconstriction of villi arterioles. In this case,
changes in uterine blood flow velocity waveforms
may be detected in Doppler studies before changes are

detected in umbilical velocity waveforms, as occurs
for example in patients with pre-eclampsia.

Deficient transplacental transport of amino acids. The
level of most amino acids is higher in the fetal
circulation than in maternal plasma, reflecting that
there are transportation systems of amino acids through
the trophoblastic cells. IUGR is associated with
reduced plasma concentrations of a number of amino
acids despite normal or higher maternal concentrations
than in normal pregnancies.263 Whether this is a cause
or a consequence of the IUGR remains unclear, but
some evidence shows that hypoxia can downregulate
amino acid transporter expression and activity in
cultured human trophoblastic cells.264

Deficient exchange surface. The main pathologic
finding is a significant decrease in the number of
arterioles of the tertiary villi,265 which may be the result
of two basic pathogenetic mechanisms: (a) lack of
formation of arterioles, due to interference in the
process of placental maturational angiogenesis,266 or
(b) obliteration, secondary to a thromboembolic or
vasospastic phenomenon.267,268 In both cases, the cause
of these changes may ultimately lie in a decrease in
uterine perfusion, or in the fetus itself through changes
in vascular resistance mediated by poorly understood
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Figure 119.11 Summary of the physiopathologic hypothesis of intrauterine growth restriction (IUGR) of vascular cause. APL,
antiphospholipid antibody; PGI2, prostaglandin I2; EDRF, endothelial-derived relaxing factor; PGDF, platelet-derived growth factor;
VEGF, vascular endothelial growth; ADMA, asymmetric dimethylargine.
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biochemical or reflex mechanisms.267,269,270 In these
cases, changes in umbilical velocity waveforms
may be detected in Doppler studies whilst uterine
blood flow velocity waveforms are unaffected.271–274

The current theory is that prolonged reduction in
maternal intervillus flow, and hence oxygen delivery,
would result in prolonged vasoconstriction with
secondary reduction in stem villus luminal diameter,
increased flow resistance and vascular medial
hypertrophy.268,275–277

Fetal malnutrition secondary
to maternal malnutrition
This is one of the main causes of IUGR. Deprivation of
adequate fetal nutrition alters cellular homeostasis.
Limited bioavailability of amino acids for protein syn-
thesis is the origin of a series of modifications.
Nucleotides are subtracted from DNA synthesis and
diverted to RNA synthesis, which is manifested by
high and low activities of the enzymes RNA-poly-
merase and DNA-polymerase, respectively. However,
despite increased RNA synthesis, total cellular con-
centration is low due to an increase in RNA hydroly-
sis, manifested by an increase in alkaline RNAase.

Because each organ has a different growth pattern,
acme of cell division indexes are not synchronized,
giving rise to different periods of vulnerability for
each organ or system. When data obtained in rats are
extrapolated to human beings, considering that
human growth is mostly hyperplastic, the conse-
quences of growth restriction appear especially dis-
couraging, in particular for brain development.
However, some differences between growth in rats
and human fetuses should be mentioned. In humans,
the speed of cell division is lower, so that the effects
of malnutrition would be less severe during the same
period of time. Neuroblastic proliferation also occurs
in a highly protected period (prior to 20 weeks’ gesta-
tion) when factors affecting fetal growth are not
usually present. Injury late in pregnancy is associated
with underdevelopment of the cerebellum, nerve cell
synapses, and dendritic arborization, which may be as
important as a reduction in the number of neurons.

Specific effects of malnutrition on cell growth and
fetal development depend on the stage at which the
adverse factor begins to affect the fetus (Figure 119.12)
and the mechanisms involved. Malnutrition early in
pregnancy during the stage of cell proliferation or
hyperplasia causes inhibition of the cell division
index. This results in irreversible size reduction and a
decrease in the number of cells of an organ. Malnutri-
tion during the stage of cell hypertrophy causes growth
deceleration, with recovery taking place once the
adverse factor has been corrected, resulting in an organ
of normal volume. In general terms, there is an
association between a high rate of cell division and the
intensity of effects of the growth-limiting factor.

With regard to the mechanisms involved, evidence
is based on experimental studies. Severe protein

restriction in rats278,279 produced symmetrical and
harmonious growth restriction (all organs were
affected, including the brain). There was a 20%
decrease in the animals’ weights, and a number of bio-
chemical changes were found. These included a
decrease in protein, DNA and RNA concentrations in
all organs, which was proportional to the decrease in
the animals’ weights. A decrease in DNA-polymerase
activity was followed by an increase in alkaline
RNAase activity. In all brain specimens examined,
there was a reduced number of neuroglial elements
and neurons,280 as well as decreased DNA concentra-
tions. The magnitude of these biochemical and cellu-
lar changes was related to the degree of protein
deprivation and the stage at which restriction began.

In studies of selectively induced uteroplacental
vascular insufficiency, ligation of the uterine artery
providing blood supply to the rat uterine horn pro-
duced growth restriction of fetuses implanted in that
horn.281,282 In these animals, IUGR was asymmetrical
or disharmonious (not all organs were equally
affected). Whilst the liver only reached half of the
normal size and showed an almost complete glycogen
depletion, the brain was practically unaffected.
Biochemical abnormalities included marked decrease
in DNA, RNA and proteins in the fetal liver, high
RNAase activity both in the liver and the brain, and
almost unchanged RNA concentration and negligible
and transiently increased RNase activity in the brain.

Extrapolation of findings of cell growth reduction
in animal models to human beings should be carried
out with caution. As a matter of fact, weights of
neonates (3500 g) born to women with a mean weight
of 60 kg accounts for 5.8% of the maternal weight,
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Figure 119.12 Pathogenesis and classification of intrauterine
growth restriction (IUGR) (stage at which the adverse factor
begins to affect the fetus, affected stages, and types of IUGR).
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whereas rats weighing 200 g give birth to 10 animals
of 5 g each, which is 25% of the rat maternal weight.
On the other hand, the length of gestation in experi-
mental animals is significantly shorter, and the inten-
sity of nutritional and vascular restrictions is unusual
in human beings.

Two aspects, however, should be commented on.
Biochemical and cellular changes found in rats with
intense protein restriction and subsequent IUGR can
be due to a decrease in primary fetal growth and/or
caused by maternal nutritional deficiency. Since
causative factors act early during the whole gesta-
tional period, symmetrical and harmonious growth
restriction occur in both cases, that is, all organs are
similarly affected. Differences in the intensity and
course of injury would also explain moderate anthro-
pomorphic variations between the two types of
growth restriction.

Studies in humans are consistent with this interpre-
tation. Naeye283 reported significantly lower weights of
brains from fetuses born after 33 weeks in a group of
low maternal weight and poor weight gain during preg-
nancy as compared with a group of normal or high

maternal weight and marked weight gain. By contrast,
biochemical and cellular changes found in different
organs in cases of IUGR derived from uteroplacental
insufficiency are very similar to those described in
rats undergoing ligation of the uterine artery. In these
circumstances, in which the causative factor acts late
in pregnancy beyond the hyperplastic stage of growth,
IUGR is asymmetrical and disharmonious, and the
brain is practically unaffected.

Differences in postnatal behavior between both
groups are in agreement with this pathogenetic
assumption. Campbell284 found that the earlier fetal
growth restriction occurred, the more affected were
cephalometric parameters recorded during ultrasound
scanning. At follow-up, a higher percentage of children
had heights, head circumferences and weights below
the 10th percentile throughout childhood as compared
with normal children. When growth restriction began
prior to week 26, not only was somatic growth
impaired, but also in many cases intellectual develop-
ment was affected, whereas in late IUGR with almost
normal cephalometric profiles, postnatal somatic and
intellectual development was usually normal.

1264 Etiology and pathogenesis of intrauterine growth restriction
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120 Classification of intrauterine
growth restriction
J. M. Carrera, B. Serra and P. Prats

Introduction
Several researchers who have investigated intrauter-
ine growth restriction (IUGR) over the years have
suggested a whole host of classifications for this
phenomenon. Now, available data regarding the phys-
iopathology of fetal growth and the etiopathogenesis
of IUGR, and the modern methods for diagnosing it,
are very different from those of 20 years ago. On the
other hand, the terminology and classifications used
in the past have caused confusion. For example, ‘fetal
size’ has been confused with ‘fetal growth’, and ‘intra-
uterine growth restriction’ has been confused with
small-for-gestational age birth weights.1 The classifi-
cation of fetuses with growth restriction therefore
not only implicates an attempt to understand the
etiopathogenesis of the process, but also, more specifi-
cally, a way of approaching each case and establishing
the appropriate prognosis and obstetric management
strategy.

Attempts to classify IUGR
The first classification of IUGR which was generally
used was that proposed by Winick et al.2–6 This group
based their research on rats (vascular ligatures,
restriction of nutrients, etc.) and reached the conclu-
sion that there are two basic types of growth restric-
tion: (a) intrinsic IUGR, principally derived from the
fetus itself and (b) extrinsic IUGR, caused either by
placental vascular insufficiency (asymmetrical IUGR)
or by maternal protein restriction (symmetrical
IUGR). Symmetrical IUGR seems to be caused by an
impairment of cellular hyperplasia, whereas the
asymmetrical one would be the result of an abnormal
cellular hypertrophia. This classification was adopted
with slight variations by the majority of English-
speaking authors.7,8

Campbell et al.9,10 proposed a classification based on
the profile of the fetal biparietal diameter (BPD) curve.
These authors distinguished between: (a) restrictions

with an ‘early low profile’ in the cephalometric curve
and (b) restrictions with a downturn or ‘late flatten-
ing’ of this curve. This classification, which was
used by most ultrasonographists, was subsequently
expanded by Levi et al.,11–13 who also recognized the
value of the head circumference/ abdominal circum-
ference (HC/AC) index. IUGR was thus classified as:
(a) harmonious (normal HC/AC ratio) or (b) disharmo-
nious (HC > AC). Experience went on to show that
harmonious IUGR was generally intrinsic with an
early low cephalometric profile, and disharmonious
IUGR was, in contrast, extrinsic and characterized by
a late flattening of the BPD curve.

The majority of English-speaking specialists14 went
on to adopt the classification of symmetrical and
asymmetrical IUGR, with some of them adding a third
type called symmetrical IUGR with ‘femur sparing’,
characterized by a femur length appropriate for the
gestational age, but disproportionate to the rest of the
biometrical parameters.15

Several classifications have been suggested for
the neonate, based on its specific characteristics
(presence or absence of malformations, corporal bio-
metry, trophism, etc.). Rosso and Winick16 established
two groups: (a) with congenital malformations and
(b) without congenital malformations; the latter
was subdivided into type I (extrinsic symmetrical)
and type II (extrinsic asymmetrical). In 1977,
Sieroszewski17 and Holtorff18 proposed, independently
of each other, two very similar classifications. The
former divided fetuses that are small-for-gestational
age (SGA) into hypoplastic and hypotrophic, and the
latter grouped them as eutrophic (genetically small),
hypoplastic, hypotrophic or with multiple congenital
malformations.

In practice, most pediatric units classify growth
restriction as (a) proportionate (symmetrical), or
(b) disproportionate (asymmetrical), by simply calcu-
lating the ponderal index of Rohrer. This index is
obtained by dividing the neonatal weight by the cube
of the neonatal length (crown–heel) and then multi-
plying by 100. If this index is normal (�2.20), IUGR is
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symmetrical, and if it proves to be abnormally low,
IUGR is considered asymmetrical.19–23

On behalf of the evolution of fetal growth over
time, Salvadori24 identified three theoretical types of
restriction: (a) ‘primary’, or constant throughout ges-
tation; (b) ‘secondary’, which may be early or late
depending on the moment in which the factor that
causes the growth restriction begins to affect the fetus
and (c) ‘transitory’, when recovery occurs after a
deceleration in fetal growth.

Gruenwald25 and other authors have classified
growth restriction as either slight, moderate or serious/
severe according to the severity of the syndrome.

Integrated classification of IUGR
We first proposed this classification in 1976,26–37

taking into account all basic features of growth restric-
tion: onset (early or late), etiology (intrinsic, abnor-
mal), anthropometry of the neonate (weight, length
and HC), general morphology (harmonious, dishar-
monious or semiharmonious) and trophism (eutro-
phic, hypotrophic, dystrophic) (see Table 120.1).
Depending on these characteristics, we differentiate
three types of growth restriction: type I: intrinsic–
harmonious; type II: extrinsic–disharmonious and
type III: extrinsic–semiharmonious.

Type I: intrinsic–harmonious
This type is also known as ‘symmetrical’ or ‘early’.
The noxa still acts from the beginning of gestation, or
at least since the embryonic phase. Due to this pre-
cocity, all three parameters usually assessed to judge
fetal growth are affected: weight, length and HC.
There are references in the literature to microsomatic
and hypoplastic fetuses, and also to fetal hypogrowth.

The most outstanding characteristics of this
group are:

(1) Neonates do not have a dystrophic appearance
and their bodies are well-proportioned;

(2) There is normally no fetal hypoxia;

(3) Metabolic insufficiency is not intense and
(4) The placenta is small and usually histologically

normal except in cases of infectious embryopathy.

There are basically three causes:

(1) Genetic or chromosomic causes, that include
three possibilities: genetically small but ‘normal’
fetuses; fetuses with chromosomic alterations
(e.g. trisomies) and malformed fetuses;

(2) Infectious causes: viral embryopathies (particu-
larly rubella and cytomegalovirus), toxoplasmo-
sis, etc. and

(3) Toxic causes or ionizing radiations, which are
very uncommon.

These fetuses present some characteristics that can be
identified prenatally by ultrasound:

(1) Growth restriction is early;
(2) Growth pattern is symmetrical and
(3) There are usually no signs of fetal hypoxia

(Doppler studies are normal).

Neonates have sharply defined characteristics, which
enable to establish the diagnosis of intrinsic IUGR at
birth (Figure 120.1):

(1) Eutrophic appearance;
(2) Harmonious and well-proportioned development;
(3) HC corresponds to weight at birth, but not to

gestational age;
(4) Differentiation and maturity of the organs corres-

ponds to gestational age;
(5) The number of cells of the different organs is low

(hypoplasia);
(6) Nearly 50% of the cases have serious alterations

or congenital malformations, which make life
difficult. The prospects for cerebral evolution are
very bleak (small cerebral weight, incomplete
neuronal capacity, delay in myelinization). Apart
from the group of ‘normal’ neonates, which
should be considered as a variant of normality,
postnatal development is usually bad.

Table 120.1 Integrated classification of intrauterine growth restriction (IUGR) (from Carrera26)

IUGR

Parameter Type I Type II Type III

Biometry Alterations in weight, Alterations in weight Alterations in weight and length
length and head circumference

Etiology Intrinsic Pathological extrinsic Deficient extrinsic

Onset Early Late Semiearly

Morphology Symmetrical harmonic Asymmetrical disharmonic Semiharmonic

Trophism Eutrophic Undernourished dystrophic Malnourished hypotrophic
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From the pathogenic point of view, the primary
growth potential of the fetus is inhibited or modified
in these cases by the above-mentioned factors, which
produce a decrease in the rate of the use of nutrients
per weight unit and a permanent reduction in the
number of cells (hypoplasia), by acting on the fetal
metabolism and the organogenic process. Even if
there is an adequate maternal diet and a satisfactory
placental transfer of nutrients, the fetus is, under
these circumstances, incapable of taking complete
advantage of them, and this logically results in an
alteration or restriction of its growth.

Type II: extrinsic–disharmonious
This type is also known as ‘asymmetrical’, ‘late’ or
‘placental’. As the related factors only occur in the
last trimester, only the weight is affected, while the
length and HC remain normal or near normal. Its
pathogeny is similar to those of IUGR produced artifi-
cially in rats by vascular deprivation (failure of nutri-
tive supply).38

There are also references in the literature to prena-
tal dystrophy, fetoplacentary malfunctioning, preterm

hypermaturity, chronic fetal distress, prenatal imma-
turity and placentary insufficiency.

The characteristics of this group are:

(1) Dystrophic or hypermature appearance;
(2) There is usually fetal hypoxia;
(3) The metabolic insufficiency is constant and
(4) The placenta is pathological but not small, and

has an almost normal DNA content.

The basic cause lies in an insufficiency of the mal-
functioning placenta determined by:

(1) A deficit in uterine perfusion or
(2) A deficit in the vascular surface area (alteration

in the villous microcirculation).

Some factors are usually considered enhancing
(advanced age of mother, uterine circulatory disorders,
anomalies in placental insertion), while others are
considered determining (pre-eclampsia, high blood
pressure, diabetes, postmaturity). These factors do not
usually come into play until the rapidly developing
fetus needs the placental reserves (weeks 35–36). If
there is a failure in the ‘supply line’ at this point,39 the
weight curve declines and the fetus becomes more
vulnerable. Fetuses generally exhibit the following
characteristics:

(1) Late growth restriction;
(2) Asymmetrical growth pattern and
(3) There are usually signs of hypoxia or fetal distress.

Neonates with extrinsic IUGR reveal the following
characteristics (Figure 120.2):

(1) Dystrophic appearance; they seem to have lost
weight and have an excess of skin;

(2) Disharmonious, disproportionate development;
(3) HC and length correspond better to gestational

age than to weight;
(4) The number of cells in their organs is normal,

although the cellular mass is reduced (especially
in the liver);

(5) They frequently develop postnatal hypoglucemias
and

(6) A considerable proportion suffer from neurologi-
cal disorders caused by perinatal hypoxia.

Type III: extrinsic–semiharmonious
or extrinsic symmetrical
This type is somewhat mixed compared with the pre-
vious two types; while the operative factor is extrinsic
(malnutrition or maternal nutrient deficiency) its con-
sequences resemble those of an intrinsic IUGR, since
the noxa is usually active throughout the gestation.

The characteristics of this group are:

(1) Harmonious but undernourished appearance;
(2) Constant metabolic insufficiency;

1272 Classification of intrauterine growth restriction

Figure 120.1 Small-for-gestational age neonate who has
experienced type I intrauterine growth restriction. 
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(3) Respiratory insufficiency is uncommon and
(4) A small placenta, with few morphological

anomalies, but with clear biochemical changes
(DNA reduction).

The cause lies in a severe alteration in maternal nutri-
tion, due to the lack of particularly important factors,
such as folic acid, amino acids or other nutrients.

Babies delivered by ill-nourished mothers have
been the subject of extensive anthropomorphic, bio-
chemical and cellular studies, which have shown that
(Figure 120.3):

(1) Weight, length and HC are reduced, although the
reduction in the latter seems less than in intrin-
sic symmetrical IUGR;

(2) Although all organs are smaller, some of them,
specially the liver and the spleen, are particularly
small;

(3) Both the number (15–20%) and individual vol-
ume of the cells are reduced and

(4) If malnutrition continues postnatally during the
cellular division period, the reduction in the
number of brain cells can reach up to 60%.6

The pathogenesis of this group has been described in
detail elsewhere in this chapter.

Factors leading to a modification of
the classification
The information that has emerged in recent years has
made certain modifications necessary, particularly in
the characterization of type I IUGR.

Biometrical studies on SGA neonates with
associated congenital defects (chromosomopathies or
malformations) observed that these fetuses frequently
present an asymmetrical pattern instead of an sym-
metrical one. Several pediatric studies have shown
that a high proportion of malformed neonates and vir-
tually all of those with chromosomopathies associ-
ated with growth restriction have a disproportionate
disharmonious morphology, so that we include them
in the group of asymmetrical growth restriction19,21,23

and not in that of symmetrical growth restriction.40

According to several authors, fetuses with symmetrical
and asymmetrical IUGR show similar rates of congeni-
tal defects41,42 and a similar degree of acid–base

Figure 120.2 Small-for-gestational age neonate who has
experienced type II intrauterine growth restriction.

Figure 120.3 Small-for-gestational age neonate who has
experienced type III intrauterine growth restriction.

Kurjak-120.qxd  5/10/2006  10:05 AM  Page 1273



impairment.43 The ponderal index of Rohrer is
abnormally low in the majority of cases. However,
necropsic studies on trisomic fetuses (particularly
trisomies 18 and 21) reveal a significant reduction in
the size and weight of the majority of organs and vis-
cera, apart from the spleen,44 even after making the
appropriate correction for weight.45 The exception is
trisomy 13, where the weight and size of organs are
normal.46 Regarding malformed fetuses, growth
restriction may have three origins:47 (a) the nature of
the malformation itself (e.g. cardiopathy) determines
the growth restriction by means of hemodynamic
alterations;48 (b) the restriction creates circumstances
suiting the emergence of the malformation (early
growth restriction represents a state of heightened
susceptibility to malformations49 and (c) the growth
restriction and the malformation are the consequence
of a common etiological factor (e.g. prenatal infections
such as rubella and cytomegalovirus).48

A decrease in umbilical perfusion has been
observed in a significant proportion of IUGR fetuses
with associated congenital defects (chromoso-
mopathies and major malformations). The absence of
fetal hypoxia in a type I IUGR is therefore not always
true. Several researchers50–57 have observed a patho-
logical increase in umbilical artery resistance indexes,
which could not, however, be confirmed in the utero-
placental arteries. It is still not well known why this
increase in umbilical resistance, which in many cases
will finally cause an asymmetrical growth restriction,
appears in fetuses with congenital defects. There are,
at least in theory, two possible explanations: (a) there
is a process that obliterates the arteries of the placen-
tal tertiary villi,51 secondary to a thromboembolic or
angiospastic phenomenon mediated by the fetus and
(b) the placental maturing process does not occur or is
delayed, with the logical consequence of placental
immaturity.58 In both cases, there could be a second-
ary effect on the potential for fetal growth.

A significant number of fetuses with early intrinsic
growth restriction and congenital defects present bio-
chemical signs of hypoxia or acidemia. The chance to
obtain fetal blood by means of funiculocentesis59 has
enabled us to assess different biochemical parameters
(oxygenation, acid–base balance), which give us infor-
mation on the real state of the fetus.60 These studies
have confirmed that fetuses with late extrinsic IUGR
often present hypoxia and acidemia,61–64 but also that a
significant number of fetuses with early restriction,
especially those with concomitant congenital defects,
present biochemical parameters compatible with
chronic hypoxia and even with episodes of severe
hypoxia.65 On the other hand, the mean body weight
and degree of karyocytosis is higher in fetuses with
triploidies than in SGA fetuses that are chromosomi-
cally normal. This makes us think that there is a general
delay in hematological maturation in triploidies.65

Anatomopathological studies of placentas in trisomic
fetuses are both histologically and functionally abnor-
mal,45,66–68 with a reduced vascular capacity in the

tertiary villi,67 which probably accounts for the decrease
in the umbilical conduction indexes and the frequent
episodes of distress observed in this type of fetuses.

Early defects in circulatory adaptation can give rise
to highly precocious growth restrictions, the majority of
which end in pregnancy interruptions. There is increas-
ing evidence that poor pregestational circulatory prepa-
ration, with or without uterine vascular deficits, can
cause repeated abortions, with associated growth
restriction.69 An inadequate vascular backup, either
anatomically or functionally, prevents an adequate
implantation, and so a defective circulatory anchorage
is established. This ‘poor maternal circulatory adapta-
tion’ can also have an immunological cause.70

Cytogenetic studies of placentas of apparently idio-
pathic growth restrictions reveal the presence of
mosaicisms restricted to the placenta.71

Fetuses affected by an infectious embryopathy
(rubella, cytomegalovirus) develop a mixed IUGR type.

Echographic follow-ups on some very early onset
restrictions demonstrate that some fetuses with a sym-
metrical morphology during the first half of gestation
go on to develop a clearly asymmetrical IUGR. Most
of these fetuses are carriers of a congenital defect.
In the past, early restrictions with congenital defects
were classified as morphologically symmetrical
IUGR;29,32,33,40,72 only in recent years several researchers
have refuted this view.45,65,73 Our opinion, which is
endorsed by Droste,45 is that these cases are probably
symmetrical growth restrictions with a superimposed
asymmetrical IUGR. An asymmetrical IUGR, accompa-
nied by histological and functional placental alter-
ations, with a reduction in umbilical–placental
perfusion and eventual fetal hypoxia, can thus be found
in many congenital defects, whether fetal (chromoso-
mopathies, major malformations), and/or placental
(mosaicisms restricted to the placenta). However, we
should probably not consider it a primary asymmetrical
growth restriction, but rather a secondary asymmetrical
IUGR, added or superimposed on a symmetrical IUGR
due to a reduction of the intrinsic growth potential. This
could explain why early echographic studies on these
fetuses generally reveal a generalized delay in symmet-
rical growth, with the asymmetrical or disharmonious
nature of fetal growth only becoming apparent later on.

For all these reasons, in recent years we have aban-
doned classifications based on rigid anthropometric
criteria and have adopted another one that strikes us
as more useful in practice and pays special attention
to the etiopathogenic features of the process.

Modified integrated classification
Considering the large amount of new morphological
(cytogenetic and anthropometric), echographic (bio-
metric and Doppler studies) and hematologic (oxy-
genation, acid–base balance) data obtained by research,
we should now adopt the following classification
(Table 120.2).

1274 Classification of intrauterine growth restriction
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Type I IUGR
This growth restriction is brought on by a reduction in
the intrinsic growth potential. The causal agent or
agents act during the blastemic and/or embryonic
stages. Two subtypes must be distinguished.

Normal small neonates
These neonates are characterized by early reduction
in fetal growth (that could be assessed before weeks
30–32), accompanied by harmonious (symmetrical or
proportionate) fetal growth and a normal trophism.
The well-proportioned fetus presents a HC that corre-
sponds to the weight at birth but not to the gestational
age. These neonates are absolutely normal, apart from
their delayed growth (maximum 2–3 weeks), and do
not show any of the neonatal complications normally
associated with IUGR. This condition must be consid-
ered as a normality variant due to a genetically low
growth potential, which may run in the family.74

Neonates with congenital anomalies
These neonates show a very early (or ultraearly)
reduction in embryonic or fetal growth with a pro-
gressively disharmonious morphology. All these cases
present congenital anomalies, either chromosomic or
genetic. The delayed growth can always be diagnosed
before 22 weeks of gestation, but the fetal corporal
asymmetry becomes more apparent as pregnancy
advances. A significant number of these gestations
abort. The surviving fetuses present a considerable
number of deficits as a consequence of the frequent
reduction in the number of brain cells.74 At least 25%
of fetuses with severe early growth restriction, which
can be diagnosed with echography, are aneuploid.73

Type II IUGR
This is defined as delayed growth resulting from an
alteration in the supply line, clinically apparent at a
late stage (from 30 to 32 weeks), generally through an
asymmetrical and disharmonious development of the
fetus. It represents 55–75% of all growth restrictions.9

In fact, the only confirmed reduction in weight in

most of these neonates is biometrically restricted to
the trunk. Length and HC correspond both more to the
gestational age than to the weight. Fetuses have a
markedly dystrophic appearance. The number of cells
of the different organs is generally normal, although
the cellular mass is reduced (especially in the liver),
and a reduction in functional elements is sometimes
appreciable in some organs. A substantial reduction
in the number of nephrons has been demonstrated
when the neonate is below the third percentile, and
this could not be compensated postnatally.75 It seems
that this type of restriction could cause some patho-
logical processes in adult life, such as cardiovascular
diseases,76 diabetes,77–81 altered time of onset of
puberty,82 reduced size of the uterus,83 delayed follic-
ular development,84 earlier menopause,85 obesity,86,87

arterial stiffness88 and abnormal retinal vascular mor-
phology.89 This association could be explained with
Barker’s theory: intrauterine malnutrition leads to a
reduction of energy destined to growth in order to
allow survival and development of vital organs as the
brain. If the availability of nutrients is insufficient to
determine critical moments of fetal life, this could
lead to an impaired development of the endocrine
system and its posterior function.

Even when the data in the literature are contradic-
tory, there seems to be a statistically significant asso-
ciation between the degree of hypoxemia and fetal
acidemia and the data obtained by Doppler velocime-
try from umbilical, aortic, common carotid and mean
cerebral readings.90–94

Some authors, given that the velocimetrical data
are inherently uncertain for determining the degree of
asphyxia, perform a funiculocentesis when the fluxo-
metrical study suggests a centralization of the flow.95

Three basic types of clinical–pathogenic processes
are accepted in this group:

(1) Chronic hypoxia, particularly as a result of
cardiorespiratory diseases, which may induce,
on a permanent basis, a low partial saturation of
oxygen in the blood of the uterine artery.

(2) Maternal malnutrition, which can be due to
maternal undernourishment (rare in our society)
or an unbalanced maternal diet (sometimes
associated with smoking). IUGR can also be
caused by maternal hyperinsulinism, with an
exaggerated postprandial anabolism and a dis-
persal of nutrients to the maternal reserves and
away from the fetus. This is the so-called ‘selfish
mother’ hypothesis of Frydman et al.96 All preg-
nant women with baseline or postprandial
hypoglucemias are suspects for this group.

(3) Uteroplacental vascular insufficiency, whether
through a deficit in uterine perfusion or through
a deficit in the vascular exchange surface
area, due generally to an insufficient villous
microcirculation.

Clinically, it is useful to classify two subgroups.

Table 120.2 Modified integrated classification of
intrauterine growth restriction (IUGR) (from Carrera
and Serra37)

Type I IUGR Type II IUGR Type III IUGR

‘Normal’ SGA Without Infectious 
oligohydramnios embryopathies

SGA with With Toxic 
congenital defects oligohydramnios embryopathies

SGA, small-for-gestational age
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Type II IUGR without oligohydramnios
It is to be supposed, in these cases, that the fetal hypoxia
is still moderate, since the extreme mechanisms of fetal
adaptation have still not been established.

Type II IUGR with oligohydramnios
The gestation must be closely watched in these cases,
since there is a fetal adaptation mechanism, which
can lead to an acute decompensation.

In the past, it was thought that this kind of IUGR
fetuses have an accelerated maturation due to
intrauterine stress. This would make them more
resistant to neonatal respiratory distress, especially if
they were prematurely delivered. But Bernstein97 has
shown that this is not true. He compared the rate of
respiratory distress, intraventricular hemorrhage and

neonatal mortality between type II IUGR fetuses and
controls of the same gestational age, and he found that
all these complications were more frequent in the
growth-restricted fetuses, independent of the prenatal
administration of corticosteroids. Other authors have
recently confirmed this observation.98

Type III IUGR
This is characterized by delayed growth due to mixed
mechanisms, which generally act during a relatively
early phase of gestation. For this reason, the fetus
usually presents a semiharmonious growth with a
hypotrophic appearance. Many fetuses present specific
alterations related to the noxa that has produced the
growth restriction. The Doppler study is generally
normal, and there are no alterations in the hemody-
namic parameters of fetal asphyxia. From the etio-
pathogenic point of view, two types can be identified:

(1) Infectious embryopathies: the cause usually lies
in rubella, cytomegalovirus or toxoplasmosis
infections.

(2) Toxic embryopathies: caused by medication,
drugs or toxins, although it is not always possible
to identify the origin.

In our recent case histories, the distribution of the
different types of IUGR is as follows: 19.7% type I,
53.9% type II, 9.2% type III and 17.1% of cases that
we have been unable to classify for lack of consistent
data (Table 120.3).

1276 Classification of intrauterine growth restriction

Table 120.3 Frequency of the three types of
intrauterine growth restriction (IUGR) in case
histories (from Carrera and Serra37)

Type of IUGR Frequency (%)

I 19.7

II 53.9

III 9.2

Non-classified 17.1
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There are a number of causes of fetal compromise in
intrauterine growth retardation (IUGR), ranging from
inadequate uteroplacental perfusion to compression
of the umbilical cord due to oligohydramnios, insuffi-
cient placental microcirculation or a deterioration in
maternal oxygenation. These phenomena can occur
singly or in combination, and sooner or later they lead
to hypoxemia, which triggers the fetal defense mech-
anisms designed to limit as far as possible the extent
of asphyxia and, above all, to avoid brain damage and
fetal death – sometimes, regrettably, to no avail.

Some of these mechanisms are hemodynamic, and
aim to adapt the fetal circulation to the changed cir-
cumstances, but others are biochemical and seek to
supply energy to the fetus under anaerobic conditions,
and reduce its need for oxygen. A healthy fetus is
equipped with a significant number of mechanisms and
strategies for reducing the impact of asphyxia. Severe
and possibly irreversible damage occurs only when the
gravity of the anoxia exceeds the system’s capacity to
maintain the cellular mechanism within acceptable
limits in specially vulnerable organs, such as the brain
or the heart. On the other hand, fetal responses against
such asphyxic aggression are not uniform. While some
fetuses or neonates emerge neurologically undamaged
from an episode of asphyxia, others acquire serious
neurological and mental deficits. It goes without saying
that the circumstances prior to the asphyxic accident
must be evaluated with sufficient attention to explain
why some are more vulnerable than others. It is there-
fore a mistake to consider that perinatal asphyxia causes
brain damage and/or cerebral palsy in every case.1–3

However, although the incidence of hypoxic
encephalopathy as a result of IUGR has declined con-
siderably as a consequence of obstetric practice,
which places an even greater emphasis on the inter-
ests of the fetus, it cannot by any means be considered
a thing of the past. It is true that the great obstetric

traumas generated by brain damage have practically
disappeared, and many encephalopathies are now
recognized as being secondary to genetic, infectious
or metabolic processes unrelated to asphyxia, but
even so a certain number of handicaps clearly do have
this origin. The cerebral palsy rate in neonates at term
is still 1–2 per 1000 in industrial countries.1

According to the calculations of the American
Academy of Pediatrics and the American Association
of Obstetricians and Gynecologists,4 at least 10% of
these are associated with perinatal asphyxia.5 Finally,
prolonged follow-up studies6 warn that neonates with
hypoxic encephalopathy who survive the postnatal
period show handicap figures at the age of 8 years
between 15% and 18%, depending on whether the
hypoxic encephalopathy is moderate or severe.

All this indicates the importance of studying the
biophysical and biochemical mechanisms of fetal
compromise and, if possible, establishing markers
that allow us to identify cases of growth retardation
with a poor neurological prognosis.

We shall distinguish between, on the one hand, the
possibility of performing hemodynamic studies (with
the use of Doppler technology) in those cases with a
physiopathology primarily based on uteroplacental
deterioration, and, on the other hand, fetal defensive
biochemical mechanisms against hypoxia and their
intrauterine study.

Hemodynamic study
of fetal deterioration
The reduction in the number of functional arterioles
in the tertiary villi, through the mechanisms already
described in the explanation of the pathogenesis of
IUGR, progressively increases the circulatory resist-
ance in the umbilical artery, and gives rise to a
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decrease in the pO2 in the umbilical vein. Both these
events set into motion a phenomenon of circulatory
redistribution principally characterized by the cen-
tralization of blood flow. The better-oxygenated blood
goes toward the most vital organs (brain, heart, adren-
als), while vasoconstriction limits the blood’s arrival
at the organs considered less indispensable (digestive
system, lungs, skin, skeleton, etc.).

The redistribution or centralization of blood flow
has been studied in animal experimentation by various
researchers,7–9 and the above-mentioned mechanical
pattern has been confirmed. However, it should be
stressed that when fetal hypoxemia was induced by
maternal hypoxemia, not only was there an increase in
cardiac and cerebral perfusion, but there was also a
significant increase in the umbilical blood flow, and
this was not the case when the fetal asphyxia origi-
nated from microembolization of the umbilical arteries,
thus creating conditions similar to those of a human
fetus with a placental lesion.10,11

Thanks to the Doppler technique, it is possible to
recognize four periods with relatively well-defined
hemodynamic, biophysical and biochemical patterns.
These are (1) a silent period of increase in resistance;
(2) a period with reduction in umbilical blood flow;
(3) a period with centralization of the blood flow and
(4) a period with decentralization of blood flow.

Silent period of increase in resistance

Pathophysiological basis
The progressive deterioration of the villous microcir-
culation is reflected in the Doppler study of the umbil-
ical artery, when the functional obstruction reaches
50% of the villous arteriolar system, and significantly
modifies the pulsatility index (PI)12 (Figure 121.1).

Before this percentage is reached, the capacity of
the placental reserves covers the theoretical deficit of
gaseous exchange, provided the maternal supply line
remains satisfactory.13

Doppler hemodynamic profile
The hemodynamic profile is completely normal over
a certain period (generally 3–6 weeks), and there is no
pathology of any kind. The flow velocity waveform
(FVW) of the umbilical artery is normal (positive
blood flow over the whole cardiac cycle, with normal
PIs, resistance or conductancy.14,15 Doppler studies on
the remaining vessels (aorta, common carotid and
middle cerebral arteries) also prove normal. We can
therefore speak of a ‘normal hemodynamic pattern’.

In a Doppler study we carried out on 82 cases of
growth retardation confirmed at birth, we demonstrated
that 36 of them (43.9%) had a normal umbilical PI; the
study of the remaining fetal vessels proved normal in all
these cases (Table 121.1). For this reason, we consider it
unnecessary in practice to widen the hemodynamic
study of the fetus when the umbilical FVW is normal.

Biophysical correlation
Both the cardiotocography and the remaining para-
meters of the biophysical profile are normal.

Biochemical correlation
The study of fetal blood gases by funiculocentesis is
normal. According to the limits of our current experi-
ence, such an exploration is therefore not justified
when the Doppler study is normal.

Obstetric outcome
The perinatal mortality rate is not increased.

Reduction in umbilical blood flow
This is the first objective sign of the start of chronic
fetal distress brought on by the placental lesion.

Pathophysiological basis
It has been demonstrated that the functional obstruc-
tion of over 50% of the villous arterioles is translated
into a clear deterioration of the umbilical FVW6

(Figure 121.1).
Although some studies claim that the umbilical

artery is not always the first vessel affected,16 in our
experience and in that of other authors,17,18 an increase
in umbilical resistance is usually the first observable
hemodynamic signal when there is a placental lesion
affecting the villous microcirculation. In 15–20% of
fetuses with growth retardation with a placental cause,
the abrupt decrease in pO2 can give rise, through the
aortic and carotid chemoreceptors, to an increase in the
aortic and/or cerebral PI, which exceeds and/or pre-
cedes those observed in the umbilical artery. On the
other hand, it is also possible to observe pathological
values of the aortic or cerebral PI before an alteration in
umbilical perfusion, when the cause of fetal distress
does not reside in the placenta but in a disorder in the
mother’s internal medium (hypoxemia through maternal
cardiorespiratory pathology, an acute deficit of specific
nutrients, severe anemia, etc.), or in her hemodynamics

1280 Natural history of fetal compromise in intrauterine growth retardation

Figure 121.1 Trudinger’s mathematical model,12 relating the
morphology of the flow velocity waveform of the umbilical
artery (Doppler) with the resistance in the villous arteriolar
system (percentage of obstructed villous arterioles). PI, pulsatility
index. 
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(e.g. hypertensive crises with a renal or endocrine
origin). Even in these cases, umbilical conductance
may be increased.

Alternatively, there is irrefutable experimental evi-
dence that a placental lesion is followed by a decrease
in umbilical arterial perfusion. Morrow et al.10,11

working with fetal sheep subjected to an embolism
of the villous microcirculation (plastic micropistons
50 µm in diameter), observed gradual changes in the
FVW of the umbilical artery similar to those described
in human fetuses subjected to growth retardation
through villous pathology (reduction in end-diastolic
blood flow, zero diastole and, finally, reverse blood
flow). The cause, therefore, of the deterioration of the
umbilical FVW lies in the increase in microvillous
vascular resistance, which while primarily inducing a
deficit in the perfusion in the umbilical artery, is also
the reason for a progressive decrease in the pO2 in the
umbilical vein. Hypoxemia is thus the result and not
the cause of the hemodynamic umbilical–placental
alteration. This is why a reduction in pO2 without any
placental lesion does not give rise to any change in
the umbilical FVW,10,11,19,20 and neither does this
change occur through an increase in hematic viscosity
or a rise in maternal blood pressure.10,11

Doppler hemodynamic profile
A moderate increase in umbilical resistance is the
only finding capable of revealing the onset of chronic
fetal distress for a specific period of time, the duration
of which largely depends on how quickly the placen-
tal lesion takes effect. During this period, the Doppler
study of the rest of the fetal circulatory system,
including the aorta, is usually normal. In our experi-
ence 56% of fetuses with growth retardation pre-
sented an altered umbilical PI, but of these only 52%
were accompanied by a pathological hemodynamic
pattern.

The umbilical FVW presents positive flow velocities
throughout the entire cardiac cycle, but the pulsatility

(or conductance) indices reveal values outside the
accepted limits for the gestation.

The only compensatory hemodynamic process that
can be observed at this time, with the use, in particu-
lar, of color Doppler, is the reopening of the ductus
venosus, the caliber of which is physiologically
reduced at the end of the second trimester. This mech-
anism makes it possible to extract a significant
amount of blood from the fetal liver, and this goes
directly to the heart. This ‘shunt’ can delay by some
weeks the need for a centralization of the blood flow,
but induces the appearance of typical asymmetric
growth retardation.18

In the cerebral circulation, it is also possible to con-
firm, in some cases, the existence of a decrease in the
PI of the M2 sector of the middle cerebral artery, with
the M1/M2 index passing from below 1 (normal) to
over 1 (pathological). This occurrence, secondary to
the selective vasodilatation of that arterial tract,
which can be considered as the subcortical sector of
the artery, represents a preservation mechanism for
specific areas in the brain, and precedes the authentic
brain-sparing effect.

The objective of these two compensatory mecha-
nisms is to delay as far as possible the stimulation of
the aortic and carotid chemoreceptors, which will set
in motion the centralization of flow.

Biophysical correlation
All the parameters of the biophysical profile, includ-
ing the cardiotocographic study, are normal, as are the
results of ‘vibroacoustic stimulation’ (VAS) tests and
even the stress tests (test of strength, oxytocin test,
etc.). This is because these variables are affected only
when hypoxia of the fetal brain and/or heart occurs.

Biochemical correlation
The fetus is normally in normoxia. In our experience, it
is not necessary to carry out diagnostic funiculocentesis

Hemodynamic study of fetal deterioration 1281

Table 121.1 Cases of intrauterine growth retardation, grouped into four groups according to the pulsatility index
(PI) results in the umbilical artery and the fetal hemodynamic profile (FHP); thoracic aorta PI, common carotid
artery PI and middle cerebral artery PI. The pH of the umbilical vein was measured at birth

Perinatal 
Cases mortality pH < 7.20

Group Association n % n % n %

I Normal umbilical PI +normal FHP 36 43.9 0 0.0 6 16.6

II Normal umbilical PI +abnormal FHP 0 0.0 — — — —

III Abnormal umbilical PI +normal FHP 22 26.8 0 0.0 8 36.3

IV Abnormal umbilical PI +abnormal FHP 24 29.2 6 25.0 15 62.5

Total 82 100.0 6 7.3 29 35.3
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in this phase if there is confirmation that centralization
of the blood flow has not begun.

Obstetric outcome
There were no fetal deaths in our statistics for this
group but there was a significant increase in the per-
centage of small-for-dates neonates. For this reason,
the percentage of neonates with pH below 7.20
reached 38%. In fact, the percentage of intrapartum
fetal distresses tripled, proof of a greater fetal vulner-
ability. The cesarean rate rose to 30–40%.

Centralization of blood flow

Pathophysiological basis
As the resistance in the umbilical arterial system
increases, there is also a corresponding decrease in the
pO2 in the umbilical vein. This means that the fetus
must carry out, in addition to a reopening of the ductus
venosus, a redistribution of its blood flow once a spe-
cific pO2 value has been reached, in order to protect its
most important structures from hypoxia. As we have
already explained, this redistribution consists of a cir-
culatory centralization with selective vasodilatation of
certain organs, such as the brain, the heart and the
adrenals, and a vasoconstriction of other sites such as
the lung, the intestine, the skin, the kidney or the skele-
ton. This redistribution can be seen with Doppler,
which records a successive increase in the PI of the
aorta and the renal artery, and a decreased PI in the
common carotid artery and the intracranial vessels.

These changes in the perfusion of the various
organs are primarily mediated by neuronal stimula-
tion, whether directly by stimulation of the vagal cen-
ter or through the aortic and carotid chemoreceptors.
In 1969, Dawes et al.21 confirmed that the aortic
chemoreceptors in sheep respond to small reductions
in arterial oxygen levels. However, it is very probable
that these vasoconstriction phenomena are modulated
by other factors, such as, for example, the direct effect
of hypoxemia and acidemia on certain tissues through
liberating vasoactive substances, secretion of cate-
cholamines, or an overall increase in the activity of
the autonomic nervous system.

Although the chronological pattern is not well
established, it seems that the first vessel to be affected
after the umbilical artery is the aorta. The increase in
resistance in the descending thoracic aorta is the
result of the combined action of several factors: an
increase in umbilical–placental resistance, arterial
vasoconstriction resulting in progressive hypoxemia
and, finally, a decrease in myocardial contractility.22

Lingman et al.23 postulate an inverse relationship
between myocardial contractility and the aortic and
umbilical PI (Figure 121.2).

Doppler hemodynamic profile
Doppler study reveals an increase in PI, not only in the
umbilical artery but also in the descending thoracic

aorta and its branches, such as the renal artery.24–28

There is a progressive loss of end-diastolic velocity in
both vessels when the resistance reaches a certain
level. At the same time, there is a noticeable decrease
in the PI of the cerebral and common carotid arteries,
evidence of a further vasodilatation process.

In our previously mentioned study, of the 82 cases
of IUGR studied, 46 (56.1%) presented a pathological
umbilical PI, 52% of the fetuses also had an abnormal
increase in the PI of the thoracic aorta and 41.1% pre-
sented a further decrease in resistance in the common
carotid and/or middle cerebral arteries.

It is often possible to recognize three phases in the
centralization of blood flow.

Initial phase. The PI in the umbilical artery is high,
but there are still positive values in the Doppler
frequencies throughout the whole cardiac cycle, even
in telediastole.

On the other hand, the FVW of the common carotid
artery, which has no end-diastolic frequencies until
weeks 32–34,29 recovers its end-diastolic flow shortly
after a proven moderate increase in intracranial per-
fusion. This suggests that the fall in the PI of the com-
mon carotid artery is due to the reduction in the
resistance of the cerebral vessels.

The study of the umbilical PI/middle cerebral PI
(U/C) relationship can prove particularly helpful in
making a definitive assessment of centralization at
this stage. Several authors17,30,31 maintain that this is
the best fluxometric index for tracing IUGR.

Advanced phase. The umbilical FVW shows zero
diastole. The first to disappear were the telediastolic
frequencies, but afterward the lack of blood flow
affected the whole diastole. According to Trudinger,12

this situation occurs when an 80% obstruction in the
villous arteriolar system has been attained. The FVW
of the aorta also loses its end-diastolic values.

In conjunction with this deterioration in the umbil-
ical blood flow, the vasodilatation of the cerebral ves-
sels arrives at its maximum point, which means that
the PI of both the common carotid and the middle
cerebral arteries attain their lowest values.

1282 Natural history of fetal compromise in intrauterine growth retardation

Figure 121.2 Outline of the mechanisms that influence the
pulsatility index (PI) in the aorta after the placental lesion.
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Terminal phase. In addition to an absence of
end-diastolic flow, there is the onset of a reverse
flow, both in the umbilical artery and in the aorta,
and this obviously aggravates the prognosis. As well
as the arterial hemodynamic findings already described,
there are signs in this phase of cardiac insufficiency,
revealed by Doppler study of the fetal venous
circulation through a decrease both in the velocity
peaks in the exit tracts and in the ventricular ejection
force, and through a possible visualization of the
coronary blood flow.32

As regards the venous return circulation, there are
three signals:

(1) Raised reverse blood flow in the inferior vena cava,
coinciding with auricular contraction. This find-
ing, which reveals difficulties in the blood flow
through the right atrium, can be due both to alter-
ations in the fetal cardiac frequency and to defi-
cient auricular contractility.33–35 The reverse flow
can reach up to 30% of the total blood flow (under
normal conditions this does not exceed 10%).

(2) Reduction in the telediastolic velocity values in
the ductus venosus (in the notch that reflects the
auricular contraction). This reduction can lead to
an inversion of the blood flow. This would be
secondary not only to the increase in telediastolic
volume determined by the increase in the periph-
eral resistance, but also to the reduction in the
capacity for myocardial response.

(3) ‘Venous’ pulsation in the umbilical vein, with an
apparent cyclical decrease in the venous flow,
coinciding with the zero diastole of the umbilical
artery.

As regards the exit blood flows, there have been reports
of their progressive deterioration in this phase, with a
clear reduction in their velocity peaks and decreased
cardiac output.36 The most recent observation in this
respect is probably the reduction in the values of the
so-called ‘ventricular ejection force’ (VEF).37

It has been demonstrated that the VEF values of both
the right and the left ventricles are similar and increase
throughout gestation in fetuses with normal growth. In
contrast, there is a significant decrease in both ventri-
cles, below the fifth percentile of the normality curves,
in the terminal phase of the centralization of the blood
flow.37 Furthermore, there is an excellent correlation
between the VEF values and the severity of the acido-
sis registered by funiculocentesis. It can therefore be
stated that this hemodynamic finding is significantly
related to a serious fetal compromise.

The visualization of the coronary blood flow, in the
context of a severe uteroplacental insufficiency, must
be interpreted as a very serious sign of fetal distress,
probably pre mortem. The phenomenon is particu-
larly visible in the diastole.

The coronary vasodilation, which makes it possi-
ble, can be the result of three different types of mech-
anism: (a) an attempt at compensation provoked by

low myocardial oxygen pressure; (b) loss of myocardial
contraction force, which causes a reduction in the pres-
sure on the coronary arteries (especially during the
diastole) and (c) decrease in the velocity of the intrac-
ardial blood flows, with the same result as in (b).

The first autoregulating mechanism described
could be called a heart-sparing effect, and this has
been studied in detail.32

Biophysical correlation
In the initial phase of centralization, the cardiotoco-
graphic readings can still apparently be normal and
Manning’s biophysical profile proves to be unaltered
or doubtful (5–7 points).

The biophysical parameters affected most early on
are concerned with behavior: changes in the cyclical
periods of rest/activity38 and a decrease in multiple
rolling movements (Figure 121.3).

Although there is an increase in the pathological
results of the biophysical stress tests with respect to
the previous stage, we have not been able to establish
whether their comparative percentages are significantly
different statistically.

However, in the advanced phase there is a progres-
sive deterioration in the fetal cardiac frequency regis-
ter and late decelerations appear. The time lapse from
the pathological quality of the umbilical PI until the
appearance of late decelerations in the register has
been evaluated as between 9 and 60 days,39,40 with a
mean of 2–3 weeks.41–43 Echographically, on the other
hand, there is an ostensible decrease in fetal movements
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Figure 121.3 Chronological correlation (represented by the
different lengths of the arrows) of the biophysical signs of fetal
deterioration. The open parts of the arrows represent the silent
phase whereas the hatched parts represent the detection phase.
FVW, flow velocity waveforms; FCF, fetal cardiac frequency.
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(somatic and respiratory) and in fetal tone. There can
be a marked decrease in amniotic fluid; Phelan et al.44

obtained indices of between 5 and 8. If all these data
are marked in accordance with Manning, the biophysi-
cal profile usually attains a score of under 7. In this
phase the number of positive oxytocin tests is already
clearly significant, as are the force tests and the vibroa-
coustic stimulation. We are then confronted with the
decompensation of a chronic fetal distress, which, until
then, could be considered as compensated.

Finally, in the late phase, and owing to the loss of
cardiac automatism, not only do apparent late decel-
erations appear in the cardiotocographic reading,
but there is also noticeable loss of reactivity. These
ominous readings do not appear until 2–3 weeks after
the minimum values of the cerebral PI have been
attained. In fact, this interval depends on the ability
of the fetus to compensate for the reduction in its
metabolic supply.42

The biophysical profile shows very low values,
always under 5, owing to the alteration of all its
parameters (severe decrease in fetal movements and
tone, etc.) and an increasingly significant oligohy-
dramnios (Phelan’s index under 5).

Biochemical correlation
When the velocimetric values are altered not only in
the umbilical artery, but also in the remaining fetal
vessels (aorta, common carotid and middle cerebral
arteries), there is a risk of low pO2 and pH values in
the fetal blood obtained by cordocentesis.17,30,38,45,46 In
fact, centralization gets under way only when the
fetus is already suffering from a degree of hypoxemia
and acidosis.

In the initial phase, with end-diastolic frequencies
still present in both the umbilical artery and the aorta,
the percentage of cases with hypoxemia does not gen-
erally exceed 25–30%.

The situation changes dramatically in the
advanced phase, when the end-diastolic values of the
Doppler frequency in those two vessels disappear: in
this case 70–80% of the fetuses present hypoxemia,
and 40–60% present acidosis.17,30,46,47 The majority of
authors48–50 consider that the absence of end-diastolic
flow signifies pathological results in the acid–base
study of the fetal blood.

Finally, in the terminal phase, practically all the
fetuses have a pO2 of between 2 and 4 SD below
the mean.51

Obstetric and neonatal outcome
A high number of deaths in fetuses (250 per 1000) and
neonates are concentrated in this group, and there is a
significant increase in neonates with pH under 7.20
(83.3%). A cesarean section was performed in all our
cases. Furthermore, the surviving fetuses present a
high number of complications (e.g. necrotizing ente-
rocolitis and hemorrhages), which are attributable to
the persistent vasoconstriction of specific organs.52

Various authors14,15,53 have observed that the
absence of end-diastolic values in the aorta accurately
predicts neonatal morbidity.

Arduini et al.54 have designed a test that determines
whether fetuses will have a specially bad prognosis if
they are not immediately extracted. They administer
oxygen humidified at 60% to the mother, and carry
out a fetal hemodynamic study using Doppler before,
just after and 20 min after therapy. If the PI values are
not substantially modified, the fetuses will suffer a
rapid deterioration.

Decentralization of blood flow
Montenegro et al.17,30 give this name (decentralization of
blood flow) to the irreversible hemodynamic changes
that follow on from the centralization of blood flow
and that precede fetal death.

Pathophysiological basis
If the hypoxia persists, a phenomenon of generalized
fetal vascular paralysis will ultimately occur.

We can probably hypothesize that the situation is
similar to those described in the fetuses of monkeys55

or sheep56 subjected to severe and sustained hypo-
xemia. The appearance of cerebral edema and the
resulting increase in intracranial pressure hinder the
mechanism for cerebral blood perfusion. The cerebral
edema is probably brought about by the local accu-
mulation of lactic acid resulting from the sustained
anaerobic metabolism, which alters the permeability
of the cellular membrane, increases the osmotic intra-
cellular pressure and ultimately leads to the edema
and eventual tissue necrosis.

The result of all this is that, in addition to the
hypoxemia of the cerebral centers, there is a progres-
sively irreversible interference in the control mecha-
nisms of the arterial tone. This situation usually
occurs when the hypoxemia is extreme: more than
4 SD below the mean.51,57,58

Doppler hemodynamic profile
The diagnosis of decentralization of blood flow essen-
tially rests on two findings:

(1) Confirmation of resistance in the umbilical and
peripheral circulation (aorta, renal, etc.) with the
presence of reverse end-diastolic flow and

(2) Increase, after a brief period of stabilization, in
the PI in the intracranial arteries, the values of
which can appear normal; there are even FVW
without diastoles or with reverse flow.59

It is not known how much time can pass from the
onset of this picture until in utero fetal death, but it is
probably no more than 2–3 days, and in many cases
only a few hours; this explains the remote possibility
of observing it through Doppler.
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Biophysical correlation
If a cardiotocographic examination is carried out at
this point, it is certain that a terminal pattern will be
observed, indicating the so-called ‘intrauterine brain
death syndrome’.60–65 The readings invariably show a
fixed fetal cardiac frequency, with no variability from
one heartbeat to another and a complete absence of
accelerations or decelerations, even when contrac-
tions are induced by an oxytocin test or an EVA is per-
formed. The biophysical profile, on the other hand,
will show an immobile atonic fetus, drawn in on itself
and with hardly any amniotic fluid, although some
authors64,66 have described some cases with hydram-
nios. The score will not exceed 2 points.

Only on very rare occasions will it be possible by
echography to confirm the existence of cystic periven-
tricular cerebral lesions (porencephaly) or evident
ventriculomegaly,65,67,68 the consequence of the
hypoxic necrosis.60,67–69

Figure 121.4 presents the probable sequence of the
pathophysiological mechanisms and biophysical sig-
nals, which can be observed through exploration, in a
case of IUGR through uteroplacental vascular insuffi-
ciency.

Biochemical correlation
As has already been mentioned above, a funiculocen-
tis will confirm extreme hypoxemia (values of pO2 –4
SD below the mean and a significant acidosis).

Obstetrical outcome
This is a situation that results in either fetal or neona-
tal death, especially if an emergency extraction is car-
ried out. A cesarean section is therefore generally
considered unnecessary.65

The role of Doppler in the decision
to terminate the gestation
The decision to terminate the gestation, and the birth
route, must be taken in the light of:

(1) Objective data on the fetal condition (e.g. type of
IUGR, presence or absence of congenital defects,
onset of centralization of blood flow);

(2) Degree of fetal pulmonary maturity and
(3) Specific clinical characteristics of the case (e.g.

parity, cervical conditions).

If it is an intrinsic, harmonic IUGR, with evidence, or
a high probability, that there are fetal anomalies (tri-
somies, malformative syndromes), it is advisable to
wait for the results of the tests on pulmonary maturity,
fetal hemodynamics, etc. and attempt birth by the
vaginal route. If there is no confirmation of any con-
genital defects, the procedure should be the same as
in extrinsic IUGR.

In the case of extrinsic, or disharmonic IUGR, the
tests currently available for controlling a fetus should

be a guide as to the appropriate time to interrupt the
gestation.

Our current state of knowledge and diagnostic
possibilities give us two options as regards when to
extract the fetus:

(1) Interrupt the gestation when the cardiotocographic
reading is abnormal and/or there are clear signs
of chronic fetal distress (reduction in tone and
fetal movements, oligohydramnios, observation
of meconial fluid by amnioscopy), which implies
high levels of asphyxia and perinatal morbidity
and mortality70,71 or

(2) Interrupt the gestation at the onset of the central-
ization of blood flow, thus increasing the prema-
turity rate.

In order to reduce the latter risk to a minimum, espe-
cially if the gestation has not reached 30 weeks, it is
advisable to study the fetal blood gases by means of
funiculocentesis. This step should especially be taken
when the PI values in the umbilical artery and aorta
are obviously altered but there is still end-diastolic
flow. If the diastole is zero, and especially in cases of
reverse flow, the fetal prognosis is very poor and
funiculocentesis proves to be useless.

With a fetus which is mature, or in the transitional
maturing phase, the decision to carry out the inter-
ruption must always be made before the disappear-
ance of the diastolic velocities. The decision will
always be somewhat late by the time that zero diastole
has appeared, given the high number with acidosis
(70%) and perinatal deaths in this group.

Fetal defensive mechanisms
against hypoxia: biochemical
study of fetal deterioration
We are well aware of the resistance and capacity for
adaptation of the fetal organism, as compared with
adults of the same species, when confronted by
hypoxia. It is common knowledge, for example, that
newborn rats survive without oxygen 30 times as long
as adult rats. However, the immature fetus probably has
a much less well-developed capacity for adaptation.

Fetal defense against hypoxia uses various mecha-
nisms of widely differing teleological significance,72

from the appearance of a polycythemia, designed to
increase the transportation of oxygen through the fetal
blood;73 to the dilatation of the placental vessels, as a
consequence of an excess carbon dioxide.74 If we con-
centrate on the most important of these mechanisms,
we could say that the preservation of life, and particu-
larly of the brain, is the fruit of a collaboration between
a mechanism for neuroendocrine regulation (paraortic
and carotid ganglions, sympathetic–parasympathetic
play, adrenal glands, release of catecholamines) and the
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Figure 121.4 Sequence of the pathophysiological mechanisms and biophysical signals. IUGR, intrauterine growth retardation; PI,
pulsatility index; LV, left ventricle; RV, right ventricle; CNS, central nervous system; FCF, fetal cardiac frequency.
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mechanisms for maintaining cellular and systemic
homeostasis.75 The integrity of the various systems,
especially that of the central nervous system, depends
on the precise adjustments made between these bio-
physical and biochemical mechanisms when they
show regulation among themselves, from their own
genetic program of specialization.

A considerable number of mechanisms are interre-
lated in order to regulate the hemodynamic changes
that we have described. Hypoxemia and hypercapnia
induce dilatation of the cerebral blood vessels. This is
attained by means of the stimulus to the chemorecep-
tors already alluded to, but there is also an increase in
sympathetic activity (epinephrine and norepineph-
rine – adrenalin and noradrenalin) which, along with
the release of arginine–vasopressin, increases the
peripheral vascular resistance.

The fetus, unlike the adult, responds to hypoxia with
bradycardia. The decrease in pO2 in the umbilical vein
stimulates the aortic and carotid chemoreceptors.76,77

Later on, this bradycardia is maintained by peripheral
vasoconstriction, which raises fetal blood pressure and
stimulates the arterial baroreceptors.

From the energetic point of view, the fetus falls
back on the release of energy via the biochemical
energy release mechanisms under conditions of
anaerobiosis. Although this recourse allows it to sur-
vive for a time, in the long run it leads to energetic
failure, to the exposure of its glucogen reserves and
the acidification of its internal medium.

There is relative agreement that a fetus responds to
hypoxia in an ordered and systematic manner, which
wavers only when the ictus is severe and has
exceeded certain limits. This seems particularly to be
the case when, as in uteroplacental insufficiency, the
limitations both on energy and on oxygen occur pro-
gressively. Fetal deterioration is also, with some
exceptions, progressive.

Owing to our current knowledge of fetal patho-
physiology, it is possible to identify five stages in the
process of fetal deterioration: full fetal adaptation,
energy failure, hypoxia without ischemia, hypoxia
with ischemia and reperfusion and death.

Full fetal adaptation stage
In this stage, which is relatively silent from the hemo-
dynamic point of view, the most noteworthy feature is
the precentralization of blood flow.

There are hardly any discernible changes on the
biochemical front in this first stage of fetal adaptation
to hypoxia. It is only when the situation becomes
chronic that, in addition to a progressive decrease in
the plasma concentration of glucose and amino acids,
there is an increase in the production of erythropoi-
etin. The generation of the latter is stimulated, both in
fetuses78,79 and in adults,80 by chronic hypoxia, which
correlates satisfactorily with growth retardation81 and
fetal metabolic problems (e.g. diabetes, preeclampsia).
The raised erythropoietin values are followed, on the

other hand, by an increase in the number of circulating
erythroblasts, as a probable consequence of a mecha-
nism for the premature release of red cells by the bone
marrow, or of a persistence in hepatic erythropoiesis,
all of which are mediated by erythropoietin.82,83

Energy failure stage
From the hemodynamic point of view, this stage sees
the centralization of blood flow, with a selective
vasodilatation of organs such as the brain, the heart or
the adrenals, and a vasoconstriction of other territories,
such as the lung, the intestine, the skin, the kidney or
the skeleton.

On the biochemical–energetic front, anaerobic glu-
colysis enables the fetus momentarily to attain a sub-
stitute energy source in order to survive. However, if
the conditions for fetal oxygenation do not improve,
this defense mechanism will become not only inoper-
ative but also dangerous. In effect, owing to the accu-
mulation of lactic acid, it will lead to a fall in the pH
and metabolic acidosis; there will also be a progressive
depletion of energy reserves (hypoglucemia, the loss
of stored glucogen, etc.) with a significant decrease in
adenosine triphosphate (ATP). The ultimate conse-
quence is energy failure.

The explanation for this lies in the fact that, while
38 mol of ATP (equivalent to more than 100,000
stored calories) is formed under normal conditions, or
aerobiosis, only 2 mol of ATP (approximately 20,000
calories) is formed for every mole of glucose metabo-
lized by the anaerobic route. Thus, the energy
obtained by anaerobiosis is equivalent to 1/17 of that
achieved by oxidative degradation.

The insufficiency of ATP84,85 leads to the functional
alteration of the membrane, which alters the cellular
ionic homeostasis. There is an increase in intracellular
sodium ions and a withdrawal of potassium ions, all of
which leads to a depolarization of the membrane, with
an opening up of the calcium channels.

At a certain point, the intracellular accumulation of
calcium ions goes beyond the compensatory possibili-
ties of the cell, which does not manage to maintain its
ionic equilibrium. As a consequence of this, calcium
turns into a cellular toxin.

Apart from the opening up of the above-mentioned
channels, there are other mechanisms for increasing
intracellular calcium. The reduction in ATP gives rise
to the release of calcium from the endoplasmic reticu-
lum, and the increase in intracellular sodium, resulting
from the functional lesion of the cellular membrane,
also stimulates the release of the calcium ion from the
mitochondria.

There are also some modifications produced in this
stage, which can be verified in fetal blood if cordo-
centesis is carried out:

(1) A decrease in the plasma concentration of glucose
as a result of anaerobic glucolysis, necessary in con-
ditions of hypoxia, in order to obtain sufficient
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energy for fetal survival. The consequences of this
process are a drop in the pH, metabolic acidosis,
fetal hypoglucemia86 and, finally, a depletion of
the glycogen reserves, despite the low metabolic
indices.

(2) A decrease in the plasma concentration of amino
acids, independent of the degree of hypoxia.

(3) An increase in the viscosity of the blood, as a
result of the rise in the hematocrit. Heightened
viscosity interferes with the perfusion of the vital
tissues. The relative blood viscosity increases
logarithmically (not linearly) with the increase in
platelet aggregation.

Hypoxia without ischemia stage
The hemodynamic pattern established at this stage is
known as ‘severe hypoxia without ischemia’ with full
cerebral vasodilatation. The reactive possibilities of
the centralization of the blood flow have reached their
maximum level, but are in their terminal phase. The
Doppler study of the renal descending aorta funicular
artery shows very high indices of pulsatility, with no
telediastolic velocimetric values or the presence of
reverse flow. In contrast, the intracranial arteries
exhibit particularly low PI values.

On the biochemical front, the intracellular ionic
calcium concentration goes up substantially, and this
increase represents the first link in a chain of events
that will lead to neuronal death.

The most outstanding event is probably the activa-
tion of phospholipases A and C, which gives rise to a
phospholipidic hydrolysis of the membrane, which
then ruptures, irreversibly altering its permeability.
The immediate consequence is a deterioration in the
cellular homeostatic balance. On the other hand,
phospholipase C catalyzes the production of inositol
triphosphate, which releases calcium from the endo-
plasmic reticulum.

Hypoxemia with ischemia stage
In recent years, it has been demonstrated that hypoxia
needs ischemia to set in motion the chain of bio-
chemical events that originates in the irreversible
lesion to the cellular membrane and end up in the
massive production of oxygen-derived free radicals
which produce a natural death.

When the oxygen content in the fetal blood (pO2)
falls below –3 SD of the mean, the capacity of the
defense mechanisms to continue protecting the fetus is
eroded. Therefore, if the asphyxia is very severe there is
a failure in the centralization of the blood flow and
ischemia occurs, more or less irreversibly, in all the
organs that had been preserved until then. When cere-
bral hypoxia– ischemia is produced, the blood pressure
and cardiac output fall. This phenomenon is often very
abrupt, and is predetermined by the fall in peripheral
vasoconstriction. Cerebral self-regulation disappears
and the cerebral blood flow becomes passive.

On the hemodynamic front, there is an increase in
the PI values, both in the middle cerebral and carotid
arteries, which can even be accompanied by reverse
blood flow, proof of the appearance of ischemia,
which is secondary, among other things, to progres-
sive cerebral edema. However, this increase is not sta-
ble, for there are brief episodes of vasodilatation (a fall
in PI), which may be considered attempts at reperfu-
sion. At the same time, we can observe a complete
absence of end-diastolic values and, in most cases,
reverse blood flow, in the peripheral fetal vessels.

From the biochemical point of view, the increase in
the intracellular concentration of calcium sets in motion
other relevant mechanisms that will make an inexorable
contribution to the lesion and to neuronal death:

(1) Release from the lesioned membrane of free fatty
acids, especially arachidonic acid. The latter’s oxi-
dative degradation, through both cyclo-oxygenase
and lipoxygenase, generates large amounts of
oxygen free radicals, which inhibit the prostacy-
clin synthetase. The immediate consequence is a
decrease in the concentration of prostacyclin and
the loss of prostaglandin (PG) I2 and thromboxane
A2 balance.

(2) Structural change of xanthine dehydrogenase
into xanthine oxygenase, which, as we shall see,
precipitates the formation of free radicals from
hypoxanthine.

(3) Activation of the release of excitatory amino
acids, which subject the neuronal receptors to a
prolonged overstimulation.

Ultimately, the consequence of all this is cellular
edema and neuronal death, which can be primary if it
occurs at the same time as the hypoxic ictus, or sec-
ondary if it occurs in a later phase of reperfusion.

Reperfusion and death stage
It has been well established over the last 10 years that
cerebral lesions related to a lack of oxygen originate not
only at the time of asphyxic ictus, but also, and very
particularly, in the reperfusion phases, which take
place in the centralization of the blood flow’s terminal
phase, as well as in its decentralization phase, thus giv-
ing rise to the so-called ‘secondary neuronal death’.86

There is, in this respect, experimental proof in fetal
sheep that reperfusion, after a relatively long period of
ischemia, increases the production of free radicals.87

Free radicals play a deleterious role in every case.88–90

From the hemodynamic point of view, the end
result is a phenomenon of generalized fetal vascular
paralysis with a decentralization of blood flow.

Biochemical markers
of cerebral hypoxia
In theory, it is possible to study fetal homeostasis and
evaluate possible hypoxia by studying the acid–base
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status of the fetal blood obtained by means of
cordocentesis.91–93

The quantification of pO2, pCO2, pH and an excess
of bases in the fetal blood will provide us with a mere
snapshot of that status, without any retrospective
information on the changes that the fetus has been
able to overcome, and this will also be lacking in any
prospective value as regards a possible cerebral
lesion,94,95 hence the interest in finding and develop-
ing authentic biochemical markers of fetal hypoxia.

The progressive understanding of the cellular mech-
anisms of hypoxia has led to the belief that the prod-
ucts generated throughout the cascade of chemical
reactions, which ultimately lead to neuronal death,
could be used as markers. This is the case with erythro-
poietin, excitatory amino acids, hypoxanthine, free
fatty acids, lipidic peroxides and oxygen free radicals.

However, our current knowledge of these products
largely comes from animal experimentation or studies
on neonates that have been subjected to intrauterine
asphyxia. Only some of these parameters, such as ery-
thropoietin, have been studied in fetal blood or amni-
otic fluid. Studies attempting to determine markers for
hypoxia in maternal blood are scarce, but these would
be of real use in clinical practice. All this means that
we are taking the first steps in this field and that it will
be necessary to wait for some years before introducing
any of these markers in day-to-day clinical practice.

We can speculate that these markers might be
divided into three categories:

(1) Markers of chronic fetal hypoxia
(2) Markers of fetal decompensation
(3) Markers of reoxygenation and/or neuronal death.

Markers of chronic fetal hypoxia
Although the pH in the umbilical artery continues
to be the most widely used indicator to evaluate fetal
hypoxia, there is a great deal of evidence on its
limited correlation with the neurological evolution of
the newborn baby.94,95 This is because, although it is
an excellent indicator of recent acute hypoxia, it is

incapable of indicating prolonged chronic hypoxia,81

hence the interest in erythropoietin, which seems to
be a good marker for chronic hypoxia during the second
half of gestation.96

Erythropoietin is a glycoprotein, the production of
which, both in the fetus and in the adult, is stimulated
by hypoxia.78,79,97,98 As it does not cross the placenta it
is considered that, when found in large quantities in
the fetal or neonatal blood, whether obtained by cor-
docentesis or postpartum in the blood of the umbili-
cal cord, it may constitute a marker of chronic fetal
hypoxia99,100 from at least week 20 of gestation.101

Accordingly, several researchers have found high
levels of erythropoietin in umbilical cord blood
in gestations with hypertension,102,103 intrauterine
growth retardation83,103,104 (with a good correlation
between the values of this parameter and the degree of
fetal acidemia) and other pathologies that are accom-
panied by placental insufficiency,104 even with totally
normal umbilical pH values (Table 121.2). Likewise,
there is no noticeable correlation in these cases
between the values of erythropoietin and those of pO2
in the umbilical artery.81,102,105 However, when there
was no acidosis there was only a limited relationship
between high erythropoietin figures and the presence
of meconium or an alteration in the fetal cardiac
frequency (Table 121.3).

Salvesen et al.,106 in a parallel study of maternal
blood and fetal blood (obtained by cordocentesis),
noted that, in gestations complicated by diabetes mel-
litus, maternal hyperglycemia is accompanied by fetal
hyperglycemia and fetal acidemia, with a marked
increase in erythropoietin. There is speculation that
this increase can be due both to hypoxia and to hyper-
insulinemia, or both, and that the rise in fetal hemo-
globin can also be mediated by erythropoietin or
hyperinsulinemia.

In contrast, the erythropoietin level is not modified
in those pathologies that, although they affect the fetus,
do not do so by means of an insufficiency in the pla-
centa. This is the case, for example, in pyelonephritis.107

On the other hand, several authors83,104 have
confirmed a significant correlation between the
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Table 121.2 Relationship between placental pathology and fetal erythropoietin and umbilical pH values (from
Maier et al.81)

Erythropoietin (mU/ml) Umbilical pH

Placental findings n Median Range Median Range

Fetal vasculopathy 14 85.6 23.7–119.7 7.28 7.22–7.31

Acute pathology of intervillous space 28 61.3 24.2–125.1 7.31 7.21–7.35

Chronic pathology of intervillous space 45 54.9 20.9–114.4 7.29 7.21–7.32

Chorioamnionitis with fetal reaction 60 51.3 27.7–118.7 7.30 7.24–7.34

Normality 26 35.2 19.2–48.7 7.30 7.20–7.33
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concentration of erythropoietin and the number of
circulating nucleated erythrocytes.

It seems that labor at birth with no signs of fetal
distress does not raise erythropoietin levels;108 on the
contrary, some researchers109 speculate on the possi-
bility that the administration of β-mimetic tocolytics
may stimulate the production of erythropoietin
through a decrease in fetal oxygenation. They thus
consider that β-sympathomimetics should be used
sparingly once the fetal condition has been affected.

The determination of erythropoietin during preg-
nancy can be made in both fetal blood (cordocentesis)
and amniotic fluid. The latter expresses the situation in
the fetal serum with reasonable exactitude, although
with a slight delay and somewhat lower figures.

In this way, the rise in erythropoietin levels has
been confirmed in amniotic fluid (normal figures
9–12 mU/ml) in various pathologies associated with
chronic placental insufficiency, but its values prove to
be normal in other syndromes, such as Down’s syn-
drome, for example.110

Some authors99,100 use the determination of ery-
thropoietin in amniotic fluid to clarify whether fetal
deaths are the consequence of an acute event (normal
erythropoietin), or a chronic condition (high glyco-
protein values).

In practice, however, erythropoietin has princi-
pally been used as a marker of hypoxia postpartum,
through the determination of its concentration in the
venous cord blood.81,108 Our experiences with this
marker are collated in Table 121.4. It can be seen that
its values in preeclampsia were double the normal
ones in our unit, and it is confirmed that this param-
eter does not correlate with the values of the umbili-
cal pH, but it does do so with the presence of
meconium and anomalies of the fetal cardiac fre-
quency, above all those that express an ectasis of the
intervillous space.

Markers of fetal decompensation
The onset of severe fetal hypoxia with reactive vasodi-
latation of the cerebral blood vessels is accompanied
by, among other chemical changes, a local increase in
three markers: excitatory amino acids, hypoxanthine
and free fatty acids.

Excitatory amino acids
The amino acids glutamate and aspartate, which usually
play an important role as neurotransmitters, intensify
their concentration in the cerebral extracellular space
by up to 5–10 times the norm during episodes of
hypoxia and, above all, of hypoxemia with ischemia.
They are then converted into neurotoxins.

The increase in these amino acids is a consequence
both of the increase in the intracellular calcium con-
centration in the neurons, which produce glutamate
and aspartate, and the failure to absorb them on the part
of the presynaptic membranes when ATP decreases.86

Neuronal death can occur as a consequence of two
types of lesional mechanism: a ‘rapid’ mechanism,
which takes place a few minutes after the hypoxic
ictus, and a ‘late’ mechanism, which can begin up to
24 h after the episode. In the first case, the cellular
lesion is the result of the massive entry of sodium,
chlorine and water into the cell, which gives rise to
an osmotic load and lysis of the cellular membrane.
In the second case, in contrast, calcium ions enter
through specific channels when they are stimulated
by N-methyl-D-aspartate. This increase in the intra-
cellular concentration of calcium perpetuates the
process by gradually setting into motion the other,
previously mentioned, cellular lesion mechanisms.
While the rapid mechanism explains primary neuronal
death, the late mechanism is more common in secon-
dary neuronal death with successive episodes of anoxia
and reoxygenation.
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Table 121.3 Erythropoietin in umbilical venous blood, according to obstetric risk and signs of fetal distress during
birth (from Maier et al.81)

Erythropoietin (mU/ml)

Group n Mean Median Range

Low risk 19 28.0 25.1 11.9–55.3

High risk 95 42.6 25.8 5.4–19.3

Meconium 12 80.6 50.6 10.7–317.6

FCF anomalies 40 110.2 44.7 78–1404.5

Meconium C abnormal FCF 10 80.2 47.8 18.7–200.4

Umbilical acidosis 24 202.4 72.6 6.1–1070.2

FCF, fetal cardiac frequency
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It has been demonstrated that the levels of gluta-
mate and aspartate in cerebrospinal fluid were,
respectively, three and four times greater in animal
fetuses subjected to asphyxia than in the control
group,111 and this significantly correlated with the
degree of hypoxic–ischemic encephalopathy.

We can now draw on considerable information on
these possible biochemical markers of hypoxia in
experimentation animals (particularly sheep) and
through carrying out cerebral assessments using
microdialysis probes,112,113 but there are still no stud-
ies in humans.

Hypoxanthine
During hypoxia, ATP is degraded with considerable
difficulty; hence the increase in the concentration
of adenosine monophosphate (AMP), which is later
transformed into adenosine, inosine and, finally,
hypoxanthine. The increase in these biochemical
products, especially the latter, therefore represents a
marker of fetal hypoxia. Thiringer114 has demonstrated
that the concentration of hypoxanthine in venous
blood, during the advanced and terminal phases of
the centralization of blood flow, was much greater
than in arterial blood. It is possible that this is also the
case in moderate hypoxia.

In the hypoxia stage with vasodilatation, hypoxan-
thine is successively converted into xanthine and uric
acid, owing to the enzyme xanthine dehydrogenase.
Its concentration in the fetal blood, like that of adeno-
sine and inosine, is therefore only moderately intensi-
fied in this phase. Furthermore, adenosine and inosine
increase cerebral blood flow, reduce carbon dioxide
and modulate the neurotransmitters so that, overall,
an endogenous mechanism for cerebral protection is
set in motion.115–119

However, when ischemia ensues as a consequence
of the increase in intracellular calcium, a structural
change takes place, from xanthine dehydrogenase to
xanthine oxygenase. The result is that the first route
is blocked and uric acid is produced by means of
a second route, which occasions the production of

oxygen-derived free radicals. This route is the cus-
tomary one in cases of reperfusion and reoxygenation
after one or many episodes of neuronal hypoxia. In
effect, the chronic lack of oxygen in hypoxia with sta-
ble vasodilatation avoids both the excessive stimula-
tion of the first route and the activation of the second.
However, when successive episodes of ischemia and
reperfusion occur, the usual route is blocked and the
‘savage route’ is induced, and the concentrations of
hypoxanthine and oxygen free radicals are increased.

When uterine perfusion in fetal sheep is reduced
experimentally,120 it has been noted that the highest
values of hypoxanthine and xanthine in cerebrospinal
fluid are found precisely in the normothermic recov-
ery phase. These high levels of substrata facilitate the
formation of oxygen free radicals, which induce
encephalic lesions. After 3 days of hypoxic ictus, the
necropsy on the animals showed varying degrees of
edema, neuronal alterations through coagulation and
necrosis, and cellular death. Such changes were espe-
cially evident in the Purkinje brain cells. These find-
ings agree with those of several earlier studies.121–123

Several authors suggest, as a marker for hypoxia
during pregnancy, both in animal experimenta-
tion120,124,125 and in human clinical practice, the deter-
mination of hypoxanthine in the fetal circulation. This,
they argue, could provide us with information on the
gravity of the hypoxic ictus and, above all, could offer
a prognosis on the subsequent fetal or neonatal
encephalic cavitation (porencephaly or leukomalacia)
resulting from intrauterine hypoxia/ischemia.

This marker seems to be particularly predictive
in cases of periventricular leukomalacia in neo-
nates.126,127 Saugstad128 and others129,130 consider that
hypoxanthine in cord blood is more specific in the
evaluation and quantification of hypoxia than lactate,
acid–base excess or pH, as these parameters are inca-
pable of reflecting the intracellular energy status. The
oxidation of hypoxanthine during episodes of reper-
fusion generates oxygen free radicals, which con-
tribute to the destruction of the cerebral tissues and,
therefore, to the genesis of leukomalacia.127

Biochemical markers of cerebral hypoxia 1291

Table 121.4 Erythropoietin values in umbilical vessels in cases of diabetes and pre-eclampsia

Erythropoietin (mU/ml)

Pathology n % Mean SD P value

Diabetes 13 5.1 34.43 31.13 0.94 (NS)

Control group 240 94.9 31.72 28.58

Pre-eclampsia 8 3.1 62.59 58.26 0.024 (S)

Control group 245 96.9 30.86 26.81

NS, not significant; S, significant
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Some authors131 therefore consider this parameter as
a gold standard of hypoxia. There is a host of studies
that relate hypoxia to high levels of this marker.132

Likewise, in the neonate133 the quantity and pro-
longation of the urinary excretion of oxypurines
(hypoxanthine and xanthine) is clearly related to the
gravity of the intrauterine hypoxic episode, with its
neonatal neurological consequences and an extension
of the possible cerebral lesion.

Arachidonic acid
Arachidonic acid is one of the free fatty acids released
after the lesion to the membrane is produced by phos-
pholipid hydrolysis. Its release, as a result of the activ-
ity of phospholipases A and C, provokes a cascade of
biochemical reactions that lead to the production of
prostaglandins, thromboxane and leukotrienes. This is
why, in moderate hypoxia, there is an increase in both
prostacycline and thromboxane in the cerebrospinal
fluid, and probably also in the fetal blood.

However, when ischemia is combined with hypoxia,
the cascade of arachidonic acid alters, forming first
oxygen free radicals and, later on, lipid peroxides as a
by-product. These free radicals inhibit prostacycline
synthetase and impede the formation of prostacycline
by increasing the relative concentration of thromboxane.
This imbalance precipitates vasoconstriction and exces-
sive platelet aggregation, and produces successive
episodes of ischemia and reperfusion, which consider-
ably impair the neuronal prognosis. On the other hand,
the lipid peroxides can produce vasoconstriction by
directly affecting the vessels; as a result, more calcium
enters smooth muscular cells of the vascular wall and
endothelium-derived relaxing factor (EDRF)/nitric
oxide is rendered inactive.134

Even when the demonstration of this imbalance of
prostanoids is theoretically possible by studying the
fetal blood obtained through cordocentesis, there is
no published experiment that indicates that it could
be useful as a marker of hypoxia.

Various researchers have shown that human
neonates subjected to asphyxia during birth presented
a significant rise in the majority of prostanoids
investigated in the cerebrospinal fluid, especially
thromboxane.135

Markers for reoxygenation and/or neuronal death
In this instance, we should principally mention the
oxygen free radicals and their by-products.

Oxygen-derived free radicals
A free radical is any molecule that has one or more
unpaired electrons (i.e. an odd number) in its outer
layer. This makes them very reactive, and endows them
with a strong tendency to initiate chain reactions to

get rid of this extra electron, or accept another one
to stabilize the unpaired electron, or join up with a
non-radical molecule.

Oxygen is essential to the life of aerobic organisms.
In all the cells in the organism, it is in the mitochon-
dria (organelles which produce cellular energy or
ATP) that the largest amount of oxygen is used up
through being the terminal acceptor of electrons in the
cellular respiration process. However, owing to its
biradical nature, oxygen and its metabolites are poten-
tially cytotoxic. The reduction of oxygen produces an
oxygen superoxide radical (O2–), hydrogen peroxide
(H2O2) and the hydroxyl radical. The reaction
between oxygen superoxide and hydrogen peroxide
results in more hydroxyl radicals.

When oxygen free radicals come into contact with
the restored fatty acids, the so-called lipid peroxides
are formed, and these stimulate the peroxidation reac-
tions, which are extraordinarily toxic for all the cellu-
lar elements, especially for membranes.

Of the oxygen consumed by the cell, 90% is
reduced by cytochrome oxidase without any forma-
tion of oxygen free radicals. Only 10%, in both the
cytoplasm and the mitochondria, is reduced by other
routes, which produce free radicals. Cells are
endowed with a wide range of enzymatic and non-
enzymatic defenses, the radical ‘scavengers’, to pre-
vent the damaging effects of these radicals.

The deleterious effect takes place when an imbal-
ance occurs between the excessive production of free
radicals and lipid peroxides and the antioxidant
activity of the cellular defense systems.88,136 Oxygen,
like the god Janus, has two faces: one beneficial and
life-giving and the other malevolent, a producer of
deficiencies and death.

As we have already seen, the free radicals are pre-
cipitated by severe hypoxia, and they are a by-product
of biochemical reactions or processes such as the
synthesis of prostaglandins, the conversion of xan-
thine into uric acid by the ‘savage route’ and the
auto-oxidation of catecholamines.

A cellular lesion and, ultimately, cellular death, are
produced as a consequence of lipid peroxidation, the
rupture of the cellular membrane and the decomposi-
tion of DNA molecules. Sooner or later this is followed
by the destruction of cellular aerobic respiration, the
synthesis of structural and enzymatic proteins and
even the cell’s genetic apparatus.

These molecules are formed above all in the reper-
fusion and reoxygenation stage, which arises from the
failure of the centralization of blood flow and finishes
with its decentralization and neuronal death.

One of the gestational pathologies in which oxygen
free radicals play a leading role is preeclampsia, not
only because it is a generator of placental ischemia,
and therefore of fetal hypoxia, but also because it
is possible that the imbalance between oxidants
and antioxidants is related to the pathogenesis of
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pre-eclampsia.137,138 Free radicals and lipid peroxides
could be elements that link the poor immunological
adaptation with the endothelial cellular ictus.138 In
fact, a significant increase in lipid peroxides has been

confirmed in pre-eclampsia, with an accompanying
decrease in the antioxidant capacity of the maternal
blood. It is very probable that the principal source of
these lipid peroxides is the placenta.
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122 Management of small-for-
gestational-age fetuses:
antenatal and intrapartum
strategies
J. M. Carrera, F. Figueras, R. Devesa and J. Mallafré

Introduction
There is increasing opinion1 that small-for-gestational-
age (SGA) fetuses is an heterogeneous condition that
includes several etiologic and clinical groups, namely
(i) abnormal SGA, fetuses whose smallness is second-
ary to chromosomal, structural or infective abnormal-
ities; (ii) intrauterine growth restriction (IUGR),
fetuses with impaired placental function; and, by
exclusion, (iii) normal SGA, fetuses that represent the
lower spectrum of the weight distribution of the nor-
mal population.

Since the etiology and prognosis is different, the
management of each category should also be completely
different.

It seems obvious that the best treatment we can
offer a fetus with growth retardation, whose circula-
tion and homeostasis are progressively deteriorating,
is extraction at the most appropriate time. A sus-
pected delay in fetal growth confers vital importance
to the management of the pregnancy to avoid as far as
possible the dangers that threaten its life and well-
being. The prognosis can be significantly improved by
good prenatal supervision, the early identification of
the growth anomaly, the diagnosis of possible con-
genital defects, the early detection in the fetus of phe-
nomena of adaptation and decompensation as regards
hypoxia, and the appropriate interruption of gestation
where necessary.

For the correct management of SGA fetuses, the
following factors must be taken into account:

(1) Gestational age and fetal maturity: not only to
decide on possible interruption of the gestation,
but also to use the most appropriate control pro-
cedure (for example, the use of cardiotocography

before week 30 of gestation has not proved very
useful).

(2) Basic or associated medical pathology. Treatment
of the underlying disease can improve the fetal
condition and postpone any need for extraction.

(3) Type of growth retardation (see earlier chapter).
(4) Existence or otherwise of a congenital defect. The

approach to a case can be completely transformed
by the existence of a (chromosomic or malforma-
tive) congenital defect, especially if it leads to a
poor prognosis.

(5) Presence or otherwise of oligohydramnios, a key
factor for some authors: it can indicate a signifi-
cant congenital defect or placental insufficiency
in the decompensation phase.

(6) Results of fetal control tests. These are governed
by the preferences or facilities of each clinic
(echography, cardiotocography, acoustic stimula-
tion test, fetal movements study, umbilical
Doppler, fetal hemodynamic pattern, biophysical
profile, etc.).

Other authors in this book have already discussed
the prenatal diagnosis of SGA, its detection in
patients not at risk, along with the methods for estab-
lishing the state or condition of the fetus for the ges-
tational age. In this chapter, we concentrate on the
possibilities currently available, or under research, to
improve the prognosis for these fetuses, or gain time
until they become sufficiently mature to be extracted.

Over the last 20 years a host of medical and phar-
macological means of theoretically improving nutri-
tion and the fetal condition have been attempted. The
concept of intrauterine treatment of growth retarda-
tion is particularly appealing, although its results
have been less than convincing.
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Primary prevention
Primary prevention is only achievable if the causes of
the disease are understood and risk factors are likely
to be manipulated.

Genuine primary preventive strategies for SGA
include: smoking cessation programs, antirubella
vaccination, counseling for prevention of toxoplasmo-
sis, prenatal diagnosis programs (contributes to the
early discovery of a significant number of the con-
genital defects associated with SGA), strategies aimed
at reducing the number of multiple pregnancies in
women on assisted reproductive techniques, and,
finally, primary preventive strategies for pre-eclampsia-
mediated IUGR (sperm exposure, prevention obesity
and insulin resistance).2

Secondary prevention
Secondary prevention is aimed at detection and treat-
ment of the preclinical phase of a disease. Therefore,
it requires the availability of methods of early detec-
tion and means of intervention and correction of
the pathophysiological changes. Maternal serum
screening has proved disappointing for IUGR: ele-
vated levels of alpha-fetoprotein and human chori-
onic gonadotrophin are associated with IUGR but are
a very poor screening test (sensitivity about 5%).3

Since IUGR is caused by uteroplacental insufficiency,
which is considered to be secondary to the spectrum
of complications caused by poor trophoblast invasion,
IUGR can be associated with an increased resistance in
the uterine arteries. Doppler evaluation of this vessel
constitutes the most promising screening method for
IUGR. Evaluation of this tool has been hampered by
different criteria for growth restriction and for abnor-
mal Doppler waveform, by discrepancies in the tar-
geted population and by differences in instrumentation
(use of color Doppler, transvaginal vs. transabdominal
approach) among the studies. Nevertheless, a recent
multicentric and massive population-based study4

aimed at evaluating the role of transvaginal uterine
artery at 23 weeks, has demonstrated an overall sensi-
tivity for growth restriction of 16%. Nevertheless,
when the event of interest is the occurrence of disease
requiring delivery before 32 weeks (which represents
the subgroup with significant perinatal morbidity and
mortality), the sensitivity for pre-eclampsia-associated
and no-pre-eclampsia-associated growth restriction
is 93% and 56%, respectively, with specificities of
95%. It would be appealing to move the screening
into early pregnancy, but despite the fact that it
seems a promising strategy for pre-eclampsia, the
sensitivity of uterine artery Doppler evaluation in
early second trimester for growth restriction requir-
ing delivery before 32 weeks is only 28% (12% for
growth restriction without pre-eclampsia).5 Hence,
it seems that uterine artery evaluation identifies a

subgroup with an increased risk for developing
severe growth restriction.

Nevertheless, in order to achieve secondary preven-
tion ways to correct this preclinical phase are required.
Since the spectrum of complications caused by poor
trophoblast invasion is characterized by reduced
endothelial production of prostacyclin and increased
production of thromboxane A2 by platelets and the
enzyme cyclo-oxygenase, which plays a central role
in this pathophysiological mechanism, can be inhib-
ited by aspirin. Oral administration of low-dose
aspirin might prevent or delay the onset of placental
insufficiency. In recent years, clinical trials evaluating
the efficacy of uterine artery based screening strate-
gies and treatment with aspirin in pregnancies that
are at risk, have yielded discouraging results both
with 150 mg6 and 100 mg,7 with no significant reduc-
tion in the occurrence of growth restriction. Despite
the lack of evidence for the usefulness of this second-
ary prevention strategy, identifying pregnancies at
risk, may enable a closer surveillance during the late
second trimester and third trimesters.

Tertiary prevention
In IUGR, tertiary prevention should be aimed to min-
imize the complications of this disease, namely, fetal
morbidity and mortality. Proper antenatal care is the
most important part of tertiary prevention. Although
several physical and pharmacological strategies have
been suggested, it seems obvious that the best treat-
ment we can offer a fetus with growth retardation,
whose circulation and homeostasis are progressively
deteriorating, is extraction at the most appropriate
time. Tertiary preventive strategies can be roughly
divided into those focused on treatment (therapeutic
strategies) and those aimed at optimizing the delivery
timing (obstetric management strategies).

Therapeutic strategies

Nutritive supplements to the diet
All the fetal substrates originate from the maternal
circulation, which means that, in theory, the maternal
administration of food supplements would be the
most physiological therapy and benefit the fetus,
since the supply of many nutrients depends on the
concentrations in both circulations.

Nutritional supplementation is indicated whenever
the usual diet of the mother is considered to be clearly
deficient. In practice, this is the case when the daily
intake of calories is under 2200.8

In contrast, nutritional supplementation is not
indicated, and can not only be ineffective but even
detrimental, when the supposed growth retardation is
due to phenomena such as pre-eclampsia or placento-
funicular malformations.
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Lechtig and coworkers9,10 observed not only an
increase in maternal and fetal weight when they sup-
plemented the inadequate diets of a group of under-
nourished mothers, but also a clear improvement in
the proportions of growth retardations at the age of
36 months.

Other authors11 recommend the administration of
arginine, tyrosine and perhaps cysteine – all fetuses
show a low capacity for compensating for their
deficits – to mothers in zones where these are nor-
mally found wanting.

The administration of folic acid and vitamin B12
can also be suggested, owing to their involvement in
the metabolism of nucleic acids.

Rahia therapy
This consists of measures based on hygiene, and par-
ticularly rest. The renal and uteroplacentary circula-
tion increases in the prone position, and especially
on the side, as the uterine contractility decreases. On
the other hand, complete rest considerably reduces
the expenditure of energy, and it is possible that some
energy substrates normally used in muscular exertion
may now be placed at the disposal of the fetus.12

It is important that this rest is taken in the lateral
position. Goodlin13 emphasizes that rest in the supine
position can cause an aortic–caval compression and
interfere in the placental circulation.14 Mengert and
coworkers15 demonstrated that compression of the
caval vein through tying or compression with the fin-
gers (e.g., in the course of a cesarean operation) pro-
duced retroplacental hemorrhage. In contrast, complete
rest in the lateral position improved the functioning of
the placenta, as demonstrated by the increase in con-
centration of urinary estriol.16 This is an innocuous and
cheap measure that has been widely used in recent
years. Hospitalization can be useful from week 30 of
gestation.17 Despite these observations, the only clini-
cal trial18 aimed at evaluating the effect of bed rest for
suspected fetal growth restriction, which included 107
women, did not observe differences between bed rest
and ambulatory management for fetal growth parame-
ters and neonatal outcomes.

Perfusions of dextrose and amino acids
Maternal perfusion with solutions of dextrose (or
glucose) has been suggested.17,19–21 This therapy was
introduced after the observation that maternal hypo-
glycemia was associated with an increase in the inci-
dence of small-for-gestational-age fetuses.22–24

There is evidence that insulin levels are markedly
increased in many mothers of fetuses with a low
weight for the gestational age, especially in the post-
prandial phase.25 It is highly possible that the low
level of human placental lactogen (HPL) contributes,
in many cases, to the excessive anabolism, consider-
ing the lipolytic properties attributed to it.

Grumbach and coworkers26 have verified the
anti-insulin activity of human chorionic somatomam-
motropin or HPL. The low level of placental pro-
duction of HPL can therefore noticeably affect the
continuous supply of glucose to the fetus and conse-
quently its development. In this respect, Spellacy and
colleagues27 believe that a disorder in the regulation
of the secretion of HPL can be considered as a factor
that induces fetal growth retardation.

All these findings point to the theoretical benefit of
infusions of dextrose or glucose in those patients with
permanent hypoglycemia, as well as in others with
relatively rhythmic hypoglycemia resulting from
postprandial hyperinsulinism.28–45

This type of therapy is currently used less, owing to
a basic pathophysiological consideration: fetuses with
extrinsic growth retardation suffer not only from
hypoglycemia, but also from hypoxemia and acade-
mia.46–48 The administration of glucose to the mother
(or directly to the fetus) can increase acidemia, caus-
ing further deterioration in the fetus,43,49 and most
clinics have therefore abandoned this measure.

It has been noted that plasma levels of maternal
amino acids which are low during the third trimester
of gestation or during birth are associated with infants
with a low weight or reduced head circumference.50,51

This has given rise to attempts to administer perfu-
sions of amino acids to these pregnant women,52–55

but protein supplementation also involves potential
risks. High concentrations of some amino acids can be
toxic: there is a proven relationship between high
levels of certain amino acids in the fetus and mental
retardation (maternal phenylketonuria), as well as
premature births and perinatal deaths.56

Maternal hemodilution
Despite the fact that numerous studies on animals have
demonstrated the benefits of maternal hemodilution to
the uteroplacental blood flow,57 it has only come into
use relatively recently in human medicine.58 The main
arguments put forward for the introduction of this ther-
apy in the treatment of IUGR are the following:

(1) There is a statistically significant positive corre-
lation between the maternal plasma volume and
the weights of the fetus and placenta in cases of
idiopathic growth retardation.59

(2) Doppler study of IUGR shows that a significant
decrease in the resistance indices of the uterine
artery and the fetal arteries is produced in ther-
apy with hemodilution.

(3) Maternal hemodilution produces not only an
increase in plasma volume but also reduced vis-
cosity in the blood and an antiaggregant platelet
effect in some colloids.58

Despite its potential benefits, it must be stressed
that hemodilution without complementary oxygen

1298 Management of small-for-gestational-age fetuses: antenatal and intrapartum strategies

Kurjak-122.qxd  5/10/2006  10:51 AM  Page 1298



Tertiary prevention 1299

therapy can strikingly increase the fetal oxygen deficit
by decreasing its capacity for transportation.60 This
would explain some of the failures of this technique.61

A Cochrane meta-analysis62 aimed at evaluating the
effectiveness of plasma expansion for the treatment of
growth restriction failed to find any study which ful-
filled the quality standards to be included, conclud-
ing that there is not enough evidence to evaluate the
use of plasma volume expansion for suspected
impaired fetal growth.

Betamimetics
It has been established that the administration of uterus-
relaxing betamimetics produces effects beneficial to the
uteroplacental flow and the mother–fetus exchange63,64

and to the possibilities of postnatal survival.65,66 These
effects are probably due to various causes:

(1) Increase in maternal minute volume due to the
chronotropic or positive inotropic effect,67–70

which implies an increase in uterine flow. This
justifies a greater placental output, along with the
increase in circulating glucose also produced.

(2) Moderate increase in the flow in the uterine
artery, with a parallel decrease in its vascular
resistance, and at the same time an increase in the
diastolic velocities in the umbilical artery.71–73

(3) Relaxation of the uterine musculature, with an
increase in fetal well-being and a facilitation of
exchange.74

(4) Vasodilatation of the villous capillaries, enabling
the fetal blood to be increased in the placenta.
This, along with the increase in cardiac expendi-
ture, implies an increase in placental–fetal blood
flow which enhances exchanges, especially those
based on simple diffusion. Renaud and cowork-
ers68 observed a significant increase in cervical
circulation in cases of fetal hypotrophy after
using ritodrine, although there were no apprecia-
ble differences in normal cases.

(5) Raised glucose levels, both in mothers and
fetuses, due to the stimulation of glycolysis. This
has been repeatedly observed during child-
birth.75–78

(6) Activation of pulmonary maturing, with a signif-
icant increase in the lecithin/sphingomyelin ratio
in the amniotic fluid.79–81 This property makes
possible the (not infrequent) premature extraction
of the fetus.

(7) Activation of cerebral maturing. There is growing
evidence that babies born from mothers treated with
betamimetics present neurological reflexes appro-
priate to neonates of a greater chronological age.

Despite the irrefutable scientific evidence to sup-
port this therapy, its efficacy in practice is difficult to
prove. On the other hand, it has been suggested that
the vasodilating effect of betamimetics could not only

lower the blood pressure, but also induce a decrease in
plasma volume, thus worsening the fetal situation.59

A Cochrane review82 of clinical trials aimed at eval-
uating the effect of betamimetics in growth restriction,
which included two studies of 118 women, observed
that no statistically significant differences were found
between the betamimetic groups and the control
groups for low birth weight (relative risk 1.17, 95%
confidence interval, CI 0.75–1.83), other anthropo-
metric measures or neonatal morbidity and mortality.

Sedatives
Some experimental studies83,84 suggest that chlorpro-
mazine dilates the myometrial vessels. The combina-
tion of this effect with the general sedation induced in
the patient, which is propitious for rest, can endorse
its administration, especially in cases of toxemia. It
has been suggested that this beneficial effect is due to
a momentary reduction in the cerebral consumption
of oxygen, which makes it more resistant to hypoxia.

Heparin and anticoagulants
The activation of the processes of coagulation has fre-
quently been described in cases of fetal growth retarda-
tion.85,86 At the same time, it was discovered that, in
some cases of preeclampsia, intravascular coagulation
and fibrin deposition were produced in various organs,
as well as in the placental intervilli spaces87–90; some
cases of fetal growth retardation associated with pre-
eclampsia are related to a depletion in the platelet
levels in the maternal blood, resulting from intravascu-
lar coagulation in the placenta, which gives rise to a
localized deposit of fibrin and platelets.91–93

These findings led to attempts to treat growth retar-
dation with anticoagulants.94 Some studies showed
good results after treatment with heparin,95–97 above
all when the treatment was introduced early on
(between weeks 32 and 36). The results after that were
always poor.

For the proponents of this treatment, heparin not
only plays a preventive role, but also cures vascular
parietal lesions by reducing the placenta’s aggregating
capacity and breaking up fibrin deposits. (Moreover,
heparin has the advantage of not crossing the placen-
tal barrier.)

It is also possible to use low-molecular-weight
heparins (sodium enoxaparine), which apparently do
not cross the placental barrier when used in the
second to third trimester of gestation, despite their
low molecular weight.98,99

Acetylsalicylic acid
There are conclusive proofs that the reduction in
uteroplacental perfusion and disturbances in the vil-
lous microcirculation are connected to an imbalance
in the production of prostacyclin and thromboxane.
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A host of studies over the last few years have
demonstrated that acetylsalicylic acid at low doses irre-
versibly inhibits platelet cyclo-oxygenase, thus reduc-
ing thromboxane synthesis but without modifying
the production of prostacyclin (PGI2) of endothelial
origin.100–103 Owing to this irreversible inactivation, the
inhibiting effect is accumulative with repeated doses,
with the result that daily doses of 30–50 mg of aspirin
provoke a complete suppression of the synthesis of
platelet thromboxane in 7–10 days.104

A balance between thromboxane and prostacyclin is
thus attained in both the maternal and the fetoplacen-
tal circulations, the vascular reactivity to the vasomotor
agents is normalized and platelet aggregation is inhib-
ited. It is still not completely known how aspirin acts.

For some authors, the reported effect depends on
the dosage: low doses (100 mg) permit the inhibition
of platelet cyclo-oxygenase without affecting the
endothelial enzyme.103,105 This ability to select the
action is eliminated if the dose is increased.103

For others,106,107 aspirin has been found to have a
trophoblast-derived inhibitor action that permits the
inhibition of the placental synthesis of thromboxane
and the establishment of the physiological balance of
prostaglandins.

Sibai and coworkers108 and Pedersen and Fitzgerald109

have shown that 20 mg of aspirin produces inhibition
of platelet cyclo-oxygenase activity and permits the
biological detection of salicylemia, but that the
systemic concentrations of the salicylates induced are
insufficient for stimulating the acetylation of endothelial
cyclo-oxygenase.

The administration of aspirin at low doses results in:

(1) The modification of the synthesis of prostaglandins
in the maternal circulation100,101,108 and in that of
the fetus100–108;

(2) The modification of vascular sensitivity to angio-
tensin105; and

(3) The inhibition of platelet adherence to collagen,
in conditions of stasis or slow blood flow.

In other studies110,111 dipyridamol was also intro-
duced as a complement; this inhibits phosphodiesterase,
which impedes the degradation of cAMP, with an
aggregant and vasodilatory effect (principally medi-
ated by prostacyclin).

A significant decline has been noted in the incidence
of delayed growth, with an increase in the weight of
neonates born to mothers at high risk of IUGR,110–112

irrespective of the use of dipyridamol. In contrast, dif-
ferences were found with this treatment in the Italian
study,113 although this work is open to a number of
methodological objections.

Another effect of therapy with aspirin at low doses
(between 60 and 100 mg/day) is the reduction of
the incidence of pre-eclampsia in women with a high
risk of suffering from this, owing to their obstetric
history,114 an increased sensitivity to the pressor
action of angiotensin II,93 or anomalies in the Doppler

scans of the uterine arteries.115 However, further
studies are required for definitive validation of these
opinions.

A recent Finnish prospective randomized study on
first-trimester low-dose aspirin administration in
patients with abnormal uterine artery blood flow
showed encouraging prevention of pre-eclampsia.116

Although the rate of IUGR was not significantly affected
there are several arguments that support the use of low-
dose aspirin in high-risk pregnancies that are identified
through abnormal uterine artery Doppler. The safety of
aspirin in pregnancy has been documented in a large
number of patients.117 The severity of IUGR may be
decreased118 and a decline of maternal delivery indica-
tions for pre-eclampsia is likely to decrease the preterm
delivery rate. Placental disease with severe IUGR may
be the first manifestation of previously undiagnosed
underlying thrombophilia.119

Atrial natriuretic peptide
The atrial natriuretic peptide (ANP) is an endogenous
peptide with diuretic, natriuretic and vasodilatory
properties.120 It is synthesized in the right atrium. It has
been reported that ANP is capable of provoking vasodi-
latation of the placental circulation in animals.121

In the animal model, the administration of ANP to
guinea pigs in which IUGR was induced by the liga-
ture of the uterine artery122 significantly increased the
blood flow to the placenta.

The concentrations of ANP in fetuses with IUGR are
significantly higher than in fetuses with normal growth,
suggesting an adaptive fetal response in an attempt to
increase the blood flow.123 Furthermore, it has been
demonstrated that there are up to 80% fewer receptors
for ANP in the arteries of placentas in IUGR compared
to those of normal fetuses, which could demonstrate
that an alteration in the placental receptors for ANP
would be the etiopathogenic basis for some IUGR. More
data should be obtained in this respect in the future.

Sexual steroids
Some obstetricians administer varying doses of proges-
terone and estrogens on a completely empirical basis.

Several authors124–129 showed some years ago that
progesterone reduces the excitability and contractility
of the myometrium muscular fiber, thus contributing
to uterine relaxation.

In fact, as Beydoun and coworkers have shown,130

progesterone treatment on ovariectomized rabbits is
capable of significantly increasing the fetal and placen-
tal weights through hyperplasia. Other studies have pre-
sented similar results with synthetase analogs.131,132

It must be remembered, however, that therapy with
steroids can inhibit the fetal pulmonary surfactants.
In fact, nowadays there is very little support for the
continued use of sexual steroids for this indication.

Oxygen therapy
Oxygen is an essential component for fetal growth: a
20–40% oxidative metabolism is required to provide
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the energy necessary for fetal growth.133,134 In fact, it
seems that hypoxemia must be the cause of the
retarded growth observed in mothers who are carriers
of hemoglobinopathy, cyanotic cardiopathy and
asthma, or who live at very high altitudes, as occurs
in animals subject to hypobaric hypoxemia.135–137

Those fetuses with retarded growth on whom funicu-
locentesis was performed138 revealed a partial pres-
sure of oxygen lower than that of normal fetuses.

All the available studies refer to an intermittent
administration of oxygen (10–120 min), which
increases fetal respiratory movements139 and active
movements140 and provokes a notable improvement
in fetal circulatory distribution141,142 as well as lower
perinatal mortality.143

However, no studies have been able to demonstrate
that this is useful in improving fetal oxygenation during
pregnancy when it is carried out discontinuously, as it
inevitably has to be.144 On the contrary, there is evi-
dence that it can reduce oxygenation by producing a
uteroplacental vasoconstriction.145,146 This side effect
could be avoided by the supplementary administration
of vasoactive drugs. Betamimetics would probably per-
form this task. Moya and coworkers147 reported two
cases of severe neonatal depression due to the alkalosis
produced by hyperventilation during anesthesia.

Further arguments against oxygen therapy are:

(1) Oxygen increases the use of glucose and there-
fore aggravates hypoglucemia148;

(2) Oxygen therapy increases cerebrovascular
resistance and decreases peripheral resistance,
which prejudices cerebral oxygenation and
hypoglycemia142; and

(3) There is no evidence that oxygen therapy
increases fetal growth or improves the trans-
portation of nutrients across the placenta.141

Nowadays the administration of oxygen is consid-
ered to be justified only in those cases in which the
‘oxygen test’ was positive. This test consists of observ-
ing whether velocimetric changes are produced in the
fetal aorta after administration of oxygen. If there is a
notable increase in the diastolic velocities, oxygen
therapy is indicated.142

A Cochrane meta-analysis,149 aimed at evaluating
the effectiveness of oxygen therapy in growth restric-
tion, which included three randomized studies with
94 women, observed a significant reduction in peri-
natal mortality (relative risk 0.5; 95% CI 0.32–0.81)
when compared with placebo. Nevertheless, a greater
gestational age in the treatment group might introduce
a bias which could account for the differences.

Intra-amniotic therapy
Various studies have stated that the supply of
nutrients to the human fetus is restricted by growth
retardation; autopsies have demonstrated a decrease
in the reserves of glycogen and fat similar to that
in undernourished children.150 For this reason, the

intra-amniotic injection of amino acids and glucose
has been suggested for attempting to improve the
nutrition of the fetus.151–156

There has been some debate as to whether the
absorption by the fetus of the products deposited in
the amniotic cavity takes place through diffusion
across the amnios or through deglutition, digestion
and absorption in the fetal digestive tract. Even when
the former route is secure, experiments in cases of
anencephaly,157 with albumins marked with 131I or
with 51Cr158 demonstrate that digestive absorption is
probably the preferred route.159–161

Experimental studies in animals have demonstrated
that amino acids and proteins injected into the amniotic
fluid are not only consumed by the fetus through absorp-
tion in the digestive tract,159,162–164 but also passed on
through the placenta and the umbilical cord.153,165–167 For
this reason, there is a marked increase in the weight of
the placenta after intra-amniotic feeding.168

Overall, the studies on various animal species
demonstrate that the supply of amino acids and glu-
cose to the fetus can improve the fetal prognosis,
regardless of the route used (intra-amniotic, intragas-
tric or intravenous159,162,164,168–171). In contrast, the pro-
vision of lipids not only fails to enhance fetal
nutrition but can also prove deleterious by aggravat-
ing the IUGR and respiratory difficulties.172

Repeated amniotic puncture multiplies the risks and
complications, even more so in the frequent cases of
severe oligohydramnios. Infection and premature birth
are still more problematic, as the fetus itself is at stake.

Apart from the risks inherent in the technique, the
administration of an excess of glucose can provoke a
decrease in the fetal arterial oxygen content,165,166,173

owing to the fact that glucose induces an increase in
the consumption of fetal oxygen, as well as provoking
lactic acidosis. This risk is greater if its administration
is performed directly, as discussed below.

Direct administration of nutrients to the fetus
Various studies in animals have demonstrated the effi-
cacy of this method. The direct administration to the
stomach or intestine of sheep174,175 of glucose and
amino acids by means of a catheter rapidly increased
their levels in the fetal blood, and produced an increase
in weight in those fetuses previously experiencing
delayed growth brought on by a limited maternal
diet.171 There is also an account of direct intravenous
administration176 which correlated the fetal weight
with the daily concentration of nutrients administered.

There is only one case report of direct administra-
tion of nutrients in humans. Saling177 administered
amino acids and vitamins over 9 days by means of an
intraperitoneal catheter to a fetus with growth retar-
dation at 33 weeks of gestation, after which a sponta-
neous birth occurred without complications.

This treatment route requires a more complete
experimental basis to demonstrate its efficacy in the
face of its evident drawbacks, to make its evaluation
possible in humans.
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Intermittent abdominal decompression
This technique, first described by Heyns and
colleagues178 and recently modified by Shimonovitz
and coworkers,179 attempts to improve uteroplacental
blood flow and, as a result, fetal oxygenation.

It consists of an adjustable plastic garment on a rigid
support with a decompression mechanism that induces
a decrease in the pressure round the maternal
abdomen. Shimonovitz and coworkers179 reported
good results with intermittent applications of a nega-
tive pressure of 70 mmHg over 30 s at 1-min intervals,
for a total of 30 min twice a day. An analytical overview
of the studies published on this topic up to that point180

reported a significant reduction in perinatal mortality.
Blecher181 measured the placental blood flow before,

during and after decompression, and noted that on
50% of occasions there was an increased blood flow,
and this was particularly noticeable during decompres-
sion. Other authors182–186 have also observed an
increase in blood flow in cases with placental insuffi-
ciency on the flow curves, along with improvements in
various hormonal tests. This technique could therefore
produce an improvement in uteroplacental blood flow
that could last for a certain time afterwards, provided
that the placenta is not too insufficient.

Although this procedure has been virtually dis-
carded in Western Europe, it is still practiced in
Eastern European countries in the treatment of
chronic fetal afflictions.187,188 The recommended
method is as follows: treatments of 8–10 h overall,
made up of applications of 30–60 min/day (2 atm).

Pharmacology of prostacyclin/thromboxane balance
The work of Clark and coworkers189 in animal experi-
mentation demonstrates a clear increase in the blood
flow in the uterine artery after the intra-arterial
administration of prostacyclin, although this has not
always been confirmed afterwards.190,191 It does not
therefore seem that the administration of prostacyclin
can be useful for this purpose.

As regards thromboxane synthetase inhibitors,
Van Assche and coworkers192 have used dazoxiben, a
product that inhibits the production of thromboxane
A2 in some cases of pre-eclampsia. The conditions
under which it was applied (small number of patients,
late administration) do not make it possible to draw
any conclusions.

Nitric oxide liberators
The maternal administration of glyceryl trinitrate
(GTN), an agent that releases nitric oxide, is capable
of improving both the uterine and the umbilical cir-
culation; this is verified in practice by a significant
reduction in the pulsatility indices of both arter-
ies.193,194 This pharmacological action is especially
evident in the cases of growth retardation associated
with pre-eclampsia.

The pathophysiological explanation lies in the fact
that pre-eclampsia gives rise to a reduction in the
activity and production of nitric oxide, which has
negative repercussions on the uteroplacental circula-
tion. The GTN administered to the mother exerts a
direct action firstly on the uterine vasculature, pro-
voking its vasodilation and improving the provision
of oxygen and nutrients to the intervillous space, and
secondly on the villous microcirculation, thus also
provoking vasodilatation here. In theory, the adminis-
tration of GTN would be indicated in all those cases
of growth retardation associated with pre-eclampsia
in which the nitric oxide test (sublingual administra-
tion of 0.3 mg of GTN) has previously proved positive
(decrease at 30 min of maternal blood pressure and
the pulsatility indices in uterine and umbilical arter-
ies).195 However, further studies are required to deter-
mine whether this therapy is free of risks and proves
capable of persistently improving uteroplacental vas-
cular insufficiency in the cases mentioned. Until such
studies are undertaken, the administration of GTN
can be used as a diagnostic, but not a therapeutic tool.

Immunological treatment
It is theoretically possible that the inhibition of the
secreting activity of B lymphocytes or the blocking
of the peripheral action of immunoglobulins could
occasion an improved fetal outcome in gestations that
are complicated by the presence of antiphospholipid
antibodies.

Edelman196 reported on the administration of corti-
coids in 22 cases and noted a normalization of the
plasma levels in anticardiolipin antibodies in 80% of
pregnant women. Several authors197–199 have recorded
the results obtained from the administration of intra-
venous gamma-globulin in pre-eclamptic patients with
fetuses with growth retardation and antiphospholipid
antibodies. There is no question that the treatment
reduced the plasma levels of these antibodies, but it is
not clear whether it improved the clinical picture. The
mechanism of action of the gamma-globulins is still
open to debate.

Pharmacology of cerebral observation
Barbiturates were proposed some years ago84 as a
means of momentarily reducing the cerebral consump-
tion of oxygen and, therefore, the vulnerability of this
organ to hypoxia. Since then the majority of studies
have shown that these drugs have very limited value in
the intrauterine prevention of cerebral lesions.200

Our present-day understanding of the cellular con-
sequences of hypoxia enables us to hold out some
hopes for the in utero prevention of posthypoxic cere-
bral lesions, when fetal extraction – which continues
to be the most expeditious therapeutic measure – is
still not possible or has to be postponed owing to
other circumstances.201
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There are four possible pharmacological strategies:
the avoidance of: (1) increased intercellular calcium;
(2) excessive release of amino acid exciters; (3) patho-
logical arachidonic acid cascade; and (4) oxygen free
radicals.

Increase of intercellular calcium. An increase in
intercellular calcium is the first biochemical link in the
chain of events leading to neuronal death. This could
theoretically be avoided, although only partially, by
means of the administration of calcium channel
antagonists, such as nifedipine, which has proved to be
effective in the avoidance of local infarcts in rabbits,202

flunarizine, which apparently provides a certain degree
of cerebral tissue protection in rat fetuses afflicted by
hypoxia203,204 and lidoflazine, which, when admini-
stered in sheep after the hypoxic ictus, improved the
prognosis of these lesions.203

The most promising of all these drugs is apparently
flunarizine, since it has the most favorable action on
the cerebral circulation and crosses the placental and
hematoencephalic barriers with ease. However, these
findings remain to be confirmed in human species
and the administration strategy needs to be deter-
mined (before, during or after the hypoxic episode).

If the blockage of the calcium channels were to
prove effective, this treatment could impede the subse-
quent activation of the phospholipases and the amino
acid exciters, as well as the release of free fatty acids.

Excessive release of amino acid exciters
The avoidance of the release of, for example, gluta-
mate or aspartate, can be achieved by pharmacologi-
cally inhibiting the receptors of certain amino acids
(competitive antagonists).

The experimental use of rats and sheep has con-
firmed the neuropreventive possibilities of a broad-
spectrum excitatory-amino-acid receptor antagonist,
kynureic acid, which attenuates the cerebral lesion by
up to 35%; an N-methyl-D-aspartate antagonist (N-
receptor), MK-801; a glutamate release inhibitor,
BW1003C87, which reduces the cerebral lesion by up
to 50%; and, finally, an a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptor antagonist, identi-
fied as NBQX, which induced a reduction of
28%.205,206 These antagonists can be used before or
immediately after the hypoxic–ischemic ictus.207

Alternatively, non-competitive antagonists, such
as phenciclidine, dextromethorphan or magnesium
sulfate, have also been used. Propentophylline, which
attenuates the excess of amino acid exciters, seems
capable of reducing cerebral lesions by 28%. All these
products have been used on various experimental
animals (rats, cats, rabbits, sheep, lambs) with encour-
aging results, as already indicated, since their admin-
istration before and/or after provoked hypoxia
significantly reduced neuronal lesions and the
appearance of postischemic accidents.

Some of these drugs, such as BW1003C87, seem to
play only a neuroprotective role if they are adminis-
tered before the hypoxic ictus. The cerebral lesions in
these cases are reduced from 98% to 45%.206

The drug with the most future appears to be
MK-801 because, apart from its therapeutic actions, it
easily crosses the placental and blood–brain barriers.
However, more information is required on its poten-
tial toxicity208 and its effects on the human fetus. 

Pathological arachidonic acid cascade. Avoidance of
this would reduce both the production of oxygen-
derived radicals and the prejudicial effects of
prostacyclin/thromboxane imbalance. Both these aims
could theoretically be met by administering prost-
aglandin synthetase inhibitors and inhibiting cyclo-
oxygenase with products such as indomethacin.
Encouraging experiments have been carried out on adult
animals (dogs, rats, cats), showing that the administra-
tion of indomethacin before the ischemic ictus improves
postischemic reperfusion.209 There are also well-known
data on its gestational administration in the prophylaxis
for premature births, because of its effects on the closure
of the ductus arteriosus, the regulation of breathing and
the reduction in amniotic fluid.

Indomethacin has recently been used at low doses
as a neuropreserver in underweight neonates. It
apparently achieves a significant reduction in the
incidence of intraventricular hemorrhages, with no
further consequences.210 More information is required
on its use in the fetus with this specific indication.

Another theoretical measure for avoiding pro-
stacyclin/thromboxane imbalance could consist of
the administration of the former at therapeutic doses.
However, the studies available have not shown any
appreciable benefits.211

Oxygen free radicals. Avoidance of these could be
achieved either by eliminating their production or by
eliminating their deleterious derivatives.

The first goal could be attained either by blocking
xanthine oxidase, which catalyzes the degradation of
hypoxanthine, or by inhibiting the lipid peroxidation
that gives rise to the destruction of membranes.
Alopurinol has been used in the first case, and has
proved effective to some extent in the avoidance of
cerebral edema in rats submitted to overall ischemia.
The inhibition of peroxidation part can be attempted
with 21-aminosteroids (U7400GF), although there is
little information on this possibility.

The elimination of free radicals in animal experi-
mentation has been attempted by two types of products:
enzymatic antioxidants such as superoxide dismutase
and catalase, and the free radical ‘scavengers’, a very
heterogeneous group of drugs, which include methion-
ine, mannitol, ascorbic acid and tocopherol.

The administration of the above-mentioned anti-
oxidants before the hypoxic ictus has proved capable,
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in the fetuses of both dogs and rats, of improving
cerebral blood flow and the somatosensory potentials.212

However, at the moment, the use of vitamins C, E
and C +E213 has provided no in vitro evidence of any
effect on lipid peroxidation or placental perfusion in
normal placentas and patients with pre-eclampsia.

Finally, Gutteridge’s group214,215 also highlights the
extracellular antioxidants, which include metal-bound
proteins (transferrin, lactoferrin, haptoglobin, hemo-
pexin, etc.), ‘iron-oxidant proteins’ (ceruloplasmin) and
extracellular ‘scavenger’ proteins216,217 such as extracel-
lular superoxide dismutase and glutathione peroxide.
The principal function of the extracellular antioxidants
seems to be the deactivation of the catalysts needed for
the formation of oxygen free radicals.218,219

Some studies220,221 suggest that some malforma-
tions in diabetes can have as their pathogenic mecha-
nism the excessive generation of oxygen free radicals,
activated by a high concentration of glucose. It would
thus be possible, at least experimentally, to avoid the
teratogenic effect by means of the administration of
free radical scavengers.221,222 However, we lack docu-
mented information on their usefulness and lack of
risks, and this prevents us from attempting to admin-
ister them in human gestation.

Obstetric management strategies
The association between IUGR and increased perina-
tal mortality, morbidity and impaired long-term neu-
rodevelopmental outcome has received considerable
attention in recent years. There is general acknowl-
edgement in this pathology of a sharp increase in the
cases of intrapartum fetal distress, the risk of neonatal
depression (low Apgar scores), meconium aspiration
and acidosis.223 On the other hand, several stud-
ies224–228 have shown that the ante- and intrapartum
fetal mortality rate is significantly greater in small-
for-gestational-age fetuses than in premature fetuses
matched for weight.

Finally, the respiratory distress syndrome, necro-
tizing enterocholitis, intraventricular hemorrhage and
periventricular leukomalacia have been reported to be
increased in preterm growth restricted neonates.229

Since there is no effective fetal therapy for growth
restriction, timing of delivery is an essential issue in
the management of these fetuses. Delay could increase
hypoxia and affect brain development, but early deliv-
ery carries the dangers of prematurity and the associ-
ated risk of cerebral palsy. During the last 30 years,
obstetricians have been searching for a tool to prena-
tally predict these events of critical importance.

Decision to terminate gestation
A multicentric randomized controlled trial, the
Growth Restriction Intervention Trial (GRIT),230

aimed at comparing the effect of delivering early
with delaying birth for as long as possible, has been
recently published. A total of 588 fetuses between

24 and 36 weeks were randomized to immediate
delivery or delayed delivery until the obstetrician was
no longer certain. The study observed that when
obstetricians were uncertain about timing of delivery,
they were prepared to vary the timing by about 4 days,
and although such delay caused some stillbirths, ear-
lier delivery resulted in an almost equal number of
additional deaths. Moreover, at 2 years of age, there
was a trend toward more disability in the immediate
delivery group. Although this study did not provide a
detailed clinical guidance on the exact point at which
compromised fetuses should be delivered, it stressed
the critical importance of delivery timing. Arterial
and venous Doppler parameters, biophysical vari-
ables and fetal heart rate analysis are used for this
purpose. In addition, others factors such as maternal
complications (especially in pre-eclampsia), severity
of growth restriction, neonatal resources, parental
opinion and, overall, gestational age, complicate the
decision-making in those fetuses. Although the order
in which alteration of Doppler and biophysical
parameters take place has been clarified in recent
studies,231–233 the existing wide variation in policies is
not surprising.234

Gestations in which systematic delivery cannot be
justified. Various situations can be included in this
category:

(1) Gestations with fetuses that are small for gesta-
tional age but normal. As already explained,
these fetuses have a moderately low genetic
growth potential, but are normal. They represent
the lower spectrum of growth normality. From
the biometric point of view, they are found in the
lower centiles but their weekly increases are sat-
isfactory, when using appropriate longitudinal
standards to evaluate growth velocity.

(2) Fetuses with malformations or chromosomal
anomalies. The strategy followed depends on the
type of anomaly, the gestation period and the
decision of the parents. When abortion is feasi-
ble, parents must be informed of this option. If
the gestation follows its course (late diagnosis,
refusal to interrupt), its management must be
based on observation, irrespective of the fetal
maturity or the results of tests to control the fetal
condition. Each case must be studied and man-
aged on its individual merits, with the opinion of
the parents taken into account.

(3) Gestations with fetuses with an apparently IUGR,
but which do not present oligohydramnios and
have normal tests of fetal well-being. In these
cases vigilant observation should be carried out,
in strict accordance with each particular unit’s
control criteria (twice-weekly non-stress test,
weekly echographic control, Doppler umbilical
examination, oxytocin or funiculocentesis test if
there are any doubts).
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Gestations requiring delivery. The interruption of
gestation must be normal practice, provided the fetus
is viable (mature fetus or in the transitional maturing
phase), in the following cases:

(1) Detention of fetal growth over a period of 3 weeks
(evaluated with appropiate longitudinal standards)
with pathological cerebroplacental ratio and likely
fetal lung maturation.

(2) Presence of oligohydramnios (echograpic exami-
nation) or meconium amniotic fluid (amnioscopy)
and likely fetal lung maturation.

(3) Doppler (persistent venous abnormal flow,
reversed end-diastolic flow in the umbilical artery)
or biophysical (persistent altered biophysical pro-
file, silent or decelerative cardiotocography) crite-
ria suggesting fetal decompensation and acidosis.

(4) Study of fetal blood biochemistry (funiculocente-
sis) indicating an irrefutably pathological acid–
base balance.

The theoretical aim of the interruption is the
extraction of the fetus before the centralization of the
fetal blood flow reaches an advanced phase and can
injure the fetus. In this regard, it is important, if
Doppler is available, to follow the evolution of
the hemodynamic changes taking place in the fetus
(covered in other chapters in this book).

When the fetus is immature, an attempt must
be made to accelerate its maturation by the usual
means (administration of corticoids, etc.). Preterm
IUGR/ARED fetuses exhibit divergent cardiovascular
responses to prenatal steroids. Intensive Doppler-
based fetal monitoring may identify a subset of fetuses
prone to decompensation after maternal steroid
administration. When abnormal venous Doppler stud-
ies are found, delivery may be more appropriate than
steroids.235 It must be remembered that the risks from
IUGR can be intensified with prematurity.236 If gesta-
tion has not reached 28 weeks, the decision to expel
the fetus involves risk. The decision of whether to
interrupt the gestation or not must always be studied
in the light of each particular case.

In contrast with the classical statement that growth-
retarded fetuses have an accelerated pulmonary matu-
ration, current observations have suggested a higher
incidence of respiratory distress in those fetuses
when compared with preterm neonates with normal
weight.237 The study of the amniotic fluid in these
fetuses shows a high quantity of surfactants and lipidic
cells. However, it is possible that in some cases there is
a delay, as a result of placental insufficiency, in the
maturing of type II fetal alveolar cells, which are
responsible for the production of surfactants.238,239

Furthermore, it must be remembered that labor, and
even some hours with broken membranes, improve the
surfactant content in the amniotic fluid.

When we studied our practice of terminating gesta-
tions in our unit, we noted that our strategy has

changed substantially over the last 20 years. In the
first 5 years (1976–80) the number of births with a
spontaneous onset was 70.3%, but by the last period
this had been reduced to less than half this figure
(28%), with a parallel increase in the number of
inductions, and particularly in the number of elective
cesarean sections.

Management and timing
Though clear guidelines supported by strong evi-
dence cannot be provided, protocols for management
of SGA fetus may be developed according to current
knowledge. Although some recent management proto-
cols have been published,240,241 our local protocol is as
follows:

(1) SGA (estimated fetal weight below the 5th centile
with normal cerebroplacental ratio and normal
uterine artery Doppler flow): excluding infectious
and genetic causes, the perinatal results are good.
Delivery should only be indicated for obstetrics
or maternal factors. Weekly BPS and fortnightly
Doppler evaluation should be performed.

(2) IUGR with normal fetal well-being tests (esti-
mated fetal weight below the 5th centile with
abnormal cerebroplacental ratio or uterine artery
Doppler flow): weekly Doppler and BPS 2 times
/week should be performed. Delivery beyond
37 weeks or when pulmonary maturity is proven
could be considered.

(3) IUGR (estimated fetal weight below the 5th cen-
tile with abnormal cerebroplacental ratio or uter-
ine artery Doppler flow) with significant blood
flow redistribution (absent or reversed end-
diatolic flow in the umbilical artery):

a. beyond 34 weeks: deliver
b. between 32 and 34 weeks:

i. REDV: steroids and deliver in 24–48 h
ii. AEDV: steroids, daily Doppler and BPS

c. below 32 weeks: steroids, daily Doppler and
BPS

(4) IUGR (estimated fetal weight below the 5th cen-
tile with abnormal cerebroplacental ratio or uter-
ine artery Doppler flow) with proven fetal
compromise (persistent increased ductus venosus
waveforms pulsatility, low short-term variability
in cardiotocography or oligohydramnios):

a. beyond 32 weeks: deliver
b. below 32 weeks: hospital admission, steroids,

daily Doppler and BPS/8–12 h

(5) IUGR (estimated fetal weight below the 5th
centile with abnormal cerebroplacental ratio or
uterine artery Doppler flow) with fetal decom-
pensation (persistent absent or reversed a-wave
in the ductus venosus or persistent pulsatile
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umbilical vein+persistent BPS< 6/10, decelerative
cardiotocography): deliver at a tertiary care center.
In the subgroup under 28 weeks, each case should
be evaluated by a multidisciplinary committee
composed by an obstetrician and a neonatologist
with experience in those cases, and taking into
account the opinion of the parents: expectant man-
agement could be an option is these extremely
preterm and compromised fetuses.

Elective route of birth
The literature reiterates the finding that two-thirds of
fetuses with growth retardation can tolerate the stress
of birth perfectly well, and, therefore, they are deliv-
ered by the vaginal route. A cesarean section should
be performed in only one-third of gestations.242,243

This is true in principle (Table 122.l) but in our pres-
ent experience the total number of cesarean sections
is 44.4% (Table 122.2). Nowadays, in most hospitals
the number of cesarean sections in this category has
gone up to 30–50%.223,242,244

The decision between induction of the birth or a
cesarean section must be made on the basis of various
criteria, especially: fetal condition (phase of fetal
adaptation to hypoxia, decompensation phase), spe-
cial obstetric features (parity, fetal presentation,
pelvic and cervical conditions) and gestational age.

Generally speaking, the following situations lead
towards an elective cesarean section

(1) IUGR in the phase of fetal adaptation to hypoxia
(e.g. incipient centralization of blood flow,
normoamnios or moderate oligohydramnios,
abnormal uterine artery waveforms) with poor
obstetric conditions;

(2) IUGR in the phase of fetal decompensation irre-
spective of obstetric conditions;

(3) SGA fetuses with malformations capable of
causing mechanical dystocia (e.g., hydrocephaly,
voluminous teratomas); and

(4) Progressive deterioration of the maternal condition
(e.g., cardiopulmonary diseases, kidney diseases).

A recent study,245 aimed at evaluating the prospect
of vaginal delivery of growth-restricted fetuses with
abnormal umbilical artery blood flow and negative
oxytocin challenge test, has observed that the vaginal

delivery rate was significantly lower in the abnormal
flow group compared with the normal flow group, but
in cases finally destined for a trial of labor the vaginal
delivery rates were similar. There was no indication
that any fetus was exposed to detrimental hypoxia or
distress. These results should encourage obstetricians
to perform trials of vaginal delivery when there is no
unanimous indication for cesarean delivery.

Means of inducing birth
Once the decision has been made to interrupt the preg-
nancy through induction, this must be planned in the
light of the fetal condition. It must be remembered that
the reserves of glycogen and fat are severely depleted in
a fetus with growth retardation, which has a greater or
lesser degree of uteroplacental insufficiency. The
hypoxic stress derived from labor can give rise to a
rapid depletion of the scanty fetal reserves. This makes
it necessary to establish an anaerobic defense metabo-
lism, with subsequent metabolic acidosis.

For this reason, the induction of birth must be
meticulous and avoid any hyperstimulation. In our
unit we remain loyal in these cases to induction
through amniotomy and the administration of oxy-
tocin with a continuous perfusion pump.

The induction begins with a dose of 0.5 or
1 mU/min, which is doubled every 20 min until
theoretically effective uterine dynamics are attained
(three to four contractions every 10 min). The dosage
is stabilized at this point, but with the maintenance
of the infusion rhythm necessary for maintaining
satisfactory dynamics. In the event that there is no
sign of fetal distress, the drip is continued for 12 h. If
the active period of the birth is not reached during
this time, the induction must be considered a failure
and a cesarean section will be decided upon.244,246

The administration of intracervical prostaglandins
in order to mature the neck before the instillation of
the oxytocin infusion is a procedure that we rarely
use in this pathology, since resorting to it can produce
hyperdynamics and secondary alterations to the fetal
heart rate.244,247,248

Over the course of the last 5 years in our unit,
something over a third of the inductions in growth
retardation have terminated in expedient cesarean
sections, owing to intrapartum fetal distress or failed
induction; these figures are similar to those reported
by other authors.249
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Table 122.1 Means of initiating birth in our unit
during two different periods: 1976–80 and 1990–94

1976–80 1990–94

Spontaneous onset (%) 70.33 28.2

Induction (%) 20.00 39.8

Elective cesarean section (%) 9.06 31.9

Table 122.2 Means of terminating birth in our unit
during two different periods: 1976–80 and 1990–94

1976–80 1990–94

Vaginal route (%) 84.19 55.5

Cesarean section (%) 16.80 44.4
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Intrapartum control
Owing to the frequency of placental insufficiency in
fetuses with growth retardation, causing a genuinely
chronic fetal distress, it is clear that birth represents
an excessive stress for many of them. For this reason,
labor, whether begun spontaneously or induced, must
be controlled by continuous cardiotocographic moni-
toring, at first externally and then internally when
cervical conditions permit it. Any significant anom-
alies in the findings must be followed up with bio-
chemical control, as in any other high-risk gestation.

The intrauterine pressure of the contractions is
similar to that of a normal gestation,250,251 therefore
any alterations in the FCF observed in growth retar-
dations during delivery are not conditioned by anom-
alies in the uterine dynamics. The presence of a
higher number of these anomalies can be attributed to
the frequent oligohydramnios and to the higher num-
ber of inductions (with their familiar iatrogenesis).

As regards the cardiotocographic readings, in our
experience there are no significant differences (with
respect to a control group) in the baseline of the FCF,
or in the early decelerations; in contrast, the percent-
age of contractions that generate late decelerations is
significantly greater in the group with IUGR, above all
in the dilatation period. This has been endorsed by
other authors.252 These characteristics of the outline
of the FCF explain why clinical control of the birth
proves insufficient, since the baseline of the FCF
remains practically unaltered.

As for the determinations of pH carried out during
birth in our last series, on 10% of occasions the pH
was less than 7.20; on 27.5% it ranged between 7.20
and 7.25, and on the remaining occasions (62.5%)
surpassed the figure of 7.25. The figures for patholog-
ical and prepathological pH easily surpass those of
any control group of normal births. It must be borne
in mind that we performed 31.9% of elective cesarean
sections on account of abnormally low fetal respira-
tory reserves. These figures are also very similar to
others that are on record.252

This acute fetal distress is mostly a simple intensi-
fication of preexisting chronic fetal distress. For this
reason, extrinsic (or type II) growth retardations,
which generally have a vascular uteroplacental cause,
exhibit differences in behavior during birth that are

statistically significant with respect to other intrinsic
(or type I) retardations.

The intensification of this chronic fetal distress is
probably produced by different mechanisms:

(1) Exhaustion of the placental functional reserves
due to spontaneous or induced contractions;

(2) Greater fetal vulnerability through the lack of
subcutaneous fat and peripheral vasoconstriction
motivated by the redistribution of blood towards
more vital zones; and

(3) Reduction in the quantity of Wharton’s jelly in
the umbilical cord, which reduces its tonicity
and facilitates its prolapse and compression.

Recently, a study253 aimed at evaluating the role of
pulsioximetry in growth-restricted fetuses, have found
that fetal pulse oximetry is reliable, according to umbil-
ical cord blood measurements and Apgar scores, reduc-
ing cesarean deliveries in cases of non-reassuring
cardiotocographic patterns in those fetuses.

Obstetric anesthesia
Of all the various types of anesthetic procedures, it
seems to us that peridural anesthesia is the most
satisfactory in cases of growth retardation. This type of
anesthesia avoids the administration of analgesics, anx-
iolytics and spasmolytics which are capable of depress-
ing the fetus, and it is particularly useful in the frequent
cases of association of toxemia and fetal growth retarda-
tion. In addition, it makes biophysical and biochemical
monitoring more tolerable for the mother.

It must be taken into account that a fetus with IUGR
has greater sensitivity to general anesthesia, owing to
its hypoproteinemia. This characteristic, which
means that the drug does not leave the general circu-
lation with the same speed as normal, can occasion an
increase in its concentration in the central nervous
system, and this is translated into an increase in the
number of neonatal depressions.242,244 Furthermore, it
seems that the hepatic capacity to metabolize the drug
is also diminished, and there is a degree of renal inca-
pacity for its elimination.

It also does not seem advisable to use paracervical
anesthesia, as it is well known that this increases the
number of bradycardias.
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In order to provide correct postnatal care for low birth
weight infants, it is important for the neonatologist
to have adequate information on the antenatal history
of a fetus affected by intrauterine growth restriction
(IUGR). This includes the time at which IUGR was
identified, the evolution and characteristics of
cephalometric parameters, the presence of congenital
anomalies or chromosome abnormalities, maternal
diseases and toxic habits, uteroplacental function,
hemodynamic changes (Doppler abnormalities in the
umbilical or fetal circulation) and antepartum or
intrapartum signs of fetal distress (characteristics of
the amniotic fluid, abnormal fetal heart rate patterns
or changes in blood pH).

The terms ‘intrauterine growth restriction’ (IUGR)
and ‘small-for-gestational age’ (SGA) are related but
not synonymous. IGUR refers to a process that causes
a reduction in an expected pattern of fetal growth.
This process results in an attenuation of fetal growth
potential. SGA refers to an infant with a birth weight
lower than a predetermined cut-off value.

Management in the delivery room
and neonatal resuscitation
The birth process represents a risk situation for SGA
infants, so the presence at the delivery of personnel
trained in neonatal resuscitation (ideally, a neonatol-
ogist) is essential for many of these babies. The
‘normal’ SGA infant with smallness of a presumably
genetic origin would probably not require any spe-
cialized care. The fetus would be born in good condi-
tion and the baby would remain with the mother, with
the same protocols of perinatal care followed as for
normal appropriate-for-gestational-age (AGA) infants.

For proper management of SGA infants with con-
genital defects, it is desirable that discussions are
held between the parents and the obstetric team

beforehand, about the possible postnatal viability of
the fetus and the expected management after the
birth, according to the evidence of prenatal studies
(ultrasound pattern of congenital defects, fetal kary-
otype). It might be decided to avoid resuscitation
maneuvers in cases of some chromosome abnormali-
ties or multiple congenital anomalies associated with
severe physical defects or neurological dysfunction.
A complete and careful neonatal examination, how-
ever, is required to confirm morphological anomalies
associated with the chromosomal defect. A thorough
fetal postmortem examination would also be required.

In cases of less severe congenital defects, manage-
ment will vary in relation to the characteristics of each
type of malformation. In the hypotrophic SGA infant,
the higher probability of perinatal asphyxia and meco-
nium aspiration should be taken into account, as well
as the early appearance of hypothermia, hypoglycemia,
acidosis and anemia/polycythemia. Neonates with con-
genital infections may present a highly compromised
clinical condition (hydrops, coagulation disorders,
heart failure, liver failure, etc.) and may require aggres-
sive resuscitation. However, others may be asympto-
matic. Isolation measures will be necessary for some
SGA newborns with viral infections.

Immediate neonatal examination
The SGA infant should undergo a careful physical
examination, especially when reliable information on
the circumstances of gestation is not available. This
includes the following:

(1) Infant’s weight and height, measurement of head
circumference and ponderal index1 with calcula-
tions on a population-based weight/gestational-age
curve. It is useful also to know paternal height,
because it has been shown that very low paternal
height has an influence on the weight and height
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of the neonate1 [ponderal index � (weight ×100)/
height3], where weight is in grams and height is
in centimeters.

(2) Clinical evidence of malnutrition, when possible
accompanied by measurement of the quadriceps
skin-fold thickness and the mid-arm circumfer-
ence. It is well known that the greatest severity of
malnutrition produces the highest occurrence and
intensity of clinical manifestations (asphyxia,
hypoglycemia, hypocalcemia and polycythemia)
in the neonatal period.2–4

(3) Description and careful recording of major and
minor congenital defects. An attempt should be
made to recognize clinically relevant associa-
tions, sequences or syndromes.

(4) Clinical evidence of intrauterine malnutrition: the
hypotrophic SGA infant frequently appears as an
‘alert’ neonate – thin, dry, with soft tissue wasting,
the eyes open and the skin desquamated and
wrinkled and sometimes covered or impregnated
with meconium. The extremities seem to be more
lengthy, with large hands and feet. Occasionally,
the skin color is plethoric, but in cases of perinatal
asphyxia it may appear pale, owing to peripheral
vasoconstriction. In all cases, data of the physical
and neurological examinations in combination
with reference tables,5 should be used for assessing
the gestational age of the newborn infant.

Other tests that should be considered include the fol-
lowing: for non-hypotrophic SGA infants, karyotyping,
skeletal radiographic survey and complete ultrasound
screening (heart, brain, abdomen) for SGA infants with
congenital defects; serum immunoglobulins, serologi-
cal tests for congenital infections, investigation of
cytomegalovirus in urine and DNA testing if specific
intrauterine infections are suspected (cytomegalovirus,
toxoplasm). Further tests are acid–base balance, serial
serum glucose levels, calcium, hemogram with ery-
throblast count, coagulation tests, serum creatinine and
liver enzymes for hypotrophic SGA infants.

Main clinical symptoms
of SGA newborns
Perinatal asphyxia
It is well known that IUGR associated with placental
insufficiency causing malnutrition and chronic
hypoxia places the fetus in a condition in which
stress derived from even an uncomplicated birth can-
not be properly supported. Lin and colleagues6 have
shown statistically significant differences in Apgar
scores at 1 and 5 min and mean pH values between
AGA and SGA neonates. Thornberg and coworkers7

have reported a series of 42,203 live infants in which
the population of SGA babies was clearly over-
represented in the birth asphyxia group. Following
the recommendations of the American Academy of

Pediatrics, the American Heart Association9 and
European Resuscitation Council,10 it is very important
to ensure that all necessary equipment and personnel
trained in neonatal resuscitation are present at the
delivery of growth-restricted babies. It is necessary to
have results available of acid–base status in umbilical
cord vessels during resuscitation and glucose levels
during the first minutes of life, in order to determine
the exact requirements of oxygen, bicarbonate and
glucose.

Although some of SGA infants requiring neonatal
care suffered from postasphyxia metabolic acidosis,
restoration can frequently be achieved by oxygen ther-
apy, adequate ventilatory support and prevention of
heat loss. Bicarbonate administration should be lim-
ited to patients with laboratory evidence of sustained
metabolic acidosis and decreased blood pH levels.
Spencer and associates11 have shown that, in severely
acidotic term newborns not requiring resuscitation,
SGA infants showed less improvement than AGA
babies of the same gestational age. In the SGA group,
spontaneous rise of pH was slower, and there was a
smaller fall of the PaCO2 with no changes in base
deficits. Since respiratory and heart rates did not dif-
fer between AGA and SGA infants, the clinical obser-
vation did not identify babies who were less efficient
at compensating for acidemia.

Serial sampling is required for the monitoring of
blood glucose. Rapid and uncontrolled infusion of
hyperosmolar glucose solutions, particularly in
preterm SGA babies, should be avoided. Simmons
and coworkers12 found that, in uteroplacental insuffi-
ciency states, glucose transport is differentially
altered in the lung and brain of SGA fetuses. Although
glucose transport was decreased in type II pneumo-
cytes, lung fibroblasts and lung tissue, glucose trans-
port was not altered in brain tissue and glial cells; this
may contribute to the phenomenon of ‘brain sparing’.

Clinical symptoms of hypoxic–ischemic damage in
SGA neonates can be assessed similarly to those in
AGA babies. In general, 0.26% of the SGA newborns
had abnormal neurological symptoms on neonatal
examination. These figures, however, may vary across
studies in relation to the suitability of perinatal care.
The risk of neurological sequelae correlates better
with late Apgar scores and severity of neurological
symptoms than with early Apgar scores. Meconial
aspiration, pulmonary hypertension (secondary to
asphyxia and aggravated by polycythemia), and acute
hemorrhagic pulmonary edema are more common in
hypotrophic SGA groups than in the general popula-
tion.13 Treatment of hypoxic–ischemic encephalopa-
thy, pulmonary hypertension and meconial aspiration
is described in Chapter 7.

Neonatal hypoglycemia
The incidence of hypoglycemia in SGA infants is
extremely variable, depending on different factors,
such as the severity of intrauterine malnutrition
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(expressed as birth weight < 3rd centile, ponderal
index < 10th centile and skin-fold thickness < l0th
centile); associated perinatal complications (e.g.,
asphyxia); suitability of clinical control of the neonate
during the first hours of life; and early oral or intra-
venous glucose supplementation. In different studies,
the incidence of neonatal hypoglycemia varied
between 40% and 67% in preterm SGA infants and
between 10.7% and 24% in full-term SGA babies.14,15

Singhal and coworkers16 demonstrated that SGA
babies had a sevenfold increased risk of manifesting
hypoglycemia compared with AGA babies, and
approximately two-thirds of the hypoglycemic babies
had one or more risk factors, including birth asphyxia
(24%), diabetic mother (24%), respiratory distress
(14%) and septicemia (12%). Other contributing fac-
tors are hypothermia and inadequate neonatal trans-
port. In this study, carried out in New Delhi,12 a total
of 60% of SGA babies were asymptomatic, although it
has been established that babies with few symptoms
and moderate hypoglycemia may be followed by
adverse neurodevelopmental outcome.17 The most
common symptom observed was lethargy (81%), jit-
teriness (67%), respiratory abnormalities (42%),
hypotonia (40%) and seizures (30%).

The etiopathogenetic mechanism of hypoglycemia in
SGA infants involves a marked decrease in the energy
reserves that are the substrates of gluconeogenesis and
glycogenolysis.19 Treatment of hypoglycemia demands
adequate administration of glucose (Table 123.1).20,21

In the SGA infant, however, there is a defect in the
intermediate metabolism of this substrate administered
postnatally.22 Glycerol, lactate and amino acids (ala-
nine) are sources of glucose production in case of
glycogen deficiency. In the SGA neonate, these

substances are increased even in the presence of hypo-
glycemia; this indicates a deficiency or abnormality of
gluconeogenic liver enzymes, in particular phospho-
enolpyruvate carbokinase. Although other enzymatic
inducers of gluconeogenesis, such as glucagon and cat-
echolamines, may also be reduced in SGA babies, the
administration of glucagon to correct low blood sugar
levels is not considered appropriate in these infants
with reduced glycogen stores.23,24 Intravenous hydro-
cortisone, which would decrease the peripheral con-
sumption of glucose by decreasing insulin levels and
increasing alanine production, may be useful in
extreme situations,25 provided that a sufficient amount
of proteins is concurrently infused.

In contrast to the hyperinsulinism found in new-
borns from diabetic mothers, hypoglycemia in SGA
babies progresses during the first hours of life unless
SGA has been accompanied by severe malnutrition,
prematurity or perinatal asphyxia, in which case
blood sugar levels decrease immediately and rapidly
after birth. Serial sampling over the first 24–36 h is
required for prompt detection of hypoglycemia and
intervention. Special attention should be paid to
babies being breast fed or when facilities for monitor-
ing blood sugar are unsatisfactory or unavailable.26 In
these cases, the eventual oral intake of 5% water–
dextrose supplement or sugar-fortified hypoallergic
milk formulas until sufficient milk secretion is pro-
duced and normal glucose levels are attained should
be recommended.

Hypocalcemia
A higher incidence of hypocalcemia in SGA infants
than in AGA babies has not been clearly established.

Main clinical symptoms of SGA newborns 1315

Table 123.1 Treatment of hypoglycemia in small-for-gestational-age infants (hypoglycemia ��glycemia
of << 30 mg/dl in full-term infants, << 20 mg/dl in preterm infants and << 40 mg/dl in term newborns after the first
24 h of life

Asymptomatic newborn infants
(1) Attempt oral feeding (bottle, oral tube) with 5–10% dextrose solution or sugar-fortified hypoallergenic milk formula,
10 ml/kg. Control serum glucose levels at 30–60 min
(2) Remember that 10% solutions are hyperosmolar and may be poorly tolerated
(3) Consider the intravenous route initially when birth weight is < 1500 g, oral intake is poorly tolerated or there are symptoms

Symptomatic newborn infants
(1) Preferably use the intravenous route: 0.25–1 g/kg (2.5–10 ml/kg) of 10% dextrose; also: 1–4ml/kg of 25% dextrose
(higher concentrations are inadequate) at a rate of 12 ml/min
(2) Continue at a rate of 4–8 mg/kg per min of 5 to 10–15% glucose solution according to fluid requirements, tolerance and
infant’s condition
(3) Add sodium and chloride after the first 12 h and potassium after the first 48 h when superimposed deficiencies are not
present
(4) Do not give glucagon. The indication of corticoids (hydrocortisone 5 mg/kg per day orally or intravenously, or prednisone
2 mg/kg per day orally) is exceptional

Note: Measurement of blood sugar levels by means of colorimetric strips should not be used for diagnostic purposes and only for the systematic
screening of infants at risk. Results obtained should be confirmed by laboratory assay of plasma or serum glucose concentrations. Glycemia in
whole blood is 15mg/dl lower than in plasma or serum
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Sator-Kulic27 showed normal values of serum calcium
ions in SGA infants on the first and the third days
after birth. Only hypotrophic SGA infants or neonates
who have suffered from perinatal asphyxia would
have a higher incidence of low serum calcium levels.
In these cases, calcemia should be determined within
12 and 24 h after birth. Routine assay of serum cal-
cium in asymptomatic full-term SGA infants is not
required.

Hypothermia
The hypotrophic SGA neonate has a greater cephalic
volume and total body surface in relation to his or her
weight, so that there is a greater heat loss than in the
AGA baby. In the full-term SGA infant, in contrast to
the preterm AGA infant, radiant and convective heat
losses may be reduced by the ability to diminish body
surface area by a flexion posture of the extremities.
Although the term SGA infant has a greater thermo-
genic capacity than peers of the same weight and
lower gestational age, this is established at the cost of
caloric expenditure that cannot be maintained for a
long time.28 The scarce subcutaneous fat prevents cor-
rect thermal insulation, and the scarce brown fat
stores prevent a correct response to the initial cold
stress. Therefore, prompt and complete drying of the
infant after birth, and wrapping in thermal paper after
resuscitation, maintaining the baby under a radiating
heat source, is crucial.

Nourishment problems: necrotizing enterocolitis
The need to feed the hypotrophic SGA infant early,
together with a frequently complicated perinatal
period, imposes demands on the bowel that often can-
not be satisfied. Although some studies29 have not
found differences in the gastric residual volumes of
breast milk between healthy preterm SGA and AGA
infants with gestational age of 28–36 weeks, vomiting
and regurgitation are sometimes observed in hypo-
trophic term SGA babies orally fed at high rates with
milk or glucose.

Perinatal asphyxia causes a redistribution of blood
flow to different organs with relative ischemia in some.
Mesenteric ischemia together with tissue hypoxia and
hyperviscosity, especially in the very early preterm
hypotrophic SGA infant, predisposes to necrotizing
enterocolitis (NEC). Several studies demonstrate a
trend toward an increased incidence of this entity.30,31

In the study by Kurscheid and Holschneider,32 30% of
the 73 patients treated for NEC were SGA infants. In
these cases, feeding (in the form of elementary formu-
las) should not be started until the achievement of a sta-
ble hemodynamic status, absence of gastric retention,
normal abdominal palpation and spontaneous passage
of meconium. In the Vermont Oxford Nerwork (VON)
study, including 19,759 very low birth weight (VLBW)
neonates prenatal corticosteroid use was not associated
with decreased risks of NEC.33

A potential protective role against NEC of different
feeding strategies, like use of breast milk or continu-
ous vs. bolus feeding in preterm and SGA newborns
has been suggested but not evidence based.34,35

Preterm SGA infants have higher metabolic rates
than AGA babies because of their faster growth rate
and larger brain size.36 In addition, they absorb
dietary nutrients less well, particularly fat and pro-
teins. It has even been shown that, in term SGA
infants,37 serum concentrations α-lactalbumin are sig-
nificantly higher than in AGA infants of similar gesta-
tional age. This indicates that IUGR causes a delayed
postnatal decrease in macromolecular absorption and
delayed intestinal maturation.

To satisfy caloric requirement, 150 cal/kg/day
should be reached from the seventh day of life.

Studies on iron status in infants of low birth weight38

have shown that, at birth, preterm AGA infants had
higher serum ferritin concentrations than preterm SGA
babies. Preterm infants who were not supplemented
with iron, irrespective of their adequacy for gestational
age, showed evidence of iron deficiency before 4 months
of age.

With respect to the effect of IUGR on postnatal
weight change in preterm infants, Bauer and associ-
ates39 reported significantly higher weight loss and
body water loss during the first week of life in preterm
AGA infants than weight-matched preterm SGA babies.
Loss of weight and total body water in AGA infants was
accompanied by a greater diuresis than in SGA infants
at the same amount of fluid intake. Fluid requirements
of full-term SGA infants are 80–90 ml/kg on the first day
of life, reaching 10–150 ml/kg/day after the first week.
Fluid requirements in preterm SGA babies, however,
should be calculated daily and individualized accord-
ing to the presence of associated conditions and the
type of heat source under which the baby is maintained.

Cerebral hemorrhage and ischemic brain damage
In a study of the impact of prematurity and IUGR
on neonatal hemorrhagic and ischemic brain damage,
carried out by Amato and colleagues,40 a higher inci-
dence of peri- and intraventricular hemorrhage (IVH) in
the AGA group (36.8%) than in SGA babies (18.5%)
was reported. In both groups, however, a significantly
higher incidence of cerebral hemorrhage was found in
babies of <1000 g in body weight compared with babies
of >1000 g in body weight. Ischemic brain lesions
(periventricular leukomalacia) were equally distrib-
uted between AGA and SGA babies (10.5% vs. 3.7%)
independently of body weight category.

If only extremely low birth weight babies are con-
sidered, most of studies have demonstrated a greater
incidence of IVH in SGA newborns compared to
AGA ones. According to the VON data comparing
SGA and AGA VLBW neonates,33 the odds ratio in
SGA was 1.13 for IVH and 1.25 for severe IVH. In this
case, the prenatal use of steroids seemed to have a
protective role.

1316 Growth-restricted newborns: characteristics and management
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Respiratory distress syndrome and
other prematurity-related pathologies
Although initial studies suggested that IUGR-related
fetal stress would protect SGA infants against severe
respiratory distress syndrome (RDS) by stimulating
fetal lung maturity,41 recent investigations do not
seem to confirm this.30,42,43 Thompson and col-
leagues44 compared neonatal ventilatory requirements
and outcome in 135 very early preterm SGA infants to
those from controls matched for gestation age and
gender. Although there was no significant difference
in the median duration of mechanical ventilation,
more SGA infants required ventilation and were ven-
tilated because of RDS. However, in a subgroup also
matched for mode of delivery, differences between the
two groups were not encountered. Ley et al. have
shown a higher incidence of RDS among preterm SGA
infants born before 29 weeks gestation with the use of
fetal growth standards, based on ultrasonically esti-
mated fetal weights, but not in SGA infants born
between 29 and 32 weeks’ gestation.45 In the large
VON cohort,33 RDS is also slightly increased (odds
ratio 1.19) in SGA born before 30 weeks of gestation
compared to AGA of the same gestational age.

In the study of Schiff and colleagues,43 127 pre-
eclamptic women who had undergone amniocentesis
for pulmonary maturity assessment were matched for
gestational age, sex, race and infant gender with non-
hypertensive women with preterm labor who had
undergone the same procedure. There were no signif-
icant differences between SGA and AGA infants born
to women with pre-eclampsia in comparison with
their matched controls in the incidence of an imma-
ture result and respiratory distress syndrome.

In VLBW infants (less than 1500 g or born before
30 weeks’ gestation), the condition of being SGA seems
to confer also an additional risk of other prematurity-
related morbidities,33–45 like ductus ligation, chronic
lung disease and retinopathy of prematurity.

Polycythemia and coagulation disorders
It is well known that chronic tissue hypoxia induces
an increase in plasma erythropoietin concentration in
human fetal life and this response stimulates fetal ery-
thropoiesis. Increased plasma erythropoietin concen-
trations in SGA fetuses have been documented as
early as 26 weeks’ gestation.46 The degree of increase
was significantly associated both with fetal acidemia
and, more strongly, with fetal erythroblastosis.
Furthermore, a more accurate assessment of tissue
oxygenation in SGA newborns may be obtained by
determining the erythroblast count rather than blood
pH values. Perinatal asphyxia and placental vascular
changes may cause disturbances in placental–fetal
exchange, which may induce changes in the total
blood volume and subsequent deterioration of the
hemodynamic status. The risk of manifesting poly-
cythemia (hematocrit > 65% in peripheral blood) in
SGA infants was between threefold18 and 25-fold47

greater compared with AGA babies (0.5%). Although
about one-third of polycythemic infants had one or
more symptoms, on neurodevelopment follow-up the
development indices of both asymptomatic and
symptomatic cases were found to be comparable.47

In healthy preterm SGA neonates, no correlation
was seen between serum levels of vitamin K1 and
plasma levels of coagulation factors II and X. After the
administration of 1 mg vitamin K1, no accelerated
increase in coagulation factor activities was seen.48

Kupferminc and colleagues studied the increased
prevalence of inherit or acquired thrombophilias in
woman with mild severe IGUR. The trombophilias
significantly increased were factor V Leiden muta-
tion, prothrombin gene mutation and protein S
deficiency.49

Biochemical, metabolic and compositional changes
in SGA infants are shown in Tables 123.2 and 123.3.

Mortality
The perinatal mortality rate among IUGR infants is
10–20 times the rate among AGA infants.58

Compared with AGA babies, fetuses affected by
IUGR have a higher risk of death antenatally, whereas
SGA infants have a higher risk of death in the neona-
tal period. Although the perinatal mortality of SGA
babies ranges between 50% and 60%, their neonatal
mortality is lower than that of preterm AGA infants of
the same weight. When crown–heel length was used
to classify growth patterns,59 proportionate IUGR with
short crown–heel length had a significantly greater
mortality than disproportionate IUGR infants with
normal crown–heel length. When the ponderal index
was used for classification, there were no statistically
significant differences in mortality between the two
groups. At present, however, actual mortality rates are
difficult to assess, given that pregnancy termination is
a frequent decision in severely malformed fetuses
with harmonious IUGR diagnosed antenatally; the
majority of fetuses with normal karyotype and harmo-
nious IUGR are healthy infants. IUGR due to utero-
placental insufficiency with adequate perinatal
obstetric control should have mortality rates in such
infants hardly higher than those of AGA infants.

In a study of 28-day survival rates of 6676 neonates
with birth weights of 1250 g or less,60 predictors of
survival in descending order of significance in the
multivariate analysis were gestational age and birth
weight,61,62 sex, race, single birth and SGA. In the
study of Kilpatrick and colleagues,63 singleton SGA
neonates had a significantly greater perinatal mortal-
ity than twin SGA neonates matched for gestational
age at delivery at 30 weeks or more. The effect of birth
weight discordance in preterm twin gestations was
studied in 122 live born twin sets delivered between
25 and 30 complete weeks’ gestation.64 Preterm twin
gestations with > 30% birth weight discordance were
associated with a higher incidence of infant death
(25%), congenital anomalies (37.5%), SGA infants
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(32%), Apgar score of < 7 at 5 min (33%) and periven-
tricular leukomalacia (17%). The gestational age
rather than the degree of discordance is a predicting
factor for less favorable neonatal outcome.65,66 Jacobs
and colleagues,67 using the 1995–97 Centers for
Disease Control and Prevention’s Matched Multiple
Birth file, examined the association between increas-
ing intratriplet birth weight discordance and risk of
fetal death and smallness for gestational age and
found also a positive association if the discordance
was greater than 29%.

The main causes of death in full-term SGA infants
included perinatal asphyxia, congenital anomalies

and diseases related to poorly controlled metabolic
problems, whereas in preterm SGA infants these were
RDS, HIV infection and NEC.

Somatic growth disorders
Growth of SGA infants with chromosome abnormali-
ties, multiple major birth defects or intrauterine
symptomatic infections affecting the central nervous
system is usually severely compromised, with overall
and unequal degree of impairment of weight, height
and head circumference. Results of different studies
on postnatal somatic growth in SGA infants are incon-
sistent, probably owing to the heterogenicity of all
newborn infants considered to be small for dates.

Type, severity and earliness of IUGR have been
related to SGA features.68–72 It has been shown that
newborn infants were thinner and shorter than the
general population when their IUGR began before
34 weeks’ gestation, and that these characteristics
persisted throughout the growth period. When IUGR
began earlier, before 26 weeks’ gestation, growth
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Table 123.2 Biochemical and metabolic changes in
small-for-gestational-age infants (modified from
Babson and Kagas50)

Carbohydrate and fat metabolism
Neonatal hypoglycemia
No changes in Kt (rate constant for glucose metabolism)
Decreased, increased or no change in insulin
Decreased, increased or no change in free fatty acids and
glycerol51,52

Decreased or no change in b-hydroxybutyrate
Decreased hepatic gluconeogenesis
Decreased urinary epinephrine after hypoglycemia
Decreased levels of HDL-cholesterol, reduced activity of
lecithin: cholesterol–acyl transferase153

Decreased insulin-like-growth factor-II (IGF-II)53

Increased lactate, pyruvate, alanine and glucagons
Increased or no change in ketone bodies
Increased levels of VLDL and lipoprotein lipid content51

Increased levels of IGF-I and IGF-binding protein-154,55

Proteins and collagen
Decreased or no change in total protein and prealbumin
Decreased OH-proline turnover early and increased later
Decreased N-terminal propeptide of type III procollagen56

Increased ammonia, urea and uric acid
Increased uronic acid turnover

Immunocompetence57

Decreased IgG
Decreased humoral or cellular bactericidal capacity
Decreased phagocytic index
Decreased lysozyme
Decreased humoral and cellular immunocompetence
Increased IgM in some cases

Hematology
Increased hematocrit, erythroblast (H.l) count, erythrocytic
volume and viscosity
Increased fetal hemoglobin
Increased erythropoietin
Increased, decreased or no change in prothrombin and
partial thromboplastin time
Increased reticulocyte index but no change in reticulocyte
count
Decreased platelets

Miscellaneous
Decreased serum ionic calcium
Decreased, increased or no change in amniotic fluid
L/S ratio
Decreased, increased or no change in O2 consumption
Increased cortisol or ll-OH corticosteroids
Increased or no change in human growth hormone

Table 123.3 Compositional changes in small-
for-gestational-age infants (from Babson and Kagas50)

Placenta
Decreased or no change in weight and DNA
Decreased, increased or no change in RNA
Decreased heat-stable alkaline phosphatase, glycogen,
glucose and oxygen use
Decreased fibrinolysis (urokinase pathway)
No change in protein/DNA
Increased or no change in RNA/DNA, nitrogen or protein
Increased RNA polymerase, protein synthesis from proline
and leucine and increased aromatization, glycogen use

Liver
Decreased weight and glycogen
No change in DNA and protein/DNA

Muscle
Decreased protein and fat
Decreased, increased or no change in total water and
extracellular water
Decreased, increased or no change in DNA
Increased intracellular water
Decreased RNA, RNA/DNA, protein/DNA
Decreased zinc, potassium, magnesium and increased
sodium

Brain
Decreased weight, especially cerebellar
Decreased cerebellar DNA, myelin lipid, galactolipid
sulfotransferase and glucosaminoglycans

Heart
No change in DNA and protein/DNA
Decreased sarcoplasm and glycogen

Adrenals
Decreased fetal zone

Water
Increased total body water, extracellular water, intracellular
water and plasma volume
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impairment was still greater and may even have
affected the head circumference. These infants were
less susceptible to recuperation, and frequently
suffered disorders associated with neurological
development. IUGR of late onset was less severe
and generalized, and showed a more rapid process of
recuperation. However, considering IUGR as a whole,
most studies indicated that intrauterine growth-
restricted infants had a tendency to be thinner and
shorter,18,68,73–83 but others disagreed.84–91 It is gener-
ally accepted that undernourished neonates (low pon-
deral index or disharmonious) recuperate sooner,
whereas neonates apparently not undernourished
(normal ponderal index or harmonious) remain thin,
are of short stature and have a reduced cranial
perimeter18,92–95; the more severe the malnutrition, the
more time required for recuperation.96 However, some
authors consider that, although most infants with low
ponderal index can grow faster during the first
months of life, diminished height, weight and head
circumference remain at the long-term follow-up.97,98

Others consider that early nutrition of SGA infants is
especially important,99 as is catch-up growth during
the first months of life, as predictors of recovery.Other
authors, however, do not share this opinion.77–79

In full-term twins in which the weight of the
smaller was < 2000 g and 25% less than that of the
larger, Babson and Kagas100 found that this difference
persisted in relation to both physical development
and intellectual capacity at the age of 8 years. On the
other hand, Philip101 showed that full-term twins with
20% discordant birth weights could attain the same
height and head circumference at the age of 1 year,
although remaining thinner. Differences by gender
have been found in some studies. In a longitudinal
follow-up of growth in 123 SGA children,102 the boys
showed an extremely fast weight catch-up, 85% of
them reaching a weight greater than −2SD at the age
of 3 months and all of them remaining above this level
at 4 years of age. Such a fast catch-up growth was
observed in only two-thirds of the girls, but at 4 years
of age 85% of the girls were also above −2SD. Length
catch-up was more gradual than weight catch-up.
Acceleration of head growth may be more prominent

in SGA males.103 A recent longitudinal study about
the outcomes of VLBW infants from birth to 20 years,
found females having greater catch-up in growth than
males. The negative effect of neonatal illness on
20 years’ height attainment was greater among
males.104 According to some authors, head circumfer-
ence may grow in parallel with, or faster than, weight
or height.71,104 Karlberg and Albertsson-Wikland105

followed a singleton birth cohort (n �3650) of full-
term SGA infants from birth till they reached final
height at about 18 years of age. SGA infants were
found to have a sevenfold higher risk for short final
stature in comparison with the non-SGA group. At
18 years of age, 22% of the total short population
were short at birth, whereas when birth weight was
used to define SGA, only 14% of the 18-year-old short
population were light at birth. It is concluded that
the vast majority (> 86%) will achieve catch-up in
height during the first 6–12 months of life. Of the
remaining non-catch-up infants, about 50% remain
short in final height.

One-year catch-up growth of SGA infants with dif-
ferent anthropometric abnormalities at birth is shown
in Table 123.4.

The role of preexisting or persistent hormonal
defects in the postnatal growth processes of SGA
infants is unclear.50 Insulin plays a critical role in fetal
growth. A significant correlation between linear
growth velocity and insulin release after glucose over-
load has been reported.106,107 In the study of Samaan
and colleagues,53 SGA infants had lower insulin-like
growth factor-II (IGF-II) levels than AGA and large-for-
gestational-age infants. These results suggest that IGF-
II may play a major role in fetal growth. On the other
hand, the mean serum IGF-I levels in SGA infants
were significantly higher than in AGA infants, but not
in their respective mothers. This indicates that the
production of IGF-I in the maternal and fetal com-
partments is independent and that circulation of IGF-
I across the placenta is unlikely. The concentration of
IGF-I and insulin-like growth-factor-binding protein-1
(IGFBP-1) in the umbilical vessels at delivery showed
an inverse correlation with birth weight, so that sig-
nificantly higher values were found in SGA infants

Somatic growth disorders 1319

Weight Weight ++ height Weight ++HC Weight ++ height ++ HC 
<< 10th centile << 10th centile << 10th centile << 10th centile

Weight 79 62 65 38
Height 69 33
Head circumference 100 66
Ponderal index* 81 75 80 45

HC, head circumference. At birth: height < 10th centile, 53%; HC < 10th centile, 30%; ponderal index < 10th centile, 57%; *in 17.5% of SGA
infants, when the ponderal index was > 10th centile at birth, it decreased to below the 10th centile by 1 year

Table 123.4 One-year catch-up growth (%) of small-for-gestational-age (SGA) infants with distinct
anthropometric alterations at birth (from reference 18)
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than in AGA neonates.87 IGFBP-1 might inhibit the
action of IGF-I in both the maternal and the fetal com-
partments, and the rise in IGFBP-1 could be a primary
factor in retardation of fetal growth.54,55 A positive cor-
relation between C-peptide levels in cord blood and
neonatal weight, ponderal index and maternal weight
gain during gestation were also observed in SGA
infants.108 N-terminal propeptide of type III procollagen
(PIIINP) concentration in cord serum of SGA infants
was significantly lower than in AGA infants.56 PIIINP
assay may serve as a dynamic biochemical indicator of
deviant fetal growth as the PIIINP results were also
related to the severity or duration of IUGR. The lowest
values were obtained in non-malformed SGA infants
with small head circumference, known as an index for
the chronicity of fetal nutritional deprivation.90

Somatomedins seem to play a role in fetal growth.109,110

Some studies report the effects of growth hormone
(GH) therapy in children with short stature secondary
to IUGR,110 showing significant results in patients
with normal secretion of endogenous growth hor-
mone when doses three times higher than in cases of
growth hormone insufficiency were given.111,112

In July 2001, growth hormone GH was approved by
the US Food and Drug Administration for the long-term
treatment of growth failure in children who are born
SGA and do not achieve catch-up growth by 2–3 years
of age, at doses of 0.24–0.48 mg/kg/week.113 The objec-
tives of GH therapy in short SGA children are: catch-up
in early childhood, maintenance of normal growth in
childhood and achievement of normal adult height
.Higher doses (up to 0.48 mg/kg/week) are more effec-
tive for the short term, but its advantages over lower
doses on the long term is not yet know. Only adult
height results of randomized dose–response studies
will give a definite answer.

Whether measures of GH secretion provide clini-
cally useful information for the routine treatment of
short children who were born SGA is controversial.
Arguments that favor evaluation for GH deficiency
come from data suggesting that many short patients
who were born SGA have diminished GH output, evi-
denced by low levels of spontaneous GH secretion,
and depressed circulating concentrations of markers
of GS secretion, such as IGF-I. Thus, the lack of catch-
up growth in some cases might be attributable to
reduced GH secretion.

However, standard laboratory GH stimulation tests
do not predict growth response in most patients who
are SGA. The present recommendation is that test of
GH release only is performed when GH deficiency is
suspected on clinical or biochemical backgrounds.

Neurological development and
outcome: postnatal behavior
It has been widely recognized that SGA infants con-
stitute a high-risk group for neonatal neurological

problems, sensoral and neurodevelopmental sequelae
and behavioral disturbances.114–121 As early as in the
neonatal period, deficits in muscular tone with
decreased cephalic control, diminished spontaneous
activity and poor and incomplete primary reflexes
with a lower degree of impairment of tendon reflexes
may be observed.122 In a study in which the influence
of IUGR on heart rate during sleep was assessed,123

sympathetic and parasympathetic heart rate control
was clearly different between SGA and AGA newborn
infants, with a shorter RR interval and lower amplitude
of heart rate variability in all bands of the polygraphic
recordings. Circadian rhythmicity is established more
slowly in growth restricted infants than in normal chil-
dren.124 Excretion of melatonin, also rhythmically and
age related, is delayed in growth restricted infants.125

During active and quiet sleep, Curzi-Dascalova and
coworkers126 and Riese127,128 demonstrated significant
modifications in the establishment of respiratory
rhythm control (more central respiratory pauses,
higher apnea index, and time spent with periodic
breathing), dissimilar patterns for behavioral stability,
reactivity and activity during sleep, significantly
higher incidence of vigorous limb movements and
right hand-to-mouth movements, more spontaneous
smiles and a trend to more spontaneous startles.
Abnormal responses in neurobehavioral performance
at 40 weeks’ conceptional age,129 as well as two patterns
of spontaneous general movements unique for the SGA
infant might be used to discriminate between healthy
and neurologically suspect newborn infants.130

When brainstem auditory evoked responses were
examined in SGA children from birth to 6 years of age
and compared with those of AGA children, Jiang and
coworkers131 demonstrated that I–V, I–III and III–V
conduction intervals showed similar developmental
trends. However, the III–V/I–III ratio followed a devel-
opmental course that differed markedly from that in
AGA children. The ratio decreased slightly with age
up to 2 years and was persistently smaller than in nor-
mal children after 1 year, indicating that the relative
development of early and late brainstem conduction
time deviates from normal.

Neurological development in SGA infants during
the first years of life has been extensively studied.
Fitzhardinge and Steven114 considered that SGA
infants constitute the second group in neurological
sequelae following preterm infants with intraventric-
ular hemorrhage (7% of neonates with a birth weight
of < 3rd centile had neurological sequelae and up to
16% had mild deficits classified as minimal brain
dysfunction). Preterm SGA neonates would be those
at highest risk. In a neurological follow-up study of 37
SGA newborn infants,132 8% of the group had severe
neurological sequelae at 1 year of corrected age. The
statistical analysis showed a high correlation between
subnormal weight gain and neurological and develop-
mental abnormalities at 1 year. In a case–control study
in which the risk of cerebral palsy in connection with
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IUGR was analyzed,133 the risk in SGA infants was
significantly increased in term and moderately
preterm infants. The most common abnormalities
were tetraplegia, diplegia and dyskinetic cerebral
palsy.134 In full-term severely growth-retarded infants,
a relationship was found between skull circumference
< 3rd centile and the presence of minor neurological
dysfunction at the age of 6 years, whereas body meas-
urements, behavior at home and at school and school
achievement were not related.135

In long-term follow-up studies, a higher prevalence
of auditory problems in relation to IUGR has not been
found, although speech disorders (delay in the onset
of speech, poor and immature language, defects in
articulation, etc.) have been documented by different
authors.53,136 With respect to visual defects, although
18% of male and 10% of female SGA infants in the
study of Fitzhardinge and Steven114 needed visual
correction, these figures were similar to those found
in the general population. According to the study of
Getz and coworkers,137 being SGA does not pose an
additional risk for the development of grating acuity
or binocular visual field size over the first 4 years of
life in preterm children. Other studies138,139 reported
delayed visual directed prehension and abnormal
visual brainstem evoked potentials.

Although minor motor dysfunctions, subtle neu-
rodevelopmental and attention deficits, hyperactivity,
failure at schools despite normal intelligence and
increased fears have been reported,80,140–142 it is diffi-
cult to ascertain whether these findings occur more
frequently in SGA children.115,143 The family environ-
ment may play an important role in the first develop-
mental stages.

Recent studies point out the relation between
reversal end-diastolic flow velocities (EDFVs) on
antenatal assessment, with a wide range of problems
at school age. Absence of EDFV is well recognized as
a marker of fetal compromise which is associated with
acute perinatal sequelae but not related with adverse
neurodevelopmental outcome. This suggests that
reversal EGFV could represent intrauterine decom-
pensation which may have adverse effects on the
developing brain.144

In a comparative study of the physical and devel-
opmental status of preschool SGA children, Pryor145

found that mothers were less likely to have breastfed
their babies and reported higher incidences of eating
problems and visits to a general practitioner than
those with AGA children. For all subjects, breast feed-
ing was correlated with higher Stanford–Binet scores,
and environmental factors appeared more salient for
the progress of SGA children at this age than biologi-
cal factors. At age 13, adolescents born SGA scored
significantly lower than the AGA group on the WISC-
R scales, and at the age of 15, they were rated by par-
ents as having more behavioral problems.146 Mothers’
education has been associated with SGA infants’ aca-
demic abilities,147 and improper mothering behavior

has also been postulated as a factor associated with
behavioral disturbances in SGA children.148,149

It is generally considered that perinatal complica-
tions are important determinants of major neurologi-
cal sequelae, whereas less severe behavioral problems
in the long term would be more related to IUGR per
se. The time of onset of IUGR (before 27 or before
34 weeks’ gestation) has been associated with the
degree of impairment of school performance; reading,
writing and drawing abilities; creative and imagina-
tive activities; and reasoning capacity.150 More severe
behavioral disturbances were observed in very early
growth-retarded children and have been related to
their short stature; boys were more irritable and anx-
ious, and felt more unhappy and worried about their
relationships with other children, whereas girls were
more blubbering and irascible, and adopted defiant
and intimidating attitudes against their schoolmates.

Smedler and colleagues151 reported that healthy
VLBW SGA infants aged 8–11 years scored signifi-
cantly lower on measures of visuospatial ability, non-
verbal reasoning, strategy formation and gross motor
coordination, and they had also more behavioral and
educational problems than control AGA infants
matched for age, sex and socioeconomic background.
These developmental deficits began to be increasingly
evident at an early school age. Being born SGA at term
is associated with poorer school performance at 12
and 18 years,152 according to data obtained in a
French regional cohort. Lagerstrom and coworkers153

found that girls born SGA showed lack of school moti-
vation and concentration difficulties both at age 10
and at age 13. These authors further observed that
SGA children had lower scores than controls in WISC
test performance and full scale scores at the age of 10
years; preterm SGA infants also had lower scores in
the verbal scales.154 Results from the British Birth
Cohort in which school performance was assessed at
16 and 26 years were published recently.155 At 16
years, those born SGA demonstrated small but signi-
ficant deficits in academic achievement, and the
teachers were less likely to rate those who were born
SGA in the top 15th percentile of the class compared
with those who were born AGA. At 26 years, the
adults who were SGA did not demonstrate any differ-
ences in years of education, but they were less likely
to have professional or managerial jobs and reported
lower income than the AGA participants.

Adult conditions related to IUGR
Evidence that the quality of fetal growth and develop-
ment has strong and, in widely varying populations,
reproducible effects on susceptibility to many common
adult human diseases has only been acquired relatively
recently.

A further general point to be made in relation to
studies in this area as they relate to human disease is
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the extremely crude nature and limited scope of the
observations available reflecting the quality of human
fetal growth and development at the present time.
There is no such thing as a ‘normal’ birth weight. At
the present, there is no way of knowing what the opti-
mal fetal growth potential is of any particular child.
The relationship of the prevalence of a disease to birth
weight is often continuous throughout the range of
birth weights. Studies in experimental animals have
indeed shown that it is possible to expose pregnant
women to particular insults, which do not change the
birth weight of the offspring but yet do change their
phenotype in other respects.156

Individuals who were born small-for-gestational
age are a group of people who appear to be at
increased risk of the detrimental consequences of
obesity. In the cohort study of Ong and colleagues,89

children who showed catch-up in weight or length
between 0 and 2 years were  heavier and taller than
other children at 5 years, and had greater body mass
index, percentage body fat, total fat mass, and central
fat distribution, which are variables of childhood size
linked to metabolic markers for risk of disease in
adulthood and are predictive for adulthood obesity.

It appears that both poor fetal and early postnatal
growth are separately linked to the risk of poor glu-
cose tolerance as an adult.156

Adult hypertension and other cardiovascular dis-
ease, in people who were born small-for-gestational
age, has been attributed to fetal adaptations to mater-
nal undernutrition or placental dysfunction that per-
manently alters growth characteristics, postnatal
metabolism and physiology.157,158 The mechanisms
underlying the programming of hypertension are likely
to be multifactorial; however, a role for the kidney
and the endotelium in the maintenance of raised
blood pressure has been reported.159 In some studies,

postnatal physiological adaptation and maturation if
IGUR infants is slower than normal and therefore they
remain in a physiologically immature state for longer,
the higher rates and greater cortisol excretion could be
precursors to hypertension and cardiovascular dis-
ease seen in adult.160

The programming of the endocrine axes might occur
during critical phases of fetal development and might
thus be affected by intrauterine growth restriction.
A northern Spanish group161 has indicated associations
between reduced fetal growth and the occurrence of
precocious adrenarche, pubarche, hyperandrogenism,
polycystic ovary syndrome and hyperinsulinism.
However hyperandrogenism and precocious pubarche
were not confirmed in a large Dutch study.162 Both
studies reported a lower number of follicles in the
ovaries in girls born SGA. Most studies show that chil-
dren born SGA start their puberty at a normal age but
relatively early, within the normal range. Age at menar-
che seems comparable with controls.163

Intrauterine and early postnatal environments
could have long-term consequences for infectious dis-
ease risk, as well as risk of other diseases with an
immunologic component, including asthma and
allergy, autoimmunity-related diseases and neoplasia.
The success of immunization programs that target
adolescent and young adults (e.g., tetanus and hepati-
tis B) could be affected.164 A recent study of
Hasselmar and colleagues165 report a similar fre-
quency of allergic diseases in SGA-born subjects as in
controls deviating from the primary hypothesis of a
protective effect on allergy development in the sub-
group of IUGR subjects.

The underlying mechanisms explaining links
between fetal growth and cancer are not clear but
could well include permanent changes in growth factor
expression and sensitivity.156
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124 Macrosomia: concept and
epidemiology
E. Fabre, R. González de Agüero, J. L. de Agustín and A. Ezquerra

Introduction
The term macrosomia describes the condition of infants
with birth weight of ≥4000 g, regardless of gestational
age. Further subdivisions of macrosomia have been
commonly used: mild macrosomia (4000–4499 g), very
macrosomic (4500–4999 g) and extremely macro-
somic (≥5000 g). However, other cutoff levels have
also been used in the definition of the macrosomic
fetus: birth weight of ≥4100 g1, 4500 g2 or 4536 g
(10 lb).3 Although weight is easy to determine, this
criterion fails to reflect the influence of gestational age
on birth weight.

Birth weight–gestational age tables are convenient
methods to demonstrate the relationships between
birth weight and perinatal outcome. The 10th and
90th percentiles of birth weight are common arbitrar-
ily chosen limits of appropriate weight for gestational
age (AGA). Large for gestational age (LGA) is defined
as born with a weight ≥90th percentile for gestational
age, and small-for-gestational age (SGA) as born with
a weight < 10th percentile (Figure 124.1). However,
because birth weights normal-for-gestational age may
vary with geography and ethnicity, an infant that is
LGA according to a set of normative data derived from
one population may not meet the criteria derived from
another population.

Although macrosomia has traditionally been
defined on the basis of birth weight, not all macro-
somic fetuses have the same anthropometric charac-
teristics. It has long been recognized that the infant of
a diabetic mother typically has a disproportionate
increase in such insulin-sensitive tissues as adipose
tissue, liver and muscle, but not in others such as
bone, skull and brain, in which growth is relatively
insulin insensitive.4 In addition to differences in
weight/length ratios, infants of diabetic mothers also
differ in body composition and weight distribution
from those of non-diabetic mothers. Fetal macrosomia
in diabetes mellitus is characterized by organomegaly
and increased adiposity and fetal muscle mass. Both
fetuses and neonates of diabetic mothers have a

significantly smaller head circumference than that of
fetuses and neonates of gestational age-matched non-
diabetic mothers,5 but abdominal circumferences of
LGA infants of diabetic mothers are significantly
greater than those of LGA infants of non-diabetic
mothers.6 Among neonates weighing over 4000 g, the
shoulder circumferences of infants of diabetic mothers
were found to be significantly greater than those
infants of non-diabetic mothers.5 The disproportion-
ate increase in the size of the abdomen and shoulders
compared to the cranium contributes to the potential
for traumatic vaginal delivery. The amount of subcu-
taneous fat present in the infant of a diabetic mother
may be an indicator of the degree of glycemic control
achieved during gestation.

Estimation of body composition, lean body mass and
fat mass is a further anthropometric refinement in the
assessment of growth. Lean body mass represents meta-
bolically active tissue and is relatively stable in utero in
relation to the alterations in the maternal metabolic
milieu, while fetal fat mass accumulation may be more
sensitive to factors that affect fetal growth.7 In the
normal-term neonate, lean body mass represents an
average of 86% of total body weight and explains 83%
of the variance in birth weight. In contrast, neonatal fat
mass constitutes only 14% of birth weight but explains
46% of its variance.8 Macrosomia in the fetus of a dia-
betic mother may represent the accumulation of exces-
sive fetal fat as opposed to lean body mass.9 Sparks10

described a comparable rate of accretion of lean body
mass in SGA, AGA and LGA fetuses but considerable
variation in the accretion of fetal fat. Fat accretion in
SGA fetuses is considerably less than in the AGA
fetuses, which in turn is less than that of the LGA
fetuses. Estimates of body composition, however, are
rarely used to assess normal fetal growth, because of
methodological difficulties. The ponderal index has
been used as an estimate of the degree of obesity or
thinness of an infant. Although birth weight is used in
the derivation of the ponderal index, this explains only
22% of the variance in birth weight and correlates
poorly with estimates of percentage body fat.8
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Epidemiology
Epidemiological factors
Women delivering macrosomic infants tend to be
obese, tall, older and have increased parity.11 It is also
interesting that the macrosomic infant is more often
male12,13 (Table 124.1). Maternal factors that may pre-
dict macrosomia in the infant include previous his-
tory of macrosomia, obesity, prolonged pregnancy and
diabetes mellitus.2,13,14 Studies of pregestational and
gestational diabetic women have demonstrated a sim-
ilar relationship between macrosomic neonates and
the aforementioned factors of risk.15,16

Fetal syndromes with genetics determination
There are different fetal syndromes which can deter-
mine a genetical growth acceleration. Their incidence
is normally quite low. Most common ones are:

Beckwidth-Wiedemann syndrome, is characterized
by a consistent set of symptoms including macroglos-
sia, visceromegaly, macrosomia, umbilical hernia or
omphalocele and neonatal hypoglycemia. Although
most cases appear to be sporadic (85%), the etiology  is
generally accepted as genetic. Families with more than
one affected relative have been reported, and linkage
studies in these familial cases have located the gene
on the short arm of chromosome 11 (11p15.5). This
region contains the insulin-like growth factor, Type 2

(IGF2 gene), and the product of this gene is a major
fetal growth factor.17

Nesiodioblastosis, autosomal recessive inheritance
(11p15.1, 10q23.3, 7p15-p13), the main feature is a
proliferation of beta pancreatic islets, producing
hyperinsulinism and neonatal hypoglycemia.18

Sotos syndrome, in this syndrome, also called cere-
bral gigantism, babies are generally significantly
larger and heavier than average, caused by excessive
pre-natal and early post-natal growth. Characteristics
include macrocephaly with accelerated bone matura-
tion, delayed development and language problems,
widely spaced eyes, prominent jaw, and high arched
palate. Intelligence varies from normal to mild learn-
ing disability. Most cases are sporadic mutations.
Once established, inheritance is autosomal dominant
(5q35).17

Weaver syndrome, characterized by accelerated growth
and advanced bone age (evident at birth), unusual
craniofacial appearance, hoarse low-pitched cry, and
hypertonia with camptodactyly, caused by mutations in
a gene called NSD1 (5q35). The same gene is mutated in
more than three-quarters of patients with another over-
growth disorder called Sotos syndrome.17

Nevo syndrome, Nevo syndrome is caused by muta-
tion in the gene encoding lysyl hydroxylase and is
therefore allelic with, or in the view of some, identi-
cal to, the kyphoscoliotic type of Ehlers-Danlos

Figure 124.1 Increase in body weight of fetuses during the second half of gestation according to menstrual age. LGA, large; AGA,
appropriate; and SGA, small-for-gestational age.
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syndrome. Some of the characteristics are increased
growth, kyphosis, prominent forehead, volar edema,
spindle-shaped fingers, wrist drop, talipes, hyper-
bilirubinemia, generalized hypotonia and autosomal
recessive inheritance (1p36.3–36.2).17

Congenital hyperinsulinism, is a clinically and genet-
ically heterogeneous entity and causes severe hypo-
glycemia in neonates. The clinical heterogeneity is

manifested by severity ranging from extremely severe,
life-threatening disease to very mild clinical symp-
toms, which may even be difficult to identify. Most
cases are caused by mutations in the cromosome
11p15 coding for either of the two subunits of the
beta-cell. Recessive mutations of the beta-cell genes
cause diffuse HI, whereas loss of heterozygosity
together with inheritance of a paternal mutation
causes focal adenomatous HI. Other cases are caused

1328 Macrosomia: concept and epidemiology

Table 124.1 Prevalence of macrosomia and odds ratios for selected factors (from Larsen et al.13)

Macrosomic infants (%) Adjusted odds ratio (95% confidence interval)*

Body mass index

≤25th 4.8 0.58 (0.55–0.62)

25th to < 75th 8.1 l.00*

75th to < 85th 10.8 1.34 (1.26–1.43)

85th to < 95th 12.8 1.61 (l.52–170)

≥95th 17.0 2.15 (2.01–2.29)

Maternal height (quartiles)

First 5.9 1.00*

Second 7.4 1.41 (1.32–1.52)

Third 9.3 1.93 (1.81–2.07)

Fourth 12.5 12.81 (2.63–3.01)

Maternal age (years)

15–19 6.9 0.93 (0.88–0.99)

20–24 8.7 1.00*

25–29 10.3 1.09 (1.03–1.15)

≥30 13.5 1.33 (l.25–1.42)

Previous live births

0 7.3 100*

1 8.8 1.25 (1.18–1.32)

2 10.3 1.41 (1.32–1.50)

≥3 12.0 1.54 (1.43–1.65)

Gestational age (weeks)

37 3.9 0.38 (0.34–0.42)

38 5.1 0.49 (0.46–0.53)

39 7.1 0.69 (0.65–0.73)

40 10.1 1.00*

41 13.2 1.34 (1.26–1.41)

42 14.7 1.55 (1.45–1.66)

Sex of infant

Male 11.2 1.00*

Female 6.7 0.52 (0.50–0.54)

* Multiple logistic regression with body mass index, height, ethnicity, smoking, maternal age, previous live births, gestational age and infant
sex in the model
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by mutations in gene coding for the beta-cell enzymes
glucokinase (GK), glutamate dehydrogenase (GDH),
and SCHAD.19

Maternal weight gain and prepregnancy weight
Maternal prepregnancy weight, as well as maternal
weight gain during pregnancy, are directly related to
birth weight. Underweight women tend to deliver
infants with lower mean birth weights, and heavier
women tend to deliver infants with higher mean
birth weights.20 A very important risk factor for
macrosomic fetuses is maternal obesity.3 Among
women not selected on the basis of glucose intoler-
ance, univariate analysis demonstrates a greater fre-
quency of infant macrosomia among obese than
among non-obese mothers.21 After adjustment for fac-
tors known to be important predictors of birth weight,
such as maternal age, smoking, race, height, parity,
gestational age and infant gender, the odds of deliver-
ing a macrosomic infant are 2.2 times higher in
severely overweight mothers than in those of normal
weight13 (Table 124.1). Among gestational diabetics, a
positive association has also been demonstrated
between birth weight and maternal prepregnancy
body mass index, percentage ideal body weight and
absolute weight.22

The evidence also indicates that women with large
gestational weight gains are at increased risk for
infants of high birth weight.23 Low prenatal gain is
associated with a more than doubled risk of SGA, and
high prenatal gain gives a doubled risk of LGA.24

Several studies have found a linear relationship
between birth weight and maternal weight gain at all
levels of prepregnancy weights,25 whereas others have
reported that, as prepregnancy weight increases, the
importance of maternal weight gain diminishes.26

Maternal weight gain significantly increases birth
weight for women with body mass indices of ≤135%
of the standard before pregnancy, with an equal effect
in underweight and ideal-weight women and slightly
less for moderately overweight women. However,
weight gain during pregnancy has no significant effect
on birth weight for very overweight women.27

Compared to obese women who gained 7–11.5 kg,
obese women who lose weight or do not gain weight
are at higher risk for delivery of infants under 3000 g
or SGA infants and those who gain more than 16 kg
are at twice the risk for delivery of infants weighing
4000 g or more (Figure 124.2).28 Nonetheless, obese
women clearly have infants that are larger than those
of non-obese women for the same weight gain.

Previous fetal macrosomia
The tendency to repeat increased birth weight in sub-
sequent pregnancies is well accepted. Bakketeig and
colleagues29 found that the risk of an LGA infant was
48% in the second birth if the first was LGA, compared
to a risk of 16% if the first birth was AGA. Infants with

birth weight of ≥4500 g are 7.0 times more likely (95%
confidence interval 5.4–9.1) to have a subsequent
macrosomic sibling than are infants with smaller birth
weight, after controlling for pregnancy smoking status,
parity and gestational age. Race, maternal age or mari-
tal status and diabetes mellitus do not materially affect
this relationship. The overall prevalence of macro-
somic infants subsequent to previous macrosomic birth
is 22%, a proportion that does not vary notably with
parity, or when paternity changes between successive
births. Mothers with one macrosomic infant are at
marked risk for repeating macrosomic births.30

Post-term pregnancies
A recognized but often overlooked consequence of the
prolonged pregnancy is fetal macrosomia. The post-
date fetus should continue growing, although at a
reduced rate, in the absence of uteroplacental insuffi-
ciency. Thus, an otherwise healthy fetus may become
macrosomic with continuation of the pregnancy.
Large, often macrosomic fetuses are more common in
post-term pregnancies and predispose to dysfunc-
tional labor, shoulder dystocia and operative deliver-
ies. Boyd and coworkers14 found a 16% incidence of
macrosomic infants at 41 weeks’ gestation and a 21%
incidence at 42 weeks’ gestation, both significantly
increased when compared to the 8.2% incidence
reported at less than 41 weeks’ gestation. Similar
results were reported by Arias,31 who also found a
23.8% incidence of macrosomia in fetuses of more
than 41 weeks’ gestation. Figure 124.3 shows a con-
tinuous increase in the number of infants with birth
weights of ≥4000 g for each week interval after 40
weeks’ gestation. Usher and coworkers32 reported that
post-term fetuses are also more often macrosomic,
with a birth weight of 4000 g or more in 23% of prim-
iparas and 40% of multiparas at 42 weeks or later
compared to 9% and 14%, respectively, at term.
Chervenak and colleagues33 reported an incidence of
macrosomia at 42 weeks’ gestation of 25.5%, signifi-
cantly higher than 6% of macrosomic infants in the
group of patients delivered between 38 and 40 weeks’
gestation. In general, infants delivered at 42 weeks’
gestation are three to seven times as likely to weigh
more than 4000 g than those delivered before 41 com-
plete weeks’ gestation.

Diabetes mellitus
It is well known that infants born to diabetic mothers
have an excessive size and weight at birth. Macro-
somia has long been considered the hallmark of diabetic
fetopathy. Maternal hyperglycemia induces fetal hyper-
glycemia, which in turn stimulates fetal endocrine
pancreatic islets and insulin release; the persistent fetal
hyperinsulinism promotes glucose uptake by fetal tis-
sues and increases fetal growth, with resultant macro-
somia.34 The incidence of macrosomia in pregnancies
complicated by diabetes is more than twice that for
non-diabetic women.14 Diabetes is more frequently
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present among mothers of infants whose birth weights
exceed 4000 g than among those with lower birth-
weights.3,14 However, when the gestational age is con-
trolled, LGA infants are born with equal frequency to
diabetic and non-diabetic mothers.35 Inconsistencies
in these findings may be explained by the influence of
factors other than maternal diabetes on birth weight.22

In recent years tight glycemic control became a
standard of care in the management of the pregnant
diabetic in order to reduce perinatal mortality and
morbidity. This resulted in the reduction of perinatal
mortality to rates comparable to those observed in the
normal population. In contrast, the incidence of peri-
natal morbidity as reflected by metabolic disorders
and macrosomia remains relatively high. Although
maternal hyperglycemia is clearly a factor implicated
in the development of macrosomia, the evidence is
often conflicting. Several investigators36 have reported
an association between maternal glucose control and
macrosomia, but others have not been able to substanti-
ate this finding.37 Fetal growth appears to be affected
by many factors in addition to maternal glucose levels.
In non-diabetic women, maternal factors that have
been shown to be related to macrosomia include parity,
maternal size, weight gain and prolonged pregnancy.14

Other determinants of birth weight that have been

linked to excessive fetal size in non-diabetic women
include fetal sex, history of a large infant and race.38

In a large study of patients with gestational dia-
betes, the relationship was examined between opti-
mal levels of glycemic control and perinatal outcome
(334 gestational diabetic women and 334 subjects
matched for control obesity, race and parity).39 Three
groups were identified on the basis of mean glucose
level throughout pregnancy. In the group with high
levels (≥105 mg/dl) the incidence of LGA infants was
approximately twofold higher than in the control
group. Also, the incidence of LGA infants was 21-fold
higher in the group with high mean blood glucose
levels than in the group with low mean blood glucose
levels (≤86 mg/dl), and fourfold higher than in the
group with intermediate mean blood glucose levels
(87–104 mg/d1). No significant difference was found
between the control and the mean blood glucose cate-
gory of 87–104 mg/dl in the incidence of SGA or LGA
infants (Figure 124.4). Willman and colleagues40

reported that there is a non-linear relationship
between maternal glucose concentration and exces-
sive fetal growth and that the incidence of macroso-
mia is not consistently increased until the mean
glucose concentration is equal to or higher than
130 mg/dl (Figure 124.5). Also, the results of this study
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Figure 124.4 Association between neonatal size and level
of glycemic control in gestational diabetes. Open bars, large;
and shaded bars, small-for-gestational age. Modified from
Langer et al.39

Figure 124.5 Incidence of macrosomia in relation to mean
maternal glucose level. Data from Willman et al.40

Figure 124.2 Incidence of macrosomia by total gestational
weight gain in obese women. Data from Edwards et al.28

Figure 124.3 Incidence of macrosomia by gestational age at
delivery. Data from Arias.31
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indicate that macrosomia among diabetic women is
multifactorial in origin and not singularly the conse-
quence of maternal hyperglycemia. Specifically, mater-
nal obesity, maternal insulin requirements (which
reflect greater insulin resistance and greater abnormal-
ity of fatty acid and lipid metabolism), maternal glu-
cose level and history of a large infant are associated
with fetal macrosomia. Therefore, factors known to be
associated with excessive fetal size in non-diabetic
women must also be considered when women with
well-controlled diabetes inexplicably give birth to
macrosomic infants.

In some studies of the relationship between mater-
nal glucose concentrations and fetal macrosomia,
there is an implicit assumption that the risk of the lat-
ter exists only for those who equal or exceed the
threshold values defining gestational diabetes on a
glucose tolerance test (GTT). However, this is proba-
bly not the case, as is suggested by a demonstrated
risk of macrosomia among women exhibiting lesser
degrees of glucose intolerance. In infants of women
with diabetes, macrosomia is thought to occur
because of fetal hyperinsulinemia due to maternal
hyperglycemia. The same hypothesis has been used to
explain the increase in neonatal birth weight found in
studies of pregnant women with minor degrees of glu-
cose intolerance. The exact degree of maternal glucose
intolerance associated with fetal macrosomia is not
well defined. As any criteria for the diagnosis of dia-
betes are arbitrary, their use lies in their clinical value.
One may question whether the results of currently
used screening tests accurately predict the patient’s
risk for fetal overgrowth.

The relationship between maternal glucose con-
centrations and fetal macrosomia has been explored
in several publications. Some have failed to demon-
strate any significant relationship. Others have found
a positive relationship between maternal glucose levels
and fetal macrosomia. One of these reports showed
that patients who had elevated 1-h glucose screening
test values and normal GTT (group study) results
delivered macrosomic neonates (11.9%) significantly
more often than those having normal glucose screens
(6.4%). When the data were corrected for other
macrosomia risk factors (advanced age, high parity,
obesity, race and prolonged gestation) there was still a
significantly higher frequency of macrosomia in the
study group.41 Another report demonstrated a trend of
increasing birth weight with increasing 1-h glucose
screening test values.42 Women who have only one
elevated value on a GTT have macrosomic neonates
significantly more often (18.0%) than those having
normal glucose screens (6.6%) (odds ratio 2.28; 95%
CI 1.77–5.37), a relationship that persisted after con-
trolling for risk factors.43 The incidence of neonatal
macrosomia in infants of mothers who had only one
abnormal value in a 3-h GTT (20%) was greater than
in those of normal values (12.4%); however, after
adjustment for gestational age, there were no differ-
ences in birth weight and LGA percentage.44

Apart from glucose, many others factors are
involved in fetal growth. Recently many studies
have shown the correlation of blood cord levels of
insulin-like growth factors (IGFs), IGF binding pro-
teins (IGFBPs), leptin, and interleukin-6 (IL-6) with
intrauterine growth.45–47

Incidence and perinatal mortality
In general, infants weighing more than 4000 g account
for almost 10% of deliveries, while those of 4500 g or
more account for about 1% of all deliveries.3 The
Spanish Perinatal Mortality Survey of the Perinatal
Medicine Section of the Spanish Obstetrical and
Gynecological Society recorded data of 597,585 births at
hospital – with known birth weight and gestational age –
in different Spanish regions from 1980 to 1992.48 In the
period surveyed, the incidence of infants weighing more
than 4000 g was 6.7%, and 0.8% of infants weighed
more than 4500 g. This is similar to the published rates
of macrosomia. In a revision of 10 studies published
from 1931 to 1980, the incidence of fetal macrosomia
(≥4500 g) was between 0.6 and 1.9%.3 Recent stastistics
from the European Union show a significant variation
in percentages of higher birth weights. In some coun-
tries like Denmark or Sweden, babies weighing more
than 4500 g account for more than 4%, in others like
France, Greece, Portugal or Luxembourg, the average
is less than 1% of total live births.49 Data obtained
from the Center of Disease Control in the United
States show a progressive decrease of the incidence of
macrosomia, from 10.2% in 1996 to 9.2% in 2002 for
babies over 4000g at birth (Tables 124.3 and 124.4).49–51

Few epidemiological reports exist on the tendency over
time regarding fetal macrosomia incidence. In the
Spanish Perinatal Mortality Survey the macrosomic rate
has decreased over recent years. From 1980 to 1992 the
incidence of large infants (≥4000 g) diminished from
8.6% to 5.8%, and the incidence of infants weighing
more than 4500 g decreased from 1.0% to 0.6% (Table
124.2). The incidence of infants weighing more than
5000 g remained stable, at round 0.1%.

The association of fetal growth abnormalities with
perinatal morbidity and mortality is of interest to both
obstetricians and neonatologists. The few studies of
fetal overgrowth have shown that perinatal mortality
plotted against birth weight follows a U-shaped distri-
bution, even when controlled for the length of gesta-
tion. Perinatal mortality increases at the extremes of
birth weight at each gestational age (Figure 124.6).
Table 124.2 shows the mortality rates during the peri-
natal period in macrosomic fetuses. In the whole period
surveyed, the fetal mortality rate in fetuses weighing
more than 4000 g was very similar to that observed in
fetuses weighing between 2500 and 3999 g (3.2 vs.
2.8/1000 births). A similar result was observed in the
early neonatal mortality rate (1.5 vs. 1.6/1000 live births)
and perinatal mortality rate (4.8 vs. 4.4/1000 births).
However, when the mortality rates during the perinatal
period between those born weighing over 4500 g and
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Table 124.2 Trends in the incidence, fetal mortality, early neonatal mortality and perinatal* mortality rates in
fetal macrosomia from 1980 to 1992 (Spanish Perinatal Mortality Survey of the Perinatal Medicine Section of the
Spanish Obstetrical and Gynecological Society)

Birth weight (g)
Incidence (%) 1980 1983 1986 1989 1992 Overall

≥4000 8.6 6.5 6.8 6.3 5.8 6.7

≥4500 1.0 0.8 0.8 0.7 0.6 0.8

Fetal mortality rate (%)

2500–3999 3.1 3.0 2.8 2.7 2.3 2.8

≥4000 3.9 5.4 1.8 2.9 2.0 3.2

≥4500 9.2 8.2 8.1 7.4 6.6 7.8

Early neonatal mortality rate (%)

2500–3999 2.4 1.5 1.7 1.4 1.4 1.6

≥4000 2.5 1.4 2.0 0.8 0.7 1.5

≥4500 6.2 5.5 5.6 4.7 3.9 5.1

Perinatal* mortality rate (%)

2500–3999 5.5 4.5 4.5 4.1 3.6 4.4

≥4000 6.5 6.8 3.8 3.7 2.7 4.8

≥4500 15.4 13.6 13.6 12.0 10.4 12.9

*‘Perinatal’ includes fetal and early neonatal

Table 124.3 Live births >> 4500 g in Europe from Simone Buitendijk et al .49

Member state Data Source > 4500gr (%)

Austria A1- 2001 1.08

Belgium (Flanders) B2- 2000 0.95

Belgium (French community) B3- 2000 1.75

Denmark DK1- 2000 4.20

Finland FIN1- 2000 3.30

France (perinatal survey) F1- 1998 0.81

Germany D2- 1999 1.64

Greece (perinatal survey) EL1- 1998 0.80

Ireland IR1- 1999 3.00

Italy I1- 1998 2.61

Luxemburg L2- 2000 0.79

The Netherlands NL1- 1999 2.31

Portugal P1- 1999 0.74

Spain (Madrid, Valencia, País Vasco) EL2- 2000 n/a

Sweden S1- 2000 4.26

UK UK1,6,7- 2000 1.75
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those born weighing in the range 2500–3999 g are com-
pared, it is observed that fetal mortality rate is 2.8 times
higher (7.8 vs. 2.8/1000 births), early neonatal mortal-
ity rate is 3.2 times higher (5.1 vs. 1.6/1000 live births)
and perinatal mortality rate is 2.9 times higher (12.9 vs.
4.4/1000 births). The prognosis for the very large fetus,
although substantially improved in recent years,
remains less than desirable. From 1980 to 1992 in those
born weighing more than 4500 g, the fetal mortality rate
diminished from 9.2 to 6.6/1000 births, the early
neonatal mortality rate from 6.2 to 3.9/1000 live births
and the perinatal mortality rate from 15.4 to 10.4/1000
births. In other studies, a full-term infant weighing
more than 4500 g was shown to have a risk of mortality
three to four times higher than an infant of average
birth weight.52

It is important to recognize the relatively high inci-
dence of macrosomia, because of the complications
associated with this condition. These include increased
maternal and fetal trauma, shoulder dystocia resulting
in Erb’s palsy, perinatal asphyxia, meconium aspiration,

increased rate of labor disorders, operative delivery and
postpartum hemorrhage.3 The incidence of shoulder
dystocia directly relates to increasing fetal size. The
overall incidence of shoulder dystocia varies between
8% and 10% with fetal weights of 4000–5000 g and is
as high as 20–30% with fetal weights of more than
4500 g.53 The risk of shoulder dystocia for LGA new-
born (>4000 g) is 1.6% (OR = 22.3; 95% CI 16.7–29.8;
P <0.001). The presence of maternal diabetes also
increase the risk until 0.6% (OR = 2.8; 95% CI 2.0–4.0;
P <0.001). Combining risk factors such as LGA, dia-
betes mellitus and vacuum delivery increased the risk
for shoulder dystocia to 6.8% (OR = 32.6; 95% CI
10.1–105.8; P <0.001) (Figure 124.7).54 Among infants
of diabetic mothers, over two-thirds of shoulder dysto-
cia cases occur in those weighing 4000 g or more.55

Neonates experiencing shoulder dystocia have signifi-
cantly greater shoulder-to-head and chest-to-head dis-
proportions than do macrosomic neonates delivered
without shoulder dystocia.5 Fetal injuries, ranging from
brachial plexus injuries to clavicular and humeral

Epidemiology 1333

Figure 124.6 Perinatal mortality rate (PMR) for birth weight groups in those born at term (37–41 weeks’ gestation) from the Spanish
Perinatal Mortality Survey of the Perinatal Medicine Section of the Spanish Obstetrical and Gynecological Society from 1980 to
1992.

Table 124.4 Prevalence of macrosomia in the United States (National Vital Statistics Report from Suneet et al .50

Variable 2002 (n) 2001 (n) 2000 (n) 1999 (n) 1998 (n) 1997 (n) 1996 (n) P value

Total births 4,021,726 4,025,933 4,058,814 3,959,417 3,941,553 3,880,894 3,891,494

Macrosomia 368,184 (9.2%) 378,976 (9.4%) 401,340 (9.9%) 392,683 (9.9%) 396,096 (10.1%) 390,071 (10.1%) 398,340 (10.2%) <.0001

4000-4499 g 314,182 (7.8%) 322,346 (8.0%) 340,384 (8.4%) 332,863 (8.4%) 330,894 (8.5%) 330,894 (8.5%) 336,514 (8.6%) < .0001

4500-4999 g 48,606 (1.2%) 51,132 (1.3%) 54,748 (1.3%) 53,751 (1.4%) 53,936 (1.4%) 53,936 (1.4%) 55,558 (1.4%) <.0001

≥5000 g 5396 (0.1%) 5498 (0.1%) 6208 (0.2%) 6069 (0.2%) 5941 (0.2%) 5941 (0.2%) 6268 (0.2%) < .0001
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fractures, are recognized complications of shoulder
dystocia. However, most of these injuries appear to be
transient, and permanent neurological injury or true
asphyxia is uncommon. The management of large-for-
date fetuses must be based not only on the estimated
fetal weight, but also on functional criteria, and the
mode of delivery will depend on a balance being struck
between fetal and material risk, and the wishes of the
parents.56–61

Several investigators have advocated for routine
cesarean delivery when the fetus reaches a “macro-
somic” weight, although there has been no consensus
on what that weight should be. Benedetti and Gabbe63,
for example, considered an infant to be macrosomic
when it was in excess of 4000 g, given the significantly
increased risk of shoulder dystocia in this group.
Alternatively, some investigators have suggested that
the most appropriate fetal weight indication for

cesarean delivery should be 4500 g, although others,
such as ACOG (level C evidence), have recommended
5000 g.64 But nowadays, among uncomplicated preg-
nancies, there is sufficient evidence that suspected
macrosomia is not an indication for induction or for
primary cesarean delivery. For pregnancies compli-
cated by diabetes, with a prior cesarean delivery or
shoulder dystocia, delivery of a macrosomic fetus
increases the rate of complications, but there is insuf-
ficient evidence about the threshold of estimated
fetal weight that should prompt cesarean delivery
(Figure 124.8).62–65

1334 Macrosomia: concept and epidemiology

Figure 124.7 Birth-weight distribution among patients with
shoulder dystocia (right curve; mean 4081.5 ± 416.1) and
without shoulder dystocia (left curve; mean 3240.6 ± 449.2)
from Sheiner et al.54

Figure 124.8 Rates of maternal complications (percent) by
birth weight (g) from Stotland et al.62
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125 Etiology and pathogenesis
of fetal macrosomia
F. Carmona and V. Cararach

Introduction
Macrosomia is the term used to define fetuses that
present excessive weight at birth; however, there is no
agreement on what is the maximum weight that can be
considered normal at the moment of birth since the
limits defined by different authors vary between 4000
and 4500 g.1–3 The currently most widely accepted def-
inition considers gestational age as well as weight; the
the word macrosomia includes ‘fetuses that are large
for their gestational age’ (birth weight above the 90th
percentile of weight distribution for their gestational
age).4 However, with regard to the possible prevention
of problems during delivery the limit is set at 4000 g.

Fetal development and growth are regulated by
many factors, which include the fetus’s own character-
istics, the maternal environment, placental function,
and the availability of nutrients for the fetus. There is a
close correlation in normal pregnancies between fetal
weight and gestational age, such that fetal growth may
be considered as the result of the relationship between
genetic potential for growth and external influences
that may modulate it. During early pregnancy, fetal
growth is due to an increase in the number of cells
(hyperplasia), while in the third trimester it is princi-
pally a result of an increase in cell size (hypertrophy).

Since fetal needs in later pregnancy are greater, the
external influences (particularly the placenta if its
capacity is diminished) are more important and thus
the rate of fetal growth tends to diminish after the
30th week in multiple pregnancies and after the 36th
week in single pregnancies, making differences in
fetal size during the third trimester more obvious than
in earlier stages of the pregnancy.5,6

In this chapter, we review the main factors
involved in the genesis of macrosomia.

Factors involved in fetal growth
Genetic factors
The basic determining factor for the size of different
species is genetic in character. Nevertheless, the

mechanisms that control growth, are not well known.
In fact, birth weight varies widely: weight among per-
centiles 10 and 90 in the Hospital Clínic de Barcelona
for 40-week newborns varies between 2900 and 3980 g;
of this variation, 20% is believed to be attributable to
the fetal genotype; maternal height and weight exert
considerable influence on the final fetal weight.7,8

In only a small percentage of cases does macroso-
mia form a part of a genetically determined syndrome
and there is no prenatal diagnostic test that can
specifically identify this subgroup of patients.
Although they are uncommon, we shall briefly
describe the particular syndromes, which include
macrosomia among their characteristics. 

Beckwith–Wiedemann syndrome
Only 200 cases have been recorded in the literature
since it was first described.9 Newborns are character-
ized by excessive weight (mean birth weight 4000 g),
macroglossia, linear creases in the outer ear, and, in a
high percentage of cases, omphalocele. Hydramnios
and prematurity are common and embryonal cancers
of infancy and early childhood are also frequent.
Macrosomia is mainly at the expense of the muscular
and subcutaneous tissues, and in many cases there is
hyperinsulinemia at birth; many cases (30–35%)
show neonatal hypoglycemia. The majority of infants
with hypoglycemia will be asymptomatic and have
resolution of this condition within the first 3 days of
life and less than 5% will have hypoglycemia beyond
the neonatal period requiring either continuous feed-
ing or a partial pancreatectomy.10 It is also common to
find an increase in the number of red blood cells,
hyperviscosity, and dyspnea with, in some cases,
slight to moderate mental retardation, which may
improve if the condition is diagnosed and treated
appropriately during the neonatal period. The neona-
tal complications are very similar to those presented
by the offspring of diabetic mothers. There are
descriptions of an increase in the number and affinity
of erythrocyte insulin receptors and it has been sug-
gested that the excessive growth is the consequence of
an increased response to normal or slightly increased
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insulin concentrations,11–13 resulting in hypoglycemia
among newborns, which is often serious and produces
convulsions. Treatment with hydrocortisone may
improve the situation. Diagnosis must be regarded with
suspicion until the birth, when macrosomia, omphalo-
cele, and macroglossia can be diagnosed.14

Recent studies have identified the majority of genes
associated with the Beckwith–Wiedemann syndrome
in the 11p15 region and the genotype of persistent
hyperinsulinemia–hypoglycemia of childhood also
in the 11p15 region may provide a molecular basis
for hypoglycemia in the Beckwith–Wiedemann syn-
drome involving abnormal methylation of either H19
or LIT1, which encodes unstralated RNAs on 11p15.15

Prenatal diagnosis could be made in suspected cases
studying by PCR the polymorphic loci on 11p 15.15 in
the fetus, by amniocentesis or by chorionic villus
sampling, or in both parents.16

Soto’s syndrome
This occurs sporadically but familial cases with domi-
nant autosomic heredity have been known with defects
in the NSD1 gene in nearly 60% of the patients.17 The
affected fetuses present macrocephaly, dolichocephaly,
and prognathism with moderate to severe mental retar-
dation in 83% of the cases. Fourteen percent of the
affected newborns present abnormal glucose tolerance
tests.18 Prenatal echographic examination reveals the
existence of a heavier-than-expected fetus with a
cephalic perimeter/abdominal perimeter ratio that is
greater than normal (similar to what happens in cases
of asymmetric growth retardation).

Gillian Turner’s syndrome
This is a recessive X-linked syndrome characterized
by mental retardation, increase in genital size, and
varying degrees of macrosomia. There may be cerebral
gigantism 

Weaver’s syndrome
This is a rare syndrome characterized by acceler-
ated skeletal maturation, unusual facies, and
camptodactylia.19

Nesidioblastosis
This condition is characterized by the existence of a
diffuse proliferation of the islets of Langerhans with a
relative increase in beta cells. It has been suggested that
the primary defect may be an alteration in the organi-
zation of the islets, which impedes the usual pancreatic
regulation of insulin secretion, which is done by other
hormones, such as somatostatin. The only efficient
long-term treatment is the surgical resection of 95% of
the pancreas. Although the etiology is unknown, it
seems to be a recessive autosomic defect in pancreatic
development. Newborns have a phenotype very similar
to the offspring of diabetic mothers, with macrosomia
due above all to hypertrophy of the muscular and
subcutaneous tissue.

Other syndromes
Other genetic alterations have been related with fetal
overgrowth. A recent report describes four children
from two unrelated families presenting with macroso-
mia and a terminal duplication of the long arm of
chromosome 15. In all cases, chromosome analysis of
the parents showed a balanced translocation involv-
ing 15q26.1-qter.20 Another report describes a case of
non-diabetic macrosomia associated with Simpson–
Golabi–Behmel syndrome.21

Fetal hormones
The genome controls fetal growth; the fetal hormones
translate genetic information into real stimuli for
growth. However, the exact mechanisms by means of
which this control and regulation are carried out have
not yet been established.

Insulin
This hormone plays a very important role in postnatal
life, mainly in the metabolism of carbohydrates.
During intrauterine life, however, insulin is the most
important hormone in the regulation of fetal growth.
Given that insulin cannot pass through the placental
barrier, the only source of insulin found in the fetal
plasma is its secretion by the fetal pancreas. Insulin is
present in fetal plasma as early as 8–9 weeks’ gesta-
tion, although it is relatively inactive until about the
20th week when fetal insulin response to glucose
becomes evident;22 the response to exogenous glucose
depends on fetal glucose levels, which regulate the
sensitivity of the beta cells of the pancreas.23 Thus,
chronic fetal hyperglycemia accelerates the develop-
ment of insulin-secreting mechanisms in such a way
that the offspring of diabetic mothers are predisposed
to develop an insulin-secreting response similar to
that of an adult.24

The insulin receptors in the fetal liver reach their
maximum levels between weeks 19 and 25 of preg-
nancy; however, the maximum affinity of these recep-
tors is reached later in pregnancy.25

Hyperinsulinemia induces the storage of glucose in
the form of glycogen, lipogenesis, and the utilization
of amino acids as an energy source. Experiments per-
formed in rhesus monkeys on the effect of insulin on
fetal growth have shown that this hormone produces
organomegaly, increase in fetal and placental weight,
and an increase in the crown–rump length (CRL).26 In
clinical practice, the importance of insulin in the con-
trol of fetal growth is better understood if it is kept in
mind that in macrosomic syndromes, such as mater-
nal diabetes, Beckwith–Wiedemann syndrome, and
nesidioblastosis, hyperinsulinemia is very common.

Several human studies support the relationship
between insulin and fetal macrosomia even in non-
diabetic mothers. Akin et al. studied 20 non-diabetic
mothers and their macrosomic infants with the
appropriate-for-gestational age control group. Levels
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of hemoglobin A1c were similar in both the groups
but the C peptide levels were significantly higher in
macrosomic infants, suggesting that these infants
were more likely to have hypersinsulinemia that were
normal-sized infants and this hyperinsulinemia was
not caused by the disregulation in glucose metabo-
lism.27 Valensise et al. determined the maternal plasma
levels of C peptide in 206 consecutive patients submit-
ted for an oral glucose tolerance test. They showed that
a C peptide cutoff at 2.9 ng/ml resulted predictive for
patients delivering large-for-gestational age newborns
(OR �3.42; 95% CI �1.59–7.39).28

Insulin-like growth factors (IGFs)
This is a group of peptides with structural similarities
to the proinsulin chain of amino acids.29 They were
previously known as somatomedins and may act
through endocrine, paracrine, or autocrine mecha-
nisms.30 Their effect is to promote fetal growth though
any of the following mechanisms: (a) stimulation of
glucose metabolism; (b) DNA synthesis; and (c) cellu-
lar proliferation. There are two main IGFs: IGF I and
IGF II, which can be detected from the 13th week of
pregnancy and cannot cross the placenta; fetal and
maternal IGF I levels increase as pregnancy advances
and correlate with fetal and placental weight;31 it is
not possible to describe a similar relationship
between IGF II and fetal weight, though it has been
shown that the levels of this peptide in the amniotic
fluid do not change during pregnancy.32

At the cell level also, two types of IGF receptors
have been identified.33 Type I receptors are very simi-
lar to insulin receptors, whereas type II receptors are
IGF-specific. Two different transporting proteins have
also been described, though the exact mechanism by
which they act is not well known.

Animal models have shown that growth factors play
an important role in the fetal growth. This role has been
studied through transgenic animal models. Thus,
growth hormone (GH)-deficient mice have been mated
with IGF-I transgenic mice and their offspring have had
normal body weight and linear growth, suggesting that
IGF-I plays a larger role than GH in fetal growth.34 Mice
whose IGF-II gene has been eliminated are severely
growth retarded in utero and have small placentas, but
they survived and grew normally after birth. Mice with
deleted IGF-I are also very small but have a normal pla-
centa and they had severe postnatal arrest and neonatal
death. This suggests that IGF-I plays a large role in pre-
natal as well in postnatal growth; however, IGF-II
affects placental growth, and thus fetal size, but it is not
essential for postnatal growth.35

Other hormones
The effect of the GH on fetal growth is minimal, since
the liver is the only fetal tissue that expresses receptors
for this hormone. Leptine is a hormone that plays an
important role in the regulation of the fetal weight. The
umbilical plasma levels of leptine are correlated with

the birth weight and with the umbilical concentration
of insulin, thus confirming that role.36 The effect of
other hormones on fetal growth is also minimal.

Maternal and environmental factors
There are certain factors that have been associated
empirically with macrosomia. They include previous
history of macrosomia, multiparity, maternal obesity,
the mother’s age, height, excessive weight gain during
pregnancy, prolonged pregnancy, and prolonged
labor.37–40 Recently, a birth weight prediction equation
based on maternal and pregnancy-specific characteris-
tics, which achieved accuracy of prediction compara-
ble to that obtained using ultrasonic fetal biometry, has
been validated.41 It has also been recently stressed that,
in gestational diabetes pregnancies, the association
of maternal glucose values and fetal macrosomia is
limited to the fasting glucose levels between 32 and
35 weeks, while maternal obesity appears to be a strong
risk factor of macrosomia throughout pregnancies
with gestational diabetes.42 In this sense, it has been
described that the occurrence of obstetric complica-
tions, including macrosomia, parallels the level of obe-
sity, but even moderate overweight amplifies the risk.43

To study the influence of these factors, we used a
retrospective study of 22,745 births (of more than
20 weeks) in the Hospital Clínic de Barcelona between
1980 and 1992. To reduce difficulties of interpretation,
we eliminated pregnancies in diabetic patients, which
left 21,298 pregnancies, which we allocated as follows:

Group 1: 500–2499 g (those with a low birth weight,
totalling 1462 cases or 6.9%)

Group 2: 2500–3999 g (those with normal weight,
totalling 18,748 cases or 88%)

Group 3: 4000–4249 g (first macrosome fraction,
totalling 697 cases or 3.3%)

Group 4: 4250–4449 g (intermediate macrosome frac-
tion, totalling 275 cases or 1.3%)

Group 5: over 4500 g (totalling 116 cases or 0.5%)

To describe and evaluate the distribution of the
cases we used Habermann’s contingency tables.

With regard to age there is a significant increase in
cases of macrosomia (Table 125.1) after the age of 35,
except in certain weight groups in ages above 40 in
which, although there is a clear increase in frequency,
it does not reach significant values due to the low
number of cases in the group. Similar results are
observed with parity. Beginning with the group with
two or three previous pregnancies, there is a significant
increase in frequency of macrosomes in all groups
(Table 125.2). The same is found with maternal height
when it is above 1.60 m and, especially when it is
above 1.65 m (Table 125.3), with weight increase
above 20% (Table 125.4), with a history of macrosomia
(Table 125.5), and with fetal sex (Table 125.6). In the
majority of cases, these factors increase the frequency

1338 Etiology and pathogenesis of fetal macrosomia
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Table 125.1 Maternal age and birth weight

Birth weight (kg)

Maternal age 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 ≥4.5 Total

≤16 59(10.7)* 472(86.1) 14(2.6) 3(0.5) 548

17–20 261(8.3)* 2,807(89) 59(1.9)** 17(0.5)** 11(0.3) 3,155

21–35 984(6.4)** 13,593(88.4)* 520(3.4) 204(1.3) 78(0.5) 15,379

36–40 87(6.3) 1,164(84.6)** 70(5.1)* 35(2.5)* 20(1.4)* 1,376

≥41 25(8.8) 238(83.5)** 13(4.6) 6(2.1) 3(1) 285

Not recorded 46 474 21 10 4 560

Total 1462 18,748 697 275 116 21,298

Results are expressed as n (%). Overall χ2: 948.5; degrees of freedom: 16; P < 0.0001
*Higher than expected; **lower than expected

Table 125.2 Parity and birth weight

Number of
Birth weight (kg)

previous births 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 ≥4.5 Total

0 713(7.7)* 8243(88.7)* 240(2.5)** 64(.7)** 36(.4)** 9296

1 379(6.2) 5391(8805) 198(3.2) 86(1.5) 33(0.5) 6087

2–3 264(6.6) 3470(87) 161(4.0)* 74(1.8)* 23(0.6) 3992

4–5 65(6.0) 915(85)** 56(5.2)* 27(2.5)* 13(1.2)* 1076

6-7 27(4.4)** 526(85)** 36(5.8)* 21(3.4)* 9(1.4)* 619

Not recorded 14 203 6 3 2 228

Total 1462 18748 697 275 116 21298

Results are expressed as n (%). Overall χ2: 160.5; degrees of freedom: 16; P < 0.0001
*Higher than expected; **lower than expected

Table 125.3 Maternal height and birth weight

Maternal
Birth weight (kg)

height (m) 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 ≥4.5 Total

≤1.44 14(6.1) 209(90.9) 3(1.3) 4(1.7) 0 230(1.3)

1.45–1.49 81(10)* 706(86.9) 14(1.7)** 10(1.2) 2(0.2) 813

1.5–1.54 165(6.1) 2,411(90.3)* 66(2.5)** 19(0.7)** 9(0.4) 2,685

1.55–1.59 201(5.3)** 3,363(89.3)* 130(3.4) 48(1.3) 24(0.6) 3,766

1.6–1.64 136(4.3)** 2,785(89.2)* 130(4.2)* 52(1.7) 18(0.6) 3,121(17.8)

≥1.65 65(4.0)** 1,436(87.9) 78(4.8)* 38(2.3)* 17(1.0)* 1,634(9.3)

Not recorded 800 7,838 276 104 46 9,064

Total 1462 18,748 697 275 116 21,298

Results are expressed as n (%). Overall χ2: 1028.1; degrees of freedom: 20; P < 0.0001
*Higher than expected; **lower than expected
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of macrosomia by two or three times, but the history of
macrosomic previous fetuses increases macrosomia by
nearly seven times.

Table 125.7 compares macrosomic newborns with
newborns of normal weight, showing a statistically
significant association between macrosomia and par-
ity, maternal age, gestational age, maternal height
and weight, and the maternal history of previous
macrosomes. The implications of this and of other
similar studies are that older women, obese women,
multiparous women, and those with prolonged preg-
nancies each belong to a group with high risk of

macrosomia, which is compounded when more than
one is present at the same time. This is especially
important in the selection of the group of pregnant
women at risk of macrosomia, for whom we can con-
sider adopting preventive attitudes toward the com-
plications connected with this pathology.

The origin of macrosomia in diabetes
Since its description 150 years ago, macrosomia
has been one of the main components of diabetic

1340 Etiology and pathogenesis of fetal macrosomia

Table 125.4 Maternal weight gain and birth weight

Maternal weight
Birth weight (kg)

gain > 20% 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 ≥4.5 Total

No 1298(7.0)* 16,396(88.3) 564(3.0)** 218(1.2)** 92(0.5)** 18,568

Yes 51(3.1)** 1,420(87.3) 99(6.1)* 36(2.2)* 20(1.2)* 1,626

Not recorded 113 932 34 21 4 1,104

Total 1462 18,748 697 275 116 21,298

Results are expressed as n (%). Overall χ2: 103.2; degrees of freedom: 4; P < 0.0001. χ2 for trend: 93.7; P < 0.0001
*Higher than expected; **lower than expected

Table 125.5 Previous macrosomic fetus and birth weight

Previous
Birth weight (kg)

macroscopic fetus 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 ≥4.5 Total

No 1426(7.0)* 18,008(88.8)* 583(2.9)** 199(1.0)** 71(0.3)** 20,287(87.1)

Yes 21(2.5)** 590(70.1)** 113(13.4)* 74(8.8)* 43(5.1)* 841(7.6)

Not recorded 15 150 1 2 2 170

Total 1462 18,748 697 275 116 21,298

Results are expressed as n (%). Overall χ2: 1051; degrees of freedom: 4; P < 0.0001. χ2 for trend: 811.7; P < 0.0001
*Higher than expected; **lower than expected

Table 125.6 Fetal sex and birth weight

Birth weight (kg)

Fetal sex 0.5–2.49 2.5–3.99 4–4.24 4.25–4.49 4.5 Total

� 686(6.2)** 9659(87.2) 54(4.1)* 190(1.7)* 75(0.7) 11,074(51.7)

� 752(7.4)* 9014(88.9) 247(2.4)** 84(.8)** 40(.4) 10,140(47.3)

Results are expressed as n (%). Overall χ2: 187.4; degrees of freedom: 4; P < 0.0001. χ2 for trend: 9395; P =0.0016
*Higher than expected; **lower than expected
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fetopathy. It has been known for some time that the
weight of the offspring of an untreated diabetic
mother is 140% higher than that of the controls, but
this increase is distributed asymmetrically in that
CRL is increased by 112%, heart size by 175%, liver
by 180%, lung and spleen by 130%, the adrenal
glands by 160%, and the pancreas by 110%; the kid-
neys and the brain do not increase in size.44 Moreover,
the increase in weight is due to the increase in both
the size and the number of cells.44 In addition, the
data from the Clinic Hospital of Barcelona mentioned
above confirm that the distribution of macrosomes is
significantly greater in diabetic compared with non-
diabetic patients (data not shown).

The problem of excessive fetal growth in the dia-
betic pregnant woman is complex and may be the
consequence of an abnormal supply of nutrients to
the fetus. In the early 1950s Pedersen established the
hypothesis that served for more than 30 years to
explain fetal weight gain in diabetic mothers;45 as a
result of the characteristic hypoinsulinemia diabetic

patients present hyperglycemia. The glucose easily
crosses the placenta through a diffusion mechanism
and reaches the fetus, 75% of the levels present in the
mother’s circulation. These high fetal blood glucose
levels are an additional stimulus for the fetus, which
responds by increasing insulin secretion, which
causes fetal hyperinsulinemia, which in turn causes
increases in hepatic glycogen and the synthesis of
triglycerides in the adipocytes, all of which leads to
increased weight and macrosomia.

This hypothesis was later extended by Freinkel and
Metzger,46 who examined the role played by other
nutrients. In their model (Figure 125.1), reduction in
maternal availability of insulin leads to an increase in
maternal levels of glucose, which furthermore is
underused. This produces changes in the levels of all
maternal nutrients, with high plasmatic levels not
only of glucose but also of lipids, some amino acids,
and ketones. Placentary structure and function may
be altered, allowing an abnormal mixture of nutrients
to reach the fetus. This contributes to anabolism

The origin of macrosomia in diabetes 1341

Table 125.7 Epidemiology factors related with macrosomia in the Hospital Clínic de Barcelona (from Sack1)

Birth weight (kg)

Factor < 2.5 2.5–4 > 4 p2

Parity < 0.0001

Nuliparous 7.8 88.5 3.7

Parous 6.2 87.5 6.2

Maternal age < 0.0001

< 20 8.6 88.5 2.8

21–35 6.4 88.3 5.2

< 36 6.7 84.4 8.8

Maternal height < 0.0001

< 1.5 m 8.6 88.3 3

1.5–1.65 m 5.3 89.5 5,1

> 1.65 m 3.9 87.8 8,2

Maternal weight < 0.0001

Non-obese 8 87.4 4.5

Obese 3.4 89.4 7.1

Gestational age < 0.0001

< 36 weeks 46.4 52.7 0.8

37–40 weeks 3.6 91.2 5.1

> 41 weeks 1.4 87.5 11

Previous macrosomic fetus < 0.0001

No 7 88.7 4.2

Yes 2.5 70.1 27.3

Results are expressed as a percentage of each category. Chi-square test
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during the second half of pregnancy and produces
excessive and premature insulin secretion, which
leads to the growth in all the insulin-dependent
organs.

We have recently investigated if there is any rela-
tionship between plasma lipid alterations and neona-
tal birth weight in pregnancies complicated with
gestational diabetes mellitus (GDM). Between June
1994 and December 1995, 107 pregnancies compli-
cated with GDM and 69 normal pregnancies were
prospectively evaluated. The non-diabetic patients
had normal O’Sullivan test during the early third
trimester of their current pregnancy (26–29 weeks’
gestation). GDM was diagnosed by a 3-h oral glucose
tolerance test performed at 28–31 weeks’ gestation.
All women were studied after an overnight fast,
between the 31st and the 34th gestational weeks. The
levels of plasma cholesterol, triglycerides, high-
density lipoproteins, and low-density lipoproteins
were measured and their correlations with the birth

1342 Etiology and pathogenesis of fetal macrosomia

Figure 125.5 Correlation of neonatal weight and cholesterol
level in GDM patients.

Figure 125.1

Figure 125.2 Correlation of neonatal weight and plasma
triglycerides level in non-diabetic patients.

Figure 125.3 Correlation of neonatal weight and plasma
cholesterol level in non-diabetic patients.

Figure 125.4 Correlation of neonatal weight and plasma
triglycerides level in GDM patients.
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weight was determined in both the groups studied.
The prevalence of hyperlipemia (hypertriglyceridemia
and/or hypercholesterolemia) was greater among the
GDM patients (Table 125.8), because a very high rate
of hypertriglyceridemia is seen in these patients (85%
vs. 56% in non-diabetic patients). The mean birth
weight correlated positively with the plasma triglyc-
eride level in the GDM patients but not in the non-
diabetic group. The cholesterol did not correlate with
the birth weight in the GDM group or in the normal
patients group (Table 125.9 and Figures 125.2–125.5).

Clinical studies have shown that macrosomia may
be associated with even minimal levels of hyper-
glycemia.47,48 Freinkel and Metzger consider that
other, as yet unidentified, defined growth factors may
also contribute to excessive weight increase. The role
of IGFs, among others, has been analyzed.31,32

The fetal pancreas is microscopically visible from
the fourth week of embryonic life and insulin is
detectable, as has been reported, from 7 to 10 weeks,
albeit at levels much lower than those detectable in
later stages of pregnancy. In vitro studies have shown
that fetal pancreatic beta cells are functional from the
14th week of pregnancy, responding to amino acids,
to ions such as Ca2+, and to factors that increase

intracellular cyclic adenosine monophosphate (cAMP),
such as theophylline and glucagons.49 Other studies
have also shown that these cells release insulin in
response to stimulation with glucose50 in such a way
that there is clear evidence to suggest that insulin may
be a physiological regulator of glucose metabolism
and fetal growth.51

Functional maturation of beta cells in fetuses of
diabetic mothers is more premature than in fetuses of
mothers with normal glycemia metabolism.52 These
studies emphasize the importance of understanding
the physiological impact of early sensitivity to glu-
cose: if this premature pancreatic maturation occurs,
the onset of macrosomia may be much earlier than
was previously believed.

Placental synthesis of substances such as human
chorionic somatomamotrophin may influence nutrient
availability. Likewise, decidual production of prolactin
and lipotrophin, a precursor of the adrenocorticotropic
hormone, and of endorphins may play a role in the
modulation of fetal growth. Also, the hypothalamus–
pituitary axis, which is well developed in the later part
of pregnancy, may segregate peptides that promote
fetal growth. Thus, fetal size at birth is a result of the
integration of a system of three compartments: mother,
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Table 125.8 Plasma lipid level in both groups studied

Gamma Control* P**

Cholesterol (mg/dl) 256.5 ±52.7 240.8 ±47.6 0.04

Triglycerides (mg/dl) 208 ±69.1 170 ±64.4 0.001

Hypercholesterolemia 52 (48.6%) 30 (42.3%) NS

Hypertriglyceridemia 86 (80.4%) 39 (54.9%) < 0.01

Hyperlipemia 93 (86.9%) 47 (66.2%) 0.002

*Results are mean ±SD or n (%); **Student’s test or chi-square test as appropriate

Table 125.9 Fetal birth weight in normal and GDM pregnancies by plasma level of cholesterol and triglycerides

Plasma level*

Parameter Normal High P**

GDM group

Cholesterol (mg/dl) 3099 ±464 3190 ±606 NS

Triglycerides (mg/dl) 2682 ±697 3226 ±470 0.01

Normal group

Cholesterol (mg/dl) 3195 ±437 3301 ±362 NS

Triglycerides (mg/dl) 3154 ±362 3248 ±445 NS

*Results are mean ±SD; **Student’s test
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placenta, and fetus. In a recent paper,53 it has been
hypothesized that fetal macrosomia could be the result
of a placental defect because the placenta is interposed
between both fetal and maternal compartments and it
has its own glucose metabolism. One characteristic fea-
ture of the human placenta in diabetes is the increased
deposition of glycogen. Neither hyperglycemia nor
hyperinsulinemia increase the glycogen content in the
trophoblast. Since the glycogen increments in diabetes
are predominantly located around fetoplacental vessels,
it is tempting to assume a fetal origin of glucose making
up the glycogen deposits. In fat, glucose can be trans-
ported back from the fetus into the placenta and this
reflux is increased in diabetes. Therefore, in conditions
of fetal glucose levels exceeding the demand for sus-
taining fetal growth and metabolism, glucose can be
stored in the liver and other fetal tissues. Once these
stores are saturated, glucose is extracted from the fetal
circulation by the glucose carriers GLUT1 and GLUT3
on cells surrounding the fetoplacental vasculature and

stored therein, again in the form of glycogen. These
processes might be under the control of fetal insulin,
because insulin injected into the fetal circulation
increases placental glycogen stores. Fetal macrosomia
would then occur only when fetal hyperglycemia
exceeds the placental capacity to store excess fetal glu-
cose. Thus, according to this hypothesis, the placental
failure to protect the fetus would cause the ‘unex-
plained’ phenotypic changes occasionally found in
fetuses born to well-controlled diabetic women.53

Finally, the appearance of macrosomia is multifac-
torial and is probably due to an excessive supply of
nutrients to the fetus, together with the action of other
growth-promoting factors. However, the accumulated
evidence suggests that fetal hyperglycemia may not be
the only stimulus responsible for fetal hyperinsuline-
mia; in fact, in humans, glucose is just one of the
substrates involved in the production of insulin and,
although it is one of the most important, other nutri-
ents seem to be also important.
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126 Macrosomia: obstetric
management
B. Serra, J. M. Carrera and J. Mallafré

Introduction
As we have seen in an earlier chapter in this section,
macrosomia is related to an increase in maternal and
fetal complications. These include dystocia, pro-
longed birth, operative delivery, shoulder dystocia
and postpartum hemorrhage. However, we must
remember that a significant number of the mothers in
these cases are diabetic, and this in itself increases
fetal vulnerability.

It is also the case that the larger the fetus, the greater
the duration of the birth, and the greater the risk of
cephalopelvic disproportion and shoulder dystocia.

Management of the pregnancy
In our opinion there are three significant factors
during pregnancy:

(1) Prophylaxis of the macrosomia, in particular the
early detection and treatment of gestational dia-
betes (O’Sullivan’s test, etc.). Appropriate advice
on hygiene and diet should also be given to avoid
obesity and a weight increase of over 20% during
pregnancy. Finally, the remaining factors involv-
ing a risk of macrosomia must be evaluated thor-
oughly (age, parity, size, past history, prolonged
gestation, etc.).

(2) Evaluation of fetal weight, bearing in mind not
only the clinical evaluation of fetal size (uterine
height over 34 cm at term or 32 cm in week 35),
but more particularly the echographic estimate
of fetal weight (biparietal diameter, head and
abdominal circumferences). If the biometric
values remain over the 90–95th percentiles, it is
essential to establish the diagnosis of a probable
macrosomia, but the following statements can be
made regarding the accuracy of ultrasound in
predicting fetal macrosomia:1

(a) Independent of the formula used the relative
accuracy of the estimated fetal weight
decreases with increasing birth weight.

(b) Ultrasound biometry, used to detect macroso-
mia, is characterized by low sensitivity, low
positive predictive value and high negative
predictive value. Thus, ultrasound’s main
value is to rule out the diagnosis.2

(c) The positive predictive value can be
increased making serial measurements.3

(d) The measurement of fetal parts may not be very
accurate in cases of combined maternal obe-
sity, oligohydramnios and anterior placenta.

(e) Every prenatal diagnosis center should use
its own growth curves to select its particular
cutoff value to predict macrosomia.

(f) The time elapsed between the fetal weight
estimation and delivery may influence the
accuracy and precision of the estimate.

(g) To date, none of the management algorithms
based on ultrasonographically estimated fetal
weight has shown any efficacy in reducing
the incidence of shoulder dystocia or
brachial plexus injury.

Although three-dimensional ultrasound and MR tech-
niques have been used to assess fetal weight, they are
still under investigation.

(3) Prepartum obstetric strategy, on which opinions
are divided. While some authors4 consider an
induced birth inappropriate for avoiding any pos-
sible mechanical problems, since the risks can out-
weigh the benefits, others2 favor induction from
week 38 onwards if conditions are favorable
(Bishop’s test over 7). Their justification is that, if
the birth is brought forward by 2 weeks, an increase
in fetal weight of between 200 and 400 g may be
avoided. In any case, the majority of authors agree
that when the fetal weight is calculated as being
over 4500 g, an elective cesarean section must be
considered.4–6

Management of the birth
The decision regarding the route of delivery will
depend on the estimated size of the fetus and the local
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conditions, as well as on whether the mother is
diabetic.2,7

If the estimated fetal weight is over 4500 g, the
cesarean option should be chosen, regardless of any
other considerations, apart from cases of mothers
admitted in labor.

If the mother is diabetic, a cesarean section should
be indicated if the suspected fetal weight is 4000 g or
more. According to Langer and colleagues,8 84% of
shoulder dystocias are thus avoided. It must be borne
in mind that a cesarean section for extracting a macro-
somic fetus has associated risks, since the uterus may
be torn if the uterine incision is insufficient.

If the fetal weight is under 4500 g, the mother is
not diabetic and the local conditions are acceptable
(cephalic presentation, multiple pregnancy, mature
neck, etc.), a vaginal delivery should be attempted.

The intrapartum management depends on the
evaluation of the dilatation and the expulsion. If the
evolution is slow and there appears to be an intra-
partum risk of shoulder dystocia, it is necessary to
resort to a cesarean section. Extractions with forceps
or vacuum must be avoided in all cases. The delivery
of an apparently macrosomic fetus is considered as
high risk, and it is essential that both an anesthesiol-
ogist and a neonatologist are in attendance in the
delivery room. The staff present at the birth must be
absolutely sure of what to do if a shoulder dystocia
should suddenly appear.

Shoulder dystocia
A shoulder dystocia occurs when the bisacromial
diameter of the fetus is too large for the maternal
lower pelvic strait and the foremost shoulder of the
fetus encounters the obstacle of the pubic bone once
the head is already outside. Such a dystocia can occur
in a birth that had been evolving normally up to that
point, although it is usually preceded by a prolonged
expulsive period. It seems that its incidence is higher
in obese patients. The diagnosis can be suspected if

the head, after being released, seems to go back in and
wedge itself firmly against the perineum. If slight
downward pressure does not succeed in dislodging
the shoulder, then the diagnosis is confirmed. This is
the cue for taking the following steps:3

(1) Forced flexion of the legs on the abdomen. The
upward rotation of the symphysis can free the
affected shoulder (McRoberts’ maneuver). If this
is unsuccessful:

(2) Wide half-lateral episiotomy. Begin or intensify
anesthesia. Clean the fetal mouth and nose.

(3) Manual pressure on the suprapubic region to try
to pass the shoulder under the pubic symphysis
(Hibbard’s maneuver), while the index finger of
the other hand pulls away from the rear axilla to
allow the rearmost shoulder to progress through
the concavity.

(4) If the above maneuver is unsuccessful, apply
pressure to the fetus’ rear scapula and try to rotate
it sideways and upward (Woods’ maneuver). If
this succeeds, then the rearmost shoulder will
end up below the symphysis and will emerge
first. In other words, the rearmost shoulder will
become the foremost one.

(5) If this maneuver is fruitless, then the fetus’ upper
arm must be moved rapidly onto its thorax and
brought out. The foremost shoulder will be then
dislodged and lie below the symphysis.

(6) If this also fails, then a cleidotomy must be
considered.

These maneuvers are easy to describe, but difficult to
perform with dexterity.

Shoulder dystocia is associated with fetal
asphyxia, death and residual complications, such as
brachial plexus complications (Erb’s paralysis),
diaphragmatic paralysis and fractures in the humerus
and clavicle. As for the mother, these cases usually
give rise to hemorrhages in delivery, hematomas and
vaginal tears and, in extreme cases, uterine rupture.

Shoulder dystocia 1347
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127 Macrosomia: neonatal
aspects
E. Doménech and N. Marta Díaz-Gómez

Definition
Neonatal growth is assessed using anthropometric
measures taken immediately after birth.1,2 Newborns
(NBs) with a birth weight between the 10th and 90th
percentiles on the intrauterine growth curves are con-
sidered appropriate for gestational age (AGA) and
those lower than the 10th percentile are small-for-
gestational age (SGA).

An NB is considered large-for-gestational age (LGA)
when its weight is greater than the 90th percentile for
gestational age on intrauterine growth curves,3

although some authors advocate two standard devia-
tions above the mean of birth weight for gestational
age. The term macrosomic is used when the birth
weight exceeds 4000 g. Some authors4 believe that the
term macrosomic should refer to those whose weight
is greater than or equal to 4500 g (1.7% of all NBs).

Certain infants are constitutionally large due to favor-
able combinations of genetic potential and maternal
environment.5 Normal intrauterine growth is affected by
gender and race. Female neonates are smaller than
males, and black neonates are smaller than whites, at
each estimated gestational age. Thus, to classify a
neonate as LGA we have to use intrauterine growth
curves that are gender and race specific.6 Altitude
(> 4000 ft) may also negatively affect fetal growth.6

Ouzilleau et al.,7 using Canadian standards curves, have
established the 90th percentile as 4200 g for boys and
4000 g for girls born at 40 weeks of gestational age.

In addition to weight, some have argued that
neonatal body proportions have a role in defining
macrosomia and predicting its complications. Fetuses
with macrosomia of diabetic mothers have a greater
shoulder to head circumference ratio, which increases
the risk of shoulder dystocia. Disproportionate macro-
somia (ponderal index exceeding the 90th percentile
in relation to gestational age and sex of the reference
population) has been associated with an increased
likelihood of neonatal complications among infants of
diabetic mothers,8,9 and also with an increased likeli-
hood of hypoglycemia in infants of non-diabetic
mothers.10

Incidence
The overall incidence of macrosomia (≥4000 g) is 8%
of all NBs and as much as 26% when they are infants
of diabetic mothers (IDMs),3 and appears to be
increasing.11 This increase is correlated with an
increase in gestational diabetes, although a high per-
centage of infants with macrosomia are born to non-
diabetic mothers.8 In a study performed in Montreal,
of 57,199 non-malformed singleton live births at or
after term between 1978 and 1996, Kramer et al.11

observed an increase in mean NB weight with a cor-
responding rise in the percentage of LGA. The
increase was largely the result of a rise in prepreg-
nancy body mass index, gestational weight gain and
gestational diabetes, post-term deliveries as well as a
substantial reduction in maternal cigarette smoking
and changes in sociodemographic factors.

Endocrine factors that
influence fetal growth
A brief review of fetal growth facilitates the under-
standing of some of the physiologic and pathologic
events responsible for neonatal macrosomia.

Intrauterine growth depends on the interaction of
maternal, placental and fetal endocrine factors. In
normal placental function and a normal maternal
environment, the fetal genome is the central con-
troller of growth.

Several hormone and growth factors influence fetal
growth. The more relevant are insulin, the insulin-
like growth factor (IGF) system, adipocytokines, ghre-
lin, placental growth harmone (GH), placental
lactogen and leptin.

Insulin-like growth factors
It is believed that IGF-1 is a major determinant of fetal
growth and the role of the other possible endocrine
regulators is likely to be mediated in part by the IGF
system.
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IGF-1 circulates bound to one of six IGF-binding
proteins (IGFBPs), which modulate IGF activity. IGF-1
and their binding proteins are synthesized in the liver
and are also produced locally by most tissues, where
they act in an autocrine or paracrine manner. The
local IGF-1 production is very important for organ
development during fetal life.

Han et al. have shown that IGFs, especially IGF-2,
are present in placental trophoblasts and fetal mem-
branes from as early as 6 weeks. Animal studies have
demonstrated that IGF-2 is important in fetal growth
during early gestation whereas IGF-1 is the predomi-
nant growth-promoting factor in late gestation.12 IGFs
lead to abnormal growth when genetic variation in
expression is present.

The IGFBP-3 binds more than 95% of the IGF in
serum. One of the main IGFBPs, IGFBP-1, is a poten-
tial inhibitor of IGF-1 action. The levels of IGFBP-1
vary in inverse proportion to insulin levels. The lev-
els of IGF-1 and IGFBP-3 in the perinatal period are
low and the levels of IGFBP-1 are high, compared
with older children and adults.13

Whereas in the child and adult both GH and nutri-
tion control the synthesis of IGF-1 and IGFBP-3, in
the perinatal period the nutrition status is probably
the main regulator of their secretion. This could be
explained in part by the immaturity of the GH recep-
tors during this period.14,15

IGFBP-1, an important IGF-binding protein in preg-
nancy, is the predominant IGFBP in decidual cells,
amniotic fluid and fetal plasma. Its concentration in
the maternal circulation increases during pregnancy.
In the circulation IGFBP-1 normally exists in a highly
phosphorylated (p) state; however, during pregnancy
non-phosphorylated (np) isoforms of IGFBP-1 are
found. Gibson et al.16 have demonstrated that human
decidualized endometrium produces both npIGFBP-1
and pIGFBP-1, and that in the presence of IGF-2,
npIGFBP-1 was preferentially produced. Since
npIGFBP-1 has decreased affinity for IGF-1, these
effects should enhance IGF-1 bioavailability and are

likely to represent an important mechanism for con-
trolling fetal and maternal tissue growth.

We observed the highest levels of IGF-1 in LGA
infants of non-diabetic mothers (Table 127.1), and the
lowest in the SGA, and the reverse occurred with the
levels of GH.17–19 These findings coincide with those
of other authors.14,20

Insulin
The role of insulin is thought to be permissive in fetal
growth and is demonstrated by the phenotypes that
characterize the extreme of insulin secretion. Neonates
who are hyperinsulinemic have macrosomia, whereas
severe growth restriction accompanies hypoinsuline-
mia. Hyperinsulinemia causes a decrease in IGFBP-1
levels, which increase IGF-1 bioavailability, and conse-
quently accelerates fetal growth. Also, insulin itself
may exert a direct mitogenic effect by binding to the
IGF-1 receptors.8

Adipocytokines
Adipose tissue produces and secretes a number of
hormones, collectively called adipocytokines. These
include leptin and adiponectin, both of which are
important in modulating metabolism and energy
homeostasis.

Leptin, a hormone secreted by adipocytes and
syncytiotrophoblast cells of the placenta, has been
associated with intrauterine growth. This hormone is
detectable in fetal umbilical cord blood at concentra-
tions comparable with those found in adults. Plasma
leptin levels in cord blood correlate with birth weight
and their levels are significantly higher in LGA com-
pared with AGA infants and are decreased by condi-
tions that lead to low birth weight, such as maternal
smoking and prematurity, although the mechanism by
which it may by related to fetal growth remains
unknown.21 Christou et al.22 found that the relation-
ship between cord leptin levels and birth weight was
independent of insulin and the IGF system.

Cord blood At first week of life

LGA AGA SGA LGA AGA SGA

Weight (g) 4025 ±223 3269 ±376 2200 ±2990 4011 ±217 3270 ±331 2179 ±211

Seric GH 16.8 ±10.8 19.5 ±20.1 24.0 ±4.9 20.6 ±9.3 40.9 ±28.9 44.8 ±22.0
(ng/ml)

Urine GH — — — 1.2 ±2.7 2.9 ±3.5 6.4 ±4.5
(ng/kg/day)

Seric IGF-1 74.2 ±29.3 63.5 ±25.1 9.4 ±5.8 37.9 ±29.5 28.1 ±28.0 20.3 ±16.1
(ng/ml)

LGA, large-for-gestational age; AGA, appropriate-for-gestational age; SGA, small-for-gestational age; GH, growth hormone

Table 127.1 Values of GH, IGF-1 in AGA, LGA or SGA full-term infants
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Adiponectin is exclusively expressed and secreted
from adipose tissue and is important in glucose and
lipid metabolism. Plasma adiponectin levels decrease
as adiposity increases in children and is inversely
related to insulin, leptin and body weight. The role of
adiponectin in fetal growth has not been clearly deter-
mined. Tsai et al.23 have reported that high adiponectin
levels are present in cord blood and are positively cor-
related with birth weight and adiposity. This suggests
that adiponectin may be involved in regulating fetal
growth.

Ghrelin
Ghrelin is secreted by the fundus of the stomach, the
hypothalamus and the placenta. This peptide is
closely associated with glucose metabolism and body
mass. Hyperglycemia and insulin decrease plasma
ghrelin. Fasting ghrelin concentration is decreased in
patients with obesity. Insulin resistance and hyperin-
sulinism, commonly reported in obese subjects, have
been proposed to explain part of this relationship.24

Farquhar et al.25 have demonstrated the presence
of ghrelin in cord plasma samples of NBs. They also
found that its concentrations were inversely related to
both birth weight z-score and glucose concentration.
Plasma ghrelin levels in cord blood were 40% higher
in SGA compared with AGA and LGA neonates, sug-
gesting that ghrelin may play a physiological role in
intrauterine malnutrition.

Placental lactogen and placental GH
Endocrine functions of the placenta include the syn-
thesis of growth factors and hormones involved in cell
reproduction and differentiation. Human placental lac-
togen, which is synthesized and secreted by the syncy-
tiotrophoblast cells of the placenta, plays an important
regulatory role in fetal growth, by stimulating the pro-
duction of IGF-1 in the fetus and by increasing the
availability of nutrients to fetal tissues.26 On the other
hand, placental GH has metabolic activities compara-
ble to those of pituitary GH and is an important regula-
tor of maternal IGF-1. Placental GH and maternal IGF-1
do not cross the placenta. Their effects on fetal growth
are presumably mediated by effects on placental
metabolism and substrate supply to the fetus.27

Causes of macrosomia
For proper management of macrosomia we should
identify its possible cause. There are many possible
causes for exaggerated fetal growth.

Congenital disorders
There are several congenital disorders associated with
macrosomia, such as Sotos syndrome (cerebral gigan-
tism), Carpenter syndrome, Weaver syndrome, Nevo

syndrome, Nesidioblastosis, Beckwith–Wiedemann
syndrome, Perlman syndrome, Marshall syndrome,
Ruvalcaba–Mahre syndrome and some transpositions
of the large arteries.

Hyperinsulinemia is a primary cause of macroso-
mia for many of these patients. Abnormalities in IGF
secretion also have a significant role in many of these
infants.

Nesidioblastosis (autosomal recessive disorder with
hyperplasia of the β cells of the pancreas) is a life-
threatening form of hypoglycemia that starts during the
neonatal period in most cases and is caused by hyper-
insulinism. Its diagnostic criteria are an extremely high
demand for carbohydrates (> 15 g/kg/day), inade-
quately high plasma insulin level and an inhibited pro-
duction of ketone bodies. The acute use of octreotide
(somatostatin analog) produces prompt elevation of
blood glucose, even in patients who fail to respond to
diazoxide (5 mg/kg/dose, every 6 h) and hydrocortisone
(25 mg/kg/day). In addition, it may be possible to avoid
the need for partial or subtotal pancreatectomy by the
long-term use of octreotide.28

Infants with Beckwith–Wiedemann syndrome
(macrosomia and hyperinsulinism) may present (see
Figure 127.1) typical phenotypic hyperinsulinemia
features such as macroglosia, visceromegalia and
omphalocele, as well as embryonic tumors and over-
production of IGF-2. These patients have anomalies in
the short arm of chromosome 11 (replications, tri-
somies) where the insulin and IGF-2 genes are found,
and in the neighboring genes including oncogene
H-ras and the gene associated with Wilms tumor.

Other intrinsically fetal causes of accelerated growth
are infrequent: twin receptors of a parabiotic pair are the
most commonly cited. The NB with hydrops fetalis and
with some fetal tumors (neuroblastoma, teratomas) also
may have excessive weight for gestational age.

Diabetic pregnancy
The most common and best-known cause of LGA
infants is the diabetic mother. In the USA, 0.2–0.3% of
pregnancies are complicated by preexisting diabetes,
and another 1–5% involve gestational diabetes.29

As a rule, the infant of a diabetic mother will be
large for its gestational age, plump and born covered
in an abundant layer of vernix caseosa, with a
plethoric aspect, reddishness and cushingoid facial
aspect, presenting limited motility and drowsiness
during the first hours of life.

In the groups D, E and F of the White classification
of diabetes with vasculopathy, there is often a placen-
tal insufficiency, which may give rise to children with
normal or low birth weight.

The incidence of macrosomia in IDMs is approxi-
mately 25–30%, although we have found a decrease
from 22.1% to 8.6% in recent years.30 Fetal growth
acceleration in LGA fetuses of diabetic mothers starts
in the second trimester, from 18 weeks, and increases

1350 Macrosomia: neonatal aspects
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progressively as the gestation advances, reaching
maximum differences in the third trimester.31

Macrosomia in these NBs could be attributed to the
excessive transferral of glucose from the mother to the
fetus inducing fetal hyperglycemia. The fetal pancreas
responds with a hypertrophy of the cells of the pan-
creatic islets and hyperplasia of the β cells, which
produce fetal hyperinsulinism, which is accepted as
the principal mediator of macrosomia, neonatal hypo-
glycemia and other perinatal morbidities. Hyper-
aminoacidemia also has an intrauteral stimulating
effect on the development of β cells and of the ana-
bolic actions of the insulin, which could be mediated
by the release of IGFs.32 Fetal anabolism is facilitated
in this way, with fatty expanses constituting most of
the fetal mass increase.33

Organomegaly is selective, with the kidney, heart,
suprarenal and bone length enlarged, which are
increased in proportion to weight, but brain size does
not increase (corresponding to its gestational age), so
the head may seem disproportionately small.

Fetal hyperinsulinemia and excessive fetal growth
are significantly associated with antepartum maternal

hyperglycemia in diabetic pregnancy.34 Gold et al.35

have shown that first- and second-trimester HbA1
levels were associated with macrosomia and that
periconceptional glucose control was most predictive
of birth weight in type 1 diabetic pregnancy. A pos-
sible explanation could be that early programming
of fetal growth by elevated maternal glucose levels
during the periconceptional period may result in sub-
sequent LGA babies.

A much improved quality of glycemic control in
pregestational diabetic pregnancy has brought a
marked improvement of perinatal outcome, with a
reduction of premature deliveries and severe neonatal
morbidity. However, the fact that fetal macrosomia
remains five to six times higher than normal suggests
that the glycemic threshold for enhanced fetal growth
is closer to normal than it is for other fetal and neona-
tal complications.

Other causes of macrosomia
The birth of an infant of great weight increases the
possibility of subsequent diabetes in the woman
affecting future births. Many macrosomic infants have
non-diabetic mothers.3,36 Infants of large, tall and
heavy mothers, of women who are obese prior to
pregnancy or those who gain excessive weight during
this period may be large. The rate of LGA infants is
three times higher in multiparous than in primiparous
mothers.4,37

In a retrospective study of 33,000 live NBs, 1.7%
were considered macrosomics (neonatal weight of
4500 g or more).4 Among the isolated high-risk factors
for the existence of macrosomia were postmature
pregnancy (15.4%), morbid obesity (10%), insulin-
dependent diabetes (9.2%), gestational diabetes
(6.4%) and obesity (5.6%).

Body composition
Different techniques have been used to assess body
composition in neonates. It is possible to make a fair
estimate of the body fat mass of the NB by using an
anthropometric model that includes skin fold measure,
by bioelectrical impedance analyses or by dual-energy
x-ray absorptiometry. Using these techniques it has
been shown that infants with macrosomia have a differ-
ent body composition from that of the AGA infants at
birth,38 and others39 have reported that LGA infants had
significant higher total body fat, expressed as absolute
amounts or as a proportion of body weight, and lower
lean body mass. Maternal diabetes exaggerated these
body composition changes (Table 127.2).

The effect of maternal diabetes on fetal bone mass
is controversial. Hammami et al.39 comparing 47 LGA
neonates, 11 of them born to diabetic mothers, with
47 gestational age-matched AGA infants, found that
LGA neonates have higher bone mineral content.

Body composition 1351

Figure 127.1 An infant with Beckwith–Wiedemann syndrome
showing macroglosia, visceromegalia, macrosomia and
umbilical hernia.
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Other authors found that infants of diabetic mothers
have low bone mineral content (BMC) and high bone
resumption marker at birth40–42 and that infant BMC
correlated inversely with poor control of diabetes in
the mother, specifically first-trimester maternal mean
capillary blood glucose concentration, suggesting that
factors early in pregnancy might have an effect on
fetal BMC.42 Lower BMC and high bone resumption
markers in infants of diabetic mothers could be related
to the low vitamin D levels that have been found in
NB of diabetic mothers than in control subjects.43

Neonatal complications
These apparently ‘beautiful’ NBs should be assessed
by the neonatal specialist early on, as they may be
more likely to present certain diseases, and should
not be given an early discharge.

They should be screened for: glycemia, calcemia,
hematocrits, bilirubin and, if they have respiratory
distress, a gasometer and thoracic radiography scan
should be carried out to detect cardiac or respiratory
disorders. Other complications include increased risk
of cesarean section, protracted labor, lacerations of the
birth canal and hemorrhage in the mother, shoulder
dystocia, brachial palsy, perinatal asphyxia and skele-
tal injuries in the infants.

Over the last 20 years significant reductions in com-
plications have been achieved. However, recent reports
have shown that even in Western countries, morbidity
and mortality rates remain higher than in AGA infants.

The perinatal mortality rate is higher for infants
weighing more than 4000 g, and this perinatal mortal-
ity is higher in the USA than in Norway;44 however,
we have not found this, except in IDMs.

Table 127.3 shows the morbidity and mortality rate
in our environment (Canary Islands), based on a sample
of 12,311 NBs, classified as AGA, LGA or SGA.

Obstetric trauma and perinatal asphyxia
Although NBs are getting bigger, the maternal pelvis
has not been reported to do so. Macrosomia is associ-
ated with an increased rate of selective cesarean deliv-
ery (33.9%, almost three times that of control infants,
obstetric trauma and perinatal asphyxia.8

In the macrosomic NB, except for infants of large
mothers, obstetric trauma (clavicle fracture, Erb paraly-
sis or paralysis of the frenic nerve) is common when
they are born by vaginal route, as a consequence of the
elevated presence of shoulder dystocia. Cesarean deliv-
ery is also more common in macrosomic than in nor-
mal birth weight.8,45 Spontaneous rather than induced
labor is associated with a lower chance of cesarean
delivery among those fetuses with macrosomia. On the
other hand, frequencies of shoulder dystocia, 1-min
Apgar scores less than 7, and abnormal umbilical blood
gas determinations are not different between vaginal
and cesarean delivery.46 Vaginal delivery seems a rea-
sonable alternative to elective cesarean and a trial of
labor can be offered.47

Sonographic methods for the diagnosis of macroso-
mia were developed in hopes of improving clinical
estimates. However, the relative error associated with
these methods limits their use in clinical practice.
Serial sonographic measurements that are above the
limits chosen to define macrosomia increase the like-
lihood that a birth weight will be macrosomic and
could help to answer weight-related clinical ques-
tions such as mode and timing of delivery, especially
for patients with diabetes.48 Recently, Tisi et al.
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Infants of non-diabetic mothers Infants of diabetic mothers

SGA (n �21) AGA (n �150) LGA (n �29) AGA (n �30) LGA (n �20)

Weight (g) 2162 ±199 3121 ±326 4030 ±338 3223 ±443 4093 ±420

Length (cm) 45.8 ±1.4 49.6 ±1.6 53.0 ±1.4 49.4 ±1.9 51.8 ±1.7

Head perimeter (cm) 32.3 ±0.7 34.1 ±1.1 35.9 ±0.6 34.2 ±1.6 35.4 ±0.8

Arm perimeter (cm) 8.2 ±0.5 9.9 ±0.8 11.0 ±1.0 10.3 ±0.8 11.8 ±0.9

Sum of four skin-folds (mm) 13.1 ±1.8 17.6 ±2.7 19.8 ±2.7 20.0 ±3.5 24.3 ±3.2

Total body lean mass (g) 2125 ±187 2636 ±291 3501 ±379 2693 ±293 3325 ±344

% body weight 97 ±1 85 ±7 87 ±6 85 ±9 82 ±8

Total body fat mass (g) 53 ±33 484 ±251 525 ±248 530 ±341 768 ±407

% body weight 3 ±1 15 ±7 13 ±6 15 ±9 18 ±8

LGA, large-for-gestational age; AGA, appropriate-for-gestational age; SGA, small-for-gestational age

Table 127.2 Anthropometric measurements, body fat mass and body lean mass, estimated by bioelectrical
impedance analyses, in term newborn infants from diabetic and non-diabetic mothers
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demonstrated that mothers giving birth to LGA infants
had a lower concentration of protein in amniotic fluid
at 12–20 weeks’ gestation compared with mothers of
AGA infants, suggesting that amniotic fluid proteins
might emerge as biomarkers of fetal growth.49

Hypoglycemia
Hypoglycemia is a very frequent complication in
IDMs. Thirty to forty percent of IDMs present hypo-
glycemia after birth. The risk is higher in macrosomic
infants of poorly controlled diabetic women and in
cases of maternal hyperglycemia during delivery.50

Hypoglycemia in infants of diabetic mothers could
be attributed to fetal hyperinsulinism, which is sec-
ondary to maternal hyperglycemia. After birth, with
the source of glucose discontinued, this neonatal
hyperinsulinism leads to hypoglycemia. In these
infants a transitory intensified pancreatic response
has been demonstrated, although temporarily, when
using glucose solutions and intravenous arginine,51

which suggests that the hypoglycemia is mainly due
to neonatal hyperinsulinemia. After birth, there is a
rapid drop in glycemia levels, with persistently low
concentrations of free fatty acids, glycerol and
hydroxybutyrate.52

Other endocrinological observations in IDMs are a
reduction in the release of catecholamines and of the
blood levels of glucagon after birth, which are less
raised than in normal controls.53

Hypoglycemia most frequently occurs between 1 and
5 h of life, when the maternal glucose contribution has

disappeared, but levels of circulating insulin remain
raised.

IDMs that present hypoglycemia have raised
C-peptide levels and free insulin at birth.54 In infants
of diabetic mothers, C-peptide should be determined
in cord blood to define degree of hyperinsulinemia
and glucose at birth (in cord blood or in plasma no
later than 30 min after birth) and at regular intervals
thereafter (before feeding at 1, 3, 6, 12, 24, 36 and 48 h
of life) for detection of neonatal hypoglycemia.
Monitoring may stop if normal plasma glucose levels
are found on at least two consecutive measurements.

LGA NBs of non-diabetic mothers are also consid-
ered at increased risk for hypoglycemia. As happens
with infants of diabetic mothers, chronic fetal hyper-
insulinemia may be one of the causes of neonatal
hypoglycemia in LGA infants of non-diabetic moth-
ers. C-peptide concentrations in the cord blood of 29
macrosomic neonates born of non-diabetic mothers
were higher than in 23 control infants whose birth
weight was AGA, and there was a significant direct
correlation between birth weight and C-peptide con-
centration. Six of the macrosomic infants studied
(20%) had hypoglycemia in the first 24 h of life, com-
pared with none of the infants born with appropriate
weight.10

Because hypoglycemia in the immediate NB period
is common in LGA infants, it has been recommended
that these neonates should be routinely monitored for
blood glucose levels. However, recently, Rooy et al.55

have demonstrated that although low blood glucose
levels did occur in LGA infants, this was offset by a

AGA LGA SGA Total
No. NB % No. NB % No. NB % No. NB %

No. of NBs 11,182 90.8 743 6.1 386 3.1 12,311 100

Diabetic mothers (pre- or gestational) 421 3.7 123 16.3 5 1.3 549 4.5

Cesarean delivery 2,226 219.9 199 26.8 147 38.1 2,572 20.9

1-min Apgar < 7 722 6.5 69 9.3 50 12.9 841 6.8

Obstetric trauma 338 2.9 43 5.6 6 1.5 387* 3.1

Malformations 711 6.4 64 8.6 43 11.1 818** 6.6

Hypoglycemia (glycemia <40 mg/dl) 584 5.2 86 11.6 89 23.1 759 6.2

Hypocalcemia (Ca <7 mg/dl) 114 1.0 2 0.3 19 4.9 135 1.1

Hyperbilirubinemia (Br ≥13 mg/dl) 696 6.2 34 4.6 21 5.4 751 6.2

Respiratory distress (Silverman > 3) 207 1.8 8 1.1 8 2.1 223 1.8

Heart disease 82 0.7 4 0.5 9 2.3 95 0.9

Neonatal mortality 40 0.36 1 0.13 8 2.07 49 0.39

NB, newborn; AGA, appropriate-for-gestational age; LGA, large-for-gestational age; SGA, small-for-gestational age
*Including 238 cephalohematomas; **major and minor

Table 127.3 Morbidity and mortality of AGA, LGA and SGA newborns (1999–2003)
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normal ketone body response, equivalent to those
observed in infants who were AGA. The authors argue
that neonatal ketogenesis is a normal adaptive
response that enables the transition from fetal to
infant metabolism, and that LGA infants whose
mothers did not have documented diabetes do not
represent a high-risk group of abnormal neonatal
adaptation. In view of this, routine blood glucose
monitoring and routine formula milk supplementa-
tion for LGA infants are not recommended.

Under normal conditions at birth, the glucose
levels in plasma of the umbilical cord correlate with
the values of the mother. In nearly all cases, the levels
of glycemia diminish in the first 2 h of life, and later
increase and stabilize. It is not uncommon to observe
an isolated value of hypoglycemia, and because of
this, the diagnosis of this entity must be based on two
consecutive low values on analysis made at an inter-
val not greater than 30 min.

Hypoglycemia is defined by serum glucose values of
less than 40 mg/dl (2.2 mmol/l) for full-term infants.56

In clinical practice, the primary detection of serum
glucose is made with colorimetric strips impregnated
with chromogen, but the blood sugar levels measured
in this way are 10% less than those assessed by the
current oxidase glucose method and they may overes-
timate the low glucose levels, and at times not iden-
tify the hypoglycemia.45,57

The diagnosis of hypoglycemia cannot be based on
glucose measurement with reagent strips. Strip hypo-
glycemia (less than 40 mg/dl), should be verified in
the laboratory.

In symptomatic hypoglycemia (defined as hypo-
glycemic signs and symptoms that disappear after glu-
cose administration) we may find variable clinical
manifestations: convulsions, apnea crises, hypotonia,
lethargy, food rejection, wheezing and irregular
breathing patterns, cyanosis, weak cry, etc.; it should
be taken into account that at times intense hypo-
glycemia presents an asymptomatic course, with the
possibility of causing irreparable cerebral damage.

We may differentiate between three situations
requiring more control: asymptomatic IDM with nor-
mal glycemia, asymptomatic infants with hypo-
glycemia and symptomatic hypoglycemia:30,52

(1) In asymptomatic IDMs with normal glycemia in
the first hour of life the early initiation of breast-
feeding, in the first 30–60 min after delivery, can
prevent hypoglycemia. Breast feeding should be
frequent, at least 10–12 times per 24 h, and the
infant should be put to the breast at the earliest
signs of hunger (crying is a late sign of hunger).58

(2) In asymptomatic infants with risk factors,56

continue breast feeding (every 1–2 h) or feed
expressed breast milk or substitute (10–15 ml/kg).
Recheck blood glucose concentration before sub-
sequent feedings until the value is stable. If the
plasma concentration is less than 2.0 mmol/l
(36 mg/dl), a close surveillance should be

maintained, an intervention is recommended if
the neonate is unable to suck, does not tolerate
the early and frequent feedings described above,
common situations in IDMs, or if glucose is
low despite feeding, or if abnormal clinical signs
develop, the infant should be hospitalized. Begin
intravenous glucose infusion of 4–8 mg/kg/min,
according to the course of the glycemia. Repeat
serum glucose within 30 min and serially there-
after until stable > 2.5 mmol/l (45 mg/dl). Then,
continue breast feeding or bottle feeding and
slowly reduce intravenous infusion.

(3) In cases of NBs with symptomatic hypoglycemia
and/or weight < 2000 g, or respiratory difficulty,
or glycemia < 20–25 mg/dl (1.1–1.4 mmol/l) or no
increase 20–30 min after oral attempts, intra-
venous glucose (10%) should be administered,
and one or more intravenous bolus of 200 mg/kg
of 10% glucose should be administered, subse-
quently continuing with perfusion at a rate of
6–8 mg/kg/min and then adjusting infusion rate
to maintain glycemia above 45 mg/dl. Encourage
frequent breast feeding after relief of symptoms.
As the amount of enteral feeding increases, the
intravenous glucose supply is reduced progres-
sively; avoid the sudden withdrawal of a signifi-
cant parenteral contribution with a risk of
reactive hypoglycemia developing.

The lack of hypoglycemic response to the intravenous
glucose supply or its persistence over more than 48 h
necessitates administration of 5 mg/kg/day of hydro-
cortisone, divided in three doses, and one should
ascertain if there are other reasons to justify the pro-
longed hypoglycemia.

In these macrosomic NBs it is not easy to place the
peripheral venoclysis. At times, it is interrupted by
extravasation, producing a reactive hypoglycemia in
hyperinsulinemic patients. Thus, central silastic
catheters are commonly used, introduced through
peripheral route. In the case of a symptomatic IDM on
whom peripheral venoclysis cannot be performed
because of lack of experience or means, 30–100 µg of
glucagon/kg should be administered (to a maximum
of 1 mg) by intramuscular or subcutaneous route. The
increased glycemia that this provokes may last 2–3 h
(or perhaps less, due to hyperinsulinemia reactive to
postglucagon hyperglycemia), which permits the NB
infant to be transferred to the appropriate center.

Congenital malformations
The association between isolated congenital anom-
alies and macrosomia has been evaluated in a retro-
spective study on 31,897 neonates with congenital
anomalies, of whom 1800 were LGA (5.8%). Five
anomalies were significantly associated with high
birth weight: talipes calcaneovalgus, hydrocephaly,
combined angiomatoses, hip subluxation, and non-
brown-pigmented nevi.59
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Diabetic pregnancies are associated with an
increase in congenital anomalies. The rate of congen-
ital malformations in IDMs is two to eight times
higher than that of the general NB population.8,29,60

However, the offspring of diabetic males have the
same incidence of malformations as the general NB
population and gestational diabetes does not repre-
sent a risk of congenital malformation.

Approximately, 40–50% of perinatal mortality in
IDMs (it is increased two- to fivefold compared with
the general population) is attributable to serious con-
genital malformations. The congenital anomalies seen
in diabetes affect multiple organ systems. The most
common abnormalities are seen in the cardiovascular
system (6.1% live births) and in the central nervous
system (2.5% live births).

Sacral agenesis and syndrome of caudal regression
(agenesis or hypoplasia of the femora and sacral
agenesis) seem to have a particularly strong associa-
tion with diabetes. In the IDM there is an increase in
the rate of anencephaly, meningomyelocele, holopros-
encephalia61 and congenital cardiac defects compared
with the general population.62

Maintaining normal glycemic levels during
organogenesis is accompanied by a significant reduc-
tion, but not total elimination, of congenital malfor-
mations in IDMs,63,64 especially those in White’s
classes D, E and F with greater genetic predisposition
to congenital defects. On the other hand, it is possible

that in addition to sugars other metabolic fuels, from
ketones to deranged lipid peroxidation, may be
responsible for the path mechanisms of congenital
malformations and the whole metabolic disturbance
of the IDM and it is quite conceivable that besides the
classical approach to strict glucose control, other
dietary measures with supplementation or replace-
ment of deficient substrates (arachidonic acid,
myoinositol, antioxidants) may prove beneficial.65

Other neonatal complications in
infants of diabetic mothers
Perinatal mortality in IDM diminished from 197 to
20 per 1000 NBs between 1967 and 1984,29 but in our
series neonatal mortality continued to be greater in
infants of diabetic mothers (pre- or gestational) com-
pared with the overall NB population (Tables 127.3
and 127.4). The rate of neonatal morbidity depends
on the severity of the diabetes of the pregnant mother
more than other factors. Taking morbidity as a refer-
ence for the IDMs in our environment (Table 127.3)
and also the reported findings of other authors,40,41 we
may affirm that some of the clinical problems still
affecting IDMs are fetal growth disorders (30–40%),
hypoglycemia (20–30%), prematurity (10–15%), peri-
natal asphyxia (15–16%), respiratory distress syn-
drome (10–15%) and congenital malformations
(4–8%).

Infants of Macrosomic Macrosomic
NBs Total diabetic infants infants of 

infants (%) mothers (%) ≥4000 g (%) diabetic mothers  
(n �12,311) (n �549) (n �678) (%) (n �47)

AGA 91.8 76.7

LGA 6.1 22.4

SGA 3.1 0.9

Macrosomic 5.5 8.6

Cesarean delivery 20.9 26.4 27.0 46.8

1-min Apgar < 7 6.8 6.4 8.7 12.7

Obstetric trauma (including cephalohematoma) 3.1 8.4 5.5 10.6

Hypoglycemia 6.2 35.9 26.7 42.8

Hypocalcemia 1.1 3.6 0.5 4.7

Hyperbilirubinemia 6.1 25.9 4.3 21.3

Respiratory distress 1.8 9.1 1.2 10.6

Heart disease 0.9 1.5 0.6 8.5

Malformations (including major and minor) 6.6 5.3 9.7 10.6

Neonatal mortality 0.39 0.55 0 0

NB, newborn; AGA, appropriate-for-gestational age; LGA, large-for-gestational age; SGA, small-for-gestational age

Table 127.4 Neonatal morbidity and mortality rates of infants of pre- or gestational diabetic mothers, related to
the overall newborn population (1999–2003)
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These complications are seen especially in infants of
uncontrolled diabetic mothers, although some of these
morbidities are still more common in IDMs than the
general population, in spite of good metabolic control,
and, in general, these neonates still require a higher
rate of admission to neonatal intensive care units.

Respiratory distress syndrome
Clinical investigations into the effects of gestation on
the maturation of the fetal lung have generated con-
trasting data. In one series of 805 IDMs66 the corrected
risk of hyaline membrane disease was six times greater
than in those of offspring of non-diabetic mothers,
which was in relation to the premature birth and
retarded maturation of the pulmonary surfactant.
Coinciding with the best obstetric care during diabetic
pregnancy, the incidence of hyaline membrane disease
has decreased,67 possibly because the child was born
with greater gestational age, more commonly by vagi-
nal route and with a lower degree of hyperinsulinism.

Insulin interferes with the maturation process of
the lungs of the fetus, induced by glucocorticoids.68 In
a study of the components of pulmonary surfactant in
the amniotic fluid of the diabetic pregnancy woman,
a reduced concentration of some of its proteins has
been detected (SP-A).69

IDMs may have a respiratory distress syndrome (RDS)
even with a mature ratio of lecithin/sphingomyelin
(L/S) in amniotic fluid (8% of the IDMs), with varying
data regarding well-controlled diabetic pregnancies.70

Phosphatidylglycerol in amniotic fluid indicates that
pulmonary maturation has been completed (is a marker
of complete pulmonary maturation) and many obstetri-
cians prefer to verify its presence before undertaking the
planned delivery in diabetic women.45,70

Strict control of the diabetes, amniotic fluid analy-
sis to evaluate pulmonary maturity, predelivery con-
trol of the biophysical parameters and avoiding of
cesarean section or premature births should result in
no more than 5% of hyaline membrane disease due to
tensioactive deficiency and 5–10% additional cases
of respiratory disorders from other causes (neonatal
transitory tachypnea, hypertrophic cardiomyopathy,
meconial aspiration and polycythemia).45

Hypertrophic myocardiopathy
In approximately 10–20% of IDMs, hypertrophic
myocardiopathy is diagnosed by echocardiography
showing asymmetrical septum hypertrophy, so that
the hypertrophied septal muscles may bulge into the
left ventricle, thereby narrowing the left ventricular
outflow tract. The anterior wall of the right ventricle
and the posterior of the left ventricle appear, at times,
hypertrophied, though to a smaller degree than the
interventricular septum.

The presence of this myocardial hypertrophy in
some other patients with hyperinsulinemia, as in
nesidioblastosis or in rhesus fetuses with primary

fetal hyperinsulinemia, supports the hypothesis that
high levels of insulin and an altered level in the
uterus metabolic environment are responsible for an
increase in the number of receptors and in the affinity
for insulin.71

Approximately a third of these infants with hyper-
trophic myocardiopathy are asymptomatic. The clini-
cal findings may be cardiomegalia, ejecting systolic
breath, congestive cardiac insufficiency signs or low
cardiac output. The resolution of the symptoms tends
to occur between 2 and 4 weeks and echocardio-
graphy normalization in 2–12 months.72 The use of
digoxin is not recommended or any other inotropic
that could increase obstruction of the exit tract of the
left ventricle. The treatment of the most serious cases
has been carried out with propranolol (0.01 mg/kg i.v.
every 6 h in 10-min bolus, which may be increased to
a maximum dose of 0.15 mg/kg every 6 h).

Hypocalcemia and hypomagnesemia
Approximately 25–50% of the infants of insulin-
dependent diabetic mothers develop hypocalcemia
(total calcium less than 7 mg/dl or ionic calcium less
than 1 mmol/l).73 The rate and severity of the hypocal-
cemia is directly related to the severity of the mater-
nal diabetes. The incidence of hypocalcemia in the
infants of mothers with gestational diabetes is not
higher than in the control group.

Hypocalcemia generally manifests itself in the
second or third day of postnatal life. It may present
as convulsions, jitteriness, hyperexcitability, hyper-
reflex, hypertonia, apneas, cyanotic episodes, etc.

Among the factors involved in its etiology, the
most accepted is the slowness in the elevation of
parathyroid harmone (PTH) levels after birth, when
the maternal supply of calcium disappears.74 Some
authors point out that sustained fetal hypomagne-
semia, secondary to maternal hypomagnesemia
(increased urinary loss of magnesium in serious dia-
betes) is responsible for the slow postnatal response of
the PTH in IDMs to the low levels of calcium, as PTH
secretion reduces, because magnesium is critical to
normal PTH secretion. Other proposed mechanisms
for explaining hypocalcemic episodes are the hyper-
phosphatemia produced by postnatal tissular catabo-
lism, the abnormal metabolism of vitamin D
(intestinal antagonism of raised levels of cortisol) and
hypercalcitoninemia.

Generally, in apparently normal IDMs, hypocalcemia
is resolved spontaneously without need of treatment. If
there are symptoms suggestive of hypocalcemia or if the
infant has disease and does not tolerate enteral feeding,
10% calcium gluconate by parenteral route should be
administered (5 ml/kg/day). When symptomatic hypo-
calcemia does not respond to calcium therapy, the
presence of associated hypomagnesemia should be
investigated (levels less than 1.5 mg/dl), and corrected
with magnesium sulfate at 50% (0.1–0.2 ml/kg i.m. or
slow i.v.).

1356 Macrosomia: neonatal aspects
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Hematological disorders. Polycythemia (venous
hematocrit ≥65% or hemoglobin ≥20 g/100 ml) is
detected in 20–40% of IDMs.73

Abundant nutrient supply and fetal hyperinsulin-
ism produce an increase in metabolic rate and con-
sumption of oxygen, which means oxygen demand
may exceed availability. The final result of this
sequence is relative fetal hypoxemia, which causes an
increase in erythropoietin, erythropoiesis and poly-
cythemia and, in general, hyperviscosity.75 Also, it
may contribute to the raised maternal levels of glyco-
sylated hemoglobin, which involves a deviation to the
left of the hemoglobin dissociation curve, eliminating
less oxygen at the tissular level.

The risk for polycythemia is correlated with con-
trol of maternal diabetes and with the maternal total
glycosylated hemoglobin level at delivery.76

In general, these NBs are plethoric, often with intense
acrocyanosis and occasionally with central cyanosis.
They may present cardiorespiratory symptoms, hyper-
excitability or lethargy, priapism, testicular infarction,
etc. Other complications of polycythemia, especially
renal vein thrombosis, should be watched for in these
infants. The time of cord clamping at delivery may
significantly influence blood volume and the hemat-
ocrit value. Immediate clamping of the cord (within
20 s of delivery) should therefore be encouraged.77

Treatment of polycythemia involves an adequate
supply of liquid and, at times (a partial exanguino-
transfusion), an isovolemic exchange transfusion with
albumin or saline to decrease the hematocrit value to
the desired range.

With the hyperinsulinemia-induced expansion of
the erythrocyte mass, an increase in fetal iron utiliza-
tion occurs and the severely affected infants of dia-
betic mothers have reduced liver, heart and brain iron
concentrations. The role of tissue iron deficiency in
the genesis of the abnormal clinical findings in these
infants deserves further consideration.78

There are higher percentages of total lymphocytes
and lower percentages of activated T cells in children
of diabetic mothers compared to children of the refer-
ence population between the age of 1–6 years. No sig-
nificant differences in lymphocyte subpopulations
between children of mothers with insulin-dependent
diabetes mellitus (IDDM) and gestational diabetes
have been detected. This may reflect a cellular immune
reaction to the particular maternal environment, char-
acterized by both an abnormal metabolic state and per-
sisting autoimmunity in the affected mother.79

Hyperbilirubinemia
The incidence of hyperbilirubinemia (bilirubin ≥13
mg/dl) is greater in IDMs that in normal control
groups of the same gestational age (Table 127.3). In
well-controlled IDMs, with a longer pregnancy,
hyperbilirubinemia is less frequent and significant.

A series of variables, frequent in IDMs, contributes
to a greater or lesser degree of hyperbilirubinemia,

that is, polycythemia (probably the most significant
factor in absolute terms); turnover of increased hem
(increased production of carboxyhemoglobin) due to
the greater hemolysis of the red cells of the IDMs
whose cellular membranes are less deformable
because of their glycosylation; resorption of blood
of cephalohematomas, equimosis or other hematic
extravasations brought on by obstetric trauma; the
postnatal fast that impedes the conjugation of biliru-
bin and increases enterohepatic circulation of the
non-conjugated bilirubin and the functional immatu-
rity of the required hepatic enzymes for the conjugation
of the bilirubin.8,9

The treatment of hyperbilirubinemia involves
phototherapy, proper hydration and exanguinotrans-
fusion in exceptional cases.

Thrombosis
The incidence of thrombosis, particularly of the renal
veins (which may develop intrauteral or postdelivery)
in IDMs is higher than in the general population. In
its development, hyperviscosity plays a significant
role, along with low cardiac output (hypertrophic
myocardiopathy, perinatal asphyxia, etc.) and coagu-
lator disorders. Aortic thrombosis may be facilitated
in IDMs with aortic catheters, introduced through the
umbilical cord.

The postnatal presentation may be with hematuria,
hypochondrial mass, signs of acute renal failure or
embolic episodes. The diagnosis (also in the fetus)
may be carried out by ultrasound. Most patients may
be treated conservatively, which allows preservation
of the renal tissue.

Long-term complications
High birth weight leads to greater adult obesity and
chronic disease, and also increases the risk of cancer.
In view of these observations, some authors suggest
that adipose tissue may play a role in linking events
in fetal growth to the subsequent development of
adult disease.80,81

Neurodevelopment
Mild to moderate psychomotor and psychological dis-
turbance has been reported in the offspring of diabetic
mothers. Less optimal intellectual development is
associated with reduced head circumference.

Different authors have found that ketonuria and
glycohemoglobin of the pregnant woman bear a sub-
sequent relation with low intellectual level of the
IDMs.82,83 In diabetic pregnancies with adequate meta-
bolic control, these data were not detected.2 Other
authors have reported notably different results and it
is not known for certain if the diabetic state causes
subtle dysfunction of development.84
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The presence of major congenital malformations has
been associated with worse psychomotor development
at 2 years.85 The risk of malformations of the central
nervous system (microcephalia, disorders of neuronal
proliferation and migration) as well as sacral agenesia
is well known, and there is evidence to suggest abnor-
mal functional development of the nervous system.86,87

Cancer
Infants with macrosomia had increased risk of acute
lymphocytic leukemia, Wilms tumor and neuroblas-
toma. A number of authors have postulated that a
deregulation of growth factors may have a role in the
development of soma childhood cancers. The associ-
ation of Wilms tumor and Beckwith–Wiedemann syn-
drome suggests that overexpression of IGF-2 may have
some role in both processes.

A questionnaire survey identified a possibly
increased risk of malignancy for patients with Sotos
syndrome.88 The possible role of mutations at 3p21 in
the etiology of Sotos syndrome and tumor develop-
ment had been described.89

Obesity
In recent years, there has been accumulating evidence,
from both animal studies and epidemiological data, to
suggest that fetal β-cell hyperplasia and hyperinsulin-
ism found in IDMs may induce irreversible changes
leading to obesity and glucose intolerance.

At birth almost 50% of IDMs have corporal weight
above the 90th percentile of the control, but at the end
of the first year this difference is no longer noteworthy.
Acceleration of the ponderal increase reappears at 5–8
years of life. By this time, half of the IDMs again exceed
the 90th percentile of corporal weight and there is a
higher probability of becoming obese adolescents than
for those born with a normal birth weight,90 but other
authors have not confirmed these findings.

There is evidence that the offspring of insulin-
dependent diabetic women are exposed to a greater
risk of subsequently suffering diabetes (20 times more

than children of non-diabetic mothers) and in a lower
proportion than those of mothers with gestational
diabetes.45

Care of the infants of the diabetic mothers should
start well before conception, with preconceptional
planning and strict glycemic control (HbA1c�5–8%)
throughout pregnancy to reduce the incidence of mis-
carriage, congenital malformations, macrosomia at
birth and long-term complications.

Several studies have demonstrated that increased
neonatal adiposity in LGA children born of non-dia-
betic mothers is also associated with obesity in later
life. It has been suggested that there are three critical
time periods for the development of adiposity during
childhood: gestation and early infancy, a rebound
period at 5–7 years and adolescence. Nutritional alter-
ations that occur during these key ages may cause per-
manent physiologic alterations, placing the child at
increased risk of adult obesity. Children born LGA, of
diabetic and non-diabetic mothers, may be at risk for
accumulating excess fat in early childhood and may
be more likely to have an early adiposity rebound,
increasing the risk for overweight in adulthood.91

The results of various studies92,93 suggest that the
positive association between high birth weight and
later fatness is largely explained by prepregnancy
maternal weight, which may be a more important risk
factor for later obesity than birth weight.

A recent study on exclusively breast-fed infants
demonstrates a slower growth rate from birth to
5 months of life in fatter NBs (larger arm fat area and
higher weight-to-length ratio) than in thinner NBs.
The authors hypothesize that the postuterine environ-
ment, particularly breast feeding, decelerates postna-
tal weight gain in fatter infants. Others factors, such as
an increase in insulin sensitivity after birth or a
higher free fatty acid (FFA) turnover due to higher fat
mass may help explain this finding.94

Given all these considerations, the macrosomic
infant requires specific follow-up to detect any possi-
ble complications. If the infant is of a diabetic mother,
these risks may be increased and thus strict surveil-
lance is necessary.

1358 Macrosomia: neonatal aspects
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128 Mechanisms of the initiation
of human parturition
L. F. Gonçalves, R. Romero, J. P. Kusanovic, E. Soto and J. Espinoza 

Introduction
Parturition is the act of giving birth.1 It is a complex
process that includes the anatomical, physiological,
biochemical and immunological events taking place
in the maternal, placental and fetal compartments.
These events are responsible for: (1) the preparation of
the uterus for labor; (2) labor per se, leading to the
delivery of the fetus and placenta; and (3) postpartum
uterine involution, lactation and adaptation of mater-
nal behavior.

The mechanisms responsible for labor resemble
those involved in implantation. Both have been
linked to carefully regulated inflammatory processes
and, indeed, many of the molecular events associated
with parturition have also been implicated in the
process of implantation.

Abnormal parturition is a major cause of maternal
and perinatal morbidity and mortality. The failure to
initiate labor or prolonged pregnancy is associated
with an increased risk of fetal death.2 Preterm labor
and delivery is the leading cause of perinatal morbid-
ity and mortality worldwide.3 Mothers also pay a
price for labor abnormalities. For example, failure to
progress in labor at term (often referred to as dystocia)
is the most frequent indication for cesarean section.4

Intrapartum infection (clinical chorioamnionitis) is a
common complication that may result in maternal
sepsis.5 Inadequate hemostasis after delivery of the
placenta (i.e., postpartum hemorrhage) is a leading
cause of maternal death worldwide.6 Hence, the
importance of labor as a clinical entity. Yet, funda-
mental questions about the physiology and pathology
of human parturition, a process that has played a key
role in shaping the evolution of our species, remain
unanswered at the beginning of the 21st century. In
this chapter, we will review the mechanisms of partu-
rition in normal pregnancies. Chapter 129 will
address the mechanisms implicated in spontaneous
preterm labor and preterm prelabor rupture of the
membranes (PROM).

Normal duration of pregnancy
The mean duration of human pregnancy is 280 post-
menstrual days or 40 weeks in women with a regular
28-day menstrual cycle (adjustments must be made for
shorter or longer menstrual cycles). Studying 4000
women with reliable dates and regular menstrual
cycles, Kloosterman7 found that 4.5% of patients deliv-
ered on the expected date of confinement (also known
as EDC, which corresponds to the expected date of
delivery calculated from the Nägele rule), 29% at
40 weeks ±3 days, and 80% between 38 and 42 weeks
of gestation. Preterm delivery is defined as birth before
37 completed weeks. Post-term pregnancy is one in
which the gestation extends beyond 42 weeks.

The duration of gestation varies remarkably among
animal species.8 A combination of fetal genetic and
environmental factors appears to play a role in this
variation, although the precise mechanisms are
unknown. Conceptually, the duration of pregnancy
should be linked to the time required for the birth of
a developmentally mature fetus capable of surviving
extrauterine life, and for the adaptations to be in
place to react to changes in environmental conditions.
Thus, mechanisms must exist to synchronize fetal
growth and maturation with the maternal process of
parturition. Evidence of a gene-environment inter-
action to determine the length of gestation derives
from cross-breeding experiments. Allen et al.9 trans-
ferred Thoroughbred embryos to the uteri of smaller
Pony mares and Pony embryos to Thoroughbred
mares in order to determine the effect of maternal size
on placental and fetal size. These experiments also
afforded an opportunity to examine the role of gene-
environment interactions on the duration of gestation.
A Thoroughbred in Thoroughbred group and a Pony
in Pony group, established by artificial insemination,
served as the control groups. The mean duration of
gestation of the Thoroughbred in Thoroughbred preg-
nancy was 339 ±3 days, while the Pony in Pony preg-
nancy was 325 ±3 days. The duration of gestation in
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the experimental groups fell between these two. The
Thoroughbred in Pony (also called ‘deprived in utero
environment’) lasted 332 days ±2.8 days, while the
Pony in Thoroughbred (also called ‘luxurious in utero
environment’) lasted 331 days ±2.7 days. The authors
concluded that the fetal and maternal genome, there-
fore, had an effect on the duration of pregnancy. A
longer gestation was associated with a Thoroughbred
genome, whether it was a mare or a foal. The longer
gestation in the ‘luxurious in utero environment’ pro-
vided by the Thoroughbred mother gestating a Pony
suggests that environmental factors operate to deter-
mine the duration of pregnancy. Otherwise, the fetus
could have been born at the expected gestational age
of the Pony. In contrast, the effect of the fetal genome
is demonstrated in the Thoroughbred in Pony group
in which gestational length was longer than that
expected from the maternal genome alone in spite of
a ‘deprived in utero environment’. In conclusion, ges-
tational length is likely a function of both genetic and
environmental factors.

An overview of parturition and labor
The terms labor and parturition are often used inter-
changeably, although they are not synonymous. Labor
is the acute process by which the fetus is expelled
from the uterus, usually within 24 hours. Clinically,
labor is defined as a state in which there is increased
frequency and intensity of uterine contractions leading
to progressive cervical effacement, dilatation and deliv-
ery. In contrast, parturition describes the changes that
occur in preparation for, during and after labor. The
process of parturition goes on for weeks, while labor
lasts hours.

An integrated view of the relationship among
implantation, pregnancy, labor and parturition was
proposed by Paul MacDonald.10 He suggested that this
relationship could be represented to include four
stages, which are described below (Figure 128.1).10

We have slightly modified this insightful conceptual
framework to take into account evidence gathered
after MacDonald’s initial proposal.

Phase 0 is characterized by myometrial tranquility,
a state of cervical unripeness and intact membranes.
A key feature of this phase of gestation is that the
inherent propensity of the myometrium to contract is
harnessed so that the uterine smooth muscle is refrac-
tory to natural stimulants such as oxytocin.10 The
chorioamniotic membranes remain intact. MacDonald
proposed that this physiologic state lasts through 95%
of pregnancy.10

Phase 1 of parturition is also called ‘preparation for
labor’ and is characterized by the suspension of uterine
tranquility and the development of myometrial respon-
siveness to agents that stimulate contractility (utero-
tonic agents). The initiation of parturition (not labor),
considered as the switch from Phase 0 to Phase 1, is
subclinical in nature. There is no current test that can
identify this hypothetical switch with certainty. The
traditional view has been that there is a progressive
nature to the transition from Phase 0 to Phase 1, but
this needs to be reconsidered based on clinical and
experimental observations, including those demonstrat-
ing that parturition could have both a reversible and
irreversible course. The irreversible course takes place
when the switch from Phase 0 to Phase 1 is followed by
Phase 2. For example, some maternal insults, such as
pyelonephritis, can lead to increased uterine contrac-
tility and induce cervical changes.11,12 Yet, early treat-
ment of pyelonephritis can prevent preterm delivery.12

Similarly, the administration of antiprogestins can
induce a switch from Phase 0 to Phase 1 of parturition;
although this is not always followed by progression to
delivery (Phase 2).13,14 Moreover, the administration of
17-α-hydroxyprogesterone or progesterone may pre-
vent the transition from Phase 0 to Phase 1.15–17

Phase 2 corresponds to the process of labor and
is clinically characterized by a dramatic increase in
the intensity and frequency of uterine contractions
(which become painful), progressive cervical efface-
ment and dilatation, and membrane rupture. The term
‘onset of labor’ specifically refers to the transition
from Phase 1 to Phase 2. Challis and Lye introduced
the concept of ‘activation’ to refer to the changes in
uterine function that take place between Phase 1 and
Phase 2 of parturition.18 From a clinical point of view,
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Figure 128.1 The initiation of parturition and the onset of labor. From: Cunningham et al.,10 with permission
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some of the changes in Phase 2 can be objectively
described with partograms, which display the rela-
tionship between cervical dilatation and the station of
the presenting part as a function of time. The end of
Phase 2 occurs at delivery of the conceptus. Clinicians
often refer to the first stage of labor as the events tak-
ing place between the onset of clinical labor and com-
plete dilatation of the cervix. The second stage is the
period between full dilatation and delivery of the
fetus. The third stage is the interval between delivery
of the fetus and expulsion of the placenta. The first
stage is clinically important because this is when
most labor disorders are diagnosed (i.e., dysfunctional
labor, dystocia, failure to progress in labor, etc.).

Phase 3 refers to the events that occur after delivery
and are aimed at maternal recovery from childbirth,
maternal contribution to survival of the infant (i.e.,
breast feeding) and restoration of the non-gestational
state.

Challis and Lye proposed that a different set of bio-
chemical mediators are involved in the four phases
of parturition.19 Candidate molecules are displayed
in Figure 128.2.20 For example, Phase 0 may be medi-
ated by inhibitors of uterine contractility such as
progesterone, prostacyclin, relaxin, and parathyroid
hormone-related peptide (PTHrP).19 Phase 1 is con-
sidered an active process involving fetal development
and maturation. Specifically, the fetal hypothalamic–
pituitary–adrenal (HPA) axis is hypothesized to
increase the output of cortisol, which ultimately leads
to upregulation of a group of genes that encode for
contraction-associated proteins, including connexin-
43 (the major protein of myometrial gap junctions) and
oxytocin receptors, among others.19 The role of the
fetus and placenta in changing the concentrations of
estrogen (uterotropin) and progesterone are consid-
ered central to this phase. Phase 2 of parturition refers

to stimulation of a ‘prepared’ uterus by uterotonic
agents, such as prostaglandins and oxytocin.19 The
latter hormone is also involved in uterine contractil-
ity after delivery of the placenta, breast milk ejection
and maternal–fetal bonding.

The current descriptions of the mediators involved
represent the contribution of many investigators using
hypothesis-driven research strategies. The utilization
of discovery techniques, such as genomics, pro-
teomics and metabolomics (which allow a compre-
hensive description of the global changes in the
transcriptome, proteome, and metabolome), are likely
to yield new insights into the processes of normal and
abnormal parturition, and allow integration of much
of the research conducted to date.21

In broad terms, labor may begin because of:
(1) removal of inhibitory actions of factors that
promote uterine tranquility and a state of cervical
unripeness during most of gestation; (2) the effect of
stimulatory agents on the same target organs; or (3) a
combination of both.

The common pathway of
parturition: components
The common pathway of human parturition has been
defined as the anatomic, biochemical, physiologic
and clinical events that occur in the mother and/or
fetus in both term and preterm labor. The intrauterine
components of this pathway include increased uter-
ine contractility, cervical ripening (dilatation and
effacement) and decidual/fetal membrane activation
(Figure 128.3). In addition, systemic processes (endo-
crinological, metabolic, etc.) are also part of the path-
way. For example, term and preterm parturition are
associated with an increase in the fetal and maternal
plasma levels of corticotrophin-releasing hormone
(CRH) and cortisol, as well as an increase in caloric
metabolic expenditures.22–31

Increased uterine contractility
Although myometrial activity occurs throughout preg-
nancy, labor is characterized by a dramatic change in
the pattern of uterine contractility that evolves from
‘contractures’ to ‘contractions’. Nathanielsz and col-
leagues32,33 defined contractures as epochs of myome-
trial activity that last several minutes and are associated
with a modest increase in intrauterine pressure and
very fragmented bursts of electrical activity on the elec-
tromyogram. In contrast, contractions are epochs of
myometrial activity of short duration, associated with
dramatic increases in intrauterine pressure and elec-
tromyographic activity. The switch from a contracture
to a contraction pattern occurs during normal labor,34 or
can be induced by pathological events such as food
withdrawal, infection or maternal intra-abdominal
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surgery.35–37 The switch from a contracture to a
contraction pattern is a potentially reversible phenome-
non.35,38–40 The increased birth rate observed immedi-
ately after a period of fasting suggests that a
fasting-induced switch operates in humans.39,40

This change in pattern (from contracture to con-
traction) begins at night and labor is preceded by a
progressive nocturnal increase in uterine activity of
the contraction pattern.41,42 The circadian nature of
this rhythm suggests that uterine activity is under
neural control. Plasma concentrations of oxytocin
follow a circadian pattern similar to that of uterine
contractility.41 Oxytocin antagonists blunt the noctur-
nal increase in uterine activity that precedes the onset
of parturition in monkeys,41–45 suggesting that oxy-
tocin may mediate the circadian rhythm in uterine
contractility. Oxytocin is produced by human decidua
and the paraventricular nuclei of the hypothalamus,
while oxytocin receptors are present in myometrial
cells and decidua.46–52 This hormone, therefore, may
play both an endocrine and a paracrine role in the
control of parturition.47,53–60

Labor is characterized by a coordinated and effective
generation of mechanical forces by the myometrium,
which eventually lead to the expulsion of the concep-
tus. Increased cell-to-cell communication is thought
to be responsible for the effectiveness of myometrial
contractility during labor. Gap junctions develop in
the myometrium just prior to labor and disappear
shortly after delivery.61–65 Gap junction formation and
the expression of the gap junction protein connexin-
43 in human myometrium is similar in term and
preterm labor.66–70 These findings suggest that the
appearance of gap junctions and increased expression
of connexin-43 may be part of the underlying molec-
ular and cellular events responsible for the switch
from contractures to contractions prior to the onset of
parturition. Estrogen, progesterone and prostaglandins
have been implicated in the regulation of gap junction
formation, as well as in influencing the expression of
connexin-43.71–73 Lye et al., for example, have referred
to a set of distinct proteins called ‘contraction-associated

proteins’ that are characteristic of this phase of
parturition.70,74,75

Recently, Lye et al.76 reported that the myometrium
undergoes sequential phenotypic remodeling during
pregnancy, specifically, that rat myometrium under-
goes changes in the extracellular matrix (ECM). They
also proposed that contractile proteins can be grouped
into three phenotypes, including: (1) Proliferative,
when the number of myocytes increase, as demonstrated
by a higher proliferation cell nuclear antigen labelling
and protein expression in early pregnancy. This pheno-
type coincides with a higher myometrial expression of
anti-apoptotic proteins (BCl-2 and BCl-xL); (2) Synthetic,
when the myometrial cells undergo hypertrophy, as
demonstrated by a higher protein/DNA ratio in the
second half of pregnancy and coincides with a higher
secretion of ECM from the myocytes, in particular
collagen I and collagen III, as well as with a high con-
centration of caldesmon (a marker of synthetic phe-
notype); and (3) Contractile, which occurs at the end
of pregnancy and coincides with a low myometrial
expression of interstitial matrix and high expression
of components of the basement membrane (laminin
and collagen IV). In addition, the authors reported
a high protein expression of alpha actin in the
myometrium in early pregnancy and a high protein
expression in gamma actin associated with the con-
tractile phenotype. The authors proposed that the
switch from a proliferative to a synthetic phenotype
may be regulated by caspase 3 and the switch from the
synthetic to the contractile phenotype by a decrease
in progesterone.76 A concept of emerging importance
is that mechanical factors, such as uterine stretch, can
modify the uterine76,77 and membrane78 phenotype
and play an important role in parturition.

Cervical ripening
The ability of the cervix to retain the conceptus dur-
ing pregnancy is unlikely to depend on a traditional
muscular sphincteric mechanism.79,80 The normal
function of the cervix during pregnancy depends on
the regulation of the ECM. The major macromolecular
components of the ECM are collagen, proteoamino-
glycans, elastin and various glycoproteins such as
fibronectins. Collagen is the most important compo-
nent of the ECM and determines the tensile strength
of fibrous connective tissue.81 Changes in cervical
characteristics during pregnancy have been attributed
to modifications in collagen content and metabolism.
Proteoaminoglycans have also been implicated in
cervical physiology. The proteoaminogylcan decorin
(PG-S2) has a high affinity for collagen and can cover
the surface of the collagen fibrils, stabilize them, and
promote the formation of thicker bundles of collagen
fibers. In contrast, PG-S1 (biglycan) has no affinity for
collagen and can therefore disorganize collagen fib-
rils. The predominant dermatan sulfate proteoglycan
in the non-pregnant state is PG-S2 and in the term-
pregnant state, PG-S1.82
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Figure 128.3 The common pathway of preterm and term
parturition.
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The biochemical events that have been implicated
in cervical ripening are: (1) a decrease in total colla-
gen content; (2) an increase in collagen solubility
(probably indicating degradation or newly synthesized
weaker collagen); and (3) an increase in collagenolytic
activity (both collagenase and leukocyte elastase).

Contrary to what is generally believed, ECM
turnover in the cervix is high and, thus, the mechani-
cal properties of the cervix can change rapidly.
Uldbjerg et al.81 demonstrated the importance of col-
lagen content in cervical dilatation, reporting a strong
correlation between the collagen content (measured
by hydroxyproline determination) of cervical biopsies
obtained after delivery and the time required for the
cervix to dilate from 2 to 10 cm.

The changes in ECM components during cervical
ripening have been likened to an inflammatory
response.83 Indeed, during cervical ripening there is
an influx of inflammatory cells (macrophages, neu-
trophils, mast cell, eosinophyls, etc.) into the cervical
stroma. It has been proposed that these cells produce
cytokines (e.g., interleukin (IL)-8, IL-8) and other
mediators (e.g., prostaglandins), both of which have
an effect on ECM metabolism.84–88

The chain of events leading to physiological cervical
ripening has not been defined. However, strong evi-
dence supports a role for sex steroid hormones includ-
ing: (1) intravenous administration of 17β-estradiol
induces cervical ripening;89 (2) estrogen stimulates col-
lagen degradation in vitro;90 (3) progesterone blocks
estrogen-induced collagenolysis in vitro;90 (4) adminis-
tration of progesterone receptor (PR) antagonist
induces cervical ripening in the first trimester of preg-
nancy;91 and (5) IL-8 production by the uterine cervix
is downregulated by progesterone.92 A detailed review
of the mechanisms responsible for the changes in cer-
vical physiology during parturition has been recently
published by Norman et al.93 The reader is referred to
this outstanding review for further details.

Prostaglandins have been widely used to ripen the
cervix prior to the induction of labor or abortion.
Within hours of administration, prostaglandin E2
(PGE2) produces clinical and histological cervical
changes resembling physiological ripening that nor-
mally develops over several weeks of gestation. The
mechanism of action of PGE2 is thought to involve
stimulation of collagenolytic activity and synthesis of
PG-S1 by cervical tissue.82

Another mediator implicated in the mechanisms
of cervical ripening is nitric oxide (NO),94 which accu-
mulates at sites of inflammation and can act as an
inflammatory mediator at high concentration.95–97 The
expression of the inducible form of nitric oxide synthase
(iNOS) and NO production in the cervix increase during
labor in animals.98 Moreover, the administration of
L-nitro-arginine methylester (a non-specific inhibitor
of iNOS) blocks cervical ripening,98 whereas direct
application of sodium nitroprusside (an NO donor)
to the cervix can induce cervical ripening.99 Similar
results have been obtained in human clinical trials.100–103

Gene expression profiling has recently been used to
identify molecular markers of physiological cervical
ripening. Microarray analysis was used to compare
the gene expression profile of cervical biopsy speci-
mens obtained from 10 women undergoing sponta-
neous vaginal delivery and 10 women undergoing
primary cesarean delivery at term. Messenger RNA
expression of 40 genes increased more than 2.5-fold in
patients with a ripe cervix. These genes mostly
encoded cytokines, chemokines, growth factors, tran-
scription factors and cell-matrix-associated proteins.
Messenger RNA expression of 6 genes decreased to
less than 0.5-fold in patients with a ripe cervix,
including iNOS, FasL receptor, apoptosis regulator
bclw, caspase-9 precursor and nucleobinding precur-
sor. For a complete list of genes found to be differen-
tially regulated in patients with a ripe cervix, the
reader is referred to the original publication.104

Cervical changes precede the onset of labor, are
gradual, and develop over several weeks.105 Wood
et al.106 were the first to report that a short cervix
was a risk factor for preterm labor and delivery. This
observation has been subsequently confirmed by
several investigators using both manual and sono-
graphic examinations.107–117

Although cervical shortening is traditionally con-
sidered an irreversible change, anecdotal clinical
observations indicate that some women can have a
short cervix, remain pregnant for a long time, and
even deliver at term. Reversibility of cervical ripening
has been demonstrated with pharmacological inter-
vention in the pregnant ewe. Dexamethasone admin-
istration induces cervical ripening and increases
uterine contractility. These effects can be reversed
with large doses of progesterone.118

Decidual/fetal membrane activation
The term ‘decidual/fetal membrane activation’ refers to
a complex set of anatomical and biochemical events
that result in the separation of the lower pole of the
membranes from the decidua of the lower uterine
segment, and eventually in spontaneous rupture of
membranes. Untimely activation of this mechanism
leads to preterm PROM, which accounts for 40% of
all preterm deliveries. For a detailed description of the
mechanisms involved in spontaneous rupture of the
membranes in preterm PROM, the reader is referred
to Chapter 129 (Mechanisms of preterm labor and
preterm premature rupture of the membranes).

The role of progesterone
Estrogen and progesterone play a central role in
the endocrinology and paracrinology of pregnancy.119

Progesterone is thought to maintain myometrial qui-
escence, downregulate gap junction formation, and
inhibit cervical ripening.120–122 Estrogens have been

The role of progesterone 1367

Kurjak-128.qxd  5/10/2006  11:28 AM  Page 1367



implicated in increasing myometrial contractility and
excitability, as well as in the induction of cervical
ripening prior to the onset of labor.121,122 However, the
changes in sex steroid serum concentrations before
spontaneous parturition are different among species
(see Table 128.1).123 In many species, a decrease in
maternal serum progesterone concentration occurs
prior to spontaneous parturition, but the mechanism
for this ‘progesterone withdrawal’ depends, to a large
extent, on whether or not the placenta or the corpus
luteum is the major source of progesterone.123

Luteolysis is a crucial component of the mecha-
nism for parturition in the rat, mouse and rabbit. In
the sheep and goat, an increase in fetal plasma corti-
sol induces the placental production of P450 C17
enzymes (17-α-hydroxylase and C17-20 lyase) and
these enzymes catalyze the conversion of proges-
terone to androstenedione (resulting in reduction of
progesterone). Androstenedione would then be trans-
formed by action of aromatases to estrogen.123 The net
effect is that parturition is preceded by a decrease in
progesterone and an increase in estrogen concentra-
tion. In goats, however, the corpus luteum is respon-
sible for most maternal progesterone production and
luteal regression is still required before parturition. In
contrast, in primates (including humans) and guinea
pigs, there is no apparent change in circulating mater-
nal progesterone concentration before parturition.
The human placenta, contrary to the sheep’s, lacks
P450 C17 enzymes and, therefore, cannot synthesize
estrogen and androstenedione (C-19 androgen) from
C21-progestins. Consequently, progesterone is the
final product of the human placenta. The principal
precursor for estrogen synthesis in the human pla-
centa is dehydroepiandrosterone sulfate (DHEA-S)
from the fetal and maternal adrenal glands (for estra-
diol and estrone), as well as 16-OH-DHEA-S from
the fetal liver (for estriol).119 The reader is referred to

an excellent review by Young for a comparative physi-
ology of parturition in mammals.124

In both human and guinea pig pregnancies, a ‘serum
progesterone withdrawal’ has not been demonstrated.
Yet, this hormone is considered important in preg-
nancy maintenance because inhibition of progesterone
action could result in parturition in these two species.
For example, administration of antiprogestins [e.g., RU
486 (mifepristone) or ZK 98299 (onapristone)] to preg-
nant women,125 primates126 or guinea pigs120 during
pregnancy can induce abortion and/or labor.119 Several
investigators have proposed alternative mechanisms
to explain a suspension of progesterone action without
a serum progesterone withdrawal. These alternatives
have included: (1) binding of progesterone to a high
affinity protein and, thus, a reduced functional active
form;127,128 (2) increasing cortisol concentration in late
pregnancy that can compete with progesterone for
binding to the glucocorticoid receptors, resulting in
functional progesterone withdrawal;129 and (3) con-
verting progesterone to an inactive form within the tar-
get cell before interacting with its receptor. Human
amnion and chorion can convert progesterone to
the inactive 20-α-dihydroxyprogesterone.130,131 This
metabolite has been observed to increase with advanc-
ing gestational age and around the time of parturi-
tion.131 None of these hypotheses, however, have been
proven.132 Therefore, many investigators have shifted
their attention to the abundance and modulation of
estrogen–progesterone receptor expression, as well as
progesterone binding capability to its nuclear response
element.

Conflicting results have been reported for the role
of the progesterone receptor (PR) in myometrium
during human parturition. These discrepancies are
probably due to the methods used to assess PR con-
centration (and binding) and the sampling site.
Rezapour et al.133 concluded that there was no
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Table 128.1 Source of steroids and mechanism for progesterone withdrawal before parturition in several species
(modified from Bernal,123 with permission)

Fall in maternal
Species Source of steroids in late pregnancy progesterone concentration Mechanism

Mouse Corpus luteum Yes Luteolysis

Rat Corpus luteum Yes Luteolysis

Rabbit Corpus luteum Yes Luteolysis

Goat Corpus luteum Yes P450 c17/luteolysis

Cow Placenta Yes P450 c17

Sheep Placenta Yes P450 c17

Guinea pig Placenta No ?

Primates Fetoplacental unit No ?

P450 c17 enzymes (17-α-hydroxylase and C17-20 lyase activities) are induced in the placenta by an increase in fetal cortisol concentration.
Luteolysis is provoked by prostaglandin F2α acting on FP receptor

Kurjak-128.qxd  5/10/2006  11:28 AM  Page 1368



relationship between human parturition and PRs
in myometrium.133 In contrast, How et al. examined
estradiol and PR expression in the myometrium
(lower uterine segment), from women undergoing
cesarean deliveries at term in labor (n �10), term not
in labor (n �10), preterm in labor (n �9) and preterm
not in labor (n �11), by immunohistochemistry and
Western immunoblot analysis.134 The intensity of the
immunostaining for PR was lower in patients in labor
compared to those without labor (preterm and term
gestations), indicating that a functional progesterone
withdrawal might occur in human labor through a
reduction in PR expression. Moreover, among patients
without labor, the intensity of the immunostaining for
PR was lower in patients at term compared to those of
preterm pregnancies, suggesting that the preterm ges-
tation may be more resistant to the effects of proges-
terone withdrawal than term pregnancies. In contrast,
there was no obvious difference in estradiol receptor
immunostaining among the four study groups.134 In
conclusion, this study supports the concept that func-
tional progesterone withdrawal occurs in human
pregnancy at both term and preterm parturition by
reducing PRs in the myometrium.

Henderson and Wilson135 measured the binding of
PR to its nuclear response element in decidual tissue
using gel shift assays, which measure progesterone
receptor–progesterone responsive element binding,
an essential step in progesterone transactivation.135

The binding of the ligand causes the activation of the
receptor through changes that include dimerization
and shedding of a heat shock protein. The activated
receptor then initiates transcription by binding to its
specific DNA response element. A nine-fold decrease
in PR binding to its response element was observed
in tissues obtained after labor (in both term and pre-
term gestation) as compared to tissues obtained from
women not in labor.135 However, there was no signifi-
cant difference in the binding of PR between preterm
and term tissues.135

Progesterone receptor subtypes
The human PR exists as two major subtypes, PR-A (94
kDa) and PR-B (116 kDa), both encoded by a single
gene independently regulated by separate promoters.
PR-A is a truncated form of PR-B that lacks the first
164 N-terminal amino acids. In most human cells,
type PR-B is the principal ligand-dependent tran-
scriptional activator of progesterone-responsive
genes, whereas PR-A is a ligand-activated repressor of
the transcriptional activity mediated by PR-B. The
human estrogen receptor (ER) also exists as two major
subtypes: ERα and ERβ. Both are derived from sepa-
rate genes, each having different ligand binding affini-
ties and tissue distribution.136 The selective actions of
estrogens and various estrogen agonists and antago-
nists are thought to be to the result of differential
expressions of ERα and ERβ.137

Using Western blot analysis, Pieber et al.132

reported that PR-A protein was expressed in two out
of three myometrial samples obtained from women at
term after labor (delivered because of fetal distress). In
contrast, PR-B protein was equally expressed in the
myometrium of both women in labor and women not
in labor.132 Mesiano et al., using quantitative RT-PCR,
measured mRNAs encoding PR-A, PR-B, ERα, and
ERβ expressions in myometrium from lower uterine
segments of women at term with (n �12) and without
labor (n �12).138 The mRNA expression of PR-A, PR-B,
PR-A/PR-B ratio, and ERα were significantly higher in
the myometrium of women in labor than in those
not in labor. ERβ mRNA expression was unchanged.
The PR-A/PR-B ratio correlated with ERα mRNA
expression in the myometrium of women not in
labor. Furthermore, there was a relationship between
ERα mRNA expression and the expression of cyclo-
oxygenase type 2 (COX-2), as well as oxytocin recep-
tor mRNA expression in non-laboring myometrium,
indicating that the increase in ERα expression was
directly associated with the activation of contraction-
associated genes and estrogen responsiveness. These
data suggest that in term human myometrium, a sig-
nificant increase in the expression of PR-A relative
to PR-B might be responsible for a functional pro-
gesterone withdrawal. Functional estrogen activation
would occur because of an increased expression of
ERα, resulting in a coordinated expression of a specific
ER subtype and a functional progesterone withdrawal.
Mesiano et al. suggested that the interaction between
the PR and ER systems in the human myometrium
may be critical for the control of parturition.119,138

In support of the interaction of the two isoforms of
the PR, Pieber et al.132 conducted a series of experi-
ments in which myometrial cells obtained prior to the
onset of labor were transiently transfected with
expression vector for either the PR-A or PR-B. Only
cells expressing the PR-B could significantly increase
the expression of progesterone reporter activity when
exposed to progesterone. When both isoforms (PR-A
and PR-B) were co-transfected, PR-A exhibited a
marked inhibitory effect on PR-B-mediated transcrip-
tion. This repression was not simply due to an excess
of PR-A, because significant repression of transcrip-
tion was achieved even when a 5:1 ratio of PR-B and
PR-A was used for transfection. The authors con-
cluded that PR-A is, therefore, a dominant repressor of
PR-B transactivation in myometrial and amnion cells
and its increased expression at the onset of labor might
cause a ‘functional progesterone withdrawal’.132,139

An alternative mechanism explaining a ‘functional
progesterone withdrawal’ has been advanced by
Professor Phillip Bennett’s laboratory.140,141 The con-
cept is that the activation of nuclear factor (NF)-kappa
B in the amnion represses PR function. NF-kappa B, a
transcription factor in the cytoplasm, is bound by
the inhibitor kappa B (IkB). NF-kappa B (activated by
IL-1β and other cytokines) leads to phosphorylation
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and degradation of IkB protein, allowing NF-kappa B
translocation to the nucleus, where it can bind to
specific sites within the promoter sequence of target
genes. Indeed, Belt et al.142 demonstrated that stimu-
lation of human myometrial cells with IL-1 could lead
to rapid activation of NF-kappa B, inducing the
increased expression of COX-2 mRNA, protein, and
prostaglandin synthesis. The mutual negative interac-
tion in which NF-kappa B represses PR function has
been described in detail elsewhere.143

Using transient transfection followed by assays for
transcriptional activation and promoter binding,
Allport et al.141 demonstrated constitutive activity of
NF-kappa B in human amnion cells at the time of labor.
The activation of NF-kappa B also induced COX-2
mRNA expression. In cells obtained before labor, when
NF-kappa B was low, an increased progesterone
concentration repressed NF-kappa B-dependent tran-
scription, while the stimulation with IL-1β increased
NF-kappa B activity and repressed progesterone activ-
ity. The investigators concluded that human labor is
associated with the increased constitutive NF-kappa-B
activity within the amnion, whose function is to
increase mRNA expression of COX-2, while contribut-
ing to a ‘functional progesterone withdrawal’.141

Collectively, there is substantial evidence support-
ing the view that a ‘functional progesterone with-
drawal’ is present locally in intrauterine tissues during
human parturition in both term and preterm gestation.
The changes in estrogen and progesterone ratio activ-
ity could activate the three components of the com-
mon pathway of parturition, including myometrium,
cervix and membranes, directly or indirectly through
prostaglandins, or oxytocin and its receptor systems.46

However, the signal eliciting the onset of these hor-
monal functional changes in human parturition
remains to be determined.

The role of prostaglandins
Prostaglandins have been considered the key mediators
for the onset of labor144–159 since they can induce
myometrial contractility,146–159 changes in ECM metabo-
lism associated with cervical ripening,144,145,150–152 and
decidual/membrane activation.160

The evidence traditionally invoked to support a
role for prostaglandins in the initiation of human
labor includes: (1) administration of prostaglandins
can induce early or late termination of pregnancy
(abortion or labor);153,161–171 (2) treatment with
indomethacin or aspirin can delay spontaneous onset
of parturition in animals;172–175 (3) concentrations of
prostaglandins in plasma and amniotic fluid increase
during labor;14,176–185 (4) intra-amniotic injection of
arachidonic acid, the precursor for prostaglandins,
induces abortion;155 (5) prostaglandin concentrations
in amniotic fluid increase early during spontaneous
labor at term.184 These observations are consistent

with those reported in PROM at term, and185 similar
findings have been described in longitudinal studies
performed in non-human primates;14 and (6) amniotic
fluid prostaglandin concentrations increase before the
onset of spontaneous labor in humans.186 Therefore,
most of the available evidence in humans, as well as
in animals, suggests that prostaglandin concentra-
tions increase prior to the onset of labor or during
early labor.14,184–191 Moreover, in all species examined
thus far, including marsupials, prostaglandin secre-
tion increases during labor.8,192

Prostaglandins are produced by intrauterine tissues
including amnion,193–195 chorion,194 decidua,196,197

myometrium,198–201 and placenta.191,194 Although there
are many stimulants of prostaglandin biosynthesis,
the precise signals responsible for their increase
during the course of labor have not been determined.
Candidates include cytokines (IL-1, tumor necrosis
factor-α),193,197,202 growth factors (i.e., epidermal
growth factor),203 cortisol,204,205 and others.

Prostaglandin synthase (PGHS), also known as
cyclo-oxygenase, is the enzyme responsible for the
initial step in the production of prostaglandins. PGHS
has two isozymes: PGHS1 and PGHS2. Recent reports
indicate that there is a topographic variation in the
distribution of PGHS2 during labor. Indeed, in preg-
nant baboons the mRNA expression of PGHS2 is higher
in the lower uterine segment than in the fundus of
the uterus. In contrast, the mRNA expression of
15-OH prostaglandin dehydrogenase (PGDH), the
enzyme responsible for the prostaglandins’ degrada-
tion, is reduced in the lower uterine segment com-
pared to the expression in the fundus. It is possible
that such topographic differences in the distribution
of these enzymes may play a role in the physiologic
control of parturition (see below).206

Prostaglandin receptors are classified based on the
responses to various agonists and antagonists (IP, TP,
DP, EP and FP).192 The EP receptors are classified into
four distinct subtypes, two of which stimulate contrac-
tion responses (EP1 and EP3) and two that induce a
relaxation response (EP2 and EP4).

207 Recent studies
have examined the expression of prostaglandin recep-
tors in non-pregnant and pregnant human myome-
trium, as well as in several animal species.206,208

Topographic differences in the expression of receptors
that stimulate uterine contractility and those that
inhibit uterine contractility have been found.209–211 For
example, Smith et al. reported an increased expression
of the EP2 receptor in the lower uterine segment (which
induces relaxation) and increased expression of the EP3
receptor mRNA in the uterine fundus, while both areas
express FP and EP4 in similar quantities.212,213 These
observations are important because PGE2 elicits differ-
ent contractile responses in myometrium, depending
on the source of the myometrium. PGE2 generally stim-
ulates the fundus, but not the lower uterine segment.
Collectively, these findings suggest that there may be
functional regionalization of the uterus. On the other
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hand, a recent study examining in vitro contractile
responses of the upper and lower segment has not
produced findings consistent with those described by
Smith et al.212–214

A role for the fetus in the
timing of the onset of labor
A role for the fetus in the control of the timing of labor
was demonstrated by the classic studies of Liggins
et al.,215,216 as well as by the cross-breeding experiments
described at the beginning of this chapter (see Normal
Duration of Pregnancy). The importance of the fetal
brain has been shown, experimentally, because
destruction of the paraventricular nucleus of the fetal
hypothalamus results in prolongation of pregnancy in
sheep.217,218 The human counterpart to this animal
experiment is anencephaly, which is also characterized
by a tendency to have a prolonged pregnancy (if
women with polyhydramnios are excluded).219 How-
ever, the situation in human anencephaly is consider-
ably more complicated than the one described in
animal experiments. The discrepancy can be explained
by the wide range of central nervous system and pitu-
itary lesions found in human anencephaly.

Possible routes for the fetus
to signal the onset of labor
The effector organs of labor are the myometrium, cervix
and membranes. The fetus could signal the onset of
parturition/labor by using a set of molecules which
could be delivered to the effector organs using the fol-
lowing routes: (1) an endocrine pathway whereby the
fetal circulation delivers the molecules to the placenta
and reaches the uterus directly or through the maternal
circulation; or (2) a paracrine pathway in which mole-
cules produced by fetal organs, such as the lungs or
kidneys, reach the amniotic cavity to exert an effect on
the fetal membranes that transduce the signal to the
myometrium and cervix (Figure 128.4).220

The current paradigm is that once maturity has been
reached, the fetal brain, specifically the hypothalamus,
increases corticotropin-releasing hormone (CRH) secre-
tion, which in turn stimulates adrenocorticotrophic
hormone (ACTH) and fetal cortisol production by the
adrenals.221–223 The increase in cortisol in sheep and
DHEA-S in primates eventually leads to activation of
the common pathway of parturition.224,225 In the sheep,
but not in the human, fetal cortisol induces expression
of 17-α-hydroxylase, which catalyzes the conversion of
progesterone to estrogen. Increasing concentrations
of estrogen lead to the transcription of contraction-
associated genes in the myometrium that favor the
onset of labor. The experiments of Liggins et al.215,216

demonstrated that damage to the fetal adrenal glands
or pituitary glands would prolong pregnancy. The

administration of a CRH-antagonist has a similar
effect.226 Nathanielsz has proposed that in non-human
primates lacking 17-α-hydroxylase in the placenta,
ACTH stimulates the production of androgens, which
are converted into estrogens by the placenta and initi-
ate the cascade of events responsible for parturition.227

Challis and Lye suggested that the apparent differ-
ences in the mechanisms of parturition between the
sheep and human can be reconciled.228 They propose
that cortisol in primates has at least three important
functions: (1) it increases prostaglandin production
by intrauterine tissues directly or indirectly by stimu-
lating the production of PGHS2; (2) it stimulates the
production of CRH by the placenta; and (3) it inhibits
the enzyme 15-OH prostaglandin dehydrogenase,229

which catabolizes prostaglandins.206,230

CRH is a hormone that is largely produced by the
placenta and can stimulate prostaglandin production
and induce the fetal adrenal gland to secrete DHEA-S,
a source of estrogens that drives the increased expres-
sion of oxytocin receptors, gap junctions, and prost-
aglandins.231–233 It is important to note that while
cortisol suppresses CRH production by the pituitary
gland, this hormone stimulates CRH production by
the placenta.229 In support of the importance of corti-
sol in human parturition, we have reported that fetal
plasma cortisol concentrations are elevated in the
human fetus before the onset of labor in the context of
preterm PROM, and that this elevation is associated
with the fetal inflammatory response syndrome.234

Parturition as an inflammatory
process
Liggins was the first to liken cervical ripening with an
inflammatory response.215 Since then, accumulating
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Figure 128.4 Possible routes of transmission of the signal for
the initiation of labor from the conceptus to the mother. Note
the large area of contact between the chorion and the decidua
which makes the paracrine route an effective way of signal
transmission from conceptus to mother. From: Schellenberg and
Liggins,220 with permission.
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evidence supports that inflammation can be detected
in the cervix, myometrium, chorioamniotic membranes,
and the amniotic cavity in women in labor. Sponta-
neous labor at term is associated with infiltration of
inflammatory cells in these tissues 235–237 and increased
production of a wide range of pro-inflammatory
cytokines (IL-1β, IL-6, TNF-α, IL-8)238–240 and
chemokines (GROα, MCP-1, ENA, GCSF, GMCSM, neu-
trophil attractant/activating peptide-1/IL-8, macrophage
inflammatory protein-1α).240–245 Stjernholm-Vladic
et al.245 have recently observed a decrease in gluco-
corticoid receptors (a mediator of glucocorticoid
anti-inflammatory reactions) and a concomitant
increase in the expression of NF-kappa-B (a key pro-
inflammatory regulator) in cervical tissues obtained
at the time of parturition, suggesting that these tran-
scription factors are directly involved in the regula-
tion of the inflammatory response associated with
cervical ripening.

Recently, using a genome-wide screen, Haddad
et al.247 have been able to demonstrate that genes
involved in the control of inflammation are upregu-
lated in the chorioamniotic membranes after labor at
term, even in the absence of histologic chorioam-
nionitis. Of interest is that an inflammatory signature
was not observed in the maternal circulation in
patients in spontaneous labor at term. This suggests
that the inflammatory process is localized to the ges-
tational tissues and specifically to the membranes.
These observations are consistent with the findings of
Kim et al. who reported upregulation of the Toll-like
receptor (TLR)-2 and TLR-4 in normal spontaneous
parturition.248 This finding may reflect that sponta-
neous parturition is associated with increased pro-
inflammatory cytokine and chemokine responses
in gestational tissues.240 Indeed, pro-inflammatory
cytokines have been shown to upregulate the expres-
sion of TLR-2 and TLR-4.249

The role of the placenta
Sixty years ago, Van Wagenen and Newton250 demon-
strated that in pregnant primates, surgical removal of
the fetus, but not of the placenta, does not affect the
timing of labor, suggesting that the onset of labor
is independent of the presence of the fetus. Similar
results were reported by Albrecht et al.251 However,
Lanman et al.252 and, more recently, Nathanielsz
et al.253 demonstrated that delivery of the placenta
outlasts the normal duration of pregnancy in pregnant
rhesus monkeys after fetectomy, indicating that the
fetus plays an important role in the timing of delivery

in primates, and that in the absence of the fetus,
gestational length is significantly longer than in
normal pregnancies.

A decade ago, McLean and Smith22 proposed the
existence of a ‘placental clock’ in human pregnancy,
which is active at an early stage and determines the
length of gestation and the timing of parturition. This
proposal was based on the result of a large, longitudi-
nal study in which women who delivered preterm
had a significantly higher plasma concentration of
CRH than those who delivered at term. In contrast,
women who had prolonged pregnancies had a lower
CRH concentration than those who delivered at term.
Of note, these differences were already present at
16–18 weeks of gestation.25 The association between a
high maternal plasma concentration of CRH and
preterm labor has been confirmed by other stud-
ies.254–256 According to ‘the placental clock hypothesis’,
the rate of increase in the maternal plasma concentra-
tion of CRH through pregnancy determines the timing
of labor when saturation of the CRH binding protein
is achieved and free CRH becomes available and trig-
gers parturition.22,257 High concentrations of CRH
have been described in women with chronic stress
and this condition has been associated with a high
risk of preterm delivery.256

Conclusions
The common pathway of parturition is characterized
by increased uterine contractility, cervical ripening
and degradation of ECM, which predisposes to mem-
brane rupture. There is growing evidence that parturi-
tion occurs over a period of weeks, rather than hours.
The mechanisms responsible for the initiation of
physiologic labor at term have not been determined in
humans. Recent studies implicate the production of
fetal or placental signals that would activate the com-
mon pathway, such as surfactant protein-A258 and
CRH/cortisol.259

This chapter serves as the basis for the understand-
ing of mechanisms implicated in the extemporaneous
activation of the common pathway of parturition lead-
ing to preterm delivery, which will be discussed in
Chapter 129. The expanded utilization of discovery
techniques, such as genomics, proteomics and
metabolomics, which allow a comprehensive descrip-
tion of the global changes in the transcriptome, pro-
teome, and metabolome, will continue to yield new
insights into the processes of normal and abnormal
parturition, allowing integration of much of the
research conducted to date.21,104,247
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Introduction
Preterm delivery, defined as delivery before 37 com-
pleted weeks of gestation, is the leading cause of peri-
natal morbidity and mortality worldwide.1 Preterm
delivery may result from: (1) spontaneous premature
initiation of labor with intact membranes; (2) preterm
prelabor rupture of membranes (PROM); or (3) med-
ically indicated preterm delivery to protect the health
of the mother and/or the fetus. In this chapter, we will
review the mechanisms involved in the initiation of
spontaneous preterm labor with or without preterm
PROM, with emphasis on the preterm labor syn-
drome. Preterm birth is the major challenge to modern
obstetrics in areas of the world where the problem of
maternal mortality has been conquered.2

Premature parturition as a syndrome
The current taxonomy of disease in obstetrics is
largely based on the clinical presentation of the
mother and not the mechanism of disease responsible
for the clinical manifestations. The term ‘premature
labor’, for example, does not inform one as to whether
the condition is caused by an infection, a vascular
insult, uterine overdistension, abnormal allogeneic
recognition, stress, or some other pathological process.
The same applies to other obstetrical complications,
such as pre-eclampsia, small-for-gestational age (SGA)
fetal death, etc. The lack of recognition of the syn-
dromic nature of obstetric diseases is responsible for
the view that one diagnostic test will detect and one
treatment will cure each of these conditions. The

key features of obstetrical syndromes3 are: (1) multi-
ple etiologies; (2) chronicity; (3) fetal involvement;
(4) clinical manifestations that are often adaptive in
nature; and (5) susceptibility due to a gene–environment
interaction.

We will review the available evidence to support the
concept that premature labor has ‘multiple etiologies’.
Clearly, women with a short cervix in the mid-trimester
of pregnancy, with increased concentrations of fetal
fibronectin in vaginal fluid, or the presence of bacter-
ial vaginosis are at increased risk for preterm labor or
preterm delivery,4–7 demonstrating that the pathologi-
cal disorder leading to these conditions is chronic in
nature. For example, intrauterine infection can be
detected at the time of routine mid-trimester amnio-
centesis for genetic indications and become clinically
evident weeks later with either PROM or premature
labor.8–10 ‘Fetal involvement’ has been demonstrated
in women with microbial invasion of the amniotic
cavity. Fetal bacteremia has been detected in 30%
of patients with preterm PROM and a positive amni-
otic fluid culture for microorganisms.11 Similarly,
neonates born after spontaneous preterm labor or
preterm PROM are more likely to be SGA, indicating
a pre-existing problem with the supply line.12–18 The
adaptive nature of labor has been proposed in the
context of intrauterine infection in which the onset of
labor can be considered a mechanism of host defense
against infection that enables the mother to eliminate
an infected tissue and allows the fetus to exit from a
hostile environment.19,20 It is possible that other
mechanisms of disease in premature labor may also
threaten the maternal/fetal pair, and a key question is
why some women develop fetal growth restriction
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and others pre-eclampsia, while yet another group
resorts to the onset of preterm labor to deal with
the threat. If the clinical manifestations are adaptive,
then treatment of the components of the pathway
(tocolysis, cerclage, etc.) could be considered sympto-
matic in nature and not aimed at the specific patho-
logical processes that cause preterm labor. Finally,
the predisposition to use a specific mechanism of host
defense may be determined by gene–environment
interactions, as in other disorders such as atherosclero-
sis and diabetes. However, complexity is added during
pregnancy by the presence, and perhaps even the con-
flicting interests, of two genomes (maternal and fetal).

The pathological processes implicated in the
preterm parturition syndrome include intrauterine
infection, uterine ischemia, uterine overdistension,
abnormal allograft reaction, allergy, cervical insuffi-
ciency and endocrine disorders (Figure 129.1). The
following sections review the evidence for each of the
potential mechanisms of disease.

Intrauterine infection and
inflammation
Intrauterine infection has been recognized as a frequent
and important mechanism of disease in preterm
birth.22–25 Indeed, it is the only pathological process for
which a firm causal link with prematurity has been
established with a defined molecular pathophysiol-
ogy.26 Moreover, fetal infection/inflammation has been
implicated in the genesis of fetal or neonatal injury
leading to cerebral palsy27 and chronic lung disease.28

Evidence for a role of infection in the etiology of
preterm birth includes: (1) intrauterine infection or
systemic administration of microbial products to
pregnant animals can result in preterm labor and
delivery;29–34 (2) systemic maternal infections, such
as pyelonephritis, typhoid fever, malaria, and pneu-
monia, are frequently associated with the onset of

premature labor in humans;35–47 (3) subclinical
intrauterine infections are associated with preterm
birth;48 (4) antibiotic treatment of ascending intrauter-
ine infections can prevent prematurity in experimen-
tal models of chorioamnionitis;31,49 and (5) treatment
of asymptomatic bacteriuria prevents prematurity.50

Microbiological and histopathological studies sug-
gest that infection/inflammation may account for
25–40% of cases of preterm delivery.51 Since infection
is frequently difficult to confirm, we often refer to
women with histological evidence of acute chorioam-
nionitis/elevated proinflammatory cytokines in the
amniotic fluid and documented microbial invasion of
the amniotic cavity as belonging to the ‘inflammatory
cluster’ associated with preterm PROM or preterm
labor with intact membranes.

Frequency of intrauterine infection
in spontaneous preterm birth
The prevalence of positive amniotic fluid cultures for
microorganisms in women with preterm labor and
intact membranes is approximately 13%.52 The earlier
the gestational age at preterm birth, the more likely
that microbial invasion of the amniotic cavity will be
present.53 In preterm PROM, the prevalence of posi-
tive amniotic fluid cultures for microorganisms is
approximately 32.4%.22 Among women presenting
with a dilated cervix in the mid-trimester, the preva-
lence of positive amniotic fluid cultures is 51%.54

Microbial invasion of the amniotic cavity occurs in
11.9% of twin gestations presenting with preterm
labor and delivering a preterm neonate and in 18.8%
of patients in spontaneous labor at term.55,56 The most
common microorganisms found in the amniotic cavity
are genital Mycoplasmas.

A higher prevalence of infection among pregnan-
cies complicated by spontaneous preterm labor or
preterm PROM has been identified with the use of
molecular techniques.57–66 Although amniotic fluid
specimens were examined in most studies, a recent
study examined amniotic fluid, gastric fluid and/or
bronchoalveolar lavage fluid for bacterial 16s riboso-
mal RNA genes in a group of 36 pregnancies (41
neonates) delivered before 33 weeks of gestation.66

The rationale for this approach is that amniotic fluid
can be considered on a continuum with fetal lung and
gastric fluids. Bacterial footprints were detected in at
least one of the fluid compartments in 70% (7/10) of
the pregnancies delivered after preterm PROM and
80% (8/10) of those delivered following spontaneous
preterm labor. In contrast, bacterial 16s ribosomal
RNA genes were only present in 9% (1/11) of the
pregnancies that underwent preterm delivery for
maternal or fetal indications and in none of the twin
pregnancies delivered before 33 weeks (n �5). A
strong association was observed between the detection
of bacterial 16s ribosomal RNA genes in any fluid and
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Figure 129.1 The pathological processes implicated in the
preterm parturition syndrome From: Romero et al.,21 with
permission
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elevated interleukin (IL)-6 and IL-8 in placental
tissues, fetal membranes, and cord blood. Remarkably,
only four pregnancies had positive cultures for
microorganisms using conventional microbiology
techniques.66

Intrauterine infection as a chronic process
Evidence in support of the chronicity of intrauterine
inflammation/infection is derived from studies of the
microbiological state of the amniotic fluid, as well as
the concentration of inflammatory mediators at the
time of genetic amniocentesis.

Cassell et al.8 were the first to report the recovery of
genital Mycoplasmas from 6.6% (4/61) of amniotic
fluid samples collected by amniocentesis between
16 and 21 weeks of gestation. Two women had positive
cultures for Mycoplasma hominis and two for
Ureaplasma urealyticum. Women with M. hominis
delivered at 34 and 40 weeks without neonatal com-
plications, while those with U. urealyticum had pre-
mature delivery, neonatal sepsis, and neonatal death at
24 and 29 weeks. Subsequently, Gray et al.9 reported a
0.37% prevalence (9/2461) of positive cultures for
U. urealyticum in amniotic fluid samples obtained
during second-trimester genetic amniocenteses. After
exclusion of a therapeutic abortion case, all women
(8/8) with positive amniotic fluid cultures had either a
fetal loss within 4 weeks of amniocentesis (n �6) or
preterm delivery (n �2). All had histological evidence
of chorioamnionitis. These observations suggest that
microbial invasion could be clinically silent in the
mid-trimester of pregnancy and that pregnancy
loss/preterm delivery could take weeks to occur. A
similar finding was reported by Horowitz et al.,10 who
detected U. urealyticum in 2.8% (6/214) of amniotic
fluid samples obtained between 16 and 20 weeks of
gestation. The rate of adverse pregnancy outcome
(fetal loss, preterm delivery and low birth weight) was
significantly higher in women with a positive amni-
otic fluid culture than in those with a negative culture
[3/6 (50%) vs. 15/123 (12%); p �0.035].

IL-6 concentrations in amniotic fluid are consid-
ered to be a marker of intra-amniotic inflammation
frequently associated with microbiological infection
in the amniotic fluid or the chorioamniotic space.67–70

Romero et al.71 reported the results of a case–control
study in which IL-6 determinations were conducted
in stored fluid of women who had a pregnancy loss
after a mid-trimester amniocentesis and a control
group who delivered at term. Women who had a preg-
nancy loss had a significantly higher median amniotic
fluid IL-6 than those with a normal outcome. Similar
findings were reported by Wenstrom et al.72 Of note is
that maternal plasma concentrations of IL-6 were not
associated with adverse pregnancy outcomes.

The same approach was subsequently used to test
the association between markers of inflammation in
mid-trimester amniotic fluid of asymptomatic women

and preterm delivery. The concentrations of matrix
metalloproteinases (MMP)-8,73 IL-6,74 tumor necrosis
factor-α (TNF-α),75 and angiogenin76 in amniotic fluid
obtained at the time of mid-trimester amniocentesis
were significantly higher in women who subsequently
delivered preterm than in women who delivered
at term.

Collectively, this evidence suggests that a chronic
intra-amniotic inflammatory process may be present
in early pregnancy and is associated with both mis-
carriage and spontaneous preterm delivery. Some
indirect evidence suggests that such inflammatory
processes may be detectable using maternal blood.77

Fetal involvement
The most advanced and serious stage of ascending
intrauterine infection is fetal infection. The overall
mortality rate of neonates with congenital neonatal
sepsis ranges between 25% and 90%.78–82 The wide
range of results reflects the effect of gestational age
on the likelihood of survival. One study,78 which
focused on infants born before 33 weeks of gestation,
found that the mortality rate was 33% for those
infected and 17% for non-infected fetuses. Carroll et
al.11 have reported that fetal bacteremia detected by
cordocentesis is found in 33% of fetuses with posi-
tive amniotic fluid cultures and 4% of those with
negative amniotic fluid cultures. Therefore, subclin-
ical fetal infection is far more common than tradi-
tionally recognized.

Preterm labor and preterm PROM
as ‘adaptive responses’
We have proposed that the onset of preterm labor
in the context of intrauterine infection is a host
defense mechanism with survival value.19,20 The hosts
(mother and/or fetus) would signal the onset of labor
for the mother to expel the infected tissue and
maintain reproductive fitness. The molecular media-
tors involved in parturition are similar to those that
have evolved to protect the host against infection
(cytokines and other inflammatory mediators).

The current view is that during the course of an
ascending intrauterine infection, microorganisms
may reach the decidua where they can stimulate a
local inflammatory reaction, as well as the production
of proinflammatory cytokines, chemokines, and
inflammatory mediators (platelet activating factor,
prostaglandins, leukotrienes, reactive oxygen species,
nitric oxide, etc.). If this inflammatory process is not
sufficient to signal the onset of labor, microorganisms
can then cross intact membranes into the amniotic
cavity where they can also stimulate the production
of inflammatory mediators by resident macrophages
and other host cells within the amniotic cavity.
Finally, microorganisms that gain access to the fetus
may elicit a systemic inflammatory response syndrome,
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characterized by increased fetal plasma concentrations
of IL-620 and other cytokines,83–85 as well as cellular
evidence of neutrophil and monocyte activation.86

Thus far, evidence for the participation of IL-1 and
TNF-α in the mechanisms of preterm parturition is
persuasive, although the precise role of other pro-
inflammatory mediators remains to be elucidated.
Evidence supporting a role for IL-1 and TNF-α in
preterm parturition includes the following: (1) IL-
1β87–89 and TNF-α90,91 stimulate prostaglandin produc-
tion by amnion, decidua and myometrium; (2) human
decidua can produce IL-1β and TNF-α in response to
bacterial products;88,89,92 (3) amniotic fluid IL-1β and
TNF-α bioactivity and concentrations are elevated in
women with preterm labor and intra-amniotic infec-
tion;93–96 (4) in women with preterm PROM and intra-
amniotic infection, IL-1β concentrations are higher in
the presence of labor;94,95 (5) IL-1β and TNF-α can
induce preterm parturition when administered system-
ically to pregnant animals;97,98 (6) fetal plasma IL-1β is
dramatically elevated in the context of preterm labor
with intrauterine infection;99 and (7) placental tissue
obtained from women in labor, particularly those with
chorioamnionitis, produces larger amounts of IL-1β

than that obtained from women not in labor.100

There is considerable redundancy in the cytokine
network and, thus, it is not clear that a particular
cytokine is required to signal the onset of labor. Results
of knockout animal experiments suggest that infection-
induced preterm labor and delivery occur in animals
lacking the IL-1 type I receptor.101 However, a recent
observation with a double knockout system indicates
that the IL-1 type I and the TNF-α type I receptors are
essential mediators for bacterially-induced preterm
birth (Hirsch E, personal communication).

Microbial invasion from the amniotic cavity to the
fetus can lead to fetal infection and a systemic inflam-
matory response known as ‘the fetal inflammatory
response syndrome’ (FIRS). FIRS is a subclinical con-
dition originally described in fetuses of mothers pre-
senting with preterm labor and intact membranes or
preterm PROM and is operationally defined as a fetal
plasma IL-6 concentration above 11 pg/ml.20 IL-6 is a
major mediator of the host response to infection and
tissue damage that is capable of eliciting biochemical,
physiological and immunological changes in the host,
including stimulation of the production of C-reactive
protein by liver cells, activation of T and natural killer
cells, etc. Fetuses with FIRS have a higher rate of
neonatal complications and are frequently born to
mothers with subclinical microbial invasion of the
amniotic cavity.20 It is believed that fetal microbial
invasion results in a systemic fetal inflammatory
response that can progress towards multiple organ
dysfunction,102 septic shock, and death in the absence
of timely delivery. Evidence of multisystemic
involvement in cases of FIRS includes increased con-
centrations of fetal plasma MMP-9,84 neutrophilia, a
higher number of circulating nucleated red blood

cells, and higher plasma concentrations of G-CSF.83

The histological hallmark of FIRS is inflammation in
the umbilical cord (funisitis) or chorionic vasculitis.103

Preterm newborns with funisitis are at increased risk
for neonatal sepsis104, as well as long-term handicap,
including bronchopulmonary dysplasia105 and cere-
bral palsy.106,107

An important observation is that the fetuses with
preterm PROM and FIRS are at risk for the impending
onset of preterm labor regardless of the inflammatory
state of the amniotic cavity.19 This suggests that the
human fetus plays a major role in the initiation of
preterm labor. Nonetheless, systemic fetal inflamma-
tion and even fetal injury may occur in the absence of
labor when the inflammatory process does not
involve the chorioamniotic membranes and decidua.
Examples of this are hematogenous viral infections of
the fetus and/or alloimmunization.

Specific mechanisms involved in preterm PROM
Untimely decidua/membrane activation leads to pre-
term PROM, which accounts for 40% of all preterm
deliveries.

Histological studies of the membranes in women
with term PROM indicate that membranes ruptured
prematurely have a decreased number of collagen
fibers, disruption of the normal wavy patterns of these
fibers, and a deposit of amorphous materials among
them.108 Similar changes have been observed in the
membranes apposed to the cervix in women under-
going elective cesarean section at term with intact
membranes.109 The implication is that although sponta-
neous rupture of membranes normally occurs at the
end of the first stage of labor, the process responsible for
this phenomenon begins before the onset of labor.

Histological studies of the site of rupture have demon-
strated a ‘zone of altered morphology’ (ZAM).109,110 A
significant decrease in the amount of collagen type I,
III, or V and an increased expression of tenascin have
been reported in the ZAM. Tenascin is an extracellular
matrix that is characteristically expressed during tissue
remodeling and wound healing. Its identification in the
membranes thus intimates the presence of injury and a
wound healing-like response. Observations by Bell and
Mallak111,112 propose that the changes in the ZAM are
more extensive in the setting of preterm PROM. These
morphological and biochemical observations are con-
sistent with the results of biophysical studies suggest-
ing that rupture of membranes results from the
application of acute or chronic stress on localized areas
of the membranes that are weaker.

Structural extracellular matrix proteins, such as
collagens, have been implicated in the tensile strength
of the membranes, while the viscoelastic properties
were attributed to elastin.113,114 Dissolution of extra-
cellular cements (i.e., fibronectins) is thought to be
responsible for the process that allows the membranes
to separate from the decidua after the birth of the infant.
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Fibronectins are a family of important extracellular
cements. Oncofetal fibronectin can be found in the
vagina during both term and preterm parturition.115–118

Therefore, degradation of the extracellular matrix,
assessed by the detection of oncofetal fibronectin, is
part of the common pathway of parturition.

The precise mechanism of membrane/decidual acti-
vation remains to be elucidated. However, roles for
matrix-degrading enzymes and apoptosis have been
proposed. Several studies have demonstrated increased
availability of MMP-1 (interstitial collagenase),119

MMP-8 (neutrophil collagenase),120 MMP-9 (gelatinase-
B),121 and neutrophil elastase122 in the amniotic fluid of
women with preterm PROM, compared with that of
women in preterm labor with intact membranes.
Plasmin has also been implicated in this process,118 as
this enzyme can degrade type III collagen, fibronectin
and laminin.123 Other MMPs are likely to be involved,
but systematic studies have not been conducted to
date.124–126 A role for tissue inhibitors of MMPs (TIMPs)
has also been postulated.127

Accumulating evidence suggests that apoptosis is
important in the mechanisms of membrane rup-
ture.128,129 Rupture of membranes has been associated
with overexpression of pro-apoptotic genes and
decreased expression of anti-apoptotic genes.130 Some
MMPs, such as MMP-9, may induce apoptosis in
amnion.131–133 Bell and McParland have recently
reviewed the subject in detail.134

Gene–environment interactions
Gene–environment interactions are important in the
understanding of many complex disorders, such as
atherosclerosis, obesity, hypertension, etc. A gene–
environment interaction is said to be present when the
risk of a disease (occurrence or severity) among indi-
viduals exposed to both a genotype and an environ-
mental factor is greater or lower than that which is
predicted from the presence of either the genotype or
the environmental exposure alone.135,136 There is now
considerable evidence that the inflammatory response
is under genetic control and, therefore, the interaction
between the genotype of the host and microorganisms
is important in determining the likelihood and course
of some infectious diseases. An example of such an
interaction has been reported for bacterial vaginosis, an
allele for TNF-α and preterm delivery.137

Bacterial vaginosis is a risk factor for spontaneous
preterm delivery.7 However, randomized clinical tri-
als with antibiotic administration to prevent preterm
birth have yielded contradictory results.138–150

Recently, Macones et al.137 reported the results of a
case–control study in which cases were defined as
women who had a spontaneous preterm delivery
and controls as women who delivered at term. The
environmental exposure was symptomatic bacterial
vaginosis. The allele of interest was TNF-α allele 2,
given that its carriage had been demonstrated to be

associated with spontaneous preterm birth.151 The key
observations were: (1) clinically diagnosed bacterial
vaginosis was associated with an increased risk for
preterm delivery [odds ratio (OR) 3.3; 95% CI
1.8–5.9]; (2) women who carried the TNF-α allele 2
were also at increased risk for preterm delivery (OR,
2.7; 95% CI 1.7–4.5); and (3) women with both bacte-
rial vaginosis and the TNF-α allele 2 had an OR of 6.1
(95% CI 1.9–21) for spontaneous preterm delivery,
suggesting that a gene–environment interaction pre-
disposes to preterm birth. Other gene–environment
interactions may determine the susceptibility to
intrauterine infection, microbial invasion of the fetus,
and the likelihood of perinatal injury.

Uteroplacental ischemia
Histologic studies of the placentas of patients with
preterm labor and preterm PROM indicate that after
infection, the most common type of lesions are
vascular in nature and can involve the maternal and
fetal circulations.152 Maternal lesions include the
failure of physiological transformation of the spiral
arteries, atherosis, and thrombosis, while those
observed in the fetal circulation include a decreased
number of arterioles in the villi and fetal arterial
thrombosis. The proposed mechanism linking vascu-
lar lesions and preterm labor/delivery is uteroplacen-
tal ischemia.

Evidence supporting a role for vascular disorders/
uteroplacental ischemia as a mechanism of disease
leading to preterm parturition includes the following:
(1) experimental uterine ischemia in primates is asso-
ciated with preterm labor and delivery;153 (2) vascular
lesions in decidual vessels attached to the placenta
have been reported by Arias et al.154 in 34% of women
with spontaneous preterm labor and intact membranes
and in 35% of those with preterm PROM, but only in
12% of women in the control group (term gestation
without complications);154 (3) placental abruption is
more frequent in women who deliver preterm with
intact membranes or rupture of membranes than in
those who deliver at term;154–159 (4) failure of physio-
logic transformation in the myometrial segment of the
spiral arteries has been  found in women with preterm
labor and intact membranes and preterm PROM.160,161

This developmental abnormality had been previously
associated with pre-eclampsia and intrauterine growth
restriction; (5) women presenting with preterm labor
and intact membranes who have an abnormal uterine
artery Doppler velocimetry (an index of increased
impedance to flow in the uterine circulation) are more
likely to deliver preterm than those with normal
Doppler velocimetry;162–165 and (6) the frequency of
SGA neonates is increased in women delivering after
preterm labor with intact membranes and preterm
PROM.12–18 Vascular lesions leading to compromise of
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the uterine supply line could account for both
intrauterine growth restriction and preterm labor.

The molecular mechanisms responsible for the
onset of preterm parturition in cases of ischemia have
not been determined. A role for the renin–angiotensin
system has been postulated, as the fetal membranes
are endowed with a functional renin–angiotensin sys-
tem166 and uterine ischemia increases the production
of uterine renin.167,168 Angiotensin II can induce
myometrial contractility either directly169 or through
the release of prostaglandins.170

When uteroplacental ischemia is severe enough to
lead to decidual necrosis and hemorrhage, thrombin
may activate the common pathway of parturition.
Evidence in support of this includes: (1) decidua is a
rich source of tissue factor, the primary initiator of
coagulation and of thrombin activation;171 (2) intra-
uterine administration of whole blood to pregnant
rats stimulates myometrial contractility,172 while
heparinized blood does not (heparin blocks the genera-
tion of thrombin);172 (3) fresh whole blood stimulates
myometrial contractility in vitro and this effect is par-
tially blunted by incubation with hirudin, a thrombin
inhibitor;172 (4) thrombin stimulates myometrial con-
tractility in a dose-dependent manner;172 (5) thrombin
stimulates the production of MMP-1,173 and urokinase
type plasminogen activator (uPA), and tissue type plas-
minogen activator (tPA) by endometrial stromal cells
in culture.174 MMP-1 can digest collagen directly,
while uPA and tPA catalyze the transformation of plas-
minogen into plasmin, that in turn can degrade type III
collagen and fibronectin,175 which are important com-
ponents of the extracellular matrix in the chorioamni-
otic membranes;176 (6) thrombin/antithrombin (TAT)
complexes, markers of in vivo generation of thrombin,
are increased in plasma177 and amniotic fluid178 of
women with preterm labor and preterm PROM; and
(7) an elevation of plasma TAT complex concentration
in the second trimester is associated with subsequent
preterm PROM.179

The recognition that thrombin may play an
important role in uterine contractility can explain
the clinical observations that retroplacental hemato-
mas in early pregnancy are associated with pre-
term delivery.180 Also, vaginal bleeding in the first
or second trimester is a risk factor for preterm
birth.181–184

Although some investigators proposed that fetal
hypoxemia is a cause of preterm labor, studies with
cordocentesis have indicated that fetal hypoxemia
and metabolic acidemia are not more frequent in
women with preterm labor and intact membranes
who deliver preterm than in those who deliver at
term.185 Similarly, Carroll et al.186 have demonstrated
that hypoxemia is not more common in fetuses of
women with preterm PROM. Therefore, uterine
ischemia should not be equated with fetal hypoxemia,
and no evidence currently supports fetal hypoxemia
as a cause of preterm parturition.

Uterine overdistension
The mechanisms responsible for the increased fre-
quency of preterm birth in multiple gestations and
other disorders associated with uterine overdisten-
sion are unknown.187–191

The importance of stretch in the initiation of labor is
supported by an experiment conducted in humans in
which the uteri of pregnant women with a live term
fetus or a dead fetus were distended with a balloon
inflated with physiologic saline (up to 300 cm3).192

Regular uterine contractions occurred in all patients
shortly after distension of the balloon, and all delivered
within 21 h. This observation indicated that stretch can
induce labor at term, regardless of whether the fetus
is alive or dead. Moreover, amniotic fluid concentra-
tions of prostaglandin F2α and its stable metabolite
in plasma were increased in stretch-induced labor.192

Recently, it has been reported that in women with twin
pregnancies, the presence of polyhydramnios further
increases the rate of preterm delivery.193

Central questions include how the uterus senses
stretch and how these mechanical forces induce bio-
chemical changes that lead to parturition. Lye et al.
and other investigators have conducted several stud-
ies that explore the biochemical consequences of
stretch on myometrium.194–219

Increased expression of oxytocin receptor,207 con-
nexin 43,220 and the c-fos mRNA has been consis-
tently demonstrated in the rat myometrium near
term.204–206,208,210 Using a model in which pregnancy
was restricted to one of the two uterine horns (by uni-
lateral tubal ligation), the expression of the same genes
was substantially lower in the empty horn, but could
be corrected by distending the uterus with a 3 mm tube
and stretching the horn.207,220 In another set of studies,
progesterone was found to block stretch-induced gene
expression in the myometrium.221 Mitogen-activated
protein kinases have been proposed to mediate stretch-
induced c-fos mRNA expression in myometrial smooth
muscle cells.204–206,208,210

In addition to the effects of stretch on myometrium,
recent studies indicate that stretch can impact the
chorioamniotic membranes.222–236 For example, in vitro
studies have demonstrated an increase in the produc-
tion of collagenase, IL-8,228,237 and prostaglandin E2,

227

as well as the cytokine pre-B-cell colony-enhancing fac-
tor.231 These observations provide a possible link
between the mechanical forces operating in an overdis-
tended uterus and rupture of membranes.

Abnormal allograft reaction
The fetoplacental unit has been considered nature’s
most successful semi-allograft, and abnormalities in
the recognition and adaptation to fetal antigens has
been proposed as a mechanism of disease in recurrent
pregnancy loss, intrauterine growth restriction and
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pre-eclampsia.238–240 Chronic villitis has been considered
a lesion indicative of ‘placental rejection’ and such
lesions have been found in the placentas of a subset of
women who delivered after spontaneous preterm
labor.241 We have observed that some women with
preterm labor, in the absence of demonstrable infec-
tion, have elevated concentrations of the IL-2 soluble
receptor.152 Such elevations are considered an early
sign of rejection in non-pregnant patients with renal
transplants.242 Further studies are required to define
the frequency and clinical significance of this patho-
logical process in preterm labor. Recently, allorecog-
nition, in which cytotoxicity and rejection reactions
are not inevitable consequences of exposure to foreign
antigens,243 has been proposed as a more accurate
means of describing the maternal–fetal relationship.
This has implications for the concept of allograft
rejection as a mechanism of disease in obstetrics. A
role for complement and natural killer cells in adverse
pregnancy outcome has been proposed,244–254 but it
is unclear whether these systems are disturbed in
preterm parturition.

Allergy-induced preterm labor
The concept that an allergic-like mechanism (type I
hypersensitivity reaction) may be one of the etiologies
of preterm birth was proposed in the early 1990s
based upon clinical observations and experimental
studies.255–257 Case reports documented that some
women had preterm labor after exposure to an aller-
gen, and that a subgroup of patients with preterm
labor had eosinophils as the predominant cell type in
amniotic fluid. Since the presence of eosinophils in
body fluids is generally considered an indicator of an
allergic reaction, patients with preterm labor and
eosinophils as a predominant cell type in the amni-
otic fluid were proposed to represent a form of uterine
allergy. Subsequent to this observation, a large body of
experimental evidence has accumulated providing
biological plausibility to this hypothesis. The key
observations have been that mast cells are present in
the uterus and their products of degranulation can
stimulate uterine contractility. Observations support-
ing a role for a type I hypersensitivity reaction in
preterm labor include the following:258–269 (1) the
human fetus is exposed to common allergens, such as
house dust mite. The allergen Der p 1 has been detected
in both amniotic fluid and fetal blood. Moreover, the
concentrations of the allergen are higher in fetal blood
than in maternal blood;262 (2) allergen-specific reac-
tivity has been demonstrated in umbilical cord blood
at birth and as early as 23 weeks of gestation, indicat-
ing that the fetus can recognize the allergen and
mount an immune response;263 (3) pregnancy is con-
sidered a state in which there is a preponderance of a
TH-2 cytokine response that favors the differentiation
of naive CD4+ T cells to the TH-2 phenotype and the

production of IgE, the key immunoglobulin required
for a type I hypersensitivity reaction; (4) the gravid
uterus is a rich source of mast cells, the effector cells of
allergic responses;268 (5) several products of mast cell
degranulation, such as histamine and prostaglandins,
can induce myometrial contractility;266,267 (6) pharma-
cological degranulation of mast cells with a compound
called ‘48/80’ induces myometrial contractility;259,261

(7) incubation of myometrial strips from sensitized
and non-sensitized animals with an anti-IgE antibody
increases myometrial contractility;261 (8) human
myometrial strips obtained from women known to be
allergic to ragweed demonstrate increased myometrial
contractility when challenged in vitro by the allergen
(Garfield RE, personal communication). Moreover,
sensitivity of the myometrial strips of non-allergic
women can be transferred passively by preincubation
of the strips with human serum (Garfield RE, personal
communication); and (9) premature labor and delivery
can be induced by exposure to an allergen in sensi-
tized animals and can be prevented by treatment with
a histamine H1 receptor antagonist.260

In summary, there is clinical and experimental
evidence that a type I hypersensitivity reaction can
induce preterm parturition, although the frequency of
this phenomenon in humans is still unknown.

Cervical insufficiency
Although cervical insufficiency (formerly known as
cervical incompetence) is traditionally considered to
be a cause of mid-trimester miscarriage, accumulating
evidence suggests it can also be a cause of sponta-
neous preterm birth.270 Cervical insufficiency may be
the result of a congenital disorder (e.g., hypoplastic
cervix or diethylstilboestrol exposure in utero), surgi-
cal trauma (e.g., conization resulting in substantial
loss of connective tissue) or traumatic damage to the
structural integrity of the cervix (e.g., repeated cervi-
cal dilatation associated with termination of preg-
nancy).271 Some cases presenting with the clinical
characteristics of cervical insufficiency may be due to
infection. Indeed, intrauterine infection has been
demonstrated in 50% of women presenting with acute
cervical insufficiency.54 A detailed review of this
topic has been recently published by Romero et al.272

Progesterone deficiency as a
potential mechanism of disease
in preterm labor
The spectrum of reproductive abnormalities associated
with progesterone deficiency is broad. For example,
luteal phase deficiency (LPD) is widely believed to be
a cause of infertility273,274 and is commonly listed as a
cause of recurrent spontaneous abortion.275,276 This
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disorder has been defined as either a defect of
progesterone secretion by the corpus luteum or a
defect in the endometrial response to progesterone.277,278

Thus, in LPD, the reproductive organ could function
well enough to ovulate, but the function of corpus
luteum and/or endometrium is below a physiologic
threshold sufficient for conception or pregnancy
maintenance. Since there is no general agreement on the
criteria for the diagnosis of LPD,273,274,279,280 its clinical
significance and contribution to adverse pregnancy out-
come remains uncertain. However, one retrospective
study included 540 infertile patients with a diagnosis of
luteal phase defect (endometrial biopsy was out of
phase by 2 days in two consecutive cycles) and showed
a high rate of preterm delivery [31.2% (169/540)] in
patients who had not received progesterone treat-
ment.281 Interestingly, those patients who were treated
with progesterone vaginal suppositories for at least 12
weeks demonstrated a significant reduction in the rate
of preterm delivery at less than 32 weeks and less than
37 weeks of gestation [for 32 weeks, no progesterone:
12.5% (4/32) vs. progesterone 1.3% (6/469), p< 0.01;
and for 37 weeks, no progesterone: 31.2% (10/32) vs.
progesterone 13.7% (64/469), p< 0.01].281

Several pathophysiologic mechanisms have been
proposed to explain LPD, though the precise etiology
remains unclear.282 Progesterone supplementation in
patients with LPD has been reported to improve preg-
nancy outcomes (reduction in the rate of recurrent
abortion)283–285 and increase the rate of successful
pregnancy286,287 in some, but not all, studies.288,289

Recently, the use of gonadotropin releasing hormone
(GnRH) agonist to suppress a premature surge of
luteinizing hormone during ovarian stimulation in
in vitro fertilization (IVF) cycles has led to corpus
luteum dysfunction and, subsequently, to abnormal
progesterone and estrogen concentration/function in
several infertile patients. A meta-analysis of random-
ized trials290 showed that luteal phase supplementa-
tion with intramuscular progesterone injection
significantly improved fertility outcomes (clinical
pregnancy rates and the rate of pregnancies achieving
24 weeks of gestation). Thus, there is evidence sug-
gesting that progesterone might be important in
human pregnancy, especially in early gestation.

Other than a primary progesterone functional defi-
ciency such as LPD, reduction of progesterone function
could result from other pathologic mechanisms, such
as, intrauterine infection. In animal models of ascend-
ing intrauterine infection, bacteria-induced and LPS-
induced preterm birth is preceded by a significant
fall in serum progesterone concentration,291 and the
mechanisms by which this occurs were attributed to:
(1) LPS and pro-inflammatory cytokines induced
prostaglandin synthesis and, subsequently, luteolysis;
(2) a direct anti-gonadotropic effect of pro-inflammatory
cytokines and, thus, the suppression of progesterone
production; and (3) pro-inflammatory cytokines up-
regulated an inducible form of nitric oxide synthase and,
thus, inhibited steroidogenesis, including progesterone

production. However, Hirsch and Muhle292 have
argued that the fall in serum progesterone concentra-
tion is unlikely to be a primary mechanism by which
intrauterine inoculation with bacteria causes preterm
parturition in mice, since the mean interval to delivery
is shorter in animals with intrauterine infection than
ovariectomized animals, despite a higher serum prog-
esterone concentration in the former.292

Patients with preterm PROM who went into spon-
taneous labor and delivered within seven days of
cordocentesis had a significantly higher median
plasma concentration of fetal cortisol than those who
delivered after seven days.293 Fetal plasma cortisol
concentration, but not maternal cortisol concentra-
tion, was an independent predictor of the duration of
pregnancy after adjusting for gestational age and the
results of amniotic fluid culture (hazards ratio 2.9,
p < 0.05). There was a significant correlation between
fetal plasma cortisol and fetal plasma IL-6 concentra-
tions. This evidence suggests that the activation of the
fetal hypothalamic–adrenal axis may be present and
that it is associated with intrauterine infection.293,294

It is well known that intrauterine infection is associ-
ated with an increase in pro-inflammatory cyto-
kines295,296 (i.e., IL-1, TNF-α, etc.) in amniotic fluid,93–96

fetal membranes,297,298 decidua88,89,92 and myome-
trium.299–302 In the context of infection-related preterm
birth, the increased concentration of IL-1β in gestational
tissue could stimulate NF-kappa B.303–305 The activation
of NF-kappa B, other than increasing COX-2 (mRNA and
protein expression) and prostaglandin production,303

could repress progesterone activity, as proposed by
Allport et al.,306 resulting in ‘functional progesterone
withdrawal’ and, thus, preterm parturition.

Conclusions
Term and preterm labor share a common pathway
characterized by increased uterine contractility, cervi-
cal ripening and degradation of extracellular matrix,
which predisposes to membrane rupture. The evi-
dence presented in this chapter provides support for
the concept that preterm parturition is a complex dis-
order, which is also syndromic in nature. The pre-
dominant clinical presentation of this syndrome (i.e.,
uterine contractility, preterm cervical ripening with-
out significant clinical contractility, or PROM) will
vary depending upon the type and timing of the
insult. This conceptual framework has implications
for the understanding of the mechanisms responsible
for the initiation of preterm parturition, as well as the
diagnosis, treatment, and prevention of preterm birth.
Since preterm labor is a heterogeneous condition, it is
unlikely that one diagnostic modality or one thera-
peutic intervention will prevent all preterm births.
We believe that the way forward requires a systematic
examination of the taxonomy of preterm labor, which
is now possible using genomic, proteomic and
metabolomic techniques.
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130 Management of preterm
labor: pharmacological
and non-pharmacological
aspects
G. C. Di Renzo, A. Cutuli, L. Liotta, L. Burnelli and G. Luzi

Introduction
Tocolysis is the first therapeutic tool for treatment of
threatened preterm labor allowing timely administra-
tion of corticosteroids, to induce lung maturation, and
antibiotics when appropriate. However, before starting
with tocolysis, careful diagnosis is needed, so as to
detect manageable conditions and fetal and/or maternal
contraindications. For pregnant woman with threatened
preterm labor, bed rest is advisable, as well as monitor-
ing by cardiotocography. If membranes are intact, cer-
vical condition must be evaluated by means of digital
and/or preferably sonography examinations. Relative
and absolute contraindications related to tocolysis
therapy are listed in Table 130.1.

As most contraindications are relative, tocolysis is
preferable to the high risk of perinatal mortality or
morbidity. Maternal medical conditions, such as dia-
betes mellitus, could be negatively influenced by
administration of tocolytic agents like β-mimetics.
Minor vaginal bleeding or spotting is often associated
with preterm labor and cervical changes, but could be
also due to abruptio placentae. If the cervix is dilated
above 4–5 cm, tocolytic treatment can hardly be suc-
cessful. If the pregnancy is between 22 and 26 weeks,
prolongation of pregnancy by 1–2 weeks could posi-
tively affect the perinatal outcome, especially in
multiple pregnancy.

Pharmacological treatment
of preterm labor
The use of mild sedatives is sometimes advisable to
reduce anxiety and fear. Bed rest and hydration do not
have any significant effect on uterine contractions.

Nevertheless, bed rest is usually recommended in the
management of a patient with threatened preterm labor.

Tocolytic drugs currently used are:

(1) Magnesium sulfate
(2) Inhibitors of prostaglandin synthesis
(3) Calcium antagonists
(4) β-sympathomimetics
(5) Oxytocins antagonists
(6) Nitric oxide donors.

Magnesium sulfate
Magnesium sulfate has been widely used for the treat-
ment of pre-eclampsia and as a tocolytic agent only
over the last 20 years. Its inhibitory activity on the

Table 130.1 Absolute and relative contraindications
to tocolysis

Absolute contraindications Relative contraindications

Pregnancy induced Mild chronic hypertension
hypertension

Severe bleeding Placenta previa

Chorioamnionitis Maternal cardiac diseases

Fetal death Hyperthyroidism

Fetal lethal anomalies Uncontrolled diabetes mellitus

Severe IUGR Fetal distress

Fetal anomalies

Mild IUGR

Cervical dilation > 5 cm

Kurjak-130.qxd  5/10/2006  11:31 AM  Page 1394



Pharmacological treatment of preterm labor 1395

smooth muscle is well known, but its mechanisms of
action are still unexplored. A high concentration of
magnesium has a central inhibitory effect, interfering
with acetylcoline release and then with nervous con-
duction. Magnesium also suppresses the contractile
activity of isolated myometrium. Furthermore, mag-
nesium increases cyclic adenosine monophosphate
and decreases intracellular calcium.

Myometrial contractility is inhibited by maternal
serum levels of magnesium of 5–8 mg/dl. Concentra-
tions of 9–13 mg/dl may provoke deep tendineal reflex
and a level above 14 mg/dl may cause respiratory
depression. Magnesium is excreted mainly by the
kidneys, with at least 75% of the infused dose excreted
during infusion and 90% during the subsequent 24 h.
In two randomized and controlled studies, there were
no advantages in using magnesium sulfate vs. placebo.
A recent meta-analysis suggests that magnesium offers
the slight advantage of delaying the time of delivery
without affecting the newborn.

More than 45% of patients, especially during intra-
venous treatment, have hot flushes, headaches,
nistagmus and lethargy. More than 75% of patients
suffer from hypovisus or diplopy. Furthermore, a
reduction of memory has been reported. Some cases
have been published of transitory ischemia, maternal
hypothermy, osteoporosis with spontaneous fractures
from therapy over 60 days and neuromuscular block
due to association with nifedipine.

In the presence of renal hypofunction, even a mild
hypermagnesemia can lead to respiratory and cardiac
dysfunction. Magnesium in patients with myasthenia
gravis must be carefully administered. After infusion of
magnesium, serum calcium decreases and is abundantly
excreted by the urine. It also increases serum phos-
phorus and parathyroid hormone. These changes may
involve a decrease of bone density during the first week
after delivery, in case of prolonged magnesium therapy.

A study of 1000 patients treated with magnesium
and terbutaline showed a relative low incidence of
side effects. Other studies have demonstrated an
increase in maternal side effects with combined use of
ritodrine and magnesium.

In neonates with magnesium concentration ranging
between 4 and 11 mg/dl in umbilical cord vessels,
motor and respiratory depression has been noticed. In
the newborns of mothers who underwent magnesium
sulfate therapy with serum levels of 4–7 mg/dl, decrease
of muscular tone and lethargy have been reported.

For plasmatic concentrations of 6–8 mg/dl per 24 h,
50% of fetuses show an unreactive cardiotocograph
tracing and only 20% of breathing movements inter-
fering with biophysical profile interpretation. The
recommended starting dose is 4–6 g, administered
intravenously for more than 20 min, followed by a
maintenance dose of 1–4 g/h. The endovenous ther-
apy must be continued for about 12 h, until the reduc-
tion of uterine contractions below four to six per hour
has been reached.

As treatment with magnesium may lead to pulmonary
edema, strict observation of intake and out-take is
needed, daily decreasing the administration of fluids
below 1500–2500 ml. It is recommended that constant
examination of tendineal reflex and calcium and mag-
nesium serum levels be done so as to avoid toxic effects.
In case of toxic effects caused by hypermagnesemia,
calcium gluconate should be promptly administered.

Inhibitors of prostaglandin synthesis
Several drugs such as indometacin, naproxen, ketopro-
fen and diclofenac interfere with the synthesis of
prostaglandins, inhibiting both cyclooxygenases (COX),
which catalyze the conversion of arachidonic acid into
prostaglandins G, precursors of prostaglandins E and F.

Indometacin is a generic inhibitor of COX, after
absorption by oral or rectal administration, which
achieves the plasmatic peak in 1–2 h. The half-life is
about 5 h. This drug binds largely to plasmatic proteins
and is eliminated unmodified. Indometacin crosses the
placenta and the concentration in the umbilical artery is
similar to the maternal one 5 h after administration. In
comparison with aspirin, indometacin binds reversibly
to COX, having an inhibiting effect while the drug is in
circulation. The half-life in the newborn is about 15 h.
In the neonates, 90% of the drug binds to the proteins.

Several studies have shown tocolytic effects of this
inhibitor of prostaglandin synthesis comparable to
β-sympathomimetics and fewer maternal side effects.
Tocolysis by indometacin may double the maternal
bleeding time, although it does not influence the pro-
thrombin levels or activate thromboplastin partial
time. Prolonged administration may be associated
with headache, dizziness and depression.

The inhibition of contractions by prostaglandin
inhibitor synthesis can cause closure of the ductus
arteriosus, neonatal pulmonary hypertension, ventric-
ular hemorrhage and oligohydramnios, especially if
the drug is administered after 30 weeks of pregnancy.

Studies on animals have shown that COX-1 is
mainly responsible for patent ductus arteriosus.
Indometacin inhibits both enzymes COX-1 and COX-2
and rapidly crosses the placenta. Serial fetal echocar-
diography has demonstrated that antenatal adminis-
tration of indometacin may cause a narrowing of the
ductus arteriosus, which can resolve within 24 h of
drug interruption.

In other studies, of 53 fetuses exposed to
indometacin, the narrowing of ductus appeared in 61%
at 31–34 weeks, in 43% at 27–30 weeks and in none
before 27 weeks. These findings suggest that limiting
the use of indometacin to within 32 weeks of gestation
and, furthermore, fetal echocardiography could help
evaluate the narrowing of the ductus arteriosus in case
of indometacin treatment for more than 48–72 h.

The etiology of neonatal primitive pulmonary
hypertension could be the prolonged deviation of
blood from the ductus arteriosus to the pulmonary
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vascular bed, probably with treatment lasting more than
48 h. Furthermore, antenatal exposure to indometacin
seems to be associated with postnatal patent ductus
arteriosus, and is refractory to medical therapy.

Fetal exposure to indometacin is correlated to a
high incidence of intraventricular hemorrhage, when
it is used after failure of other therapies or in combi-
nation with magnesium sulfate. Some authors did
not confirm the increased risk of intraventricular
hemorrhage associated with the use of indometacin.
Indometacin can increase the risk of necrotizing ente-
rocolitis. Its use in the last 5 weeks of pregnancy is
associated with anuria, microcystic kidney lesions
and increased neonatal mortality.

Treatment with indometacin is also associated with
oligohydramnios due to decreased fetal urinary pro-
duction. This effect is reversible with the interruption
of the drug treatment. For this reason, some cases of
polyhydramnios can be treated with indometacin.

Most studies used indometacin 50 or 100 mg sup-
pository; alternatively, they used 50 mg per os, fol-
lowed by 25–50 mg per os every 6 h, depending on the
therapeutic effects. Tocolysis by indometacin must be
limited for women before 32 weeks, without intrauter-
ine growth restriction (IUGR) and normal amniotic
fluid volume. The duration of administration should
not exceed 48–72 h.

Calcium antagonists
Calcium antagonists are considered as tocolytic
agents because of their important role in blocking
cytoplasmatic free ion calcium into smooth muscular
contractility. Nifedipine acts by inhibiting calcium
passage through the plasmatic membrane, particu-
larly interfering with voltage-dependent ion channels.
Nifedipine reaches a plasmatic peak 30–60 min after
oral administration, and more quickly by sublingual
administration. The half-time is 1–2 h and it is
excreted through the renal and intestinal system. The
calcium channel block is reversible with interruption
of therapy. Nifedipine crosses the placenta, yet its
kinetics are not completely known.

In an observational study, nifedipine has been
proved to abolish uterine activity and prevent delivery
for 3 days in a significant percentage of cases vs.
placebo. Some studies have demonstrated that nife-
dipine has a similar or better effect than ritodrine in
the suppression of contraction and in delaying delivery
for at least 48 h.

This substance causes vasodilation. Frequently,
hyperemia is associated with headache and nausea, as
well as transitory tachycardia and mild reduction of
blood pressure. Occasionally, a significant hypoten-
sion may occur. The use of nifedipine in combination
with magnesium may cause neuromuscular toxicity.
In monkeys, after the administration of nifedipine,
there may be a severe reduction of oxygen in the fetal
circulation and a decrease of pH, probably due to a
reduction of uterine blood flow.

Doppler investigations of pregnant women treated
with nifedipine have shown changes in uteroplacen-
tal fetal circulation, with an increase of fetal cerebral
flow, but no alteration in other districts.

The first dose is usually 10 mg of nifedipine per os,
to be repeated after 20 min if the contractions persist.
Sublingual administration must be avoided in
patients at risk of hypotension. Oral therapy is to be
carried out for 10–20 mg every 4–6 h. The duration of
therapy has not been established.

ββ-sympathomimetics
Substances like ixosuprine, exoprenaline, fenoterol,
ritodrine, salbutamol and terbutaline belong to
this family. They have a β2-adrenergic effect at the
uterine level. Nevertheless, these drugs have a partial
β1-adrenergic activity. Their action is mediated by
cyclic adenosine monophosphate, which inhibits the
kinase of light chain of myosin, thus avoiding myome-
trial cell contraction. Most of these drugs are excreted
unmodified or conjugated. Ritodrine and terbutaline
cross the placenta, but fenoterol and exoprenaline
cross the placenta in a lower concentration.

The maternal serum concentration of ritodrine
rises with the increasing infusion dose, but it can vary
more than 100% among patients at low doses. The
half-time of ritodrine is about 2 h and about 3–4 h for
terbutaline. Myometrial β-receptors decrease in the
pregnant uterus treated with β-sympathomimetics. In
sheep, continued exposure to β-adrenergic stimula-
tion leads to a reduction of inhibition of the contrac-
tility induced by oxytocin, whereas intermittent
administration of ritodrine does not show any
changes in β-adrenergic receptor or adenyl cyclase
activity, and maintains the inhibition of contractility
induced by oxytocin.

There is no strong evidence about the better effect
of one drug vs. another; these substances may delay
delivery by 3–7 days, but the efficacy in decreasing
preterm morbidity and the advantages for the new-
born are still a matter of controversy. Oral administra-
tion is not useful, both for a long and for a short
period, and meta-analysis does not show any advan-
tage regarding the prevention of preterm delivery, the
period of time until delivery as well as the recurrence
of preterm delivery. Although these substances have a
maximum effect on the uterus and a minimal effect at
the extrauterine level, they may significantly influ-
ence the maternal cardiovascular physiology and
metabolic system. Table 130.2 lists the changes in
some maternal systems due to β-sympathomimetic
administration.

Some effects are slight, but others may be danger-
ous for maternal life. The most important side effects
are hypotension, cardiac arrhythmia, myocardial
ischemia and pulmonary edema. The incidence in
treated women is about 0.3–5%. Intravenous adminis-
tration of ritodrine is associated with palpitations in
about 30% of patients, hot flushes in 10–15% and
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chest pain in 8%. In 7–10% of patients, the therapy has
to be interrupted. Maternal death has been observed in
case of heart disease or unknown myocarditis.

The most frequent and severe effect is pulmonary
edema. This complication rapidly regresses by inter-
rupting the therapy and administrating diuretics.
Predicting factors are twin pregnancies (about 50% of
observed cases), persistent heart frequency higher
than 130 bpm, anemia below 9 g/dl, maternal infec-
tion and iatrogenic fluid overload.

β-sympathomimetics stimulate the renin–aldosterone
system, decrease urinary output and colloidal pres-
sure by about 20% after 24 h of infusion. All these
factors lead to an increase in fluids, especially if col-
loidal pressure decreases below 15 mmHg. Most cases
of pulmonary edema have been reported 30–60 h after
the beginning of treatment.

It has been reported that the incidence of pulmonary
edema in patients treated with β-sympathomimetics and
corticosteroids is similar to the incidence in patients
treated only with corticosteroids. β-sympathomimetics
increase glucogenolysis and maternal glycemia for
3–24 h from the beginning of therapy. In patients
affected by insulin-dependent diabetes, there is an
increased risk of ketoacidosis. Subsequent to hyper-
glycemia hypokalemia develops, although all parame-
ters return to the normal range in 24–48 h. During
treatment, nausea, vomiting, insomnia and agitation
have often been reported, and also rarely paralytic
ileus and dermatitis.

A low dose of infusion is not related to major changes
in the fetal heart rate, whereas a high dose can provoke
fetal tachycardia and reduction of variability. In a retro-
spective study on newborns from mothers delivering
within 48 h of treatment with ixosuprine, it has been
observed that the newborns may develop hypoglycemia,
hypocalcemia, ileus and hypertension.

The incidence of intraventricular and periventricular
hemorrhage is increased, according to two studies, in
newborns exposed to β-sympathomimetics.

The follow-up of babies exposed to β-sympath-
omimetics in the uterus shows normal growth and
development in the second year, with no alterations in
anthropometric measurements, neurological tests and
behavior in the sixth year. β-sympathomimetics may
be administered intravenously, intramuscularly, sub-
cutaneously or orally. The treatment with ritodrine or
terbutaline can be started intravenously, using an infu-
sion pump, intramuscularly with ritodrine or subcuta-
neously with terbutaline. Before treatment, the fluid
balance needs to be recorded and fluid intake between
1500 and 2500 ml is recommended.

Initially, 0.005–0.10 mg/min of ritodrine is adminis-
tered intravenously, with an increase of 0.05 mg/min
every 10–30 min, up to a maximal dose of 0.350 mg/
min. Terbutaline can also be administered endove-
nously, starting with 0.01 mg/min and increasing by
0.01 mg/min every 10–30 min, up to 0.08 mg/min. The
infusion dose is adjusted according to the uterine activ-
ity or by considering the maternal side effects. How-
ever, the infusion must not cause an increase of
maternal heart rate over 130 bpm or a decrease of blood
pressure below 80–90 mmHg.

Some physicians continue infusion for 6–24 h after
tocolysis, while others recommend a slow decrease to
the lower tocolytic dose, protracting it for over 12 h.

Oxytocin antagonists
For several years research has been focused on mole-
cules for specific uterine receptors, avoiding the influ-
ence on other tissues. Oxytocin antagonists tend to
inhibit oxytocin receptors, inducing uterine contraction
in human and animal models. Oxytocin antagonists
inhibit the double oxytocin effect on myometrium,
which activates channels and indirectly stimulates
prostaglandin production by decidual and fetal mem-
branes. The only commercially available oxytocin
antagonist is atosiban, analog to oxytocin, which is
able to block myometrium and decidual receptors of
oxytocin competing specifically with the substance. It
is a synthetic peptide characterized by fast action and
dose-dependent effect. This was the first oxytocin
antagonist used in clinical practice.

Atosiban is able to delay preterm delivery. It has a
uterus-specific action and it is therefore safer than
other tocolytics. Some studies show an affinity of
atosiban for vasopressin receptors, but this is not a
clinical problem, since during labor the oxytocin uter-
ine receptors are more numerous than vasopressin
receptors.

Therapeutic indications are:

(1) Gestational age at 24–33 weeks,
(2) Presence of four or more regular contractions for

30 min, lasting at least 30 s,

Table 130.2 β-Sympathomimetics responses of
different body systems

Heart ↑Contractility

↑Ejection volume

Smooth muscle ↓Vascular tone

↓Uterine activity

↓Bronchiolar tone

Bowel ↓Motility

Kidney ↑Renin

↓Urinary output

Metabolism ↑Lipolysis

↑Intracellular K+

↑Glucogenolysis

↑Insulin release
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(3) Cervical dilation of 1–3 cm (0–3 for nulliparous)
and cervical shortening ≥50% and

(4) Normal fetal cardiac activity.

The rare maternal side effects of atosiban are nausea,
headache, dizziness, tachycardia, hypertension, hyper-
glycemia and allergic reactions. The effects on the fetus
are not remarkable. The efficacy and safety of atosiban
vs. β-sympathomimetics in the treatment of preterm
labor have been studied in a randomized, multicentric,
controlled, double-blind trial. A total of 742 women
have been randomized, with a diagnosis of preterm
labor and gestational age between 23 and 33 weeks;
733 underwent tocolytic therapy, 363 with atosiban and
the other 379 with β-sympathomimetics, for at least
18 h and within a maximum of 48 h. No statistically sig-
nificant difference was found between atosiban and
β-sympathomimetics in delaying delivery, either for
48 h (88.1% vs. 88.9%) or for 7 days (79.7% vs. 77.6%).

The main gestational age at delivery was similar
(35.8 vs. 35.5 weeks), as well as the birth weight. (2491
vs. 2461 g). Tolerability and efficacy were statistically
different for pregnant women who delivered over 7
days, without requesting any alternative tocolytic drug
(57.7% atosiban vs. 47.4% β-sympathomimetics;
P �0.0003). There was no statistically relevant differ-
ence as far as the feto–neonatal outcome is concerned
(bradicardia, tachycardia, fetal distress, neonatal
morbidity and hospital stay in the neonatal intensive
care unit).

Maternal side effects, especially cardiovascular,
were observed more frequently in women treated with
β-sympathomimetics than in those treated with atosi-
ban (81.2% vs. 8.3%, respectively, 10 times less fre-
quent), imposing the interruption of therapy in 15.4%
vs. 1.1% of the cases, respectively. The modality of
atosiban administration is indicated in Table 130.3.

Nitric oxide
Nitric oxide (NO) is a myorelaxant gas that mainly acts
on vessels, bowel and uterine muscle. Nitroglycerine is
a NO donor. The application of nitroglycerine patches
seems to be efficacious for treating preterm delivery,
but it has some maternal hypotensive effects. NO is a
lipophilic molecule with a low molecular weight,
derived from arginine intake by diet. NO binds to
cyclic guanosine monophosphate, causing relaxation of
smooth muscle of vessels and inhibiting platelet aggre-
gation and endothelial adhesion.

NO is synthesized by the endothelium, epatocytes,
macrophages, platelets, human placenta (especially
syncitiotrophoblast) and umbilical vessel. It is a vaso-
dilator, neurotransmitter, cytotoxic and cytostatic agent.
The maternal side effects are nausea, vomiting, tachy-
cardia, orthostatic hypotension and cutaneous rash.

The fetal adverse effects are determined by variation
of feto-placental flow, due to maternal vasodilation. Neo-
natal hypotension can be observed. The acute treatment
of preterm delivery is represented by a transdermic
patch of 10 mg, initially applied every 12 h, then every

6 h and finally replaced by another patch every 12 h.
Conservative treatment is carried out by means of a
transdermic patch of 5 mg, applied daily for 12 h.

Improving NO synthesis by increasing L-arginine
synthesis could lead to a reduction of uterine contrac-
tility. Nevertheless, the findings from human studies
are contradictory. In vitro studies show that NO donors
do not have any significant effect on myometrial con-
tractions; other studies show a decrease.

In conclusion, there is no evidence to support the
routine administration of NO donors in the treatment
of preterm delivery. It might be useful to combine them
with other tocolytic drugs (atosiban and indometacin)
for a synergistic effect, which may prevent the increase
of maternal side effects.

Non-pharmacological aspects
Despite the high possibility of identifying the risk
cases of preterm delivery, the range of prevention is
still limited.

The chances that can currently be taken into con-
sideration are listed:

(1) Identification of a risk subject by cervical sonog-
raphy screening or by dosage of fetal fibronectin
according to demographic factors (low social
status), life habits (smoking and drugs use), work-
ing conditions (hard work), obstetric anamnesis
(previous preterm deliveries, miscarriage due to
cervical incompetence), gynecologic anamnesis
(uterine malformations or cervical conization) or
current pregnancy (multiple pregnancy, polyhy-
dramnios and placenta previa). Some authors
have proposed risk scoring systems depending on
the presence or absence of the above risk factors.
It is very important to detect high-risk subjects
among the population, in order to identify the
most appropriate diagnostic and therapeutic tool.

(2) Change in life habits. In risk subjects some work-
ing conditions need to be changed, and bed rest is
advisable, as well as avoiding smoking and use of
illicit drugs.

(3) Study of cervico-vaginal microbial flora and its
correction. In about 15–20% of pregnant women,
the vagina is colonized by microbic agents, such
as gardnerella vaginalis and anaerobic bacteria
(causing bacterial vaginosis). The association
between bacterial vaginosis and preterm delivery

1398 Management of preterm labor: pharmacological and non-pharmacological aspects

Table 130.3 Modality of administration of atosiban

Stage Regimen Dosage Modality Time length

1 0.9 ml i.v. 6.75 mg Bolo 1 min

2 e.v. 18 mg/h 24 ml/h 3 h

3 e.v. 6 mg/h 8 ml/h Until 45 h

Kurjak-130.qxd  5/10/2006  11:31 AM  Page 1398



Non-pharmacological aspects 1399

is particularly striking. Antibiotic treatment of
bacterial vaginosis reduces the rate of preterm
delivery only in high-risk patients, but not in the
general population. It is useful to perform the cer-
vico-vaginal culture specimen test in the second
trimester, in order to detect and to treat bacterial
vaginosis or infections by other microorganisms
(chlamydia, ureaplasma or mycoplasma).

(4) Cervical cerclage. In the past it was widely used
for all pregnancies considered at risk of preterm
delivery. In a recent meta-analysis it has been
shown to be efficacious only in cases at high risk.
Recent evidence has shown that cervical cerclage
on patients with cervical shortening, evaluated
by transvaginal ultrasound, reduces the inci-
dence of preterm delivery.

(5) Prophylactic therapies. There is no evidence that
in high-risk patients (positive obstetric history,
cervical shortening or positive fibronectin test)
there is an advantage in the use of prophylactic
tocolytic agents.

Role of progesterone
In the field of obstetric and gynecologic pharmacology
no other drug has been so extensively studied as prog-
esterone, since its synthesis in 1934. In particular, this
hormone has been proposed and used in the treatment
of different gynecological pathologies such as
endometrial hyperplasia, dysfunctional uterine hem-
orrhage, amenorrhea, luteal phase deficiency, pre-
menstrual syndrome, as well as being utilized as a
contraceptive tool alone or in combination with estro-
gens and in assisted reproductive technologies and in
the maintenance of pregnancy.

The mechanism of action of this hormone is mainly
through specific cytoplasmatic receptors that are
influenced by the concentrations of estradiol.

Preterm labor
The hypothesis of Csapo, 40 years ago, implicated
progesterone in the mechanism of human parturition
(at term and preterm) with alternative observation.
Adequate progesterone levels in the myometrium
have been shown to counteract prostaglandin stimu-
latory activity as well as oxytocin properties, enhanc-
ing the activity of β-mimetic agents. Moreover,
progesterone decreases the concentration of myome-
trial oxytocin receptors, counteracting the effect of
estrogens; the same is apparent in the number and
properties of gap junctions. Progesterone also inhibits
prostaglandin production by amnion–chorion–decidua
and it has been shown that the increase in binding
of progesterone at the level of fetal membranes at
term gestation may justify the predominant effect of
estrogen in promoting prostaglandin production and
triggering labor.

A high dose of progesterone has been advocated as
a possible tocolytic agent; however, its action is slow
and its use has been abandoned in acute tocolysis

except in conjunction with β-mimetics; in this regard
the combination of the two drugs has shown a syner-
gistic effect, reducing the need for high concentra-
tions of β-mimetics with potential dangerous side
effects (Tables 130.4 and 130.5).

Recently, the use of prophylactic progesterone in
a high dose has been proposed in patients at high
risk of preterm labor (one or more previous preterm
deliveries before 32 weeks). An NIH randomized
controlled trial has clearly shown that the weekly
administration of 17-α-hydroxyprogesterone caproate
at 300 mg intramuscularly is related to a decrease of
almost 50% of the chances of having another preterm
delivery before either 32 or 36 weeks, irrespective of
the etiology.

This study has been reinforced by similar results
obtained by De Fonseca et al.12 with high-dose prog-
esterone given vaginally.

In conclusion, progesterone may be utilized either in
acute tocolysis in order to decrease the concentration of
potentially harmful tocolytic drugs or as a preventive
agent in a population at high risk for preterm delivery.

Table 130.4 Efficacy of combined use of ββ-mimetics
and progesterone (P4)

47 (only β-mimetics) 42 (β-mimetics +P4)

Mean gestational Mean gestational age: 
age: 30.5 (3.2) 30.3 (2.7)

Ritodrine (100 mg in Ritodrine (50 mg in saline 
saline 0.1–0.3 mg/min) 0.1–0.3 mg/min)+ P4

(200 mg/day)

Delivery after 48 h: 87% Delivery after 48 h: 85%

Delivery after Delivery after 
7 days: 65% 7 days: 68%

From: Di Renzo GC, A. Mattei, M. Gojnic, S. Gerli: Progesterone
and Pregnancy. Current Opinion in Obstetrics and Gynecology,
2005 Dec; Vol 17 no 6 pp. 598–600.

Table 130.5 Side effects of combined use of
ββ-mimetics and progesterone

ββ-mimetics ββ-mimetics +P4

Maternal tachycardia Maternal tachycardia: 52%
(> 140 bpm): 97%
Nausea and vomiting: 28% Nausea and vomiting: 16%
Trembling, dizziness: 26% Trembling, dizziness: 12%
Palpitations: 32% Palpitations: 32%
Chest pains: 15% Chest pains: 10%
Hyperglycemia: 47% Hypokalemia: 53%
Hypokalemia: 92%

From: Di Renzo GC, A. Mattei, M. Gojnic, S. Gerli: Progesterone
and Pregnancy. Current Opinion in Obstetrics and Gynecology,
2005 Dec; Vol 17 no 6 pp. 598–600.
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131 Efficient and simple
program including
community-based activities
for prevention of very early
premature birth
E. Saling, J. Lüthje and M. Schreiber*
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Introduction
Overview
The rate of prematures (< 37 +0 gestational weeks) in
Germany is increasing, 9.4% in 2004, similar to other
European countries and the USA. In the past, it was
not possible to substantially reduce this rate.

One of the most urgent tasks for modern obstetrics
is to reduce the rate of very early (< 32 +0 gestational
weeks) prematures, and those with a very low birth
weight (< 1500 g). These infants form the group of
newborns with the highest mortality and morbidity.

Mortality and morbidity
Although in industrial countries, neonatologists have
achieved enormous success in keeping extremely pre-
mature infants alive, mortality increases rapidly with
decreasing birth weight. The immediate and long-
term sequelae of prematurity are also alarming –
something that is sometimes neglected when just
measuring the ‘successes’ of modern intensive care by
mortality rates. Table 131.1 summarizes the complica-
tions caused by prematurity or low birth weight.

The psychological and physical burden, which
often exists for the families concerned, is another
important factor that underlines the urgent necessity
for effective prematurity prevention activities.

Costs
The enormously high costs of intensive care and follow-
up care should be an urgent inducement to make even

*Coauthors of this chapter in the 1st edition of this book were T. Al-Taie, W. Masur and A. Placht 

Table 131.1 Specific published complications
caused by prematurity or low birth weight (from
Berkowitz et al.,1 Hack et al.,2 Edwards et al.,3 Saigal
et al.,4 Riegel et al.,5 Monset-Couchard et al.6 and
Wolke et al.7)

Perinatal morbidity and mortality

Respiratory distress syndrome

Intraventricular hemorrhage

Leucomalacia

Necrotizing enterocolitis

Infection

Long-term sequelae

Cerebral palsy

Hearing defects

Visual defects

Epilepsy

Lack of intelligence

Subnormal weight

Subnormal height

Poor gross-motor function

Poor adaptive functioning

Behavioral problems

Attention deficit

Schooling problems
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more efforts to reduce the number of very small
prematures if possible.

After a calculation by Künzel,8 based on the well-
organized German perinatal studies, the costs of care
of all prematures born at less than 32 gestational
weeks (about 8000 per year) were about 300 million
EUR, and the costs for those born between 32 and 36
gestational weeks (about 47,000 per year) were about
430 million EUR, amounting to 730 million EUR.
Additionally, the costs of clinical management of
mothers with threatened prematurity were about 360
million EUR, totalling more than 1 billion EUR per
year. These calculations do not even include the costs
of long-term care of children and adults who are
impaired due to prematurity.

Lewit et al.9 estimated that in the USA each year the
costs of medical care, child care and education for
3.5–4 million children aged 0–15 years, who had been
born with low birth weight, were between $5.5 billion
and $6 billion more than they would have been if those
children had been born with normal birth weight.

Causes of late abortions
and prematurity
Overview
Late abortions and, in particular, very early prematu-
rity should be considered together, because their eti-
ology is often the same.

A number of reasons are known to cause late abor-
tions and prematurity. Lockwood and Kuczynski10

divided most of the known causes of prematurity into
four pathogenetic processes:

• Activation of the maternal or fetal hypothala-
mic–pituitary–adrenal (HPA) axis

• Decidual chorioamniotic or systemic inflammation
• Decidual hemorrhage
• Pathological distension of the uterus.

The various pathomechanisms initially follow differ-
ent pathways, merge later on and cause changes in
the cervix, leading to premature contractions and/or
premature rupture of the membranes and finally to
premature birth.

As far as effective preventive measures are con-
cerned, most of the avoidable causes, particularly
before 32 gestational weeks, are to be found among
patients with ascending genital infections, and the
diagnostic and therapeutic strategies in this direction
are of definitive importance.

As far as other less frequent causes are concerned,
both the possibility of treatment being available and the
chances of success are clearly lower than in the infec-
tion group. Furthermore, some problems are directly
related to the causes resulting from genital infection.

We want to emphasize that smoking and abuse of
other drugs (especially alcohol) are important avoid-
able causes of prematurity and low birth weight. The
physician should inform any pregnant woman about
the risks of the above-mentioned and should encour-
age her to discontinue smoking, consuming alcohol or
drug taking.

Ascending infections
The first convincing and direct confirmation of the
ascension infection genesis was found at the begin-
ning of the 1980s when the operative early total cervix
occlusion (ETCO) was introduced for patients with
recurrent late abortions.11 This creates a complete bar-
rier within the ascension area and leads to remarkably
good results.†

Profound biochemical studies later performed by
Romero et al.12 brought us immensely forward in
understanding the mechanisms by which infections
lead to premature birth. Another pioneering step that
underlines how important it is to improve prevention
of infections is the concept of the ‘fetal inflammatory
response syndrome’.13 It explains that fetal inflamma-
tion is linked to the onset of labor, and that the multi-
systemic involvement in this condition can lead to
fetal injury, such as brain damage, which predisposes
the subsequent development of cerebral palsy.

In the meantime, association between infections
and prematurity has been proved by many studies.
If early diagnosed, infections can often be treated
effectively. Besides ascending genital infections, for
instance, due to Chlamydia trachomatis, other infections
must be considered, especially urinary tract infections.

Infections with Candida alone do not normally
increase the risk of prematurity. Chlamydia infections
are associated with a risk of prematurity that is as
high as the risk associated with bacterial vaginosis.
Some authors also report a similarly high risk of infec-
tion with Trichomonas, but Trichomonas is often asso-
ciated with bacterial vaginosis, although Chlamydia
and Trichomonas infections are not as prevalent as
bacterial vaginosis.

Table 131.2 shows several urogenital infections and
their impact on pregnancy and morbidity of infants
and mothers.

Stress and immune system
Concerning efforts to prevent prematurity, many publi-
cations and recommendations have been reviewed in
the literature. Most of them, for example, by
Papiernik,15 are based on the fact that socioeconomical
factors, such as low social status, psychological and
physical stresses, are important reasons and causes for
premature birth. Some successes have been achieved
with programs based on these aspects, particularly in
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model studies. However, the main obstacle preventing
a consistent reduction in the number of very low birth
weight infants on a broad scale concerns the amount of
expense involved. Considerable organizational and
personal expenses are necessary to realize such pro-
jects, and these resources are hardly available to such
an extent in all countries.

Another interesting aspect is that, as far as the cel-
lular and humoral parameters of the immune system
are concerned, concrete signs of impairments of
the immune status could be found in women with
prematurity symptoms.16 In pregnant women with
symptoms of threatened prematurity, significantly
lower levels of lymphocytes, T-lymphocytes and
T-helper cells were measured than in women who had
a normal course of pregnancy. The T4/T8 ratio was also
clearly reduced in those cases where later preterm
birth actually occurred; it was particularly low at 1.1
compared to 1.6 in cases with uncomplicated preg-
nancies. In the group of pregnant women with prema-
ture labor, the rate of those who found their situation
‘very stressful’ amounted to 65%, and in the group
whose course of pregnancy was normal, the rate was
26%. We assume that ascending infections are proba-
bly enhanced by such impairments of the immune sys-
tem. Furthermore, we conclude that those pregnant
women living in critical socioeconomical environ-
ments and who, therefore, are more likely to have
impaired immunity can be helped effectively through
exposure to appropriate information and preventive
medical measures initiated early in pregnancy.

Early intervention by the prematurity-prevention
program (see below) is more realistic and, conse-
quently, more successful in reducing prematurity
than the complicated and necessarily expensive
intensive measures given by social services or later in
pregnancy when prematurity symptoms are evident.

The protective lactobacillus system
Role of lactobacilli
The human vagina possesses a biosystem that under
normal conditions provides a balance between physi-
ologic lactobacilli and pathogenic bacterial flora, and
so ensures a good protection against the spreading of
pathogens, including their ascension to the uterine
cavity. The importance of lactobacilli for the normal
vaginal milieu was first described by Döderlein.17

In an article of particular interest to us, Gregor
Reid18 describes the role of lactobacilli in the urogen-
ital tract infections.

The following main functions of lactobacilli are
known (Figure 131.1):

(1) They produce acids, mainly lactic acid.
(2) They produce hydrogene peroxide (H2O2), which

releases oxygen and has a disinfecting effect.
These factors, combined with

(3) Bacteriocines, inhibit the growth of pathogens,
which are always present in the vagina.

(4) They produce biosurfactants, which cover the
surface of the vaginal wall, thereby inhibiting the
adhesion of pathogens.

(5) They produce coaggregation molecules, which
block the spread of pathogens.

Not every lactobacillus strain produces all the factors
mentioned above. That is the reason why some strains
are more effective against specific infections than
others. For instance, women with H2O2-producing lac-
tobacilli have a lower risk of bacterial vaginosis than
women whose lactobacilli do not produce H2O2.

19

Unfortunately, there are also some microorganisms,
the growth of which is not or only marginally inhib-
ited by lactobacilli (e.g. Streptococci and Candida).

The protective lactobacillus system 1403

Table 131.2 Urogenital infections and associated complications in pregnancy (from Martius et al.14)

Increased rate of Increased morbidity by Increased morbidity by
Infection prematurity infection of the mother infection of the newborn

Bacterial vaginosis Yes Yes Unknown

C. trachomatis Yes Yes Yes

Streptococcus Group B Unknown Yes Yes

N. gonorrhea Yes Yes Yes

Trichomonas vaginalis Unknown Unknown Seldom

Mycoplasma hominis Unknown Unknown Unknown

Ureaplasma urealytikum Unknown Unknown Unknown

Urinary tract infection Yes Yes No

Candida species No Yes Yes
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However, we can assume that lactobacilli are the
main regulating factors of the vaginal milieu. Vaginal
pH measurement gives us insight – like peering
through a keyhole – into this protective biosystem.
Vaginal pH measurement was already used by
Döderlein, in order to distinguish pathological from
normal vaginal fluid.17

Importance of pH measurement
The importance of lactobacilli and measurement of
vaginal pH is illustrated, for instance, by the follow-
ing facts:

Ernest et al.20 found out that the risk of premature
rupture of the membranes before 37 +0 gestational
weeks is three times higher when the vaginal pH is
repeatedly above 4.5, compared to pregnant patients
with pH ≤4.5.

A retrospective evaluation carried out by one of our
coworkers reveals that: the earlier in pregnancy the
examined children were born the more frequently the
mothers had an increased vaginal pH when admitted to
hospital. All 15 mothers (100%) of children with a ges-
tational age lower than 32 +0 gestational weeks had
increased pH values; as far as prematures between
32 +0 gestational weeks and 36 +6 gestational weeks
were concerned, the rate was still about 60%; when
born mature only 43.5% were affected.21 It follows, that
ascending infections very frequently play a role con-
cerning very early prematurity, and that in many of
these cases threatening prematurity can be detected by
measurement of increased pH values.

In a prospective study, Hengst22 was able to show
the practical importance of measuring the vaginal pH,
which we recommend in routine prenatal care for the
prevention of prematurity. In a cohort of pregnant
women with a normal course of pregnancy until the
study, who had an increased pH > 4.5 and who had

received no therapy for acidification, the number of
prematures amounted to 15.1%. On the other hand,
the number was only 2.0% when an acidifying ther-
apy with Lactobacillus acidophilus preparations had
been applied.

In another earlier evaluation, we also found results
concerning how many pregnant patients had normal
vaginal pH values and how many had pathological
(≥4.7). In 67% of all the 695 evaluated cases, normal
pH values were present; in 33%, the values were
increased twice or more and 7% of these were perma-
nently increased.23

It is of particular interest to examine the success rate
in normalizing the pH, in cases with increased vaginal
pH values, by using L. acidophilus therapy. Success
was achieved in 83% of 75 such patients, and this is
really an unexpectedly good result. The therapy was
carried out for 5 ±3 days to achieve this success.23

Normal flora – disturbed milieu – infection
According to some published data, we assume that
the main reason for the good results of our prematu-
rity-prevention program (see below) is not the early
detection of existing infections, but the early detec-
tion of their precursors, namely disturbances of the
vaginal milieu.

• Hillier et al.24 diagnosed an intermediate pattern
between normal flora and bacterial vaginosis – see
also Schröder25 – in 16% of the pregnant women
examined, while 22% of the women suffered from
bacterial vaginosis, and 61% had a normal flora. Of
the women with such a transitional stage in the
second trimester, in the third trimester in about
one-third the findings were the same, in about one-
third the findings were normal, and about one-
third developed a bacterial vaginosis.

1404 Efficient and simple program including community-based activities for prevention
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• Hay et al. found in a study26 an increased risk
of loss of pregnancy, when just an intermediate
pattern was present.

• Viehweg et al.27 reported that an increasing pH
value during the course of pregnancy leads to an
increased risk of prematurity, even when the pH
value stays within the normal range.

In the literature, there are controversial results con-
cerning the success of treatment of bacterial vaginosis,
and its effects on pregnancy outcome. However, there
may have been little success, when screening, diagno-
sis and treatment took place rather late in the course
of pregnancy, or when the diagnosis was incorrect,
and there was probably a so-called ‘aerobic vaginitis’
(which is associated with aerobic microorganisms,
mainly group B Streptococci and Escherichia coli)
rather than bacterial vaginosis.28

We assume, that the main reason for those different
results is that up to now no studies have been pub-
lished where vaginal acidity was checked by pH
measurement so early in pregnancy and at such short
intervals (allowing early treatment), as is the case for
the pregnant women who participate in our prenatal-
care self-examination (see below).

We have first results that indicate that already dis-
turbances of the vaginal milieu can be detected by pH
measurement at regular intervals, before bacterial
vaginosis develops.29 In 24 pregnant patients who vis-
ited their doctor because they had themselves meas-
ured an increased vaginal pH value, 33 diagnoses
were made:

• 46% of the patients were told that they only had a
disturbance of the vaginal milieu, and not yet bac-
terial vaginosis.

• Bacterial vaginosis was diagnosed only in 4%.
• Candida were diagnosed in 33%, Chlamydia in

8% and other bacteria in 8%.

Although we received these data from the patients,
and not directly from their physicians – and thus
they should be interpreted with caution – there is no
reason to question the results on principle.

Prematurity-prevention program
General aspects
We began our activities to reduce the rate of prematures
in 1972,30,31 but our successes32 were only transiently
satisfying. The program could not be maintained for
long periods because it was too expensive for practical
use. Fifteen years ago, we changed to another policy
and developed a new prematurity-prevention program,
which is based on the most frequent cause of prematu-
rity, namely, as already mentioned above, the ascension
infection genesis. Some reports on this program have

already been published.33–37 Its practical introduction
into our clinical routine and later in general practition-
ers’ offices by colleagues in the area has led to a con-
siderable decrease in the number of very small, low
birth weight infants. However, in spite of achieving a
reduction rate of about 40% in our department and
50% in cooperation with practitioners, we had to
admit that the practical employment of the program
and the consequent application of preventive measures
started at a relatively late stage in the entire prematu-
rity pathogenetic process. Therefore, in 1993 we devel-
oped another supporting new concept, namely active
cooperation of the pregnant patient herself.38 Our pres-
ent program is the combination of these two important
parts. This solution appears to be quite different from
conventional measures; it is a relatively simple, eco-
nomical and more easily achieved way to attain con-
siderable success in reducing the rate of very small and
extremely small prematures.

Diagnostic measures

Risk factors
Risk factors (Table 131.3) can be divided into anamnes-
tic risk factors (mainly previous premature births or
stillbirths) and events in the current pregnancy.

Screening for infections
Each time when a pregnant patient consults her
physician, attention should also be paid to distur-
bances of the vaginal milieu or to manifest infections.
Besides, medical history and physical examination
(vaginal discharge, redness, etc.), especially measure-
ment of the pH value should be performed. An
increased pH value normally indicates a so-called

Prematurity-prevention program 1405

Table 131.3 Risk factors for prematurity

Anamnestic risk factors

One or more premature births or stillbirths

Two or more pregnancy terminations

Prior cervical conization

Prior vaginal infections

After infertility treatment

In the present pregnancy

Low social status

Younger than 18 or older than 35 years

Multiples (twins, triplets, etc)

Polyhydramnios

Certain pressure situations (professional or private,
physical or emotional)

Smoking, regular alcohol consumption, or use of other
drugs
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‘dysbiosis’, a bacterial vaginosis or – less frequently –
another infection.

It is also important to note that some vaginal infec-
tions are normally not associated with increased pH
values. This concerns Candida species, C. trachoma-
tis, Neisseria gonorrhoeae and B-streptococci.

Systemic infections and urinary tract infections
can also lead to prematurity. Therefore, we should
always look for symptoms and signs of these infec-
tions (see also Ascending Infections and Table 131.2).

Measurement of pH value
The most important step during routine diagnosis in
our prematurity-prevention program is to measure the
pH value in the vagina. A high level of acidity in the
vaginal milieu does not guarantee completely secure
protection against ascending infections, but it is cer-
tainly very effective.

According to our investigations in an undisturbed
course of pregnancy the pH-value at the introitus vagi-
nae (at a depth of approximately 2–3 cm) is regarded
as normal:

• ≤4.2 when measured with pH-meter
• ≤4.4 when measured with indicator paper.

In order to achieve uniformity, we recommend that
measurements on principle be made in the lower area
of the vagina. The higher in the vagina measured, that
is, the nearer to the cervical canal, according to our
examinations, the higher are the pH values.39 In the
cervical canal itself, for example, when measured in
the external os, almost neutral pH conditions at 6.5
are to be found in women with an undisturbed course
of pregnancy.

• A simple way of measuring the pH is to use a small
portable pH-meter.

• If indicator strips are used, they have to be intro-
duced into the area of the introitus vaginae with
the finger either before or after the vaginal exam-
ination and compared with the corresponding
color scale. We made by far the best measure-
ments, when using Spezialindikator pH 4.0–7.0,
art-no. 1.09542 by Merck, Darmstadt (Germany),
because the reading is especially easy and
reliable.

• In the meantime, special disposable gloves with the
indicator paper from Merck fixed on the index finger
are available for use by the physician. The gloves are
almost identical to the ones that we recommend for
the patients (see below). The only difference is that
the paper in the version for the physician is attached
to the middle phalanx of the index finger, so that

during vaginal examination the pH value will be
measured automatically at the introitus vaginae.

Stages and appropriate measures
The stages of threatened prematurity, prophylactic
and therapeutic measures depending on diagnostic
findings and/or the presence of symptoms as well as
chances of success and efficiency of countermeasures
are summarized in Table 131.4.

Stage 1: anamnestic risk
In the first, very early stage, a potentially increased
risk is found in cases with poor medical history, such
as one or more previous late spontaneous abortions or
very premature labor. The best prophylactic counter-
measure is to perform an operative ETCO at about
12 gestational weeks to create a barrier against ascen-
sion of organisms.‡

Stage 2: disturbance of vaginal milieu
The second early stage of increased risk is a distur-
bance of the vaginal milieu, which mostly can be
detected by simple pH-measurement at the introitus. In
such a case of so-called dysbiosis simple substitution
with a L. acidophilus preparation for about 7 days is
recommended. Especially effective are Lactobacillus
strains that produce H2O2. For instance, the German
preparation Gynoflor®** contains only H2O2-producing
lactobacilli. Because Lactobacillus therapy normally
takes 2–8 days, until the pH values normalize, addi-
tional local acidifying therapy might be indicated (e.g.
lactic acid in the morning and Lactobacillus prepara-
tion in the evening). However, currently there is no sci-
entific proof that this additional measure reduces the
rate of prematurity.

Both stages 1 and 2 allow the best chances for
success in prevention of prematurity.

Stage 3: infection
The third, also relatively early stage of increased risk
includes cases without symptoms of premature labor,
but in which vaginal infection has been confirmed,
such as bacterial vaginosis, Chlamydia infection of the
cervical canal or urethra, infections of the lower egg-
pole (which can be detected by our egg-pole lavage‡) or
significant bacteriuria. In such cases, we recommend:

• in case of bacterial vaginosis, local therapy with
octenidine hydrochloride, metronidazole or
clindamycin;

• when there is evidence of Chlamydia in the cervix
or urethra, pregnant patients should get systemic
therapy with erythromycine succinate;
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‡For details see our article ‘Operative Early Total Cervix Occlusion for Prevention of Late Abortion and Early Prematurity’
**Organon GmbH, personal communication, 25 August 2004
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• for other infections (including significant bacteri-
uria >100,000/ml), specific systemic antibiotic
therapy.

In some countries, some colleagues are hesitant to
apply antibiotics in pregnancy. Therefore, we want to
stress that pregnancy is not an obstacle for a necessary
local or systemic therapy against microorganisms.

The patients should have the recommended amount
of physical rest, as well as use of psychological relax-
ing measures to try to improve their immunological
status. The chances of success are still acceptable.

Stage 4: symptoms of threatened prematurity
This most advanced stage is found when symptoms
of prematurity, such as apparent premature uterine
contractions and/or critical cervical findings, are
present. If organisms can be identified, or laboratory
parameters, such as C-reactive protein (CRP), are
positive, systemic antibiotic therapy (e.g. with clin-
damycin, or better according to the antibiogram, if
available) is the method of choice. In most of these
cases, admittance to hospital is recommended. In the
last stage, the therapeutic measures are increasingly
unsuccessful.

In both stages, an additional ‘after treatment’ with
L. acidophilus preparations may be indicated because
most of the therapeutic measures concerned also dis-
turb the vaginal milieu, which can be confirmed by
increased vaginal pH values.

In this context, it should be emphasized that our
prematurity-prevention program contains, above all,
measures most suitable for the prevention of prema-
ture rupture of the membranes, as ascending infection
is the most frequent cause of this event.

Prenatal-care self-examination
The other, more important, part of our prevention pro-
gram, is the so-called prenatal-care self-examination of
the pregnant patient. The main points are given below.

pH self-measurement
Every pregnant woman is advised to measure the pH
value in her vagina twice a week herself, by using a
special indicator (see above). It can be used in the
form of a test paper by itself, but in cooperation with
us special disposable gloves with a piece of test paper
fixed on the tip of the index finger have been devel-
oped (CarePlan VpH, made by Unipath). The majority
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Table 131.4 Stages of threatened prematurity, prophylactic and therapeutic measures, and prognosis

Stage of Symptoms and Prophylactic and Chances of 
endangerment findings therapeutic measures success

Anamnestic Mean (one miscarriage or Small ETCO
risk very small premature)

High (≥two miscarriages or Extensive ETCO
very small prematures)

Disturbance pH ↑ and/or dysbiosis in native preparation, but Best 
of vaginal No evidence of bacterial vaginosis Only here treatment with L. acidophilus prognosis
milieu No ascension of bacteria alone is recommended (maybe combined 

No increased contractions with acidifying therapy)
Normal cervical state

Infection Microscopically or culturally proved vaginal Local therapy
infection (such as bacterial vaginosis, Antiseptics
trichomoniasis, candidiasis) Antibiotics

Other After 
chemotherapeutics treatment 
(such as Recommendation with 
metronidazole) of rest and lactobacillus

relaxing measures preparation Still good 
(among others, in case pH ↑ prognosis
for improving (may be 

Evidence of Chlamydia in cervix or urethra immunological combined 
Evidence of bacteria at lower egg-pole conditions) with acidifying
Significant bacteriuria Systemic antibiotic therapy)

therapy + local 
Symptoms of Preterm labor and/or critical cervical state, acidifying therapy Increasingly 
prematurity and local infection in vagina, cervix or at unsuccessful

lower egg-pole or signs of inflammation
(e.g. CRP↑, leucocytosis)
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of the women whom we consulted reported that it is
much more comfortable to use the gloves, rather than
the test paper alone.

The woman simply introduces the index finger
into her vagina, withdraws it shortly afterward, and
compares the color of the indicator paper with the
enclosed special color scale, in order to read the pH
value. When pH values are increased to 4.7 or higher,
the patient should see her practitioner at once.

If her doctor confirms the reduced acidification,
additional examinations should be performed, in order
to find the cause of the acidity disturbance. The further
procedure depends on the stage of threatened prematu-
rity (see prematurity-prevention program above).

Self-observation of warning signs
Independent of the vaginal pH self-measurement, all
expectant mothers should be made aware of the most
important warning signs. They are listed in the infor-
mation brochure (see Table 131.5). If anything
unusual occurs, the patient should see her doctor.

Benefits of the self-care program
As the program is fundamentally based on a screening-
principle, as many patients as possible should be
motivated to take part, at best, every pregnant woman
without exception. The reason for a recommendation
such as this is that, during the course of even suppos-
edly normal pregnancies, late abortions and preterm
delivery can occur. It is very probable that a large
number of these patients will have early symptoms that
could have been detected but remained concealed.

The self-examination should be started very early
on, to detect the threat of irregularities in good time,
that is, at the earliest possible moment in the preg-
nancy. It would be even better, in cases with a poor
history, to choose a preconceptional moment, that is,
weeks or months before a planned pregnancy. For
some women, it could be really important to detect
potential risks themselves at such an early stage and
to inform their practitioner even before the pregnancy
has started or at least very early on in the pregnancy.

Recently, Hübner confirmed the importance of
early onset of pH self-measurement in pregnancy. She
evaluated questionnaires from 607 pregnant women,
who participated in the Thuringia Prematurity
Prevention Campaign 2000’ (see below) (Hübner, in
preparation).

Among women who started measurement before
15 +0 gestational weeks, the total rate of prematures
was 4.8%, and the rate of very early prematures was
0%. In contrast, when women started pH-measurement
at 15 +0 gestational weeks or later, there were 6.1%
prematures and 0.9% very early prematures.

The main advantage achieved by the patient’s active
participation is that increases in vaginal pH or the man-
ifestation of any other risk factors are identified very
early and this leads to the detection of a considerable
number of disturbances connected with spontaneous
abortions and prematurity. This enables the practi-
tioner to avoid longer, critical latency periods, some-
times of several weeks. In particular, without these new
facilities, some symptoms remain concealed, although
they are, in fact, easily recognizable. Furthermore,
there is also a possibility of controlling the behavior of
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Table 131.5 Warning signs of a threatened premature birth (part of the patients brochure)

The patients are advised to get in touch with their doctor as soon as possible if any of these signs are present

Repeated measurement (with the test glove) of a vaginal pH value of 4.7 or higher. Attention: Particularly high values may be
due to the loss of amniotic fluid (premature rupture of the membranes)

Vaginal bleeding or spotting

Bad smelling or highly increased discharge (a slight increase is normal during pregnancy)

Abnormally frequent urination (a slight increase is also normal) or a burning sensation when urinating

Itching or burning in the intimate region

Fever and/or diarrhea (these conditions are often associated with an increase in uterine activities)

Premature contractions: 

Considerable pain similar to menstruation

Aching in the groin or in the sacral region

Temporary, repeated hardening of the uterus

Premature contractions should be regarded as critical to threatening, if they occur more than twice per hour, or more than
10 times during the whole day
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vaginal acidity at short intervals, for instance, to follow
effects of therapeutic measures.

Hübner also confirmed that it is important to
measure regularly at short intervals. Among patients
who did not only start pH-measurement early in preg-
nancy, but also – according to our recommendations –
measured twice a week, the total rate of prematures
was 4.2%, and the rate of very early prematures
was 0%. In contrast, in the group of women who
started pH-measurement at 15 +0 gestational weeks or
later, or measured less frequently than twice a week,
there were 7.3% prematures, and 0.8% very early
prematures. However, the differences between these
rates are not statistically significant (Hübner, in
preparation).

Now and then, some colleagues argue that self-
measurement of vaginal pH would have no other effect
than confusing the pregnant women. The opposite is
true. In an inquiry, we asked the women who partici-
pated in our prenatal-care self-examination program
regarding this point. The vast majority answered
that they found it ‘very good’, ‘reassuring’ and had ‘a
good feeling’ about it, etc. because they ‘were able to
do something themselves’. Although it might seem
surprising, because of these simple regular self-
examinations, most of the users have the feeling of not
being a ‘treated object’ during pregnancy anymore but
an ‘active subject’.

Results of self-examination
The results evaluated up to now appear to justify
the pH self-measurement by pregnant patients and
demonstrate the efficiency of the prenatal-care self-
examination program.

In a study by our department39 of 100 women
who had measured their vaginal pH themselves
using indicator paper, 91% of the measurements
corresponded with the results later measured by a
physician with a pH-meter. In 9% of cases, the results
were false-positive; this means that with the indica-
tor paper an increased pH value was measured, but
the value controlled by the pH-meter was normal.
This is not a grave error, as there were no false-
negative results, i.e. no pathological findings were
overlooked.

Furthermore, we found that in about 70% of the
patients who had increased pH values measured both
by indicator paper and by the pH-meter, evidence of
pathogenous organisms was found in the vagina
and/or the cervix, whereas when the pH values were
normal, the figure was only 8%.

The full prenatal-care self-examination program
was started in September 1993. The program was
advertised in publications that are frequently read by
pregnant women.

To date, about 10,000 pregnant patients have
participated or are still participating, and about

3000 returned the questionnaire to us. Of the 1715
women whose data have been evaluated so far, 595
were pregnant for the first time and 1120 had been
pregnant before. The anamnestic information given by
the group of women with previous pregnancies was
particularly interesting. A high number of these
women, namely 46.4%, had had miscarriages and
about 18.3% had had underweight infants during the
immediate previous pregnancies. To date, we are able
to draw the conclusion that the participating women
belong to a higher-risk group rather than to a lower-
risk group. According to the returned records, 60.8%
of the patients reported ‘disturbed courses’ in their
present pregnancy.

Our evaluations have shown that the rate of
underweight infants, in particular the very small ones
(birth weight < 1500 g) in all pregnant patients who
took part in this program is clearly lower at 1.3% than
in previous pregnancies, when the rate was 7.8%. The
rate of extremely small infants (< 1000 g) is 0.9%
when the women participated in our program, com-
pared with 3.9% in previous pregnancies.

Another evaluation shows comparisons between
the results of the immediate previous pregnancies
and the present pregnancies only of those women
who had suffered a premature birth in the immediate
previous pregnancy. Of the 111 women, only 20
(18%) again gave birth to a premature baby (< 37 +0
weeks of gestation). Of the 38 women who had given
birth to a very early premature (< 32 +0 weeks’ gesta-
tion) in the immediate previous pregnancy, only
3 (8%) suffered the same misfortune again, and, of
the 22 who had given birth to an extremely early pre-
mature (< 28 +0 weeks of gestation), no recurrence
occurred.

The effectiveness of our self-care program was
also proved by two prospective campaigns.40 The first
was carried out in Erfurt (the capital of Thuringia,
Germany), where pregnant women have been offered
to perform self-measurements of their vaginal pH
by means of test gloves. Patients who were not inter-
ested in participating served as a control group.
In this study, the prematurity rate was 8.1% in the
self-measurement/intervention group vs. 12.3% in
the control group. Of the neonates 0.3% vs. 3.3%
belonged to the group of very early prematures with
a gestational age of < 32 +0. Premature rupture of
membranes was registered in 22.8% vs. 30.8%,
respectively.

Encouraged by these results, in 2000, a similar pH
screening campaign was initiated in the whole state of
Thuringia, in order to reduce prematurity. A signifi-
cant reduction of early prematurity from 1.58% to
0.99%, and regarding low birth weights a significant
reduction of cases in all groups, was achieved.

After this campaign had been finished, the prema-
turity rates monitored in 2002 were as high as they
had been prior to the introduction of the activities.
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That is why the new Thuringia prematurity prevention
campaign 2004/2005 was started on September 1
2004.

Also, four major German health insurance compa-
nies currently offer our prenatal-care self-examination
program as a pilot project to their pregnant members
at no charge. This is especially important, because
prematurity is most frequent in women with low
social status. The companies started this project in
December 2003, and after first internal evaluations,
they have already saved a high amount of expenses.

Conclusion
Currently, our prematurity-prevention program, par-
ticularly with its self-care activities – as has been
confirmed by our evaluation and afterward by two
campaigns by Hoyme and coworkers – seems to be
the most efficient, easily applicable and inexpensive
program for prevention of very early prematurity.
Thus, it has high importance in the field of health and
social care, and has considerable value within our
social community.
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132 Operative early total cervix
occlusion for prevention of
late abortion and early
prematurity
E. Saling, M. Schreiber and J. Lüthje

Introduction
Recurrent late abortions and early prematurity con-
tinue to be two of the inadequately solved problems in
modern obstetrics and perinatal medicine. The patients
concerned often feel heavily burdened: On the one
hand, they yearn for a child and on the other hand, they
experience recurring losses, which are often accompa-
nied by increasing psychological problems. To achieve
a surviving infant is in such cases a particularly impor-
tant medical and psychological task.

Several causes of late abortions and prematurity are
known. Lockwood and Kuczinski1 divided most of the
known causes of prematurity into four pathogenetic
processes. However, as far as the avoidable causes are
concerned, infection, particularly ascending genital
infection, is known to be the most common.*

The most efficient measure for preventing ascending
genital infections in cases of recurrent late abortions
and early prematurity is to establish a total barrier
within the cervical canal by early total cervix occlusion
(ETCO). We introduced this measure in 1981.2,3

Before that, there were only very few reports in
the literature about operative cervix occlusion for
treatment of imminent abortion, mainly in advanced
stages. For instance, 40 years ago, Szendy published
two articles on the topic ‘Measures to Prevent the
Birth of the Infant in Advanced Premature Labor’
(translated from the German).4,5 Thus, it was thought
of as an emergency measure, to be taken mostly when
prolapse of membranes had occurred.

We introduced the ETCO as an original early pre-
ventive measure for use when the cervix is still in an

anatomically normal state and that should be performed
early in pregnancy at about 12 gestational weeks (gw),
and only in women with previous critical history. It is
important to note that the ETCO is quite different from
a cerclage (and in principle, also from the occasionally
used pessary). The ETCO actually closes the cervical
canal, thus preventing ascension of organisms, whereas
the cerclage only tightens the canal (Figure 132.1) and
has much poorer results (see below).

Definition
With regard to total cervix occlusion (TCO), we differ-
entiate between ‘early’ and ‘late’ and between ‘small’
and ‘extensive’.

• ETCO is performed at < 16 +0 gw and with an
almost normal state of the portio (sonographically
measured† cervix length ≥30 mm or modified6

Bishop score of ≤4).
• Late TCO is performed at ≥16 +0 gw or when the

portio is in a critical state (cervix length < 30 mm
or modified Bishop score of > 4).

Because the results (of preventing premature birth)
are much better (see below), we recommend ETCO
rather than late TCO.

• Extensive TCO: After removing both the glandular
epithelium in the cervical canal and the epithe-
lium of the portio surface, the cervix is closed by
two to three circular internal sutures, followed by

*More details can be found in our article ‘Efficient and Simple Program Including Community-Based Activities for Prevention of Very Early
Premature Birth’, Chapter 131.
†The sonographic measurement of the cervical length is more reliable than the assessment using the Bishop score and should therefore be
preferred.
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two transverse rows of knotted stitches to close the
surface of the portio. See Figures 132.1(1) and
132.5(2)–(5). For most cases we recommend exten-
sive TCO, preferably ETCO.

• Small TCO: Only the cervix canal is closed by two
to three circular sutures after removing the glan-
dular epithelium. See Figure 132.1(2).

Indications and contraindications
(1) Indication for ETCO is two or more

• late abortions (≥12 +0 gw) or
• early premature births (< 32 +0 gw) in the

patient’s history either

• with infection as the cause of these events or
• (in the absence of any other cause) when, for

instance, premature rupture of the membrane
(PROM) has occurred. Please note that the
main reason for PROM is ascending vaginal
infection.

(2) Up to now no study is available on whether in
cases with only one previous late abortion or pre-
mature birth a consequent screening for vaginal
infection (see Chapter 131, ‘Efficient and Simple
Program Including Community-Based Activities
for Prevention of Very Early Premature Birth’, in
this section) will lead to similar good results as
with ETCO. Therefore, one might consider an
ETCO even after only one abortion or premature
birth, particularly when additional risks exist,
for instance, when the patient is older or when
there have been problems with fertility. In these
cases, a small occlusion of the cervix may be
sufficient.

A contraindication is dilatation of the cervix with
apparent signs of infection and labor activity, which
cannot be inhibited.

Preoperative diagnostics and
measures
Examinations for infections are compulsory, for exam-
ple, vaginal and cervical smears with microscopic
and/or bacteriologic examinations. Further, should
pathological findings be present – such as bacterial
vaginosis, candida, Trichomonas or Chlamydia infec-
tion – the patient should be given an appropriate local
or systemic therapy.

After an ETCO has been performed, there is no
further opportunity to examine whether organisms
have already ascended to the intrauterine space. There-
fore, we recommend performing a so-called egg-pole
lavage (which we introduced in 1992) directly before
the operative occlusion of the cervix.

Egg-pole lavage (Istmical lavage)
The use of this method is still not sufficiently wide-
spread. In the beginning of the 1990s, we started to
achieve direct access to the area of the lower uterine
segment, namely, the egg pole, and have tried to
obtain bacteriological information from this region.7,8

A pilot tube, the front part of which is made of sil-
icone, is inserted into the cervical canal (see Figure
132.2). In this pilot tube a flexible 1.5-mm-diameter
plastic (polyvinyl chloride) catheter is introduced and
pushed further 2–6 cm forward, according to the state
of separation of the membranes from the uterine wall.
In this way, we can be sure that we have reached the
area of the lower egg pole, and that the front end of the
inner plastic catheter is in the uterus.

Figure 132.1 ETCO vs. cerclage or pessary: (1) ‘extensive’
ETCO and (2) ‘small’ ETCO. 

Figure 132.2 Lavage on the lower egg pole.
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Then, using a syringe attached to the outer end of
the catheter, 2 ml of sterile 0.9% physiological saline
solution is slowly injected and, shortly afterwards, as
much as possible of this solution is aspirated back.
When we have reaspirated more than 0.3 ml (the dead
space of the catheter), we can be certain that we have
collected fluid that was in contact with the mem-
branes or intrauterine wall at the lower egg pole.

The aspirated fluid undergoes bacteriological exami-
nation. If the laboratory is close enough, the syringe with
the fluid at body temperature can be brought directly
to the laboratory for all examinations. Otherwise, the
fluid should be instilled into two blood culture bottles
(one for aerobe and one for anaerobe examination).
Additionally, special transport media provided by the
laboratory should be used for other examinations, such
as for Chlamydia and Neisseria gonorrhoea.

A disadvantage of the lavage method is that it is not
yet possible to be certain of preventing some organ-
isms from being carried up to the cervical canal. On
the other hand, it must be assumed that organisms
that have already reached the cervical canal will prob-
ably ascend further to the lower egg pole and can cer-
tainly develop pathogenicity there. Organisms from
the vagina very probably are not transported, as the
outer os uteri is treated with disinfectant before
catheterization and the device is inserted under visual
control directly into the cervical canal.

Operation technique
Before starting the actual operation, we recommend
using a procedure and a device that we specially intro-
duced to avoid considerable bleeding. This involves a
tight circular ligation of the portio as high as possible, so
that the circulation is almost cut off. This measure has
two particular advantages: first, the blood loss, which
can be considerable on account of the hypervascular-
ization in pregnancy, is reduced to a minimum, and

second, it is much easier to see and control the opera-
tion area. For a simple and successful ligature we have
developed a special loop instrument9 (see Figure 132.3).

In order to allow the os uteri to grow completely
together, the upper surface of the portio has to be dis-
sected, that is, the epithelium has to be almost com-
pletely removed. So as to clearly mark the surface to
be removed, and also to find the exact positioning of
the wounded area later for the row of stitches adapt-
ing the upper surface of the portio, we make a circu-
lar incision 1 mm deep with a radius of 10–15 mm
around the external os uteri with a scalpel. Then, we
remove the portio epithelium with a quick rotating
wire brush or a special metal rasp in a similar way as
is used in dermatology to smooth out scars (Figure
132.4). This method of removing the tissue is more
effective and preserves the tissue better than the
method we had previously used, when we removed
the epithelium by sharp dissection using a scalpel.

Later, the glandular epithelium of the cervical
canal is also removed, as far as possible to a depth of
about 1–2 cm using the same rotating device, while
the os uteri is spread out using mosquito clamps.
Then, two to three circular inner stitches are made to
close the cervical canal. Consequently, two rows of
knotted stitches are made, which close the outer os
uteri completely (Figure 132.5). For all the stitching
we use synthetic monofile thread like PDS or braided
thread, such as Vicryl. These threads, when compared
to catgut, are much better for the healing process and
are reabsorbed much more slowly.

Measures at the end of pregnancy
The scar should be opened:

• when labor starts spontaneously,
• when an induction of labor is planned or
• when 37 gw are completed.
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Figure 132.3 Ligature with the loop instrument:9 There is a
ratchet on the traction stick with a blocking spring. This allows
the stainless steel plaited wire loop to be attached in a circle
around the portio and to be fixed in a tightened state. We
always try to clamp the loop so tight that there is minimal
bleeding remaining. This is a sign that the tissue circulation is
not completely interrupted. When the hemostasis has to be
suspended at the end of the operation, the traction stick is
turned about 90◦. The blocking spring slides out of the traction
and the loop is set free.

Figure 132.4 Removal of the portio epithelium with rotating
wire brush. White points indicate the position of circular
incision.
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We generally cut the portio scar with scissors under
local anesthesia. Then, we penetrate with the finger to
a depth of about 1–2 cm into the loose cervical tissue
in the assumed direction of the cervical canal. If the
patient wants to leave the hospital after the scar has
been opened, to wait until labor starts spontaneously,
we see no reason why she should not do so, provided
there are no signs of any risk.

We do not think that a primary cesarean section is
necessary at all. Quite the contrary: when recanaliza-
tion of the cervix takes place during a vaginal delivery,
it is in fact a good prerequisite for the reestablishment
of normal anatomic conditions.

Results
To assess the results of ETCO, particularly in compari-
son with cerclage, one should look only at high-risk
groups which match the above-mentioned indications
for an ETCO (two or more late abortions or premature
births). We have no knowledge of any randomized
study on ETCO. On the basis of the results published so
far we do not think that the operation can be withheld
from any woman with such a critical history. A ran-
domized study would not receive the approval of any
ethic council – at least not in Germany – and no woman
is likely to agree to being integrated into a control group
anyway. Therefore, an acceptable solution is to com-
pare the outcome of pregnancies after performing an
ETCO with the outcome of former pregnancies of these
patients.3,6,10 We should also consider that the chances
of giving birth to a surviving infant are reduced the
more late abortions or premature births the woman has
previously had.11

In 199012 we evaluated retrospectively the data
from a group of 113 patients with previous recurrent

abortions. From a total of 389 wanted pregnancies
only 101 infants were born alive (26%). However, 35
of these infants died in the neonatal period. In total,
66 survived, which means that only 17% of all these
pregnancies resulted in a surviving infant. Through
the introduction of TCO (either early or late) the same
patients achieved 132 pregnancies with 94 live and
surviving infants (71%!). We could also show that the
results in cases with an early TCO are twice as good
as with a late TCO (80% vs. 40%).12

Similarly, good results have been obtained by other
clinicians performing the TCO. In 1996 we reported
the results of a multicenter evaluation, in which
11 German hospitals took part,6 and the outcome of a
total of 819 pregnancies with TCO was assessed. It
emerged that the rate of surviving infants in the preg-
nancies before TCO had been performed was 21%
compared to 74% in the pregnancies with TCO.
Hormel and Künzel10 reported similar good results.

As far as the mode of delivery is concerned, 71% of
the patients with a cervical occlusion had a sponta-
neous delivery and 15% had an operative vaginal
delivery. The rate of cesareans was 14% in compari-
son to 9% for the whole department at that time.12

In 1997 we reported the results of a follow-up
examination carried out on 52 women who had pre-
viously had a TCO.13 On the basis of these results, we
can generally conclude that up to now no remarkable
negative effects have been proven in connection with
the operative TCO.

ETCO vs. cerclage
The cerclage is a widely used measure and there are
numerous publications on it. Some authors report
good results – but one should look at these reports
very closely and verify whether or not cerclage had
been performed on women at similar high risk (see
above). But cerclage is hardly capable of preventing
ascending infections because this method only tight-
ens the cervical canal and does not close it (Figure
132.1). In our sample of women treated with ETCO,
we found that in 51 previous pregnancies in which
cerclage was performed, only 13 infants survived.
This is a survival rate of only 26% (as compared to a
survival rate of 80% with ETCO). These results under-
line how advisable it is to give the ETCO preference
over cerclage in cases with such a critical history.

Conclusion
On the basis of previous experiences and available
results, the TCO – in particular the early occlusion –
is a convincingly efficient operative measure for the
prevention of late abortions and early prematurity,
particularly in cases where such events had previ-
ously occurred recurrently.

Figure 132.5 Operation technique of ETCO with the different
sutures: (1) removal of the glandular epithelium, (2) two to three
circular cervical sutures, (3) transverse stitching of the whole
dissected area for deep adaptation, (4) second row of knotted
stitches adapting the surface tissue and (5) situation after the
operation.
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Introduction
Preterm delivery is the leading cause of neonatal
mortality worldwide.1 Several biochemical and biophys-
ical markers have been proposed for the identification of
patients at risk for preterm delivery, in both patients
with threatened preterm labor and asymptomatic ones,
with the hope that interventions could prevent preterm
delivery. However, current interventions such as tocoly-
sis, cerclage and antibiotic therapy have been ineffective
in this regard. This may be due to the nature of these
interventions, which are aimed at treating the symp-
toms, rather than the causes, of preterm labor or at mod-
ulating the mechanisms of disease involved in preterm
parturition. Mechanisms of disease implicated in
preterm labor include infection, vascular insults, stress,
uterine overdistension, allergy, cervical insufficiency,
hormonal disturbances and others (see Chapter 129).
The clinical presentation of preterm labor may depend
on (1) the intensity of the insult (i.e., microbial load or
virulence), (2) the timing and duration of the insult
(i.e. infection may cause abortion in the first trimester
and preterm birth in the second or third trimester), and
(3) the evolving nature of the host response. 

This chapter will review the biophysical and bio-
chemical markers that have been used to determine
the risk of preterm birth among symptomatic and
asymptomatic pregnant women.

Cervical ultrasonography to assess
the risk for preterm delivery
Several investigators have examined the utility of cer-
vical ultrasound to identify patients at risk for preterm
delivery. In the early 1990s, Andersen et al.2 examined

the risk of preterm delivery by transabdominal and
transvaginal ultrasonography, along with manual
assessment of the cervix, in a group of 113 patients
with singleton gestations and no cervical incompe-
tence. Patients were examined once before 30 weeks of
gestation. The patient population, with an overall pre-
maturity rate of 15%, was not separated into low-risk
and high-risk categories. Twenty-five percent of the
patients with a cervical length < 39 mm (50th per-
centile for gestational age) delivered preterm, com-
pared to 6.7% of those with a cervical length ≥39 mm
(P �0.01). When the cervical length was below 34 mm
(25th percentile), 34.8% of the patients delivered pre-
maturely, compared to 10.1% of those with a cervical
length ≥34 mm (P �0.003). Using 34 mm as a cutoff
point, the sensitivity and specificity of cervical length
measurement by transvaginal ultrasound to identify
patients at risk for preterm delivery were 47% and
84%, respectively, compared to 36% and 76% with
manual assessment of the cervix.

Several studies have confirmed and extended the
observations of Andersen et al. Details of studies
performed on patients presenting with preterm
labor,3–12 asymptomatic patients at low risk for
preterm delivery2,13–17 and asymptomatic patients
at high risk for preterm delivery18–22 are presented
in Tables 133.1–133.3. Only studies with adequate
information to allow calculation of diagnostic indices
and predictive values are included. Collectively, the
information provided by these studies shows that
cervical sonography is a powerful method to assess
the risk of preterm delivery in patients presenting
with preterm labor, low-risk asymptomatic patients,
and patients at high risk for preterm delivery. Further-
more, in patients with a long cervical length, the likeli-
hood of preterm delivery is low and, therefore,
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avoiding aggressive intervention in the setting of pre-
mature labor may be justified.23

Some of the studies presented in Tables 133.1–133.3
represent significant contributions to understand the
value of cervical sonography in screening for sponta-
neous preterm birth. These are described in greater
detail below.

Cervical sonography in asymptomatic patients
at low risk for preterm delivery
The Maternal–Fetal Medicine Units Network of the
National Institute of Child Health and Human

Development conducted a prospective cohort study
entitled ‘The Preterm Prediction Study’. This study
evaluated the value of clinical, demographic, microbi-
ological, biochemical and sonographic parameters
in the prediction of preterm birth. Iams et al.14 reported
the cardinal observations of cervical sonography for
the assessment of risk for preterm delivery. A total of
2915 low-risk asymptomatic patients were examined
at 24 and 28 weeks of gestation by transvaginal sonog-
raphy to evaluate the cervical length and calculate
the risk of preterm birth. An exponential increase in
the relative risk of delivering before 35 weeks was
described. This large study confirmed the results of
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Table 133.2 Measurement of cervical length by ultrasound in low-risk asymptomatic pregnant women and
preterm delivery rate according to different cutoff values (adapted from Chaiworapongsa et al.,23 with permission)

Gestational Cutoff Definition Prevalence Sensitivity Specificity PPV NPV
Authors N age (weeks) (mm) of PTD (weeks) of PTD (%) (%) (%) (%) (%)

Andersen et al.2 113 <30 <39 <37 15 76 59 25 93

Tongsong et al.13 730 28–30 ≤35 <37 12 66 62 20 93

Iams et al.14 2915 24 <20 <35 4 23 97 26 97

Taipale and 3694 18–22 ≤25 <37 2 6 100 39 99
Hiilesmaa15

Heath et al.16 2702 23 ≤15 ≤32 1.5 58 99 52 99

Hassan et al.17 6877 14–24 ≤15 ≤32 3.6 8 99 47 97

PTD, preterm delivery; PPV, positive predictive value; NPV, negative predictive value

Table 133.1 Measurement of cervical length by transvaginal ultrasound in women with symptoms of preterm
labor and singleton pregnancies (adapted from Gomez et al.,26 with permission)

Gestational Cutoff Definition Prevalence Sensitivity Specificity PPV NPV
Authors n age (weeks) (mm) of PTD (weeks) of PTD (%) (%) (%) (%) (%)

Murakawa 32 18–37 <20 <37 34 27 100 100 72
et al.3

Iams et al.4 60 24–35 <30 <36 40 100 44 55 100

Gomez et al.5 59 20–35 ≤18 <36 37 73 78 67 83

Rizzo et al.6 108 24–36 ≤20 <37 43 68 79 71 76

Rozenberg et al.7 76 24–34 ≤26 < 37 26 75 73 50 89

Cetin and Cetin8 65 26–35 <30 <37 74 100 46 58 100

Goffinet et al.9 108 24–34 ≤27 <37 22 79 67 40 92

Hincz et al.10 82 24–34 ≤31 ≤28 17 100 47 28 100

Tsoi et al.11 216 24–36 ≤15 Within 7 days 8 94 86 37 99

Tsoi et al.12 510 24–34 None <35 7.1 76 OR: 0.92 (95% CI:
0.88–0.96)

PTD, preterm delivery; PPV, positive predictive value; NPV, negative predictive value; OR, odds ratio
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Andersen et al.,2 which indicate that a short cervix
increases the risk for preterm delivery, while a long
cervix decreases such a risk. The study also extended
the observations by allowing discernment of the
comparative value of cervical length with other pre-
dictors of preterm delivery (i.e. demographic, bio-
chemical, microbiological and clinical variables).14

An important series of studies reported by Heath
et al.16 and conducted at King’s College Hospital in
London examined the value of cervical sonography in
screening for preterm birth. Cervical length was
measured by transvaginal sonography in a low-risk
population of 2702 patients. Patients with a history of
preterm birth, of African-Caribbean origin, of low
maternal age (< 20 years) and with a low body
mass index had a shorter cervix than those without
such risk factors. However, when logistic regression
analysis was used to examine the contribution of all
these parameters to the prediction of preterm birth
(< 32 weeks), a short cervix was the only significant
predictor.24 These findings suggest that clinical and
demographic risk factors associated with preterm
birth operate through inducing cervical ripening. In
this study, a cervix of 15 mm or less at 23 weeks of
gestation in 1.7% of the population identified 60% of
patients who subsequently had spontaneous preterm
birth at less than 32 weeks and 80% of those who had
spontaneous preterm birth at less than 28 weeks.

Hassan et al.17 conducted a retrospective cohort
study of 6877 women who had cervical sonography
performed between 14 and 24 weeks. Examinations
were conducted transabdominally and in cases of cer-
vical length < 30 mm or suboptimal visualization,
transvaginally. A cervical length of ≤15 mm had a
positive predictive value of 48%, a negative predic-
tive value of 97%, a sensitivity of 8% and a speci-
ficity of 99.7% for spontaneous preterm delivery
at ≤32 weeks. A history of preterm delivery and

African-American ethnicity were also associated
with the occurrence of spontaneous preterm birth,
although the odds ratio (OR) was considerably lower
than that of a short cervix. The low sensitivity of a
short cervix in this study is similar to that reported by
Taipale et al.15 in a large study conducted in Finland.
The apparent discrepancy among the studies can be
explained by the different gestational ages at which
ultrasound examination was conducted. There is evi-
dence that later scans are more predictive of preterm
delivery than earlier ones. The study of Heath et al.16

included exams conducted at 23 weeks, while the
exams by both Hassan et al. and Taipale et al.15 were
performed at earlier gestational ages.

Cervical sonography in patients at
high risk for preterm delivery
Cook et al.18 conducted a prospective cohort study
in 120 women considered to be at risk for preterm
delivery. The patients at risk included those with a
history of recurrent first-trimester loss, second-
trimester loss, previous preterm delivery (< 34 weeks),
previous cervical surgery and uterine anomalies. Initial
cervical assessment was made between 9 and 29 weeks
of gestation. Further assessments varied on weekly
to monthly schedules, according to cervical findings
and obstetric history. The parameters measured were
cervical length, diameter and internal os dilatation.
Twenty-four patients (20%) delivered before 34 weeks
of gestation. Cervical length was the only significant
factor found for the prediction of preterm delivery.
A cervical length ≤20 mm before 20 weeks was asso-
ciated with delivery before 34 weeks in 95% of the
women studied.

Owen et al.20 performed an observational study of
183 patients who had a history of spontaneous preterm
birth before 32 weeks of gestation. The patients were
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Table 133.3 Measurement of cervical length by ultrasound in high-risk singleton gestations and preterm delivery
rate according to different cutoff values

Gestational Cutoff Definition Prevalence Sensitivity Specificity PPV NPV
Authors n age (weeks) (mm) of PTD (weeks) of PTD (%) (%) (%) (%) (%)

Cook and 81 20 <30* <34 20 50 89 56 86
Ellwood18 120 24 59 79 45 87

Andrews 53 20 ≤25 <35 31 28 88 50 73
et al.19** 57 20–24 17 56 100 100 92

Owen et al.20 183 16–19 <25 <35 26 19 98 75 77

Guzman 469 15–24 <25 <34 11.8 76 68 20 96
et al.21 <15 81 72 29 96

PTD, preterm delivery; PPV, positive predictive value; NPV, negative predictive value
*Definition of abnormal in this study was a cervical length <30 mm plus dilation of the internal os of 5 mm or more; **high-risk factors: at least
one prior spontaneous birth between 16 and 30 weeks
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enrolled between 16 and 19 weeks of gestation and
were followed every 2 weeks until 24 weeks. Forty-
eight (26%) women delivered before 35 weeks of ges-
tation. A short cervix (< 25 mm) at the first scan was
associated with a relative risk of 3.3 (95% CI: 2.1–5.0)
for spontaneous preterm birth (< 35 weeks). The sen-
sitivity, specificity and positive predictive values were
19%, 9% and 75%, respectively. After controlling for
cervical length, neither funneling nor dynamic short-
ening was an independent contributor of spontaneous
preterm birth. However, using the shortest cervical
length on serial evaluations, after any dynamic short-
ening, the relative risk of a cervical length of less than
25 mm increased to 4.5 (95% CI: 2.7–7.6) with a sensi-
tivity, specificity and positive predictive value of 69%,
80% and 55%, respectively. Therefore, based on these
findings, a serial measurement through 24 weeks sig-
nificantly improves the sensitivity but lowers the posi-
tive predictive value of the test.

Guzman et al.25 enrolled 469 high-risk patients
between 15 and 24 weeks of gestation. High risk was
defined as the presence of a history of spontaneous
preterm birth before 37 weeks of gestation, prior mid-
trimester loss, more than two terminations of preg-
nancy, cone biopsy, uterine malformation, previous
cerclage or diethylstilbestrol exposure. Transvaginal
cervical sonography was performed and transfundal
pressure was applied, and the shortest cervical length,
funnel width, funnel length and cervical index were
recorded serially. A cervical length of 25 mm or less
had a sensitivity, specificity, positive predictive value
and negative predictive value of 76%, 68%, 20% and
96%, respectively, to identify preterm birth at less than
34 weeks of gestation. Cervical length was the best
parameter for the prediction of preterm birth in women
with prior mid-trimester losses. The authors proposed
that a cervical length of ≤15 mm had a sensitivity,
specificity, positive predictive value and negative pre-
dictive value of 81%, 72%, 29% and 96%, respectively,
in predicting spontaneous preterm delivery at less
than 34 weeks. Cervical length was better at predicting
earlier forms of prematurity (< 28 or < 30 weeks) than
later forms (< 32 or < 34 weeks).

Odibo et al.22 demonstrated the relationship
between a short cervix and preterm premature rupture
of membranes (PROM) leading to preterm birth in a
high-risk population. They studied 69 women at high
risk for preterm birth (by obstetric history and trans-
vaginal cervical length < 25 mm) between 14 and 24
weeks of gestation. The incidence of preterm PROM
was 39% (27/69). Cervical length of less than 10 mm
had a sensitivity, specificity, positive predictive value
and negative predictive value of 33%, 90%, 69% and
68%, respectively, in predicting preterm PROM at less
than 35 weeks of gestation.

The evidence provided by these studies suggests
that to prevent preterm delivery, patients with a pre-
vious history of preterm birth or mid-trimester preg-
nancy loss require a longer cervix than those without
such a history.23

Cervical sonography in patients
presenting with threatened
preterm labor
There is now compelling evidence that examination of
the cervix with ultrasound in patients presenting with
preterm labor can assist in determining the risk for
preterm delivery. Table 133.1 summarizes the results of
some of the studies published to date. In general, the
shorter the cervix, the higher the risk for preterm deliv-
ery and vice versa. Recently, Tsoi et al. analyzed the
value of cervical length measurement for the prediction
of preterm delivery at < 35 weeks among 510 pregnant
women with singleton pregnancies who were admitted
with symptoms of preterm labor between 24 and 34
completed weeks.12 The authors reported that cervical
length and vaginal bleeding were independent
explanatory variables for the prediction of preterm
delivery at < 35 weeks. However, among patients with
threatened preterm labor, the inclusion of vaginal
bleeding did not improve the performance of cervical
length for the prediction of preterm delivery.12

In summary, cervical sonography is a powerful
method to assess the risk of preterm delivery in
asymptomatic patients and those presenting with
preterm labor. In the latter group, avoiding aggressive
intervention in patients who have a long cervix would
probably be beneficial. In contrast, patients who have
a short cervix would have a higher rate of preterm
delivery and may benefit from targeted interventions
(i.e. steroid administration and transfer to a center
with a newborn special care unit).

Fetal fibronectin in vaginal fluid
and preterm delivery
Fetal fibronectin in patients with preterm labor
Fetal fibronectin is a glycoprotein considered to be a
major component of the extracellular matrix of the
choriodecidual junction.27 It has been proposed that a
positive fetal fibronectin test in the second and third
trimesters represents the separation of the chorion
from the decidual layer of the uterus, with the release
of intact or degraded chorionic components of the
extracellular matrix into the cervical and vaginal
secretions.28 A growing body of evidence indicates
that a positive fetal fibronectin test in cervical and/or
vaginal fluid is associated with preterm delivery both
in patients with threatened preterm labor29–34 and in
asymptomatic patients.35–43 The conventional view is
that the presence of fetal fibronectin in cervical and
vaginal fluid before 20 weeks is due to the absence of
complete fusion between the fetal membranes and the
decidua.27 However, it has recently been reported that
a high concentration of fetal fibronectin in vaginal fluid
between 13 and 20 weeks is also a risk factor for preterm
delivery.44 Honest et al. performed a systematic review
that included 28 studies in asymptomatic pregnant
women and 40 studies in women with threatened
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preterm labor, and concluded that a positive fetal fibro-
nectin test is a risk factor for delivery at < 34 weeks in
both symptomatic and asymptomatic patients (Tables
133.4 and 133.5) and for delivery within 7–10 days in

women with threatened preterm labor.45 A negative
fetal fibronectin test identifies patients at low risk for
preterm delivery; however, a positive test has a limited
positive predictive value.27,45

Fetal fibronectin in vaginal fluid and preterm delivery 1421

Table 133.4 Likelihood ratios for positive fetal fibronectin test results of studies predicting spontaneous preterm
birth before 34 weeks of gestation in asymptomatic women (adapted from Honest et al.,45 with permission)

Positive fetal fibronectin Negative fetal fibronectin 
test result test result LR(++) (95% CI) LR(−−) (95% CI)

Goldenberg et al.37 29/117 98/2812 7.27 (4.97–10.63) 0.80 (0.72−0.88)

Goldenberg et al.37 20/102 72/2329 6.20 (3.98–9.65) 0.81 (0.73−0.90)

Goldenberg et al.37 19/107 47/2403 8.00 (5.19–12.31) 0.74 (0.63−0.86)

Goldenberg et al.37 15/90 61/2222 5.88 (3.55–9.75) 0.83 (0.74−0.93)

Chang et al.38 3/5 3/229 57.0 (11.57–280.92) 0.50 (0.23−1.12)

Nageotte et al.39 12/42 1/45 2.28 (1.66–3.13) 0.13 (0.02−0.86)

Oliveira et al.40 8/34 2/18 1.29 (0.87–1.91) 0.52 (0.14−1.92)

Morrison et al.41 6/12 3/44 5.22 (2.17–12.57) 0.38 (0.15−0.97)

Morrison et al.41 4/9 2/10 1.73 (0.71–4.22) 0.54 (0.16−1.82)

Goldenberg et al.44 79/536 331/5972 2.57 (2.07–3.19) 0.87 (0.83−0.92)

Heath et al.46 15/182 30/4964 10.18 (6.56–15.80) 0.69 (0.56−0.85)

Tolino et al.43 14/32 1/36 2.75 (1.84–4.10) 0.10 (0.02−0.68)

Goldenberg et al.47 13/157 33/1713 3.58 (2.20–5.82) 0.78 (0.65−0.93)

Wennerholm et al.42 13/36 9/65 2.03 (1.24–3.31) 0.58 (0.34−0.97)

Goldenberg et al.37 11/25 36/122 1.67 (0.82–3.40) 0.89 (0.75−1.06)

Tolino et al.43 10/23 1/45 3.99 (2.39–6.66) 0.12 (0.02−0.77)

Wennerholm et al.42 7/13 12/75 4.24 (1.61–11.12) 0.69 (0.49−0.98)

Hux et al.48 3/8 1/46 7.50 (2.74–20.51) 0.28 (0.05−1.52)

Overall (95% CI) 4.01 (2.93–5.49) 0.78 (0.72−0.84)

*LR, likelihood ratio.

Table 133.5 Likelihood ratios for positive fetal fibronectin test results of studies predicting spontaneous preterm
birth before 34 weeks of gestation in symptomatic women (adapted from Honest et al.,45 with permission)

Positive fetal fibronectin Negative fetal fibronectin 
test result test result LR(++) (95% CI) LR(−−) (95% CI)

Burrus et al.29 23/29 3/8 1.62 (0.93–2.83) 0.25 (0.07−0.88)

Malak et al.33 14/18 8/94 14.32 (5.22–39.26) 0.38 (0.22−0.66)

Lopez et al.32 11/20 4/65 5.70 (2.88–11.28) 0.31 (0.13−0.71)

Chuileannain et al.30 9/20 1/50 4.91 (2.77–8.70) 0.12 (0.02−0.79)

Goffeng et al.31 7/14 4/49 4.73 (2.08–10.75) 0.42 (0.19−0.93)

Parker et al.34 6/13 1/26 3.92 (1.90–8.06) 0.18 (0.03−1.13)

Cox et al.49 3/25 11/150 1.57 (0.53–4.60) 0.91 (0.69−1.20)

Nageotte et al.50 15/50 1/52 2.30 (1.73–3.06) 0.11 (0.02−0.71)

Overall (95% CI) 3.64 (2.32–5.73) 0.32 (0.16−0.66)

*LR, likelihood ratio.
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Bacterial vaginosis and the
risk of preterm delivery

Bacterial vaginosis, a condition characterized by a
change in the microbial ecosystem of the vagina,51,52 is
present in up to 15–20% of pregnant women53–57 and
is a risk factor for spontaneous preterm deliv-
ery36,53,57–72 (Table 133.6), preterm PROM73–76 and
postpartum endometritis.53,77 The change in the bacte-
rial ecosystem is characterized by a decrease in the
number of lactobacilli and an overgrowth of several
anaerobic or facultative bacteria (such as Mobiluncus
species, Prevotella species, Gardnerella vaginalis and
genital Mycoplasmas – Mycoplasma hominis and
Ureaplasma urealyticum).52,78 Yet, despite the sub-
stantial microbial overgrowth, the conventional view
has been that bacterial vaginosis is not associated
with signs of inflammation (i.e. vaginal fluid leuko-
cytes).79–81 Hence, the condition is called vaginosis
rather than vaginitis.78,79 The reason for the absence of
a local inflammatory response in most women with
bacterial vaginosis, in spite of increased microbial
load in the vaginal fluid, is yet to be determined.
Clearly, the vaginal mucosa is capable of mounting an
inflammatory response, as infections with Trichomonas
vaginalis and Candida species can cause an intense
inflammation that is clinically manifested as vagini-
tis.82,83 Thus, it is noteworthy that bacterial vaginosis is
asymptomatic in approximately 50% of patients.51,83

Although the cause of bacterial vaginosis is
unknown, the condition can be considered as a micro-
bial/mucosal immunity disorder. The clinical criteria
for the diagnosis of bacterial vaginosis (Amsel’s criteria)
is based on the presence of at least three of the follow-
ing findings: (1) a thin homogenous vaginal discharge;
(2) vaginal pH > 4.5; (3) positive ‘whiff’ test (release
of the amine odor with the addition of a base); and

(4) clue cells on a saline wet mount.85 However, the
standard method for the diagnosis of bacterial vagi-
nosis is a Gram stain examination of vaginal fluid.86

Nugent et al. developed standardized criteria for the
interpretation of the Gram stain based on the exami-
nation of four bacterial morphotypes.87 A score of
7–10 is considered diagnostic of bacterial vaginosis.
This method, both highly reproducible and reli-
able,87–89 has been very helpful in advancing the state
of knowledge of bacterial vaginosis. However, about
20% of women with bacterial vaginosis by Amsel’s
criteria have a Nugent score of 5 or 6.90 Thus, it has
been proposed that a score of 4–10, according to
Nugent’s criteria, should be considered to indicate
‘abnormal vaginal flora’.90

Screening and treatment of bacterial vaginosis have
been used to test whether antimicrobial agents can
prevent preterm birth. The rationale behind this
approach to prevent preterm parturition is that bacte-
rial vaginosis is associated with intra-amniotic infec-
tion57,58,70,71,91 and is a clear risk factor for preterm
delivery59,63,65,67,92,93 (Table 133.6). However, the
results of randomized clinical trials have yielded con-
flicting results94–107 (Table 133.7). The reader is
referred to the original trials and systematic reviews
for details of this controversy.108–110

The Centers for Disease Control, as well as some of
the leaders in the field of infectious diseases in obstet-
rics and gynecology, have recommended that patients
at high risk for preterm delivery (those with a previ-
ous history of a spontaneous preterm birth) should
be screened and treated with prophylactic metroni-
dazole or clindamycin.108,110–116 However, a recent sys-
tematic review reported that antibiotic treatment of
patients with a previous preterm birth and bacterial
vaginosis in the index pregnancy does not reduce the
rate of preterm birth regardless of the type of antibi-
otic used116 (see Table 133.8).
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Table 133.6 Pooled estimates of likelihood ratios for bacterial vaginosis according to different diagnostic criteria
in the prediction of spontaneous preterm birth in asymptomatic pregnant women and in those with threatened
preterm labor (adapted from Honest et al.,84 with permission)

Summary of likelihood Summary of likelihood ratio for 
Diagnostic criteria ratio for a negative test (95% CI) a positive test (95% CI)

Asymptomatic pregnant women

Nugent’s criteria 0.88 (0.84–0.92) (P =0.01) 1.64 (1.4–1.9) (P =0.01)
(7 studies, n =13,729)

Spiegel’s criteria 0.81 (0.64–1.0) (P =0.659) 2.4 (1.4–5.0) (P =0.498)
(2 studies, n =927)

Clinical criteria 1.00 (0.93–1.1) (P =0.49) 0.98 (0.59–1.6) (P =0.38)
(2 studies, n =3067)

Women with threatened preterm labor

Spiegel’s criteria 0.9 (0.73–1.00) (P =0.247) 1.3 (1.0–1.6) (P =0.04)
(3 studies, n =575)
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Bacterial vaginosis, tumor necrosis factor alpha (TNF-αα)
allele 2 and the risk of preterm birth
Macones et al.117 reported the results of a case–control
study in which cases were defined as patients who had
a spontaneous preterm delivery (defined as < 37 weeks)
and controls as women who delivered after 37 weeks.
The environmental exposure was clinically diagnosed
bacterial vaginosis (symptomatic vaginal discharge, a
positive whiff test and clue cells on a wet preparation).
The genotype of interest was TNF-α allele 2, given that
carriage of this genotype had been demonstrated by the
author to be associated with spontaneous preterm birth
in previous studies.118 The key observations were: (1)
clinically diagnosed bacterial vaginosis associated with
an increased risk for preterm delivery (OR: 3.3; 95% CI
1.8–5.9); (2) women who carried the TNF-α allele 2 were
also at increased risk for preterm birth (OR: 2.7; 95% CI
1.7–4.5); and (3) patients with both bacterial vaginosis
and the TNF-α allele 2 had an OR of 6.1 (95% CI 1.9–21)
for spontaneous preterm delivery, suggesting that a
gene–environmental interaction predisposes to preterm
birth. These estimates were derived from logistic regres-
sion and are referred to Table 133.9.

The significance of this observation is that bacterial
vaginosis, in a host defined by genotype analysis, sub-
stantially increases the risk for spontaneous preterm
delivery. However, it is noteworthy that these patients
had clinical symptoms requiring treatment with
metronidazole and, thus, were different from those
included in a large randomized clinical trial of bacte-
rial vaginosis that included patients with an abnormal
Gram stain of vaginal fluid, but excluded sympto-
matic women. It is possible that symptomatic women
could have not only a change in the vaginal
microflora (bacterial vaginosis), but also inflamma-
tory changes and, hence, symptoms.

Macones et al.117 have called for additional studies
that would allow confirmation of these findings. Such
investigations are necessary in light of the recent his-
tory of conflicting results of genetic association stud-
ies.117–122 However, if these observations are confirmed
there may be substantial implications. For example,
serious consideration would need to be given to the
incorporation of genotype assessment in the design of
clinical studies to reduce the rate of preterm birth.
Assessment of the local host response (vaginal inflam-
mation) and determination of the genotype may be
required to identify patients who might benefit
from intervention. Clearly, relying on the Gram stain
for the diagnosis of bacterial vaginosis has not been
sufficient.

Bacterial vaginosis and the risk of preterm delivery 1423

Table 133.7 Treatment of bacterial vaginosis to prevent preterm birth (adapted from Riggs and Klebanoff,116 with
permission)

Study Antibiotic Placebo Weight (%) Odds ratio (95% CI)

Morales et al.94 8/44 16/36 5.93 0.28 (0.10–0.76)

McGregor et al.95 9/60 5/69 4.92 2.26 (0.71–7.16)

Hauth et al.96 54/172 42/86 11.49 0.48 (0.28–0.82)

Joesoef et al.97 51/340 46/341 13.11 1.13 (0.74–1.74)

McDonald et al.105 16/242 18/238 9.11 0.87 (0.43–1.74)

Carey et al.98 116/953 121/966 15.63 0.97 (0.74–1.27)

Gauschino et al.99 6/49 8/51 5.01 0.75 (0.24–2.34)

Kekki et al.101 9/187 7/188 5.93 1.31 (0.48–3.59)

Odendaal et al.102 42/136 25/133 10.94 1.93 (1.09–3.40)

Andrews et al.103 11/86 15/99 7.49 0.82 (0.36–1.90)

Ugwumadu et al.104 19/244 31/241 10.44 0.57 (0.31–1.04)

Overall (95% CI) 2513 2448 100.00 0.89 (0.66–1.20)

Table 133.8 Treatment of bacterial vaginosis to
prevent preterm birth in women with a previous
preterm birth (adapted from Riggs and Klebanoff,116

with permission)

Odds ratio 
Study Antibiotic (95% CI)

Morales et al.94 Metronidazole 0.28 (0.10–0.76)

Hauth et al.96 Metronidazole + 0.48 (0.25–0.91)
erythromycin

McDonald et al.105 Metronidazole 0.11 (0.01–1.09)

Carey et al.98 Metronidazole 1.35 (0.73–2.49)

Odendaal et al.102 Metronidazole 2.44 (1.09–5.43)

Ugwumadu et al.104 Clindamycin 0.33 (0.12–0.95)

Overall (95% CI) 0.61 (0.28–1.34)
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Home uterine monitoring and
the risk for preterm delivery
The assessment of the frequency of uterine contractions
has been proposed to identify those at risk for preterm
delivery in both asymptomatic123,124 and symptomatic
pregnant patients.125 The rationale for this is that
increased frequency of uterine contractions leads to
preterm delivery. Thus, early detection and suppression
of uterine contractions could potentially reduce the rate
of preterm delivery. However, the results of randomized
clinical trials have indicated that ambulatory uterine
monitoring has not reduced the rate of preterm deliv-
ery.126–130 For example, in 1995, the Collaborative Home
Uterine Monitoring Study (CHUMS) group reported the
results of a multicenter randomized controlled trial of
home uterine monitoring.126 The authors randomized
1292 pregnant women between 24 and 36 weeks of ges-
tation at high risk of preterm labor or birth into home
uterine activity monitoring with either active (data
revealed) or sham (data concealed) devices. Seventy-
two percent of these patients (n�842) completed the
study. The data analysis was performed according to the
intent to treat. The results of the study indicated that
there were no differences in the rate of preterm birth,
referral rates to the hospital, unscheduled emergency
visits or antepartum admissions between the two arms
of the study. Recently, Iams et al. demonstrated that the
limited use of ambulatory uterine monitoring is due
to its low sensitivity and a low positive predictive
value of preterm delivery in both low- and high-risk
patients131 (Table 133.10).

Garfield et al.132 proposed that more sensitive meth-
ods to measure uterine activity, such as uterine elec-
tromyography (a non-invasive assessment of uterine
electrical signals) may allow for a more objective evalu-
ation of uterine activity. The authors reported that the
power spectrum peak frequency within the uterine elec-
trical burst remained relatively low in patients with
preterm labor, but increased dramatically 4 days prior to
delivery. The authors proposed that uterine electromyo-
graphy may predict preterm birth within 4 days of the
evaluation.133 The value of this technique to evaluate the
risk of preterm delivery has not yet been determined.

Corticotropin releasing
hormone (CRH) and the
risk of preterm delivery
A decade ago, McLean et al. proposed the existence
of a ‘placental clock’ (which is active from an early
stage in human pregnancy) that determines the length
of gestation and the timing of parturition.134 This
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Table 133.9 Contingency table to estimate genetic, environmental and gene–environment effects (adapted from
Romero et al.,122 with permission)

Environmental Genotype Cases Controls Odds ratio (95% CI) Type

BV TNF-α2

− − 57 171 1

− + 29 49 1.8 (1.0–3.1) Genetic

+ − 12 22 1.6 (0.8–3.5) Environmental

+ + 27 8 10.1 (4.4–23.5) Interaction

BV � vacterial vaginosis; TNF-α 2 � tumor necrosis factor-alpha allele 2. Raw data provided by Macones et al.

Table 133.10 Diagnostic indices of ambulatory uterine
monitoring for the prediction of delivery at < 35 weeks
(adapted from Iams et al.,131 with permission)

Test Weeks of gestation at time of testing

22–24 27–28 31–32

Maximum 
nighttime
contraction 
frequency ≥4/h

Sensitivity 8.6 28.1 27.3

Specificity 96.4 88.7 82.0

Positive 25.0 23.1 11.3
predictive
value

Negative 88.3 91.1 93.0
predictive
value 

Maximum
daytime 
contraction
frequency ≥4/h

Sensitivity 0 12.9 13.6

Specificity 98.4 93.9 84.9

Positive 0 20.0 7.1
predictive
value

Negative 87.0 90.2 92.1
predictive value

Values expressed as percentage
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proposal was based on the result of a large longitudinal
study in which women who delivered preterm had a
significantly higher plasma concentration of CRH
than those who delivered at term. In contrast, women
who had prolonged pregnancies had a lower CRH
concentration than those who delivered at term. Of
note, these differences were already present at 16–18
weeks of gestation.134 The association between a high
maternal plasma concentration of CRH and preterm
labor has been confirmed by other studies.135–137

Moreover, high plasma concentrations of CRH have
been described in women with chronic stress, and
this condition has been associated with a high risk for
preterm delivery.137 According to ‘the placental clock
hypothesis’, the rate of increase in the maternal
plasma CRH through pregnancy determines the timing
of labor when saturation of the CRH binding protein
is achieved and free CRH becomes available and trig-
gers parturition.134,138 However, Inder et al.139 reported
that a plasma concentration of CRH at 26 weeks of
gestation of > 90 pmol/l had a sensitivity of 45%,
specificity of 94%, and positive predictive value of
46.7% for the prediction of preterm delivery. Based
on these results, the authors suggested that maternal
plasma CRH may identify patients at risk for preterm
delivery, but it may not be a good screening method
for preterm delivery.139

Salivary estriol and the risk of
preterm delivery
McGregor et al.140 performed a longitudinal study that
included 241 singleton pregnancies with women at
low [30% (72/241)] and high risk [70% (169/241)] for
preterm labor. The authors measured salivary estriol
concentration at least once a week from 22 weeks
onward, and reported that patients who delivered
at < 37 weeks of gestation had a higher salivary estriol
concentration than those who delivered at term. More-
over, a cutoff of 2.3 ng/ml had a sensitivity, specificity
and false-positive rate of 71%, 77% and 23%, respec-
tively, for the prediction of preterm delivery. The
authors proposed that determination of salivary
estriol concentration would be more accurate than
clinical risk assessment in the prediction of preterm
birth.140 In a larger, more recent study, the same group
of investigators reported that a cutoff of 2.1 ng/ml had
a sensitivity, specificity, and positive and negative
predictive values of 57%, 78%, 9% and 98%, respec-
tively, for the prediction of preterm delivery.141

Furthermore, the authors reported that the risk of
preterm delivery was higher if a second salivary sam-
ple, collected within a week of the first sample, was
also positive.141,142 Collectively, this evidence indi-
cates that a high concentration of salivary estriol is
a risk factor for preterm birth, but it is unlikely to
become a useful screening index because of the low
positive predictive value.

Evidence of thrombin generation
and the risk of preterm delivery
Thrombin is a multifunctional serine protease that
results from the proteolysis of the prothrombin mole-
cule into thrombin and prothrombin fragments 1 and 2.
This protease plays a central role in the coagulation
cascade by catalyzing the conversion of fibrinogen
into fibrin and activating clotting factors (factors V
and VIII).143 Natural anticoagulant mechanisms limit
thrombin action by binding antithrombin III to form a
stable stoichiometric complex with thrombin, also
known as the thrombin-antithrombin (TAT) complex.144

TAT concentrations in plasma are widely considered
to be an index of in vivo thrombin generation and,
therefore, of activation of the coagulation cascade.

Normal pregnancy is a state in which there is exces-
sive thrombin generation, as indicated by an increased
concentration of fibrinopeptide A, prothrombin frag-
ments 1 and 2, and TAT complexes.144–146 Elovitz et al.147

performed a case–control study of patients with
preterm labor (n �19) and controls (n �24) between
24 and 32 completed weeks of gestation. The authors
reported that the mean plasma TAT concentration
was significantly higher in patients who delivered
within 3 weeks (7.8 ±2.86 ng/ml) of blood sampling
than in those who delivered after 3 weeks
(5.57 ±1.69 ng/ml; P < 0.05) and those in the control
group (5.77 ±1.43; P < 0.05). A maternal plasma TAT
cutoff of 6.8 ng/ml as determined by a receiver oper-
ating curve analysis, had a sensitivity of 80%, speci-
ficity of 71%, positive predictive value of 50%, and
negative predictive value of 91% for the prediction of
preterm delivery within 7 days. Similarly, a maternal
plasma TAT concentration greater than 6.3 ng/ml had
a sensitivity of 75%, specificity of 73%, positive pre-
dictive value of 67%, and negative predictive value
of 73% for the prediction of preterm delivery within
3 weeks.147 These observations are consistent with our
previous report that women with preterm labor and
intact membranes and preterm PROM had significantly
higher median plasma TAT complex concentrations
than normal pregnant women.148 Collectively, these
results indicate that preterm parturition is associated
with an excess of thrombin generation, which may
precede the clinical presentation of preterm labor.

Value of combining cervical
ultrasonographic data and other
biological markers of preterm
delivery
Preterm delivery is a multifactorial condition and,
therefore, individual screening tests are inherently
limited in predicting all preterm births.149 It has been
recently suggested that to improve the sensitivity of
cervical length assessment by ultrasound, new studies
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should focus on the development of scoring systems
that combine ultrasound data with biochemical, hor-
monal and molecular diagnostic methods (e.g. fetal
DNA assessment in maternal blood).149,150

Biomarkers in cervicovaginal secretions, cervical
ultrasonography and the risk of preterm delivery
A positive fetal fibronectin test6,7,10,26,46,93,151 or increased
cytokine concentrations in cervicovaginal fluid152

increase the predictive value of cervical ultrasonogra-
phy to identify patients at risk for preterm delivery.
Rizzo et al.6 studied 180 patients with preterm labor
and intact membranes and found that the combination
of a cervical index ≥0.5 and a positive fibronectin test
(≥60 ng/mL) was more efficient than each test alone in
the prediction of the admission-to-delivery interval.
Similar findings were reported by Hincz et al.,10 who
proposed a two-step approach to the examination of
patients with preterm labor. In their study, a positive
fetal fibronectin test in patients with a cervical length
between 21 and 30 mm was associated with a shorter
admission-to-delivery interval (38.6 days, 95% CI:
26.7–50.4 vs. 109.2 days, 95% CI: 97.8–120.7;
P < 0.001). More recently, Gomez et al.26 measured
cervical length and fibronectin concentrations in the
vaginal fluid of 215 patients with preterm uterine con-
tractions, intact membranes and cervical dilation
≤3 cm by digital examination. Although both tests had
a comparable performance for the prediction of sponta-
neous preterm delivery, significant improvement was
observed when fetal fibronectin results were added to
those of cervical length.

Rizzo et al.152 have also demonstrated that increased
interleukin-8 concentrations in cervicovaginal fluid
and a short cervix by ultrasonographic examination
were independently associated with positive amniotic
fluid cultures and histological chorioamnionitis. More
recently, Kurkinen-Raty et al.,153 using logistic regres-
sion analysis, proposed that a combination of inter-
leukin-6 > 61 ng/l, interleukin-8 > 3739 ng/l and a
cervical index > 0.36 improved the prediction of
preterm delivery over that achieved with the use of
each of these tests alone.

Collectively, the evidence reviewed in this chapter
indicates that biophysical markers, biochemical
markers, or a combination of both may identify

patients at risk for preterm delivery. However, inter-
ventions aimed at modifying some of these markers
have failed to prevent preterm delivery. This lack of
effectiveness may be due to: (1) the limitations of the
current tests, (2) inadequate interventions, (3) the tim-
ing of the interventions, and (4) an incorrect conceptual
framework. We have proposed that preterm labor is one
of the great obstetrical syndromes154,155 together with
SGA, preeclampsia, preterm PROM and fetal death.
Thus, preterm labor has multiple etiologies, is chronic
in nature and is frequently associated with fetal dis-
ease, and the clinical manifestations in both the mother
and the fetus may be adaptive in nature (Chapter 129).
Moreover, these manifestations may depend on the
maternal and fetal gene–environment interaction.
Therefore, it is not surprising that symptomatic treat-
ment of preterm labor has been ineffective thus far.

Two main strategies have been used in the search
for biomarkers for preterm delivery. The hypothesis-
driven technique is a deductive scientific method
used in most of the studies reviewed in this chapter.
However, an alternative approach is provided by
‘discovery science’, an inductive scientific method
that includes the so-called ‘omics’ sciences (genomics,
transcriptomics, proteomics and metabolomics). These
discovery techniques have been used to improve the
taxonomy of the preterm labor syndrome.156,157 Our
group has recently reported that patients with preterm
labor who delivered at term, those with infection/
inflammation who delivered preterm and, more
importantly, those without infection/inflammation
who delivered preterm have a stereotypical metabolic
profile. Indeed, unsupervised metabolomics analysis
was able to discriminate these groups with 88.5%
accuracy.158 Discovery sciences hold the promise of
accelerating the understanding of the mechanisms of
disease of the great obstetrical syndromes, which may
potentially provide better tools to identify women
at risk for preterm delivery and guide the design of
interventions aimed not at the symptoms but at the
underlying causes of the disease or at modulating the
mechanisms of disease (i.e. interleukin-10 or dexam-
ethasone for modulation of intra-amniotic inflamma-
tion159). An intervention tailored to the mechanisms
of disease and the genetic makeup of the mother/fetus
is likely to be more effective in preventing preterm
delivery than traditional interventions.
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Fetal lung immaturity is the principal contributor to
neonatal mortality of preterm neonates; therefore, the
lung has been the primary focus of strategies to
improve the survival of newborn infants. If the lungs
are immature, the infant will develop neonatal respi-
ratory distress syndrome (NRDS), which still remains
a leading cause of morbidity and death in preterm
neonates. Untreated, around 25% of babies with
NRDS born before 28 weeks of gestation will die
within 28 days of birth, and another 25% will develop
chronic lung disease, e.g. bronchopulmonary dyspla-
sia (BPD), rendering affected babies dependent upon
extra oxygen for long periods of time.

A deficit of pulmonary surfactant is known to be
involved in the pathophysiology of NRDS; neverthe-
less, other factors may play an additional role, e.g. the
immaturity of lung structure. Fetal lung maturity
(FLM) is mainly the result of the enhancement (either
quantitative or qualitative) of the synthesis and secre-
tion of pulmonary surfactant and of structural
changes of the lung parenchyma.1 Factors that are
known to be associated with increased or decreased
risk of NRDS are summarized in Table 134.1.

The serendipitous findings by Liggins in 19692

that antenatal administration of glucocorticoids (GCs)
prevented the development of NRDS in premature
newborn lambs have stimulated a formidable deal of
interest in the possibility of pharmacological enhance-
ment of FLM. The effect of GCs on many parameters of
FLM have been analyzed in vitro and in vivo in several
mammalian species.3

Many clinical studies have confirmed the findings
of the first trial by Liggins (1972)4 that antenatal
administration of GCs to the mother is associated with
a statistically significant reduction in the incidence of
NRDS. Over the past two decades, the strategy for the
prevention and causal treatment of NRDS has been
directed toward the acceleration of FLM in utero
mainly by administering antenatal GCs (ANCs) to the
mother and by intratracheal supplementation of sur-
factant to neonates for treatment of NRDS or to those
at high risk for the disease.

Glucocorticoids
Betamethasone and dexamethasone are the preferred
hormones used for antenatal corticosteroid therapy:
both cross the placenta and are scarcely inactivated
by placental enzymes, i.e. 11β-ol-dehydrogenase
(11β-HSD), which convert active steroids into inactive
11-ketosteroids. Betamethasone crosses the placenta
to the extent that fetal concentration is about 33% of
those in maternal circulation.5 Betamethasone and
dexamethasone have a fluoride substituted in the
steroid, greatly increasing GC potency and giving neg-
ligible mineralocorticoid effect. Both drugs are given
intramuscularly (i.m.); this route is the most suited
for clinical use, because of the rapid absorption of
the drug, depending on its hydrosolubility. The
most common hydrosoluble esters are 21-phosphate
(dexamethasone and betamethasone) and 21-acetate.
The use of ‘Celestone Cronodose’ (21-phosphate/21-
acetate betamethasone) allows a continuous release
with a prolonged therapeutic effect. Both drugs have
a prolonged plasma half-life and a longer duration of
biological action than cortisol and prednisolone.

Table 134.1 Risk factors for neonatal respiratory
distress syndrome (NRDS)

Increased risk Decreased risk

Low Apgar score Labor before delivery

Male sex Severe IUGR (< fifth percentile
associated with ARED)

Genetic factors (SP) Female sex

PIH Smoking in pregnancy

Cesarean section

SP, surfactant associated proteins; PIH, pregnancy-induced
hypertension; IUGR, intrauterine growth retardation; ARED,
absent/reverse end-diastolic flow
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Cytoplasmatic receptors for GC are present in all fetal
tissues, particularly in lung, liver, bowel, pancreas,
stomach, skin, retina, brain, placenta, adrenal cortex
and medulla and breast. In the fetal lung, the presence
of these specific receptors and their progressive increase
during gestation indicate that the maturing lung is a
physiological target tissue for endogenous GCs.

The biological action of GCs depends on tissue
distribution, metabolism, delivery to target cells and
receptor affinity. The cellular mechanism underlying
GC stimulation of pulmonary surfactant production
and lung maturation is not completely understood.
GCs are known to modulate the expression of several
genes, by a mechanism that involves the binding of
the activated receptor to specific DNA sequences. As
a result, the transcription of specific messenger RNAs
is then promoted and the synthesis of certain proteins
activated. Because the receptors are saturated by
physiological levels of GCs, their effect on FLM can be
obtained with small doses. However, the ability of a
particular tissue to respond to the hormone and the
type of response depend on the degree of its cellular
and biochemical differentiation and also upon the
stage of fetal development.6

Aminophylline
Several studies indicate that aminophylline can
stimulate fetal lung surfactant secretion, although it
seems to exert only minor beneficial effects on FLM.
Aminophylline is able to cross the human placenta
(Cosmi and Condorelli, unpublished data) in sig-
nificant amounts during late gestation and, through
inhibition of phosphodiesterase, increases the levels
of cyclic adenosine monophosphate (cAMP) in fetal
lung tissue. Increased cAMP produces glycogen
breakdown, contributing to surfactant synthesis and,
above all, secretion. Studies on the efficacy of this
drug to prevent NRDS are conflicting. Animal studies
have shown that aminophylline administered to preg-
nant rabbits fails to accelerate the biochemical matu-
ration of the fetal lung, but stimulates the synthesis
and secretion of lung phospholipids that normally
takes place at term. Animals treated with amino-
phylline had improved pressure–volume diagrams
and increased amount of surface active phospholipids
in lung lavage fluid; however, studies have shown
that repeated antenatal administration of amino-
phylline to pregnant rabbits increases the survival
rate and the respiratory frequency of preterm off-
spring, but other parameters of neonatal lung mechan-
ics were unaffected.7

Among the proposed mechanisms of action in the
perinatal lung adaptation, aminophylline may act as a
central respiratory stimulant and also a smooth muscle
relaxant (uterus, bronchi, vessels), promoting bron-
chodilatation in the premature lung. Aminophylline
increases fetal breathing movements (FBM) in the
human fetus and, therefore, may be useful in the

prevention of fetal lung hypoplasia and in promoting
the entry of supplementary surfactant following in utero
administration, as it was recently shown by Ilia et al.
in fetal rabbit8 and for treatment of apnea of prematu-
rity. Aminophylline remains a promising approach,
but its use alone or in combination with other agents
for the prevention of NRDS and other complications
of prematurity needs further study.

Inositol
Inositol, a sugar alcohol, is a vitamin-like factor that
is involved in growth and differentiation and is a
precursor of cell membrane components responsible
for signal transduction. Because of the effects of GCs
on lung growth and body weight indexes, inositol
has been given in association with GCs to pregnant
animals counteracting their effects on growth param-
eters. Animal studies have shown that addition of
inositol to the feeds of GC-treated pregnant rabbits
increased surfactant in alveolar lavage from fetal lung.
In rabbit fetuses prematurely delivered on day 28,
inositol added to betamethasone on days 26 and 27 of
gestation caused an increase in lung–thorax compli-
ance and a decreased interstitium/air space, suggest-
ing homogenous expansion of alveoli, not only with
respect to controls, but also and, most importantly,
with respect to animals treated with betamethasone
alone. This finding was associated with an increase in
lung weight, protein and DNA content. Furthermore,
the association seemed to reverse the so-called male
disadvantage in fetal lung maturation and the reported
refractoriness to steroid treatment. Male neonates
treated with betamethasone plus inositol had a mean
lung–thorax compliance significantly higher than the
corresponding males from the betamethasone-alone
treated group.9 These studies demonstrate that dietary
inositol modifies the physiological and biochemical
response of the immature lung to pharmacological
doses of exogenous GCs.

A placebo-controlled randomized trial of inositol
administration to preterm neonates with respiratory dis-
tress syndrome, who were receiving parenteral nutrition
during the first week of life, showed that inositol sup-
plementation was associated with increased survival
without brochopulmonary dysplasia (BPD) and with a
decreased incidence of retinopathy of prematurity.10

Betamimetics
Several studies have examined the outcome of prema-
ture infants delivered by mothers who received
tocolytic therapy, and a positive effect on lung matu-
ration in double-blind placebo-controlled studies has
been observed. A decreased incidence of NRDS in
babies born to mothers treated antenatally with ritro-
dine or isoxsuprine has been found by several
authors, although others have reported no effect of the
long-term administration of betamimetics on FLM.11
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Currently beta-adrenergic agents are used as
tocolytic drugs to prolong pregnancy in order to allow
the administration of GCs.

Thyroid hormones
At least five trials on the effects of the combined use
of antenatal thyrotropin releasing hormone (TRH) and
GCs have shown a significant reduction in the risk of
respiratory distress syndrome (RDS), the severity of
RDS and the incidence of chronic lung disease, defined
as dependency on oxygen at 28 days of life and/or
oxygen dependency at 36 weeks post conception. The
largest of such trials is by Ballard et al. published in
1992.12 In humans, TRH associated with betametha-
sone at a dose of 400 µg intravenously every 8 h for
48 h determines a significant elevation in free and total
thyroxine (T4) and a depression of the TRH levels.
Neonatal outcome showed that the combined use of
GCs and TRH was more beneficial in preventing and
ameliorating NRDS and its consequences than the use
of GCs alone. Regarding fetal–neonatal side effects,
transient elevations of fetal thyroid hormone levels
have been found when TRH stimulation was performed
during crucial periods of brain development. However,
the results of the combination were challenged by a
large Australian trial in 1234 women at 24–31 weeks’
gestation, in which it was shown that the incidence of
RDS and the need for assisted ventilation was not
reduced following combined treatment involving up to
four doses of 200 µg. In addition, the incidence of
maternal symptoms (such as nausea, vomiting, light-
headedness) and hypertension (>140/90 mmHg) was
significantly higher. Nonetheless, the results of the
study have raised important questions that need to be
clarified, e.g. the increased frequency of depressed
5-min Apgar scores and apparent protection against
pulmonary hemorrhage.13

A recent meta-analysis including 13 trials on 4600
women at risk of very preterm birth who had received
prenatal TRHs in addition to corticosteroids showed
that the combination did not improve infant outcomes
and could cause maternal side effects.14

Clinical studies
Among the hormones tested for the accelerating FLM,
ANCs have proven effective in reducing the incidence
of NRDS and of other complications, such as intra-
ventricular hemorrhage (IVH), periventricular leuko-
malacia (PVL), retinopathy of prematurity (ROP),
necrotizing enterocolitis (NEC), patent ductus arterio-
sus (PDA). A meta-analysis15 comprising 18 trials
including data on over 3700 babies showed that ante-
natal GC administration was associated with a 50%
reduction of NRDS and that its effectiveness was more
evident when delivery occurred after 24 h and within
7 days of drug administration (Table 134.2). For every

11 fetuses treated with ANC there will be one less
case of NRDS and a similar reduced need for postna-
tal surfactant treatment. There will be also one less
death in the neonatal period for every 23 treated
fetuses and a similar reduction in IVH.16 Since it is
unlikely that further prospective controlled placebo
trials on antenatal corticosteroids will ever be per-
formed, the results of the meta-analysis by Crowley
represent the definitive evidence-based proof of the
effects of ANCs.

There are, however, aspects that need to be further
investigated. One relates to the type of GC to be
administered to warrant optimal results. Kari et al.17

in a randomized multicenter study on dexamethasone
vs. placebo treatment in preterm pregnancies (< 32
weeks’ gestation) showed that treated neonates had
higher mean blood pressure during the first 3 days
after birth. In the treated group, there was also a
decreased incidence of IVH and PVL. The cerebral
protection conferred by dexamethasone occurred in
neonates born < 24 h after administration of GC, rais-
ing the possibility that prenatal steroids are beneficial
even when delivery is imminent. These findings are
suggestive of the fact that the protective effect of dex-
amethasone against cerebral complications is inde-
pendent from the induction of FLM, possibly affecting
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Table 134.2 The effects of antenatal glucocorticoid
administration on neonatal outcome (from Crowley15)

Pooled odds 
Effect on ratio (95% CI) P

NRDS (total) 0.55 (0.44–0.63) 0.001

NRDS (<34 weeks) 0.36 (0.27–0.48) 0.001

NRDS (<32 weeks) 0.33 (0.21–0.50) 0.001

NRDS (<30 weeks) 0.48 (0.30–0.77) 0.001

NRDS (<28 weeks) 0.64 (0.16–2.50) NS

NRDS (<48 h <7 days 0.38 (0.25–0.57) 0.001
after first dose)

NRDS (>7 days 0.41 (0.18–0.90) 0.04
after first dose)

NRDS (>34 week) 0.65 (0.33–1.29) 0.20

Neonatal death 0.60 (0.48–0.75) 0.001

Intraventricular 0.29 (0.14–0.51) 0.001
hemorrhage

NEC 0.59 (0.15–0.68) 0.09

Surfactant use at birth 0.41 (0.18–0.89) 0.02

Fetal and 0.82 (0.57–1.19) 0.30
neonatal infection

Chronic lung disease 1.57 (0.87–2.84) 0.14

NRDS, neonatal respiratory distress syndrome, NS, not significant;
NEC, necrotizing enterocolitis

Kurjak-134.qxd  5/10/2006  10:54 AM  Page 1433



the maturation of germinal matrix vessels and of the
cardiovascular system, thus preventing neonatal
hypotension that predisposes in turn to cerebral
ischemia and hemorrhage.

To evaluate the effect on the occurrence of cystic
PVL, a major cause of cerebral palsy, a cohort of 883
live-born infants, with gestational ages ranging from
24 to 31 weeks was retrospectively analyzed. The rate
of cystic PVL was 4.4% among the infants whose
mother received betamethasone, 11.0% among the
infants whose mother received dexamethasone and
8.4% among the infants whose mother did not receive
a GC. Antenatal exposure to betamethasone, but not
dexamethasone, was associated with a decreased risk
of cystic PVL among very premature infants.18 In
another retrospective cohort study including 1161
neonates with gestational age of 24–34 weeks and
birth weights of 500–1750 g, ANCs were associated
with significantly less PVL or IVH (23% vs. 31%),
PVL with IVH (5% vs. 11%) and isolated PVL (3% vs.
7%). ANC treatment was associated with over 50%
reduction in the incidence of PVL.19 However, a
recent study has challenged the conclusion, demon-
strating that there are no advantages to maternal ante-
natal treatment with betamethasone compared with
dexamethasone in reducing the risk of PVL in low
birth weight (≤1750 g) infants.20

In a recent review, Jobe and Soll have concluded
that although these synthetic corticosteroids have
almost identical structures, betamethasone is superior
in preventing three major morbidities, i.e. NRDS, IVH
and neonatal death.21 The US National Institutes of
Health Consensus Conference22 has stated a general
recommendation on the use of GC for the induction of
FLM in fetuses at risk of preterm delivery. The opti-
mal dose to administer has been fixed in two doses of
12 mg of betamethasone given i.m. 24 h apart or four
doses of 6 mg of dexamethasone i.m. given every 12 h.
These therapeutic regimens result in about 75% of
corticosteroid receptor occupancy, providing a near
maximal induction of antenatal corticosteroid recep-
tor-mediated response in fetal tissues.

For infants born at 29–34 weeks’ gestation, treatment
with antenatal GC clearly reduces the incidence of
NRDS and of overall mortality. While antenatal GCs do
not clearly decrease the incidence of NRDS in infants
born at 24–28 weeks’ gestation, they reduce its severity.
More important, antenatal GCs clearly reduce mortality
and the incidence of IVH in this group.

All fetuses between 24 and 34 weeks’ gestation
should be considered candidates for this treatment,
unless immediate delivery is imminent (< 24 h) or GC
may have an adverse effect on the mother. The only
absolute contraindications to the use of GC are:
chorioamnionitis, peptic ulcer and tuberculosis. In
infants born beyond 34 weeks’ gestation the risk of
neonatal mortality, NRDS and IVH is low. The use
of GC in mothers expected to deliver at more than
34 weeks is therefore not recommended, unless there

is evidence of pulmonary immaturity as assessed by
amniotic fluid FLM tests.

Maternal side effects
Among maternal complications, pulmonary edema
has been reported when GCs are used in combination
with tocolytic agents. Since the mineralocorticoid
action of beta- and dexamethasone is rather small, a
potential role of GCs in sodium and water retention
resulting in volume overload is considered rather
negligible. Therefore, edema may develop as the con-
sequence of the effects of betamimetic drugs, includ-
ing: (1) increased electrolyte and water retention in
the lung; (2) an increase in mean pulmonary arterial
pressure; (3) a disturbance of membrane properties
and (4) decreased blood vessel resistance. The poten-
tial of pulmonary edema seems to be particularly
relevant in multifetal pregnancy or in severely
infected women, or in any other circumstance in
which fluids are administered injudiciously to the
mother. Sporadic cases of maternal death have been
reported in the 1980s following the combined treat-
ment of betamimetics, especially fenoterol, with GCs.
Overall, however, there is little evidence that one
course of steroids alone causes major maternal side
effects in healthy pregnant women. However, obstetri-
cians should be cautious when steroids are adminis-
tered to women with poorly compensated diabetes.

Fetal effects
GCs result in a variety of fetal effects that are unre-
lated to the process of acceleration of FLM. They
affect fetal behavior; it is known that GC treatment
abolishes diurnal rhythms in fetal hormones.
Betamethasone produces a reduction of FBM, body
movements and fetal heart rate (FHR) variability.
Such effects are transient and return to normality
occurs at discontinuation of therapy. Conversely, dex-
amethasone causes an increase in FHR variation.23

That these effects are gestational-age-dependent is
shown by a study by Mulder et al. in fetuses exposed
to betamethasone at 29–34 weeks’ gestation, where a
decrease in FHR on day 1 (indicative of baroreceptor
reflex), and reduced breathing activity and prolonged
episodes of quiescence with a concomitant decrease
in body movements on days 1 and 2, was elicited.
However, these changes were not observed if
betamethasone administration occurred at 26–28
weeks’ gestation. Betamethasone-induced reductions
in FHR variability were similar in young and older
fetuses. Age-related differential responsiveness to
betamethasone was found for all the fetal processes
studied (body and breathing movements, FHR and
quiescence), except FHR variability, suggesting onto-
genic changes in the mechanisms presumed to under-
lie these processes [GC receptor (GR) maturation,
cardiovascular and neuroendocrine development].24
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The observed reductions in FHR variation and in
body and breathing movements following betametha-
sone treatment might be interpreted as a sign of fetal
hypoxemia. However, there are no striking changes in
Doppler waveform patterns in uterine artery, umbili-
cal artery or in various other fetal blood vessels in
normally grown fetuses. Therefore, delivery on the
basis of changes in biophysical variables 2 or 3 days
after betamethasone administration should be consid-
ered with caution. If not, advantages of improved mat-
uration might be offset by the risks of iatrogenic
preterm delivery. It must be feared that in the past a
number of fetuses has been unduly delivered as a
result of suspected fetal distress following adminis-
tration of betamethasone, which was given with the
view to prevent the hazards of preterm delivery. In
case of uncertainty about fetal condition, one may
record Doppler waveform patterns of fetal vessels or
monitor FHR with special emphasis to the occurrence
of FHR decelerations.23

GCs exert a direct and potent vasodilatory effect on
human umbilical artery resistance in vitro, thus pro-
viding an explanation for the previously unexplained
vascular effects associated with antenatal administra-
tion of corticosteroids.25 The effects of ANCs on the
fetal vasculature and uterine vessels are summarized in
Table 134.3. These effects are of considerable interest,
especially in IUGR fetuses. As shown, these agents are
known to have a vasodilatory effect on the human
umbilical artery in vitro and to improve umbilical vas-
cular dynamics transiently in many fetuses with absent
end-diastolic flow.

Wallace and Baker27 first found a temporary reduc-
tion in placental vascular resistance after betametha-
sone in fetuses with absent end-diastolic velocities in

the umbilical artery. Simchen et al.34 have recently
identified a small subset of fetuses with intrauterine
growth restriction who, rather than responding to
steroids with a decrease in vascular resistance, actu-
ally increase resistance. This led to poor outcomes,
presumably the result of an increase in systemic mean
arterial pressure leading to an incremental increase
in the after-load of very sick fetuses with impending
cardiac failure.

Preterm premature rupture of the membranes
The use of antenatal GC to reduce infant morbidity
in the presence of preterm premature rupture of
membranes (pPROM) has been matter of controversy,
particularly for the possible maternal and fetal adverse
effects. According to the Crowley’s meta-analysis,15

it does not seem to be a significant increase in neo-
natal infection after GC treatment in pregnancies with
pPROM. In pPROM at < 32 weeks, repeated adminis-
tration of courses of steroids is not associated with an
increase in the prevalence of clinical or histologic evi-
dence in infectious outcome. However, Garite et al.37

presenting combined data from seven randomized
trials concerning GC and PROM, found that the risk
of maternal infection after treatment with GC was
increased by 70% over those women with pPROM
who did not receive steroids.

In a recent meta-analysis, Harding et al.38 com-
bined data from 15 controlled trials involving more
than 1400 women with pPROM and showed that GC
reduces the risk of NRDS, IVH and NEC. Antenatal GC
may also reduce the risk of neonatal death; they do
not appear to increase the risk of infection in either
mother or newborn infant. The duration of pPROM
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Table 134.3 Effects of corticosteroids on arterial Dopplers (from Visser23)

Author Population Beta/Dex Ut.art. UA MCA

Cohlen et al.26 High risk B — — —

Fallace et al.27 IUGR B — ↓ —

Wijnberger et al.28,29 IUGR B — — —

Rotmensch et al.30 High risk B — — —

Senat et al.31 IUGR B/D — — —

Chitrit et al.32 High risk D — — ↓
Piazze et al.33 High risk B — — ↓
Simchen34 IUGR/ARED B — ↓ —

Barkehall-Thomas35 High-risk twin B — ↓ —

Muller et al.36 High risk B — — ↓
Ut.art., uterine artery; UA, umbilical artery; MCA, middle cerebral artery; B, betamethasone; D, dexamethasone; —, no change in waveform
pattern; ↓, decrease in pulsatility index
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did not alter these outcomes. The available data indi-
cate that ANCs is beneficial in the setting of pPROM.
In the opinion of the authors, further trials to address
this question cannot be justified (Table 134.4).

The issue whether ANCs may affect the outcome of
pregnancies complicated by chorioamnionitis was
addressed by Elimian et al.39 Among neonates exposed
to antenatal steroids who had histologic chorioam-
nionitis, there was a significantly less incidence of
low Apgar scores (18% vs. 33.5%), NRDS (39.6% vs.
55.9%), IVH and PVL (21.9% vs. 36.9%), major brain
lesions (7.7% vs. 18.4%), PDA (14.8% vs. 23.7%) and
neonatal death (8.3% vs. 16.2%), with no increase in
rate of proven neonatal sepsis (18.3% vs. 14%). In the
presence of histologic chorioamnionitis, antenatal
steroids significantly decreased the incidence of RDS,
IVH and PVL, major brain lesions and neonatal mortal-
ity, without increasing neonatal sepsis.

In a non-concurrent prospective analysis of women
with singleton pregnancies who delivered between 24
and 32 weeks’ gestation after pPROM, a single course
of betamethasone administered antenatally to the
mother with pPROM was associated with a decrease
in the incidence of both NRDS and advanced grades
of IVH without any increase in perinatal infections.40

Pregnancy-induced hypertension
A number of clinical evidences suggest that the
administration of GC to induce FLM in patients
with severe pregnancy-induced hypertension (PIH),
who are carefully monitored, does not appear to be
contraindicated.41

Contrary to the common perception of a decreased
risk of NRDS as a result of increased fetal stress
thereby resulting in acceleration of FLM, the risk of
NRDS in fetuses < 32 weeks’ gestational age born
from pre-eclamptic patients is in fact increased (OR
1.35; 95% CI, 1.03–1.78).42 As to the effect on FLM
amniotic indexes, Piazze et al.43 observed decreased

FLM indexes in PIH, particularly evident between
24 and 33 weeks’ gestation. GC treatment significantly
improved FLM as judged from AF tests performed in
the same gestational age, showing the greatest effec-
tiveness between 29 and 33 weeks. No significant
effect was observed in the period between 34 and 38
weeks, apart from increased lamellar bodies count.

The efficacy and side effects of corticosteroid ther-
apy in pregnant women with severe pre-eclampsia at
a gestational age between 26 and 34 weeks for the
prevention of NRDS was studied in a prospective
double-blind randomized trial. The incidence of the
disease was significantly reduced in the corticos-
teroid group (23%) compared to the placebo group
(43%). The relative risk of IVH, PDA and perinatal
infection was also significantly decreased in the corti-
costeroid group: 0.35 (95% CI 0.15–0.86), 0.27 (95%
CI 0.08–0.95) and 0.39 (95% CI 0.39–0.97), respec-
tively. The study suggests that ANCs are a safe and
efficient treatment in patients with severe preeclamp-
sia at between 26 and 34 weeks’ gestation.44 ANCs
also improve significantly the hematologic abnormal-
ities associated with hemolysis, elevated liver
enzymes and low platelet count (HELLP) syndrome.
Two doses of betamethasone given 12 h apart was the
most effective corticosteroid regimen.45

Twin pregnancy
The benefits of ANC on twin pregnancy are debated.
Spinillo et al.,46 in a retrospective study, showed a
significant reduction in the incidence of NRDS in
21 pairs of twins treated with antenatal GC therapy.
However, the reduction in NRDS may have been due
to the significantly greater gestational age and birth
weight, noted in the treated group compared to the
non-treated group. Ardila et al.47 reviewed 134 pairs
of twins between 24 and 34 weeks’ gestation and
found a significant reduction in NRDS only at a gesta-
tional age of 28 and 32 weeks; no significant differences
were found for the other gestational age group.
Conversely, Turrentine et al.48 did not find any differ-
ence in the incidence of NRDS in 21 pairs of twins,
delivered between 24 and 34 weeks’ gestation, com-
pared to the controls. Interestingly, it has been sug-
gested recently that administration of GC to enhance
FLM in women with multiple pregnancy might
predispose to earlier delivery.

The assumption that the maternal levels achieved
with the current regimen of ANCs might not be high
enough to reach both siblings resulting either from
increased body mass of the pregnant women or from
the increased mass of the placentas with their capac-
ity for inactivating GC (vide supra) has prompted clin-
ical studies. Mulder et al.49 performed a prospective
study to determine whether the effects of betametha-
sone on FHR and behavior in preterm twin pregnancy
are similar to those observed in singleton pregnancies
and whether the effects occur similarly in both twin
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Table 134.4 The effect of ANCs on neonatal
outcomes in the setting of pPROM38

Effect on Pooled odds ratio (95% CI)

NRDS 0.59 (0.48–0.71)

Intraventricular 0.47 (0.31–0.70)
hemorrhage

NEC 0.21 (0.05–0.82)

Maternal infection 1.95 (0.83–4.59)

Fetal and 1.26 (0.55–2.86)
neonatal infection

Neonatal death 0.68 (0.43–1.07)

NRDS, neonatal respiratory distress syndrome
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members, in a group of 18 twin pregnancies receiving
optimal corticosteroid treatment. Betamethasone
administration was associated with significant tran-
sient decreases in basal FHR (day 1), FHR variability
(days 2 and 3) and body and breathing movements
(day 2). The overall changes in twins were similar to
those previously found in singleton pregnancies. There
was a high degree of association of response to
betamethasone among individual members of twin
pairs suggesting that the current regimen of antenatal
corticosteroids used in preterm twin pregnancies
results in achieving betamethasone levels high enough
to reach the compartment of either twin member.

Repeated courses
Whether repeat doses should be given if delivery does
not occur shortly after the initial course of GC is a matter
of controversy. In women who remain undelivered but
at continued risk of preterm birth, it is common prac-
tice to administer repeated doses of corticosteroids
every 7–10 days. The practice has arisen because the
evidence from randomized trials suggested that infants
delivered after 7 days of maternal corticosteroid treat-
ment did not have a lower incidence of NRDS, imply-
ing that the effect of treatment is short lived.

There exist some controversies about the disappear-
ance of the beneficial effect of ANCs beyond 7 days
from the initial administration. Animal experiments
have shown that the induction of surfactant synthesis
in the fetal lung is reversible and that betamethasone is
cleared from the fetal circulation 48 h after maternal
administration. More recent observations of preterm
infants delivered over 7 days after maternal corticos-
teroid treatment showed that the efficacy of therapy
was maintained,50 though the effect of increasing gesta-
tional age is confounding. The finding does not seem to
be operating in small fetuses. In infants who weighed
500–1500 g, the time interval between exposure to
antenatal corticosteroids and delivery does not appear
to affect neonatal outcome.51

A review on the effects of repeated doses of antena-
tal corticosteroids on lung and brain function and on
growth restriction in animals has been recently pub-
lished. Nineteen studies were included: the animals
that were studied included sheep, monkeys, rabbits
and mice. There were eight studies that assessed the
effects of repeated doses of antenatal corticosteroids
on lung function. All the studies reported improve-
ment in lung function after repeated doses of ante-
natal corticosteroids. Seven studies investigated the
effects of repeated doses of antenatal corticosteroids
on brain or nervous system function or growth; all
the studies found adverse effects with repeated doses
of antenatal corticosteroids. Eleven studies looked at
the effect of repeated doses of antenatal corticos-
teroids on fetal growth. Nine studies found evidence
of fetal growth restriction with repeated doses of ante-
natal corticosteroids. One study assessed long-term

behavioral outcomes in mice and found no effect. By
reviewing all animal studies that these authors have
collected, it is evident that repeated doses of antena-
tal corticosteroids may have beneficial effects in terms
of lung function but may have adverse effects on brain
function, i.e. delayed myelination and fetal growth.
However, because of the differences between animals
and humans, it is difficult to extrapolate directly the
results of these studies to humans.52

The results of retrospective studies on repeated
courses of ANCs are conflicting. In a study performed
for 609 mothers and their 713 infants who were treated
with 1–12 courses of ANCs, the incidence of NRDS was
45% for single-course and 35% for multiple-course
groups (P �0.005; OR 0.44; 95% CI 0.25 – 0.79). The
multiple-course group also had significantly less PDA
(20% vs. 13%; P �0.016). The multiple-course group
had a reduction of 0.46 ±0.19 cm in head circumfer-
ence at birth (P �0.013) when adjusted for gestational
age and pre-eclampsia. The authors concluded that
the exposure to multiple courses of ANCs compared
with a single course resulted in a significant reduction
in the incidence of NRDS in singleton preterm infants
delivered within a week of the last corticosteroid
dose. This was associated with a reduction in the head
circumference at birth and an increased incidence of
maternal endometritis.53

In another study, Elimian et al.54 have studied the
effectiveness between single and multiple courses of
ANCs in preterm infants who weighed 1750 g or less
at birth. Infants exposed in utero to multiple courses
had a significantly lower rate of NRDS (18% compared
with 41%; P ≤0.001) and surfactant use (43% vs.
57%; P �0.02) with no apparent increase in neonatal
sepsis or disturbances in fetal growth.

In another study, the outcome for premature
neonates after multiple courses of ANCs was examined
through a post hoc non-randomized analysis on 710
neonates of 25–32 weeks’ gestation and who received
one, two, or three or more courses of ANCs. No
detectable clinical difference in the incidence of NRDS,
chronic lung disease and IVH related to courses of
ANCs was observed, and outcome was similar for
infants delivered at 7–13 days compared with those
delivered at 1–6 days after receiving antenatal GC.
Compared with those who received a single course,
neonates who received two or more courses had sig-
nificantly lower birth weights (−39 g), and those receiv-
ing three or more courses had increased risk of death
(adjusted OR 2.8; 95% CI 1.3–5.9; P �0.01) and had
lower levels of plasma cortisol at age 2 h. In this retro-
spective analysis, multiple courses of ANCs did not
improve outcome and were associated with increased
mortality, decreased fetal growth and prolonged adrenal
suppression.55

When birth size, growth and development in
preterm infants after repeated antenatal corticos-
teroids were analyzed, birth weight ratio decreased
with increasing number of corticosteroid courses
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(P �0.001), and multivariate analyses confirmed a
reduction in birth weight of as much as 9% (P �0.014)
and a reduction in head circumference of as much
as 4% (P �0.0024). There were no additional benefits
in mortality or respiratory outcomes, and there was
a trend toward more severe chronic lung disease.
Repeated corticosteroids were associated with
adverse effects on size at birth without apparent ben-
efits. These changes have the potential to affect later
development.56

A recent study on the effects of repetitive doses on
lung mechanics at birth has shown that respiratory
compliance was higher in the multiple-course group
than in the remote single-course or untreated group;
functional residual capacity (FRC) was higher in the
multiple-course group than in the untreated group
and similar to that of a single-course group, reflecting
a maturation of the lung architecture independent of
surfactant production.57

A National Institutes of Health (NIH) consensus
conference58 reaffirmed the practice of giving a single
course of corticosteroids to pregnant women between
24 and 34 weeks’ gestation who are at risk for preterm
delivery, but underlined that there were insufficient
evidence for giving repeat courses of the drugs.

The most important study addressing this issue
has been published in 2001. This randomized, double-
blind, placebo-controlled intention-to-treat trial was
conducted in 13 academic centers in the USA from
February 1996 through April 2000 on 502 pregnant
women between 24 and 32 completed weeks’ gesta-
tion at high risk of preterm delivery. All patients
received a complete single course of antenatal corti-
costeroids (either betamethasone, 12 mg i.m. repeated
once in 24 h for two doses, or dexamethasone, 6 mg
i.m. repeated every 12 h for four doses). Participants
who had not delivered 1 week after receipt of the
single course were randomly assigned to receive
either betamethasone, 12 mg i.m. repeated once in
24 h for 2 doses every week until 34 weeks’ gestation
or delivery, whichever came first (n �256), or a simi-
larly administered placebo (n �246). Composite
neonatal morbidity (including severe RDS, bron-
chopulmonary dysplasia, severe IVH, PVL, proven
sepsis, NEC or perinatal death) occurred in 22.5% of
the weekly-course group vs. 28.0% of the single-
course group (unadjusted relative risk 0.80; 95% CI
0.59–1.10). Weekly courses of antenatal corticos-
teroids did not reduce composite neonatal morbidity
compared with a single course of treatment. However,
it must be noted that the incidence of severe RDS was
significantly reduced in the repeated course group
with respect to single course treatment.59

In order to evaluate the impact of repeated courses
on neonatal lung function, pregnant women of 25–33
weeks’ gestation, who remained undelivered 1 week
after their first course of antenatal corticosteroids (two
12-mg doses of betamethasone) were randomized to
weekly courses of corticosteroids vs. weekly placebo

until delivery or 34 weeks’ gestation. FRC was
measured within 48 h of life. There was no significant
difference in FRC (28.5 vs. 27.5 ml/kg) or respiratory
compliance between the infants who received a single
remote course of antenatal corticosteroids and those
who received weekly courses of corticosteroids until
delivery. There was no significant difference in admis-
sion head circumference or birth weights between the
groups, demonstrating that weekly repetitive courses
of AS do not significantly increase FRC or respiratory
compliance in preterm infants when compared with
a single remote course of steroids given at a mean
gestational age of 29 weeks.60

To ascertain whether a repeated course may be of
benefit in the setting of pPROM, the study by Yang
et al. found that multiple courses of antenatal corti-
costeroid therapy were associated with an increased
risk of clinical chorioamnionitis and seemed not to
reduce the incidence of RDS and other neonatal
morbidities in patients with pPROM.61 In a companion
prospective study on a group of 161 women with
pPROM, half received weekly courses of steroids and
half remained untreated following a single course. No
significant differences in composite morbidity between
the groups (34.2% vs. 41.8%; P �0.41) were observed.
Chorioamnionitis was higher in patients who received
weekly courses of antenatal steroids 49.4% vs. 31.7%
(P �0.04). Repeated courses of ANCs in pPROM did
not improve neonatal outcomes beyond that achieved
with single-course therapy suggesting that ANCs
should not repeated weekly in patients with pPROM.62

Incomplete courses
In everyday clinical practice, it is not uncommon that
delivery occurs before the completion of the course of
GC, i.e. two doses of 12 mg of betametasone 24 h apart.
To find out whether beneficial effects may still ensue,
an incomplete course of antenatal corticosteroids was
associated with reduction in the need for vasopressors,
the rate of IVH and neonatal death in preterm neonates
in one study.63 One dose of antenatal steroids given
4–24 h before delivery was clinically comparable in
terms of reduction of IVH and mortality to the recom-
mended schedule of the NIH in surfactant-treated
preterm infants.64

Policies of administering
antenatal GCs
In spite of guidelines on the use of ANCs issued twice
by NIH over the last 10 years (1994 and 2000) and
adopted by most of the National Societies of
Maternal–Fetal Medicine and Perinatal Medicine, the
policies of antenatal administration of corticosteroids
may vary according to country, institutions and indi-
viduals. Several reports have addressed the issue.
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A Canadian network study including 11,440 infants
< 38 weeks’ gestation admitted to the neonatal inten-
sive care unit (NICU) from 1996 to October 1997
showed that the incidence of antenatal corticosteroid
treatment was 42% for infants < 24 weeks’ gestation,
59% for infants 24–34 weeks’ gestation and 10% for
infants > 34 weeks’ gestation with wide institutional
differences in the incidence of antenatal corticos-
teroid treatment for women. The authors concluded
that increasing the use of antenatal corticosteroids for
preterm deliveries could reduce neonatal mortality in
Canada by up to 10%.65

The Europe Against Immature Lung (EURAIL)
study group have investigated the practice of ANC
administration in a survey of obstetric departments
of 14 European countries: 11% of the respondents
started ANCs from 23 to 24 weeks’ gestation, 82%
from 24 to 28 weeks and 7% from 28 to 36 weeks. The
use of multiple ANC courses was observed in 85% of
the units. After adjustment for country, number of
infants delivered at 24–32 weeks’ gestation annually
in the NICU and maternal hypertension, maternal
hypertension doubled the odds of using multiple
courses of ANCs (OR 1.97; 95% CI 0.75–5.17),
although the association was not significant (P �0.17).
The survey’s conclusion were that the high proportion
of departments that initiated ANCs between 24 and
28 weeks of gestation is consistent with the high inci-
dence of neonatal morbidity and mortality in that
age range. Multiple courses are overwhelmingly pre-
scribed in Europe; the practice appeared to be associ-
ated, albeit slightly, with maternal hypertension; this
points out the importance of closely monitoring
women at risk of premature delivery.66 In a companion
survey carried out in 1998 on all Fellows, Members and
trainees of the Royal Australian College of Obstetri-
cians and Gynaecologists, it was observed that 97% of
obstetricians prescribe antenatal corticosteroids in the
classical setting of uncomplicated early preterm labor
and 85% prescribe repeated courses in those cases in
which the risk of preterm birth persists or recurs; 50%
of obstetricians prescribe this agent weekly in cases
with persisting risk of preterm birth.67

In the UK, 98% of the obstetricians prescribed
repeated courses, which shows that repeating courses
is a common practice; the indications most commonly
cited by units that prescribed steroids were prelabor
spontaneous rupture of membranes (84.2%) and
suspected preterm labor (81.8%).68

Follow-up studies
Concerns have been expressed for the potential short-
and long-term adverse side effects on the fetus and
the neonate of GC treatment. Follow-up studies of
children exposed in utero to GC up to 12 years have
shown that ANC treatment does not adversely affect
physical growth or psychomotor development.69 In

order to study the late side effects of ANC on health
and sexual development in subjects 20–22 years old,
a follow-up study was conducted by Dessens et al.70

No differences were found between corticosteroid-
treated and placebo groups as to medical or psycho-
logical variables. In general, the subjects were healthy
and had normal intellectual capacities. The 20-year
follow-up study indicates that one course of ANC to
prevent NRDS does not have adverse effects up to
adulthood.

Higher blood pressure in adulthood has been
described in several animal species after exposure to
antenatal corticosteroids; however, reports in humans
are scant. In a cohort study of 210 preterm survivors
with birth weights of < 1500 g exposed to ANCs, blood
pressure was measured at 14 years of age with a stan-
dard mercury sphygmomanometer. Children exposed
to antenatal corticosteroids had higher systolic and
diastolic blood pressures than those not exposed to
corticosteroids. However, few had blood pressure in
the hypertensive range.71

In animals, a dose-dependent decrease in birth
weight after prenatal exposure to steroids has been
found in rabbits72 and in sheep.73,74 Three courses of
steroids given 1 week apart resulted in a 20–25%
reduction in birth weight in sheep.74

In humans, a study of singleton preterm infants
found an association between repeated antenatal
administration of corticosteroids and reduced body
weight and head circumference at birth;75 reduction
in growth of the head circumference in very low birth
weight infants is known to be associated with poor
neurodevelopmental outcome.76 However, two out of
four observational studies on repeated antenatal
steroid courses report a decrease in birth weight.77,78

One recent study suggests that birth weight may
already be reduced following one course of dexam-
ethasone.79 We have found a significant reduction of
birth weight in pregnancies exposed to ANCs that
eventually delivered at term (A. Ruozi, J. J. Piazze,
M. M. Anceschi, unpublished).

In a follow-up study by Kumar et al.80 of infants
born between 24 and 34 weeks’ gestational age
exposed in utero to multiple courses of antenatal cor-
ticosteroids, it was found that treatment was not asso-
ciated with increased incidence of abnormalities on
subsequent neurodevelopmental outcome measures at
30 months of age.

To determine the effects of repeated courses of
antenatal corticosteroids on childhood behavior and
disabilities, including cognitive delay and cerebral
palsy, French et al. have analyzed the physical, cog-
nitive, and psychological assessments up to 6 years in
infants who were exposed in utero to repeated courses
of antenatal corticosteroids. Increasing numbers of
antenatal corticosteroid courses were associated with
a reduction in the rate of cerebral palsy. Three or more
courses were also associated with increased rates of
aggressive/destructive, distractible and hyperkinetic
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behavior and these effects were present at both ages
3 and 6 years. Measures of internalizing behavior and
intelligence quotient were unaffected by antenatal
corticosteroid use, suggesting that repeated antenatal
courses of corticosteroids may protect against cerebral
palsy but are associated with hyperactivity later in
childhood.81 Similarly, no difference was found with
regard to head circumference, length of body and
birth weight and at 4 years of age, as was the age at
which the ability to sit and walk without assistance
was attained in another follow-up study.82

In an elegant prospective observational study of 201
preterm singleton infants who received one or more
courses of corticosteroids and were delivered between
24 and 34 weeks’ gestation neurodevelopmental out-
come was evaluated at 2 years corrected age. Two-thirds
of infants were treated with betamethasone whereas the
remaining third with dexamethasone. The prevalence
of infant leukomalacia, including both prolonged
echogenicity and cystic leukomalacia, was 25.9% after
a complete corticosteroid course, 40% after one course,
42.3% after two courses and 44.4% after more than
two additional courses, respectively (adjusted P for
trend �0.011). In the same categories of steroid expo-
sure, the corresponding prevalence of 2-year infant
neurodevelopmental abnormalities were 18% (20/111),
21.4% (3/14), 29.2% (7/24) and 34.8% (8/23), respec-
tively (adjusted P for trend�0.038). Compared with
betamethasone, exposure to multiple doses of dexam-
ethasone was associated with an increased risk of
leukomalacia (OR�3.21, 95% CI�1.07–9.77) and over-
all 2-year infant neurodevelopmental abnormalities
(OR �3.63, 95% CI�1.03–13.58).83

Future developments
Some questions still remain on the clinical use of
antenatal GCs, i.e. the mode of administration, the
minimum dose required, the minimum interval
between their administration and delivery of the
fetus, although the basic question revolves around the
need to repeat courses in the circumstances under
which the risk factors for preterm birth persist.

Regarding the mode of administration, animal
studies has shown the feasibility of a direct fetal
therapy (by intravascular or intramuscular injection of
betamethasone). The minimum interval from fetal expo-
sure to GCs to delivery for improving lung function was
between 8 and 15 h, with an effect on pulmonary edema
and blood pressure that was occurring within 8 h. Small
observational series on direct intramuscular injection of
betamethasone to the human fetus has been published
showing effectiveness in prevention of RDS and no pro-
cedure-related complications, although no definitive
conclusion can be drawn at the moment.84,85

The administration of supplementary surfactant
directly to the fetus in utero via the amniotic fluid has
been demonstrated either in the animal model,86,87

and in humans either by intra-amniotic injection in
the mouth area by Cosmi et al.88,89 or directly into
the mouth via endoscope through the vagina in the
second stage of labor.90 In the fetuses supplemented
with surfactant in utero a decrease in the incidence
of NRDS has been constantly observed, although the
studies were observational or quasi-randomized.

This elegant approach may represent the true pro-
phylactic antenatal treatment of NRDS. However, to
the intriguing question whether the surfactant supple-
ment injected into the amniotic fluid enters the tra-
chea and eventually reaches the peripheral airways
and lung tissue thereby altering the clinical course of
lung development, no evidence is yet available in the
human fetus. Although Hallman91 has demonstrated
in rabbit fetuses that only 6% of intra-amniotically
injected surfactant was detected in the fetal lungs,
with the majority entering into the gastrointestinal
tract, in the same model Galan et al.92 have shown that
iron dextran (a substance mimicking the chemical–
physical properties of surfactant) does enter the
peripheral airways in unparalyzed rabbit fetuses and
that is normal fetal breathing, not acute asphyxial
gasping, that results in the movement of intra-amni-
otic iron dextran into the fetal lungs; further, the
amount of substances that moves into the fetal lungs
accumulated with time;93 analogous conclusions have
been reached by Illia et al. following intra-amniotic
injection of natural bovine surfactant labelled with
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Table 134.5 Summary of recommendations on the use of antenatal corticosteroids for the women at risk of
preterm delivery (NIH and modified by EURAIL Study Group, from Visser and Anceschi94)

• All pregnant women from 24 to 34 weeks’ gestation who are at risk of preterm delivery within 7 days should be
considered candidates for antenatal treatment with a single course of corticosteroids; pregnant women between 34 and
37 years of age are candidates as well in the presence of immature FLM tests

• Repeat courses of corticosteroids (i.e. more than one completed course), cannot be recommended at this time

• In IUGR fetuses, determination of fetal lung maturation may precede the use of corticosteroids

• Betamethasone seems to be a more effective drug than dexamethasone with respect to perinatal mortality and morbidity
and might, therefore, be considered as the drug of choice, but be aware of the temporary effects that this drug has on
FHR variation and on fetal movements
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Tc-99 and with FBM stimulated by maternal injection
of aminiphylline.8

At present one can only speculate that in the human
fetus intra-amniotically administered surfactant may
effectively achieve intrapulmonary distribution; rea-
sons include: (1) injection in the mouth area; (2) FBM
induced by administration of aminophylline to the
mother and (3) possible bronchial smooth muscle
relaxation induced by aminophylline facilitating entry.

Conclusions
Among the several methods proposed to accelerate
FLM and to enhance lung adaptation in preterm

neonates antenatal GC therapy remains one of the
most striking successes in perinatal management of
complicated pregnancies leading to premature birth.
Despite this and the possibility of treatment with sup-
plementary surfactant to neonates, NRDS still remains
a major health problem, also as a result of the fact that
not all fetuses delivered preterm have been exposed to
therapeutic doses of GC and that NRDS is not solely
the consequence of lack of surfactant. A summary of
current recommendations on the use of antenatal GC
is outlined in Table 134.5.

More recently, the possibility of surfactant adminis-
tration directly to the fetus in utero may underscore a
significant improvement in neonatal outcome, particu-
larly for those fetuses necessitating immediate delivery.

Conclusions 1441
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135 Route of delivering
and monitoring of
the preterm fetus
R. Luzietti and G. C. Di Renzo

Introduction
The mode of delivery for the preterm fetus remains
controversial, as incontrovertible data supporting
either vaginal or abdominal delivery are not readily
available. The mode of delivery for the preterm fetus is
determined to some extent by the presentation (breech
vs. cephalic), fetal weight and gestational age. The use
of elective cesarean delivery has increased markedly
over the last 20 years. The proportion of first-born
singleton infants delivered by elective cesarean deliv-
ery between 20 and 27 weeks has increased from 5% in
1983–1985 to 13% in 1995–1997. For infants born
between 28 and 31 weeks the increase has been from
21% to 36%; however, at 32–36 weeks the change was
12–16%, which is comparable to the 4–6% increase
seen in term infants. The meta-analysis of the trials
assessing the value of a policy of elective cesarean
section vs. selective cesarean section for women in
preterm labor at risk of delivering immature babies
does not allow definitive conclusions. Controversy,
therefore, still persists about the merits of vaginal vs.
cesarean delivery, especially if the fetus is in a breech
presentation. Controversy also exists as to whether
forceps should be used to protect the more fragile
preterm fetal head. Moreover, although it has long
been thought that a use of generous episiotomy could
reduce resistance to the preterm fetal head and mini-
mize the risk of injury, data to support this theory
have not been fully appreciated. As Stewart et al.1

first showed a better prognosis for selected very
low birth infants after cesarean section, subsequent
investigators have also shown an improved long-term
fetal outcome for preterm infants delivered by
cesarean section. These reports turned attitudes in
favor of abdominal delivery for selected preterm
fetuses. Numerous authors subsequently reported on
improved survival, reduction of hypoxia, and less
intracranial trauma and intraventricular hemorrhage

(IVH) after cesarean birth in subgroups of low birth
weight neonates. During the last decade, however,
many investigators have questioned the value of
cesarean delivery for preterm fetuses. The reason for
this shift is that many of the early investigations were
retrospective, not well controlled, and biased in favor
of heavier fetuses (> 1000 g). In many respects, obste-
tricians were biased against performing a cesarean
unless the doctor reasonably believed that the fetus
had a substantial chance of survival. In fact, more
carefully controlled studies with adequate numbers
have not found a neonatal benefit for routine cesarean
birth. Thus, available information regarding the route
of delivery of low birth weight infants is based prima-
rily on retrospective investigations. Whether a ran-
domized prospective study will be performed in the
future to answer this important question is not
known. In clinical practice preterm deliveries con-
tinue to increase, and survival rates of preterm infants
have improved over the years. Elective delivery due
to fetal and maternal complications have also
increased among preterm deliveries. Most of these
patients deliver abdominally because of an unfavor-
able cervix. In those cases, preterm infants may do
better following abdominal delivery, although com-
parison of elective cesarean delivery to induction
with careful fetal monitoring has not been adequately
done. Moreover, studies on the application of
prostaglandin E2 for cervical ripening in the preterm
patients are limited and require further investigation.
Regardless of the route of delivery, the goal is the
avoidance of asphyxia and trauma to the preterm
infant. This will necessarily include someone capable
of neonatal resuscitation at the time of delivery.

It has also to be remembered that a cesarean section
does not assure one of an easier delivery. Cesarean
section in the preterm pregnancy can be complicated
by an undeveloped lower uterine segment or an inad-
equate uterine incision. In the preterm pregnancy, the
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lower uterine segment is only 1.0 cm wide at 28 weeks
and 4.0 cm at 34 weeks. With such a poorly developed
and narrow lower uterine segment, a low transverse
uterine incision may not be technically feasible.
Moreover, an inadequate incision could lead to birth
trauma or to lateral extension of the lower uterine seg-
ment incision, resulting in broad ligament lacerations
and significant maternal morbidity. As a result, a
higher rate of low vertical and classical uterine inci-
sions is found in the preterm patient. The long-term
impact of the classical incision will be less in patients
available for a vaginal birth after cesarean in a subse-
quent pregnancy.

This does not mean a low transverse uterine incision
cannot be made. Regardless of the type of incision,
intraoperative complications including bladder injury,
broad ligament lacerations and uterine artery lacera-
tion are more common at the time of preterm cesarean
section than with delivery of term infants.

Preterm cephalic presentation
There is even less consensus for the optimal route of
delivery in the preterm vertex presentation compared
with the preterm breech. Cesarean section significantly
improved the neonatal survival of the very low birth
weight infants, but vaginal delivery also has advan-
tages, such as the fetal chest compression facilitating
lung expansion and the more complete placental trans-
fusion to the fetus. Thus, it is evident that cesarean
section should be more liberally used in the delivery
of the preterm vertex. Nevertheless, cesarean section
is probably more indicated in those below 30 weeks of
gestation, while those infants greater than 32 weeks’
gestation who carry a lower risk of immaturity may be
delivered vaginally.

Although some reports have shown that cesarean
delivery of the low birth weight fetus with a cephalic
presentation may decrease trauma and the incidence
of IVH, most investigations do not show a fetal or
neonatal advantage or protective effect from cesarean
delivery. Thus, cesarean delivery may not be the pre-
ferred route of delivery for a low birth weight infant
presenting as a vertex over vaginal birth. Moreover,
the incidence of germinal matrix bleeding that may
extend to an IVH is probably unaffected by the route
of delivery. Studies failed to show a difference in peri-
natal outcome between infants delivered by cesarean
and those delivered vaginally. If, however, the case
was complicated, cesarean appeared to improve peri-
natal outcome, but the use of cesarean delivery after
the onset of labor does not prevent central nervous
system (CNS) bleeding. According to some studies,
cesarean delivery of very low birth weight infants
reduces the incidence of IVH; however, Bejar and
associates, using cranial ultrasound in the first 24 h of
life, concluded that it was not the route of delivery
but the presence of labor that was the critical factor in

the development of IVH. Most studies, when corrected
for gestational age, presentation and labor complica-
tions, fail to support these findings. Thus, we can
identify situations requiring delivery in the face of a
long-closed cervix that may tilt the analysis in these
preterm fetuses away from a long and potentially mor-
bid induction of labor toward elective cesarean birth;
however, the studies to date have not provided suffi-
cient evidence to recommend one route of delivery
over another to prevent IVH. For example, there are
many recognized conditions associated with IVH.
These include prematurity, perinatal asphyxia, respi-
ratory distress syndrome, neonatal trauma and the use
of hyperosmolar solutions. It is unclear whether the
route of delivery carries sufficient significance to be a
factor when compared with these other known causes
of IVH. Others have emphasized the complex basis for
germinal matrix hemorrhage. Although immaturity
does play a major role, additional factors also possibly
play a role. Those suggested include intrapartum fetal
distress and acidosis at birth, umbilical cord pH < 7.20,
heparinization to avoid catheter-related thromboem-
bolic events and vascular fluctuation in the velocity of
cerebral blood flow. Attention to intrapartum events
could help decrease the incidence of neonatal acidosis
and may lessen the risk of IVH. There is, however, no
evidence that routine cesarean delivery for the prema-
ture fetus presenting as a vertex will decrease the
incidence of periventricular hemorrhage.

Notwithstanding, neonatal management of the
preterm fetus can play a role in the subsequent devel-
opment of IVH. In addition to the problems related to
mechanical ventilation, medications such as muscle
relaxants, phenobarbital, vitamin K and vitamin E
appear to reduce the severity of IVH. Indometacin did
not affect the incidence of hemorrhage.

Thus, there is no convincing evidence to support the
concept that vaginal delivery should not be the mode of
delivery when the fetus is in a vertex presentation,
when the labor is progressing normally and when the
fetal heart rate (FHR) pattern is within normal limits.
While cesarean section may be indicated if there are
reasons for urgent delivery on maternal or fetal grounds
and/or vaginal birth is contraindicated, there is no good
evidence to support its general use. The lower uterine
segment may be poorly formed very early in pregnancy,
making delivery difficult and the procedure poses
significant risks to the woman, as well as consequences
for her in any future pregnancies.

Until further information becomes available, use of
cesarean section for preterm birth should only be
undertaken if there is considerable clear benefit to the
woman or her infant(s). The options should be dis-
cussed with her, including the need to extend the
incision into the upper segment and the implications
of that for future reproductive health.

Some other aspects should be considered like the
routine use of forceps delivery and episiotomy. There
are similarly few data to support these practices in
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preterm vertex births. Significant maternal morbidity
occurs with both these procedures.

Episiotomy
A liberal episiotomy has been suggested for the vagi-
nal delivery of the low birth weight infant to reduce
resistance and shorten the second stage of labor. The
theoretical basis for this recommendation is to protect
the soft fetal head from injury; however, these forces
are less than those generated by the cervix and mus-
cles of the vagina through which the fetus has already
passed. Thus, there are insufficient data to suggest
that a liberal episiotomy will improve perinatal out-
come in the low birth weight infant.

‘Prophylactic’ forceps
The National Collaborative Perinatal Project data
found that premature infants (< 2500 g) delivered by
low forceps had the best outcome. Recent studies,
however, have not shown a benefit from the use of
forceps. Moreover, there are studies that have sug-
gested that the use of forceps in this circumstance
may in fact be harmful to the fetus as several fetuses
in their study had intracranial hemorrhages.
Therefore, prophylactic use of forceps appears unnec-
essary when more than minimal traction is going to be
required. The forceps are designed for infants weigh-
ing 1500–1900 g and appear to be too large for a fetus
under 1000 g. Unlike the term fetus, midforceps
should be avoided, where possible, because of the
force required to pull the fetus through a resistant and
unprepared vagina and firm perineum.

Preterm Breech
Breech presentation is more frequent in preterm labor
with an incidence of 25% at 28 weeks’ gestation com-
pared with 2–3% at term. The optimum mode of
delivery of women in preterm labor with a fetus pre-
senting by the breech is controversial. Most of the
published data are observational and retrospective
and are prone to serious biases.

There is one study available that has tried to deter-
mine the optimum mode of delivery – vaginal vs.
cesarean section – of the early preterm fetus in breech
presentation. Four retrospective cohort studies, one
incomplete randomized control trial and one compara-
tive study indicated that the risk of neonatal death for
infants with breech presentation born vaginally was
significantly greater than for those born by cesarean
section. Two retrospective cohort studies from Northern
Nigeria and Jordan did not advocate the routine use of
cesarean section for delivering preterm breech fetuses.
Three retrospective cohort studies showed no differ-
ence in neonatal mortality between those born vagi-
nally and those born by cesarean section. Nine of the 11
studies shared a similar outcome – neonatal mortality

and morbidity. Of the remaining two studies, survival
rates were examined at 2- and 5-year intervals.

Three of the studies detailed neonatal mortality
according to weight and disease, two according to
disease and weight alone, one by delivery and one by
weight and gestational age. Seven of the studies
obtained their data from the clinical environment
while the remaining four studies extracted data from
detailed births and deaths registries.

Retrospective cohort studies have yielded conflict-
ing results regarding the appropriate delivery of the
preterm breech infant. Jain et al.2 and Sun Lee et al.3

found that when comparing vaginal births with
cesarean births, cesarean births had a lower neonatal
(less than 28 days) mortality rate when ranked accord-
ing to a birth weight group. In all birth weight groups,
the difference in mortality between the vaginal births
and the cesarean births was greater in the first hour of
life. The difference decreased progressively through-
out the day but remained significant in the first day of
life. The least difference was noted in the period of
1–27 days. Gravenhorst et al.4 and Kiely5 also found a
significantly lower neonatal mortality rate for breech
presenting infants born by cesarean section compared
with those delivered vaginally. They concede, how-
ever, that, because of the observational design and the
fact that statistical analysis described only a trend,
they were unable to conclusively state the appropriate
mode of delivery. Supplementing the equivocal argu-
ment of Gravenhorst et al.4 about the appropriateness
of delivery were the studies undertaken by Gilady
et al.6, Kaplan et al.7, Ziadeh et al.8 and Wolf et al.9

Both Gilady et al.6 and Ziadeh et al.8 reported no sig-
nificant difference in the rate of neonatal mortality in
the breech infants delivered by cesarean section and
those delivered vaginally when compared by birth
weight. Likewise, with Kaplan et al.7 and Wolf et al.9, a
similar scenario was demonstrated only with a com-
parison made to the neonatal disease state. It was inter-
esting to note, however, that Gilady et al.6 proffered
cautiously that breech infants weighing 1001–1600 g
would benefit from a prophylactic cesarean section.
This ran counter to the arguments put forward by
Emembolu,10 who claimed that a cesarean section
would be an important morbidity consideration in his
sample population. However, Gilady et al.6 concedes
that because of the potential limitations of such a
study – problems of validity and reliability of medical
record information, the duration of the study and its
impact on treatment regimen and the challenges of the
intention to treat analysis – only a mode of delivery
trend has been identified. Thus, a prospective, ran-
domized control trial would be essential.

Unfortunately, there was a paucity of prospective,
randomized control data regarding the premature
breech fetus and the appropriate mode of delivery. The
incomplete study undertaken by Zlatnik11 in the
United States was able to recruit only 38 patients
between 28 and 36 weeks’ gestation from 1978 to 1983.

1446 Route of delivering and monitoring of the preterm fetus
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As a result of low patient recruitment, the authors
terminated the study and lamented in their report the
difficulties faced with randomization and the mode of
delivery. In the second large non-randomized prospec-
tive evaluation, Malloy et al.12 collected data on 437
very low birth weight breech infants admitted to seven
intensive care units. After several neonatal variables
were adjusted for by logistic regression, no significant
difference was found in the rate of neonatal mortality
in the breech infants delivered by cesarean section and
those delivered vaginally, when compared by birth
weight. However, Penn et al.,13 like Zlatnik,11 reported
their experience in attempting to initiate a randomized
controlled trial to compare elective cesarean delivery
vs. a trial of vaginal delivery in the preterm breech
infant. They surveyed 26 English hospitals to deter-
mine their willingness to participate. Unfortunately,
only six hospitals were actively recruiting participants
resulting in its termination by a governing body. They
cite difficulty with obtaining consent, concern over the
availability of skilled personnel, medicolegal issues
and disagreement about the desirability of the trial as
the cause of its demise.

In spite of the lack of clear scientific evidence that the
mode of delivery of the breech presentation affects
neonatal outcomes, the cesarean section rate for breech
presentation continues to rise. In Australia, the cesarean
section rate – as the preferred mode of delivery – has
increased from 19.7% in 1996 to 21% in 1998.14 In
light of the medico-ethical dilemmas that may affect
the clinician, it will be extremely difficult to launch
any appropriately designed randomized controlled
trial to answer this eluding question. We must there-
fore deal with non-selected and retrospective data to
determine the course of clinical action.

Furthermore, bias existed in many of the studies
available related to matching for gestational age and
infant condition. Matching for gestational age at
delivery may bias results against vaginal birth because
a cesarean section will generally be performed earlier
than a vaginal delivery. The difference in gestational
age may be large, depending on the pressure to pre-
vent vaginal delivery. This possible disadvantage of
cesarean section might explain the increased need
for artificial ventilation in those delivered by this
method.

Regarding fetal condition it may be argued that for
extremely low birth weight fetuses – 700 to 1000 g –
the choice of the route of the delivery may in part
reflect judgments on their viability. Specifically, it is
possible that fetuses presumed to be less viable were
selectively relegated to the vaginal mode of delivery.
If true, such selection of high-risk patients for vaginal
delivery may account for the survival advantage of the
extremely low birth weight infants with breech pres-
entation delivered by cesarean section.16–25

In conclusion the findings can be summarized as
follows. Although the majority of obstetricians will
use cesarean section for the uncomplicated preterm

breech, only a minority believe that there is sufficient
evidence to justify this policy. There is general
acknowledgment that the numerous retrospective
studies that suggest that cesarean section confers a
better outcome in this situation have been subject to
bias. This is acknowledged in some reports. The poor
outcome for very low birth weight infants is mainly
related to complications of prematurity and not the
mode of delivery. Grant15 has reviewed the controlled
trials assessing the value of elective vs. selective
cesarean delivery of the small baby. He felt that the
data ‘are not sufficient to justify a policy of elective
caesarean section’. In the absence of good evidence
that a preterm baby needs to be delivered by cesarean
section, the decision about the mode of delivery
should be made after close consultation with the labor-
ing woman and her partner (Evidence Level III).27–30

Regarding twins, there is insufficient evidence to
support cesarean section for the delivery of the first or
second twin. The plan for delivery will need careful
consideration and full discussion with the parents.
Although many clinicians choose cesarean section
when the first twin presents as a breech, because of
concern about ‘interlocking’, this complication is
extremely rare. Cohen et al. reported ‘interlocking’
occurring only once in 817 twin pregnancies. Oettinger
et al. compared the outcome of breech presenting
twins over two time periods where the cesarean
section rate increased from 21% to almost 95%, and
found no change in neonatal morbidity or mortality.
They did, however, find an increase in maternal mor-
tality in association with a cesarean section delivery.
If the second twin is non-vertex (which occurs in
about 40% of twins), vaginal delivery is considered
safe. Rabinovici et al. carried out a randomized study
of twin deliveries where the second twin presentation
was non-vertex. Although the study included only
60 twins, the results showed no difference in 5-min
Apgar scores or in any other indices in neonatal
morbidity between the two groups.

There are other non-randomized reports on the
safety of vaginal delivery for the non-vertex second
twin. Laros had no fetal losses in either group of
second twins with 74 being delivered by cesarean and
76 delivered vaginally.

Monitoring of the preterm fetus
During labor, the preterm fetus should be monitored
with continuous fetal heart recording. It is noteworthy
that the heart rate present in the preterm fetus has
characteristics that are specific and different from that
of the term fetus.26 Cesarean section should be per-
formed if there is any evidence of impending fetal
hypoxia, which can contribute to the development of
respiratory distress syndrome.

Cardiotocography (CTG) is the most widely used
method for fetal monitoring. This technique provides
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useful information on fetal conditions but also presents
well-recognized limitations. These limitations, in the
term fetus, are mainly linked to the difficulty of inter-
pretation of abnormal FHR patterns and to the poor
specificity of the technique in identifying threatening
hypoxia.

The normal FHR pattern is characterized by a base-
line frequency between 110 and 150 bpm, the pres-
ence of periodic accelerations, a normal heart rate
variability with a bandwidth between 5 and 25 bpm
and the absence of decelerations.

The FHR pattern is abnormal when one or more of
the following features are observed: a baseline fre-
quency below 110 or above 150 bpm, the absence of
accelerations for more than 45 min, decreased or
absent FHR variability and the existence of repeated
variable or late decelerations. Assessment of fetal
well-being in the preterm fetus by analysis of FHR
presents specific difficulties.

The antepartum non-stress test of recognized value
in the term fetuses is of less well-defined value in the

preterm, due to more uncertainty in the relationship
between baseline heart rate, reactivity and fetal con-
ditions. During preterm labor the incidence of abnor-
mal findings from intrapartum monitoring is higher as
compared to term labor, when the same set of criteria
for interpretation are used for both groups and, there-
fore, in preterm fetuses specific interpretative criteria
considering the peculiar physiological aspects of the
maturing fetus should be used. Together with ‘extrin-
sic factors’ (such as baseline maternal oxygen tension,
maternal oxygen-carrying capacity, adequate blood
flow to the uterus, uterine contractions, placental sur-
face area and placental blood flow and umbilical cord
occlusion or compression), the FHR is also influenced
by ‘intrinsic factors’ such as the balance between the
sympathetic and parasympathetic portions of the auto-
nomic nervous system (constant interplay between the
‘slowdown’ influence of the parasympathetic system
and the ‘speed-up’ influence of the sympathetic system),
the CNS: medulla oblongata (integrative center for cen-
tral and peripheral neural control of the cardiovascular
system) and higher brain centers (responsible for varia-
tions in FHR in response to FBS); baroreceptors (home-
ostatic mechanism): pressure receptors located within
the vessel walls of the aortic arch and carotid body;
chemoreceptors (peripheral: aortic arch and carotid
body, central: medulla): responsive to changes in the
concentration of oxygen and CO2 and hormonal influ-
ences, like, for example, catecholamine.

In the preterm fetus, the maturational process of
the above-mentioned structures, influences the pat-
terns of FHR, which results, with advancing gestation,
in a progressive decrease in basal FHR, in a progres-
sive increase in the amplitude of FHR accelerations
and in a progressive increase in long-term FHR vari-
ability with advancing gestation (Tables 135.1–135.3).

The interpretation of FHR patterns of the preterm is
not only more difficult because of the age of the fetus
but also complicated by the impact on FHR of specific
drugs, more frequently used in women with threatened
or actual preterm labor (betamimetics, magnesium
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Table 135.1 Fetal development and cardiovascular
response during 20–30 weeks’ gestation

Immature parasympathetic system not fully developed
(average baseline heart rate 150–155 bpm); variability
within normal range of amplitude but with poorly defined
cycles

Baroreceptor response present with frequent small
baroreceptor response with movements (cord not protected
by Wharton’s jelly)

Peripheral chemoreceptors present and activated by
decreased PO2 and increased CO2

Cerebral cortex immature, resulting in FHR accelerations,
but with majority of them of less than 15-s duration

Constantly changing fetal state; REM state observed from
23 weeks

Table 135.2 Fetal development and cardiovascular
response during 30–36 weeks’ gestation

Maturing parasympathetic nervous system with decreased
FHR baseline and increased cycles of variability

Baroreceptor response unexpected as cord is protected well
(increased Wharton’s jelly formation);

Chemoreceptors response: peripheral chemoreceptors
present

Cerebral cortex maturing, resulting in FHR accelerations
greater than 15 bpm lasting longer than 15 s

Quiet sleep (non-REM) emerging; longer time spent in
specific states

Table 135.3 Fetal development and cardiovascular
response during 36–40 weeks’ gestation

Mature parasympathetic nervous system results in
decreased baseline FHR with variability cycles well
defined

Baroreceptor response unexpected (Wharton’s jelly and
amniotic fluid provide cushion)

Chemoreceptors response with both peripheral and central
chemoreceptors able to function

FHR accelerations greater than 20 bpm lasting longer than
15–20 s, 90% correlated with fetal movements

Well-differentiated and extended behavioral states
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sulfate and steroids) or for other concomitant patho-
logical conditions, for example, antihypertensives,
that can influence FHR.

It is known, for example, that betamimetics increase
the baseline FHR and are associated with a decrease in
FHR variability, magnesium sulfate causes a decrease
in FHR variability and antihypertensives may cause
tachycardia, bradycardia, flattening of the accelerations
or a decrease in variability. Betamethasone, contrary to
dexamethasone, leads to a decrease in the incidence of
fetal body and breathing movements and concomi-
tantly a decrease in the number of accelerations and
diminished variability.

Finally, the situation is also complicated by the fact
that complementary techniques, like fetal electrocar-
diogram analysis, useful to improve the specificity of
intrapartum fetal surveillance in the term fetuses, cannot
be utilized in fetuses below 36 weeks of gestation.

In conclusion, interpretation of FHR changes in the
preterm fetus presents specific difficulties in adjunc-
tion to the well-recognized limitation of CTG inter-
pretation in term fetuses even if FHR nevertheless
provide useful information about neurodevelopmental
integration and the cardiovascular response to stress
and hypoxia. FHR changes are the result of numerous
intrinsic and extrinsic influences: interpretative crite-
ria should consider the specific physiological aspects
of the maturing fetus and in the interpretation of FHR
patterns it is necessary to make adjustments for gesta-
tional age. It is important to underline that interpreta-
tion of FHR should not be separated by consideration
of the complete clinical picture. Further studies are
required to develop specific interpretative criteria
considering the specific physiological aspects of the
maturing fetus and to devise appropriate interpretative
criteria for FHR monitoring of preterm fetuses.
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136 Resuscitation of
newborn infants
O. D. Saugstad

Introduction
It has been estimated that, of the 130 million infants
born worldwide every year, approximately 3–5%
(4–7 million) of newborns need some kind of resusci-
tation at birth, of these 4 million suffer from birth
asphyxia. In turn 1 million of these will die and an
equal number develop sequel. Further, approximately
1.6 million stillbirths occur annually due to intrauter-
ine asphyxia. In low-income countries, it has been
estimated that 30% of perinatal deaths are due to peri-
natal asphyxia. In the USA, it has been reported that
5% of all newborn infants require basic life support in
the delivery room or nursery, constituting 200,000
newborn infants in the USA alone. In Western Europe
there are similar figures, and in industrialized countries
2–6 per 1000 live births develop acute clinical sequel of
intrauterine asphyxia, the so-called hypoxic-ischemic
encephalopathy or neonatal encephalopathy. Of those
who survive, 25% of moderate and 75–100% of severe
cases seem to develop neurodevelopmental sequelae
later. In low-income countries neonatal encephalopa-
thy is more frequent, for instance, in Nepal it was
observed in 6 per 1000 live births with birth weight
> 2000 g, with a higher proportion of severe cases
than, for instance, in Australia. Mortality of these
children was three times higher in Nepal than in
Australia. Due to the high mortality, few babies with
neurodevelopmental handicap survive in such a low-
income setting.

Some bodies do not recommend the term ‘birth
asphyxia’ anymore. The American College of Obstetri-
cians and Gynecologists, for instance, has abandoned
both the terms ‘fetal distress’ and ‘asphyxia’. ‘Non-
reassuring fetal status’ is suggested instead of ‘fetal
distress’. In spite of this and different and sometimes
rather vague definitions of birth asphyxia, the term is
still in use and there is no doubt that a large number of
newborn infants require resuscitation at birth both in
industrialized and in low-income countries. It is very
important, therefore, that existing resuscitation rou-
tines are based on scientific evidence. Furthermore,

trained personnel and adequate equipment should
be available at every delivery. As most deliveries
throughout the world still occur at home, far away from
a hospital and without authorized health personnel
present, it is also important to develop simple resus-
citation routines that can be handled by traditional
birth attendants.

Birth asphyxia
As mentioned above, there is no uniform and clear
definition of birth asphyxia. The term itself is Greek
and means ‘loss of pulse’, but is often used synony-
mously with a condition where a combined respira-
tory and metabolic acidosis is found in the newborn
infant. Today, the diagnosis of perinatal asphyxia is
mainly based on its consequences and there is general
agreement that the existence of multiple signs and
symptoms are needed. Both intrapartum and neonatal
distress combined with neurological symptoms in the
newborn infant are usually required.

Intrapartum distress implies fetal bradycardia and
hypoxemia resulting in a mixed acidosis. Intrapartum
asphyxia can be diagnosed by measuring the heart rate
and analyzing the heart-rate pattern by cardiotochogra-
phy, as well as measuring pH in the scalp blood during
delivery. Heart-rate abnormalities such as tachycardia
and bradycardia are signs of intrapartum distress as in
the so-called silent pattern, i.e. loss of heart-rate vari-
ability, and late or variable decelerations. Changes in
the fetal QRS complex from the electrocardiogram
(ECG) signal analyzed by computer-assisted electronic
fetal monitoring have been recently obtained, and it
seems to be an even more sensitive measure of in utero
asphyxia. A clinical sign of fetal distress still in use is
passage of meconium. A low cord blood pH is also a
sign of intrapartum distress. A pH of < 7.05 or 7.00 and
a base deficit (BD) > 12 mmol/l by many are held as
evidence for intrauterine asphyxia.

Neonatal distress is most often diagnosed by using
the Apgar scoring system. Low Apgar score, for
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instance < 4 for more than 5 or 10 min after birth, is
often used as an indication of neonatal distress.
Biochemical variables such as acid–base status, lac-
tate, plasma and urinary hypoxanthine, erythropoi-
etin, the number of nucleated erythrocytes in
peripheral blood, brain-type creatine kinase isoen-
zyme, neuron-specific enolase and excitatory amino
acid, as well as a number of other markers have been
suggested and used to diagnose this condition. More
sophisticated means such as magnetic resonance
spectroscopy and positron emission tomography, as
well as physiological indicators such as the electroen-
cephalogram, evoked potential, cerebral blood flow,
and oxygenation evaluated by near-infrared spec-
troscopy have also been used.

Apgar score is not a measure of asphyxia itself, but a
low score still indicates the presence of neonatal dis-
tress. In a study from the USA, Apgar scores < 4 were
found in 4.5% of newborn infants at 1 min and in 0.9%
at 5 min of age. In Sweden, the incidence of infants
with Apgar scores < 4 at 5 min was found to be 0.26%.
In a Norwegian population with birth weight > 2500 g
and no birth defects, a low Apgar score < 4 was found
in only 0.7% at 1 min and 0.1% at 5 min.

Neurological symptoms and signs in the newborn
following asphyxia vary depending also on when in
the postpartum period the child is observed and
include muscular hypotonia, feeding difficulties, and
seizures. The term hypoxic-ischemic encephalopathy
has been designed, a condition seen in term or near-
term infants with onset within the first 24 h of life.
Clinical scoring systems of this condition have been
developed, classifying the condition according to its
severity. Stage 1 usually has an excellent prognosis
and stage 2 invariably results in sequelae, whereas
stage 3, in most cases, leads to death or a severe injury
of the child. In a recent survey of approximately 600
newly born infants mainly from low-income countries
needing resuscitation, 30% developed hypoxic-
ischemic encephalopathy; of these 45% had stage 3,
35% had stage 2 and 20% had stage 1 hypoxic-
ischemic encephalopathy.

The term hypoxic-ischemic encephalopathy has by
many authors been substituted by neonatal
encephalopathy. This indicates that there are a num-
ber of other causes of newborn encephalopathy than
asphyxia. In fact, one study from Australia indicates
that the majority of newborn encephalopathy cases
are due to factors other than asphyxia.

A practical definition of perinatal asphyxia given by
the American College of Obstetricians and Gyneco-
logist, where all four conditions must be fulfilled is:

(1) pH in umbilical cord blood < 7.0 and BD ≥12
mmol/l;

(2) Apgar scores < 4 more than 5 min;
(3) Multiple organ affection (brain, lung, myocardium,

kidney, liver, and intestine);
(4) Evidence of neonatal neurologic sequelae.

From this definition it can also be appreciated that
birth asphyxia is a retrospective diagnosis, which can
be set not until some time has passed from birth.
Resuscitation, which has to be initiated promptly,
therefore, has to be carried out before a diagnosis of
birth asphyxia is confirmed. In fact, BD > 12 mmol/l
in umbilical arterial blood seems to represent a
threshold value where cerebral and other organ injury
may occur.

Guidelines for resuscitation of the newly born
There are several sets of international guidelines for
newborn resuscitation. The World Health Organiza-
tion published their guidelines for basic newborn
resuscitation in 1998 applicable for most children
around the world. The ILCOR guidelines from 1999
and the guidelines of the American Heart Association/
American Academy of Pediatrics (AHA/AAP) from
2000 and 2005 are widely used internationally. A
number of countries also have their own national
guidelines. AHA/AAP has published an extensive
textbook with CD-ROM demonstrations. These guide-
lines emphasize a practical approach and especially
AHA/AAP has strived to be as evidence-based as
possible.

Practical management
Selection of risk cases
It is important to anticipate those infants at risk: the
antepartum and intrapartum history can often be of
help in predicting which infants will need resuscita-
tion. Some risk factors are listed in Table 136.1.

Fetal-movement counting, non-stress testing, fetal
biophysical profile, electronic fetal monitoring, and
scalp pH measurement all contribute to an identifica-
tion of infants at risk for low Apgar scores and need
for resuscitation. Electronic fetal-heart monitoring
combined with scalp pH determinations improves
the specificity; however, sensitivity is low. In spite of
these measures, the need for resuscitation often can-
not be foreseen and 20–50% of the infants requiring
resuscitation have no identifiable risk factors; there-
fore, at every delivery, the caregiver should be pre-
pared for a possible need of intervention.

Preparation for birth, personnel, and equipment
Most deliveries are uneventful and the adaptation to
extrauterine life occurs smoothly. Only in some
infants should more vigorous resuscitation proce-
dures be carried out. Most of these can be performed
with a bag and a face mask, but in some newborn
infants, endotracheal intubation and more sophisti-
cated treatment and observation are needed.

Resuscitation is team work, and at least one person
skilled in resuscitation and one assistant should
attend to the delivery. Optimally, two trained persons
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should actually perform the resuscitation and one
should assist. All equipment should be at hand and
functioning. Table 136.2 lists equipment needed for
optimal resuscitation, which should be available in
the delivery room. It is important to have specific
daily routines, checking that the necessary equipment
and drugs are present and that the equipment is func-
tioning. The care provider should check, before the
infant is born, the oxygen supply and equipment for
intubation and that the bag, mask, and suction are
functioning. Each team member should identify him-
self/herself, and it should be clear who the team
leader is. Each order should be stated clearly and
repeated by the recipient.

Most deliveries worldwide occur in the community
outside hospitals and, if any, only basic equipment is at
hand, such as a warm and clean bed, stethoscope, bag
and face mask, and suction apparatus. A sterile scalpel
to cut the cord should be used at every delivery.

Indication for resuscitation
The decision to resuscitate or not is a purely clinical
one. The most important indication of the need for
resuscitation is failure to breathe after birth. If the

1452 Resuscitation of newborn infants

Table 136.2 Equipment needed for newborn
resuscitation

Adhesive tape

Bulb syringe

Clock

Disinfectant

ECG monitoring if available

Endotracheal tubes and connectors (2.5, 3.0, 3.5, and
4.0 mm internal diameter)

Endotracheal tube introducers

Face masks, newborn, and premature sizes

Feeding tube 8F

Gloves, sterile

Laryngoscopes (at least two), straight bladed
Nos. 0 (preterm) and 1 (term)

Magill forceps for nasal endotracheal intubation

Meconium aspirator

Medications

Epinephrine (1:10,000)

Naloxone hydrochloride (1 or 0.4 mg/ml)

Sodium bicarbonate (0.5 mmol/ml)

Volume expander (normal saline or Ringer’s lactate)

Mucus extractor

Nasogastric tubes

Neonatal resuscitation bags

Oropharyngeal airways 0, 00, and 000 sizes or 30, 40, and
50 mm lengths)

Pulse oximeter if available

Radiant warmer

Scalpel

Scissors

Stethoscope

Suction catheters 5F or 6F, 8F, 10F, and 12F

Suction with manometers

Syringes 1, 3, 5, 10, 20, and 50 ml, needles (25, 21, and
18 gauge), intravenous cannulae and specimen bottles

Three-way stopcock

Umbilical catheters 3.5F and 5F

Umbilical vessel catheterization tray

Warmed linens

Table 136.1 Factors indicating increased risk of
need for resuscitation of newborn infants

Abnormal presentations

Congenital malformations

Decreased fetal activity

Fetal bradycardia or distress

Maternal age >35 years

Maternal illness

Anemia or isoimmunization

Cardiovascular disease

Chronic or pregnancy-induced hypertension

Diabetes mellitus

Drug therapy

Hemorrhage

Infection

Renal failure

Substance abuse

Maternal sedation

Meconium-stained amniotic fluid

Multifetal gestation

No prenatal care

Premature rupture of membranes

Preterm

Previous fetal or perinatal death

Prolapsed cord

Prolonged labor

Post-term

Small fetus for maternal dates
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newborn does not cry or breathe, or is only gasping
after the initial quick suctioning, drying, and tactile
stimulation, resuscitation should be started. Apneic
infants with heart rate > 100 per minute probably rep-
resent those with primary apnea, and the infants often
require tactile stimulation and a few inflations with a
bag and mask only. Apnea and heart rate < 100 per
minute may represent secondary apnea, and ventila-
tion should be initiated. In most of these cases, the
heart rate improves and spontaneous ventilation
quickly develops (Figure 136.1).

Resuscitation, when needed, should start as soon as
possible, not later than 30 s after birth. By observing
breathing movements, tone, color, and, not the least,
heart rate indications, it may be decided whether the
infant is in need of resuscitation or not. According to
AHA/AAP, every time a child is delivered, the follow-
ing four questions should be answered:

• Is amniotic fluid clear of meconium?
• Is the baby breathing or crying?
• Is there a good muscle tone?
• Was the baby born at term?

If the answer is ‘no’ to any of these questions, resusci-
tation should be considered. Clinical judgment
should be based on heart rate, breathing, color, and
tone. If the child has apnea or insufficient breathing
movements and/or heart rate < 100 bpm, and is blue
or pale, resuscitation should be started.

ABC of resuscitation
The ABC of resuscitation is the same whatever the
size of the patient: A, airways should be cleared and
the infant positioned correctly; B, breathing should be
stimulated or performed; and C, circulation should be
assessed by heart rate and skin color.

The AHA/AAP guidelines have divided resuscita-
tion into five major steps:

(1) Assess babies’ response to birth.
(2) Keep the baby warm and position the baby

correctly and keep airways clear. Stimulate to
breathe by drying or giving oxygen (if necessary),
suctioning.

(3) Establish effective ventilation by bag and mask or
in some intubate endotracheally.

(4) Provide chest compression.
(5) Administer medications.

Every newborn goes through the first two; however,
only a few go through the last steps. A few – approxi-
mately 5% – need the third: bag and mask resuscita-
tion. The fourth step, chest compression, is needed in
approximately 1–3% of those needing bag and mask,
that is, 1–2 per 1000 deliveries. The fifth and final
stage, medication, is very rare.

Evaluation
The sequence of events following asphyxia has been
studied in animals. Immediately after asphyxia, there
is a period of regular small-volume breaths followed
by a fall in heart rate and cessation of breathing. This
is the so-called primary apnea. This might last for a
minute or so, and is followed by spontaneous gasping
for 4–5 min before the secondary apnea develops. If
resuscitation is not carried out at this stage, the infant
will die.

As soon as the infant is delivered, a clock is started
and, during the transport to the resuscitation table,
the personnel should form a preliminary opinion
regarding the seriousness of the situation, do an eval-
uation that is performed continuously during the
resuscitation process. For instance, a completely life-
less and pale infant probably needs a more aggressive
approach than a blue infant with some movements
and perhaps also a feeble cry.

During the short period of the initial stabilization,
the respiratory efforts are assessed, the heart rate
recorded, and color noticed. Heart rate should, after the
short initial stabilization, be monitored more precisely.
Bradycardia combined with no respiratory efforts or
gasping are warnings of immediate intervention.
Central cyanosis indicates insufficient oxygenation,
whereas acrocyanosis is common even in vigorous
newborn infants. Pallor may be sign of reduced cardiac
output, anemia, hypovolemi, hypothermia, or acidosis.
Apgar scoring in itself should never be used as a crite-
rion for resuscitation because Apgar scoring is not per-
formed before 1 min of life and, in addition, it takes
some time. It requires experience to determine Apgar
scores correctly, and they are dependent on a number
of factors other than the severity of asphyxia, such as
drugs given to the mother and the degree of prematu-
rity. It is clinical judgment, therefore, that should be

Figure 136.1 Heart rate in the first 5 min of life of approximately
600 newborn infants from the Resair 2 study resuscitated due to
bradycardia (heart rate < 80 bpm) and or apnea or insufficient
respirations. Values are expressed as mean and SEM.
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used in deciding when and what kind of resuscitation
should be initiated.

Step 1: assess babies’ response
Most infants require only to be delivered into a warm
room where they can be dried immediately. Their
cord should be cut with sterile equipment and their
breathing pattern should be observed. The mother
herself is most often the best caregiver and provider of
warmth, food, and protection from infections.
Occasionally, the heart rate of the infant should be
monitored preferably by auscultation of the left side
of the thorax or alternatively by palpating the pulse
for instance at the base of the umbilical cord.

Step 2: warmth, position, and suctioning
Newborn infants and especially asphyxiated ones have
an unstable thermoregulation. Hypothermia is an impor-
tant risk factor, possibly inducing hypotension and
delaying the recovery from acidosis. Also, a healthy
newborn infant, when exposed to a relatively cold deliv-
ery room, may experience a significant decrease in body
temperature. Heat loss should be prevented and this is
one important reason why deliveries should be per-
formed in a warm delivery room. The newborn should
be quickly dried with towels, with particular attention
to the drying of the head, and swept into preferably pre-
warmed towels or other linens. It is recommended that
the infant be placed under a prewarmed radiant heater
on a table designed for resuscitation.

Some recommend that the nose and mouth should
be suctioned with a bulb syringe after delivery of
the shoulders but before the thorax has been deliv-
ered. However, as this may delay initiation of the
resuscitation, this should be considered carefully in
each individual case. The infant should be carried to
the resuscitation table and placed in a supine position
with the head toward the care provider. The neck
should be in a neutral position, as both overextension
and flexion may cause obstruction of the airways.

At the resuscitation table, the heart rate is quickly
recorded by auscultation. An experienced person
needs to listen for only a few seconds to obtain an
impression of the degree of bradycardia. Count ten s
and multiply by six. The nose and mouth should then
be suctioned thoroughly but quickly, and for not more
than 5–15 s. A bulb syringe or a mechanical suction
apparatus attached to an 8F or 10F suction catheter
should be used, and the negative pressure should not
exceed 136 cmH2O (100 mmHg). Suction can induce
bradycardia and even heart arrest via vagal reflexes,
especially when deep suctioning in the oropharynx is
performed. Laryngospasm and pulmonary artery
vasospasm have also been reported after suctioning.
Suction bulb is less likely than suction catheters to
induce cardiac arrhythmias but they are probably not
as efficient. There is no justification for the practice
of routine gastric suctioning not even after cesarean
section and such suctioning might even be harmful.

Simultaneously, the other member(s) of the
resuscitation team should continue drying the infant
with warm and clean towels and changing the initial
linens, which are usually wet. This also provides
tactile stimulation. which may help initiate breathing
in mildly depressed infants. No further stimulation is
appropriate. This initial stabilization should be finished
within 30 s.

Step 3: establish effective ventilation
After initial correct stabilization, positioning, suction-
ing, and drying, the infants who fulfill the criteria for
further resuscitation, that is those having apnea or
heart rate < 100 bpm, should be given ventilatory sup-
port. In the majority of these, a bag and face mask is
adequate. Various bags and masks are available, but a
bag with a reservoir and a ‘pop-off’ valve that auto-
matically opens if the inflation pressure exceeds a cer-
tain figure, usually between 30 and 40 CmH2O, is
recommended, especially in preterm infants. A self-
inflating bag is often preferable, as it is independent
of gas supply, and ambient air can be used. Bags used
for newborns should have a volume of 200–750 ml.
Only a soft mask provides a tight seal where the mask
is applied to the newborn’s face to achieve adequate
pressures. A soft-rimmed mask with a small dead
space gives the best face seal.

The first breath of the newborn often generates a
negative pressure, sometimes of the magnitude of
70 cmH2O and even more, although in most infants
the negative pressure generated by the first breath is
< 10 cmH2O. The first artificial breath given to the
infant, therefore, requires a high pressure for term
infants, perhaps in the range of 30–40 cmH2O or even
greater, but lower in preterm infants. The succeeding
inflations usually require less pressure, around
15–20 cmH2O. It is preferable to have a manometer cou-
pled to the bag, so that peak inflation pressures can be
recorded. The recommended rate of ventilation accord-
ing to the AHA/AAP is 40–60 breaths per minute. The
best way to monitor successful ventilation is to observe
movements of the chest wall and follow the heart rate.
The pulse picks up very quickly during a successful
resuscitation procedure (Figure 136.1). At least three-
quarters of asphyxiated infants have spontaneous
breathing after establishing these initial steps.

The effects of bag and mask ventilation has been
investigated in some studies. In unexpanded lungs, a
satisfactory tidal volume is not achieved, and bag and
mask ventilation on apneic newborn infants is proba-
bly futile. It has been suggested that the most impor-
tant contribution by using bag and mask ventilation is
that the Head’s paradoxical reflex is elicited. This
means that newborn infants in primary apnea often
respond to rapid lung inflation by gasping instead of
apnea. This makes the child inflate the lungs. The
effect of bag and mask ventilation is therefore less effi-
cient in babies in secondary apnea, since reflexes are
not released in such babies. In aerated lungs, correct
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bag and mask ventilation provides tidal volumes of
5–15 ml.

After adequate ventilation has been established for
15–30 s, the heart rate should be recorded for 10 s. If the
heart rate is at least 100 per minute and spontaneous
respirations are established, positive pressure ventila-
tion may be discontinued. If the heart rate is between 60
and 100 per minute and improving, ventilation should
continue. If the heart rate is less than 60 per minute and
not improving, assisted ventilation is continued and
external heart massage is started (Figure 136.2).

Endotracheal intubation. Endotracheal intubation is
necessary when bag–mask ventilation is not efficient
enough to normalize the heart rate and establish
spontaneous respiration. If chest compression does
not quickly improve heart rate or prolonged assisted
ventilation is anticipated, endotracheal intubation
should also be carried out. A newborn infant without
any heart beat or respiratory movement should also be
promptly intubated, as bag and mask ventilation
probably is not very efficient (see above).

Endotracheal intubation is rare in term infants. The
indications are mainly tracheal plugging, for instance,
by meconium. Some infants in secondary apnea need
intubation and also the most immature infants who
often do not have enough muscle strength for their
respiratory drive to be sufficient. It has been estimated
that 5–6% of all newborn infants need bag and mask
ventilation. Of these, 4–20% according to different
authors would need endotracheal intubation, approx-
imately 2–10 per 1000. Recent studies indicate that
the need for endotracheal intubation is even lower
both in term and preterm infants.

The equipment for endotracheal intubation should
be ready at hand. Equipment needed in addition to
suction devices includes a laryngoscope(s) and blades,
straight No. 01; a Magill forceps for nasal endotra-
cheal tubes; endotracheal tubes of 2.5-, 3.0-, 3.5- and
4.0-mm inner diameter; and endotracheal tube stylets.
Illumination of the laryngoscopes should be checked
before the infant is born. Extra batteries and bulbs
should be available. The length of the tube can be
calculated in several ways. When nasal intubation is
used, the length of the tube can be estimated to be

1.5 times the distance from the anterior part of the
tragus to the lateral and caudal part of the ipsilateral
ala nasi. The length of the tube from the tube tip to the
lips, when oral intubation is performed, can be esti-
mated in centimeters to be (6 + the weight in kg). An
infant weighing 3 kg, therefore, needs an oral tube of
6 +3 �9 cm. Whether one should intubate orally or
nasally is a matter of experience. If the tube is cut
remember to add 1–2 cm for taping the tube.

After intubation, the position of the tube should
be checked by listening to equal breath sounds,
especially in the axillae, and for absence of breath
sound in the stomach. Symmetrical movements of
the chest wall are also an indication of proper place-
ment of the tip of the tube. However, primarily,
improvement in heart rate and color and activity of
the infant are indications of adequate ventilation and
oxygenation. An infant with open eyes and adequate
movements is not a severely depressed infant. The
position of the tube can also be checked by repeated
visualization of the larynx and in the case of a pro-
longed intubation by chest x-ray. Some centers are
using pneumotachographs or color methods to detect
CO2 in the expired air to assure the tube is correctly
placed.

Oxygen supplementation. A high concentration of
supplemental oxygen (80–100%) has usually been
recommended in most textbooks and guidelines
dealing with newborn resuscitation. There is, however,
no scientific basis for such recommendations. The
Resair 2 study has shown that most newborn infants
can be resuscitated as efficiently with room air as
with 100% oxygen. Even the most depressed newborn
infants seem to be adequately resuscitated with room
air when assessed by response in the neonatal period.
A meta-analysis of five studies including more than
1700 newly born infants in need of resuscitation has
shown that early recovery is faster if resuscitation is
carried out with ambient air instead of 100% O2. Time
to first breath was registered earlier, heart rate at 90 s,
and 5-min Apgar scores were higher. More importantly
perhaps, the neonatal mortality is significantly reduced
in room-air resuscitated babies. For this reason 100%
oxygen should be avoided as a routine for newborn
resuscitation. New recommendations seem to favor
the use of room air to start out with having oxygen
available as back up. The reasons for the toxic effects
of oxygen are not fully understood. However, it has
been shown in animal studies that resuscitation with
oxygen triggers inflammation in the lung, heart, and
brain and also seems to exaggerate brain injury. In
humans it has been demonstrated that an increased
oxidative stress lasting at least 4 weeks is triggered by
resuscitation with pure oxygen. The use of oxygen
consumes antioxidants and it may take a long time till
these are restored, hence a long-lasting increased
oxidative stress is induced, although the exposure to
oxygen in most cases is very brief, a few minutes.

Figure 136.2 Flow chart for ventilation, chest compression
and/or endotracheal intubation.
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If room-air resuscitation is not successful within
90 s, we have supplemented it with oxygen. In such a
case, it is probably optimal to monitor the arterial
oxygen saturation by pulse oximetry. The oxygen sup-
ply in all delivery units should have a blender, so that
the oxygen concentration can be adjusted to the
requirement. If giving supplemental oxygen is justi-
fied, for instance, if central cyanosis or bradycardia
persists for more than 90 s, it is recommended to start
with 40–60% oxygen and adjust according to the clin-
ical response and, if possible, oxygen saturation meas-
ured by pulse oximetry.

Step 4: chest compression
Chest compression is rarely needed and not recom-
mended for basic newborn resuscitation. If bradycar-
dia persists with a heart rate of less than 60 per
minute and no signs of improvement after 30 s, ade-
quate ventilation and chest compressions should be
carried out. In the Resair 2 study, only 1.7% had a
heart rate of 60 or less after 180 s and 1.2% after 300 s.
Still almost 20% received chest compression.

AHA/APA recommends that chest compression
should be performed by placing the two thumbs on the
middle third of the sternum with the fingers encircling
the chest and supporting the back. The thumbs should
be placed side by side on the sternum just below an
imaginary line drawn between the nipples. In small,
premature infants the two thumbs may have to be
superimposed instead of being placed side by side. The
tips of the middle finger and either the index or ring
finger of one hand positioned directly above the chest
can also be used for chest compression. The sternum is
compressed to a depth of 1/3 of its anterior–posterior
diameter with a somewhat longer time for the relax-
ation phase. Chest compression should always be
carried out simultaneously with adequate ventilation.
A synchronized chest compression and ventilatory
rate of 3:1 giving 90 compressions and 30 breaths
per minute is recommended. An adequately performed
resuscitation with chest compressions obviously
requires at least two trained persons.

Heart rate should be assessed after 30 s of well-
coordinated chest compressions and ventilation.
When the spontaneous pulse rate has reached 60 per
minute, chest compression should be discontinued
and positive pressure ventilation is continued at a rate
of 40–60 breaths per minute (Figure 136.2).

Step 5: medications
When oxygenation is established through adequate
ventilation of the asphyxiated infant, it is extremely
rare that drugs are needed. Epinephrine (Adrenalin) is
indicated in asystole or in sustained bradycardia
(heart rate < 60 bpm) in spite of a minimum of 30 s of
adequate ventilation and oxygenation and another
30 s of coordinated chest compressions and ventila-
tions. Epinephrine (1:10,000 solution – 0.1 mg/ml) is

given as a bolus as rapidly as possible intravenously
or intratracheally in a dose of 0.01–0.03 mg/kg
(0.1–0.3 ml/kg) – a higher range of dose if endotra-
cheal administration is chosen. The dose may be
repeated every 3–5 min if needed. Bradycardia due to
insufficient ventilation technique should be corrected
by adequate ventilation before administration of epi-
nephrine. Higher doses to premature infants should
be avoided.

Naloxone hydrochloride is a narcotic antagonist;
however, few studies have documented any benefit of
this drug given during resuscitation. The potential
negative effects are of concern, as it increases meta-
bolic requirements and redistributes blood flow.
Naloxone administration should be restricted, there-
fore, only to infants who are considered depressed
from narcotics administrated to the mother during
labor, within 4 h of the delivery, and who require
active resuscitation in the immediate postnatal
period. Adequate positive pressure ventilation that
restores normal heart rate and color should always be
established before administration of Naloxone. The
appropriate dose is debated, but AHA/AAP recom-
mends an initial dose, given intravenously or intratra-
cheally, of 0.1 mg/kg of a 1- or 0.4-mg/ml solution,
which can be repeated every 2–3 min as needed.
Naloxone should not be given to newly born infants
whose mothers are suspected of having recently
abused narcotic drugs, because it may precipitate
abrupt withdrawal signs.

The optimal treatment of hypovolemia and shock
seems to be unclear; however, shock may be treated
with repeated transfusions of volume expanders,
usually 10 ml/kg. As volume expanders, normal
saline or Ringer’s lactate are recommended. The
volume expander may be given over 5–10 min and
repeated. Albumin or other plasma substitutes are not
recommended. Blood volume expanders during acute
resuscitation are only indicated when there are
unmistakable signs of shock with evidence of acute
blood loss, including feto-maternal hemorrhage. In
case of blood loss, O-negative blood cross-matched
with the mother’s blood is given.

Sodium bicarbonate or Tribonat has no routine
place in newborn resuscitation. No randomized stud-
ies have shown beneficial effects of these drugs. In
fact, sodium bicarbonate may be counterproductive
by decreasing intracellular pH. Only in prolonged car-
diac arrest not responding to other therapy, adminis-
tration of sodium bicarbonate, in a dose of 2 mmol/kg
infused slowly, could be used. Sodium bicarbonate
should be given only after all other steps of resuscita-
tion described above have been taken and if ventila-
tion is established. This drug is very caustic and if
given should not be given endotracheally but in a
large vein.

There is no evidence that atropine or calcium has
any beneficial effect during the acute phase of resus-
citation of the newborn infant.
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In the Resair 2 study, a large trial comprising
approximately 600 infants in need of resuscitation,
15% were given one or more drugs. Seven percent
were given epinephrine, 6% were given sodium
bicarbonate, 1% received Naloxone, and only 0.6%
was infused with albumin or underwent blood
transfusion.

Meconium aspiration
Meconium aspiration syndrome significantly
increases morbidity and mortality. Meconium in the
amniotic fluid is present in 10–12% of deliveries.
However, only approximately 5% of these develop the
meconium aspiration syndrome. In the Resair 2 study,
approximately 40% had meconium-stained amniotic
fluid.

If the amniotic fluid is meconium-stained, there is
no evidence that suctioning the oropharynx before the
thorax is delivered has any beneficial effects. As this
is not harmful, this procedure is still often recom-
mended. There are, today, no indications that an
infant with thick meconium-stained amniotic fluid
benefits from routine intubation and suctioning. It is
therefore not recommended any more that suctioning
of the nose, mouth, and posterior pharynx should be
carried out thoroughly before delivery of the shoulder
and thorax. A bulb syringe may also be adequate.
Routine endotracheal intubation and suctioning of
every infant born with meconium-stained amniotic
fluid is not justified. However, it is recommended to
intubate and suction, through the endotracheal tube
with a bore suction catheter larger than 10F, all
meconium-stained infants who are not vigorous. It
has also been recommended previously to intubate
and suction the infant if the meconium is thick or
particulate. However, any positive effects of this pro-
cedure have not been demonstrated.

Preterm infants
Recent studies have shown that cardiorespiratory
resuscitation of extremely low birth weight infants in
the delivery room is not futile and a more active
approach therefore seems to be established. In fact,
studies show that intact survival of delivery room
cardiopulmonary resuscitation of infants with birth
weight < 750 g is identical to age and gender-matched
controls not in need of resuscitation. Advanced car-
diopulmonary resuscitation, therefore, is justified
also in extremely low birth weight infants.

There are no or very few studies on optimal resus-
citation of premature infants. This means that even
the extremely low gestational age newborn infants are
mainly resuscitated according to the guidelines and
principles established for term and near-term infants.
Obviously there is an urgent need for separate guide-
lines for the most immature ones. The following is,
however, especially important for the preterm and is
more important, the more immature the infant is:

• These infants have a relatively large surface area
and a thin skin, therefore losing heat quickly.

• They have low tidal volume, for instance, only
5–10 ml or even lower. Just a few blows with large
tidal volumes may ruin their lungs. On the other
hand their lungs may be stiffer due to surfactant
deficiency. Those with gestational age < 28 weeks
are, therefore, often intubated by giving surfac-
tant and in some centers they are immediately
extubated.

• Premature infants have a fragile germinal matrix
in their brain. Rapid changes in blood pressure or
vascular volume in addition to hypoxia may be
associated with germinal matrix hemorrhage.
These infants should be handled as gently as pos-
sible. Rapid boluses of fluid and quick changes in
body positions should be avoided.

According to one study, premature infants also have
higher neonatal mortality if resuscitated with 100%
oxygen compared with room air. There are no data for
infants with birth weight < 1000 g but there are rea-
sons to believe these are even more vulnerable to high
oxygen exposures.

Response to resuscitation
In the Resair 2 study, the heart rate rose from a mean of
92 per minute at 1 min of age to 112 per minute at 90 s,
and 128 at 3 min (Figure 136.1); only 8% and 5% of the
infants had a heart rate of < 100 per minute at 3 and
5 min of age, respectively. Apgar scores were (median)
4 at 1 min and increased to 7 at 5 min, and 8 at 10 min
of age. The median duration of ventilation was 2 min;
3/4 required less than 4 min, 1/10 required 10 min or
more, with approximately 1/20 being ventilated for
more than 30 min. Mean BD and pH in umbilical cord
were 14.3 mmol/l and 7.11, respectively. After 10 min,
arterial values did not show much difference with a BD
of 14.1 mmol/l and a pH of 7.16, respectively. However,
at 30 min of age, BD was (mean) 11.7 mmol/l and pH
was 7.26. This means that heart rate is a much more
sensitive indicator of the success of resuscitation than
acid–base status, which normalizes very slowly. BD
seems to fall 6–7 mmol/l/h during adequate ventilation
and oxygenation.

To withdraw or withhold resuscitation
From the large Collaborative Perinatal Project of the
National Institute of Neurological and Communica-
tive Disorders and Stroke in the USA, it is known that
very low Apgar scores for 15 min or more substan-
tially increase the risk for severe sequel. In this study,
in surviving infants with birth weight more than
2500 g, an Apgar score < 4 after 15 min or more sub-
stantially increased the risk of cerebral palsy. If the
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duration of very low Apgar scores was 5 min, the rate
of cerebral palsy was found to be approximately 1%;
however, after 20 min, the rate had increased to 57%.
As it is often problematic to estimate the duration of
prenatal asphyxia, resuscitation should consequently
always be carried out for a minimum of 15–20 min
without response, before withdrawal. Animal studies
have shown, however, that the more immature the
fetus, the longer is the period of hypoxia tolerated.
A preterm infant, therefore, probably tolerates a sub-
stantially longer period of hypoxia than a term infant
before severe hypoxic-ischemic encephalopathy
develops. On the other hand, the preterm infant has an
increased risk of developing intracranial hemorrhage.

In some cases, resuscitation should be withheld.
Infants with malformations incompatible with life
should not be resuscitated. Many centers do not resus-
citate newborn infants with gestational age of less than
23 weeks. According to the author’s opinion, the
following conditions represent contraindications to
newborn resuscitation: anencephaly, bilateral renal
agenesis, spinal muscular atrophy type I (Werdnig–
Hoffmann disease) with neonatal onset, trisomy 13, tri-
somy 18, and other diseases/conditions not compatible
with survival beyond the neonatal period or infancy.
The author resuscitates and tries to stabilize all infants
with a gestational age of 23 weeks or more. Often,
neither the exact diagnosis nor the gestational age is
known at birth. A liberal policy of resuscitation is
recommended whenever doubt about the care of the
individual infant exists. This allows the doctor to col-
lect more information about the clinical status and
prognosis of the child. This also allows one to inform
the parents, so that they can be prepared and perhaps
participate in the discussion and decisions about sub-
sequent therapy. How much the parents should partic-
ipate in the decision is debatable. Active participation
in the decision process requires a thorough under-
standing of the prognosis of the individual child. The
final formal decision, therefore, belongs to the doctor.
However, each institution needs a clear policy and
guidelines in these matters, so that these difficult deci-
sions are not left to individuals.

Postresuscitation care
After a successful resuscitation, heat loss should be
prevented by drying the child with dry towels. The
child should be labeled and frequently checked with
regard to breathing efforts, respiratory rate, color,
heart rate, signs of birth injury, or malformations. If
the resuscitation was brief and the situation was not
too dramatic, the newborn could be monitored in the
nursery, provided an adequate respiration is estab-
lished. The child could be placed with the mother so
that skin-to-skin contact with the mother is obtained.
However, this depends on the local conditions and

the possibilities for adequate observation by a trained
observer.

Even if the infant is not in need of artificial venti-
lation following resuscitation, the child is often
brought to the intensive care unit for further close
follow-up, which includes monitoring of the heart
rate, ventilation, and determination of arterial pH,
blood gases, and electrolytes. Any hypotension should
be treated with volume expanders or pressors, appro-
priate fluid therapy, and seizures treated according to
standard guidelines. During the first hours following
the resuscitation, the newborn infant should be regu-
larly screened for any hypoglycemia or hypocalcemia.
Breast-feeding should be encouraged, if possible, as
soon as 1 h after birth. If the resuscitation was unsuc-
cessful and the child died, the parents need a close
follow-up.

Documentation
It is useful if only one attending person observes and
immediately writes down the procedures followed.
A thorough documentation in the medical record of
all observations and actions is required before the
resuscitation is complete. Each institution should
keep records documenting the condition and proce-
dures carried out at birth. The important details of
resuscitation to be recorded are identification of the
newborn, the condition at birth (Apgar scores, etc.),
procedures undertaken to initiate respiration (suc-
tioning, stimulation, bag–mask ventilation, intuba-
tion, chest compression, oxygen, drugs, etc.), clinical
observations during and after resuscitation, and iden-
tification of the resuscitation team.

Training programs in
neonatal resuscitation
Birth asphyxia requires immediate availability and
recognition of qualified personnel. A training program
is necessary, at least at the local level. Some countries
have implemented national training programs as,
for instance, the successful program in India: ‘Give a
breath, save a life’. In the USA, AHA/AAP, through the
National Resuscitation Program (NRP), provides teach-
ing programs and courses and it is recommended that
renewal take place every second year. This means con-
tinuous education for doctors, nurses, and midwives
should be organized in each region/country.

Every institution that provides deliveries must
develop its own standards for newborn resuscitation,
and a plan of action should exist. The personnel
should gain and maintain skills in newborn resuscita-
tion by training using manikins, and an evaluation of
the training is necessary.
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Summary of practice and guidelines
• Approximately 3–5% of all newborn infants

require resuscitation immediately after birth,
which represents 4–7 million newborns world-
wide every year. Resuscitation of the newly born
infant, therefore, is one of the most frequent pro-
cedures carried out in medicine. Simple and clear
guidelines for this procedure should exist.
Training programs, identification of risk cases, and
preparation for the resuscitation procedures
should be part of the routine. The resuscitation
itself can be divided into five steps. Not all infants
requiring resuscitation go through all these steps,
but the different steps of resuscitation should be
clearly identified and be based on scientific evi-
dence. Today, this is not the case, and there is
obviously a need for more research in this field.

• Optimal resuscitation is a team effort. Every birth
should be prepared so that adequate personnel
skilled in resuscitation are present and adequate
equipment is at hand. It is important that newborn
infants in need of resuscitation are immediately
identified and that trained personnel perform the
procedures adequately.

• The asphyxiated newborn infant should be
quickly evaluated and initially stabilized by

drying and stimulation, proper suctioning, and
positioning. Ventilation with a soft face mask
and a self-inflating bag, in most cases, establishes
spontaneous breathing. A small fraction of resus-
citated infants only need endotracheal intubation,
and data indicate that ambient air is at least as
efficient as 100% oxygen for newborn resuscita-
tion. If supplementary oxygen is used, it should be
given with care and preferably simultaneously
with continuous recording of arterial oxygen satu-
ration by pulse oximetry. External heart massage
and drugs are rarely needed. If there is no ade-
quate response to the resuscitation procedure,
ventilation is stopped after approximately 20 min.

• A liberal policy for initiation of newborn resusci-
tation is recommended. Preterm babies and those
with meconium aspiration need specific guide-
lines. Resuscitation should be withheld in new-
born infants with conditions incompatible with
life; however, each institution should have its own
guidelines concerning when resuscitation should
be withheld or withdrawn.

• Postresuscitation care includes both the care of the
newborn and the communication with the parents.
Documentation of all observations and actions, as
well as an adequate training program, is required in
a proper resuscitation program for newborn infants.
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137 Intrapartum fetal asphyxia:
prediction and diagnosis
J. A. Low

Controversy is currently centered on the benefits,
risks and costs of intrapartum fetal surveillance. This
is appropriate, recognizing the effort that has been
committed to the development and application of
methods for this purpose.

These questions will not be answered until the
objectives of intrapartum fetal surveillance are clearly
defined. Epidemiological studies indicate that a small
component of long-term morbidity, such as cerebral
palsy, can be attributed to intrapartum fetal asphyxia.1,2

It is not realistic to anticipate that intrapartum fetal
surveillance and management will have a major effect
on long-term morbidity.

A realistic goal of intrapartum fetal surveillance is
the diagnosis of fetal exposure to asphyxia and the
prevention of morbidity and mortality due to this
process. Thus the outcome measure for intrapartum
fetal surveillance should be metabolic acidosis in the
fetus and related morbidity in the newborn in the
neonatal period.

This review will discuss outcome criteria and define
the magnitude of the problem in the intrapartum
period. The status of technology used in clinical
practice or under development to predict this outcome
will be examined.

Significance of fetal asphyxia
Exposure of the fetus to asphyxia has been a concern
since the first report of an association between
perinatal events and the mental and physical
condition of the child.3 The need for an animal model
to systematically examine the effect of asphyxia and
ischemia on the fetus was recognized in the late
1940s.4 Since that time, research studies in the fetal
monkey and lamb have advanced our understanding
of the significance of asphyxia to the fetus.

Fetal asphyxia of a particular degree and duration
may cause brain damage. Studies of the association
between fetal asphyxia and brain damage in the fetal
monkey and lamb have examined the effect of
anoxia,5,6 hypoxia7–10 and ischemia.11 Brain damage

may occur in each model. However, in every instance,
brain damage did not occur until the asphyxia was
severe and hypotension with cerebral ischemia was
present.

The studies of hypoxia in particular have demon-
strated that the majority of fetuses who experience an
asphyxial exposure do not have evidence of brain
damage. This is due in part to the cardiovascular
response of the fetus. The concept of fetal compensation
has been established on the basis of studies in the fetal
lamb. The effect of fetal asphyxia due to maternal
hypoxemia,12,13 reduced uteroplacental blood flow14,15

and cord occlusion16,17 on fetal cardiovascular function
have been examined. There is a centralization of the
fetal circulation with increased blood flow to the brain,
heart and adrenal glands.

This cardiovascular response with increased
cerebral blood flow is important to the integrity of the
central nervous system during the compensatory
phase. Cerebral oxygen metabolism is maintained
because of the combination of increased cerebral blood
flow and oxygen extraction and decreased oxygen
requirements.18 However, if the asphyxial exposure
continues, decompensation with a progressive
metabolic acidosis and a fall in arterial pressure will
occur. The combination of hypoxemia and cerebral
ischemia due to hypotension results in a marked
reduction of cerebral oxygen metabolism, leading to
cerebral dysfunction and brain damage.

This pathophysiological sequence of events is
summarized in Figure 137.1. The important feature
of anoxia is the short duration of the sequence of
events with limited compensation prior to the thres-
hold of brain damage. On the contrary with hypoxia,
compensation may continue for variable periods (hours)
before the threshold of decompensation leading to brain
damage is reached.

Diagnosis of fetal asphyxia
A Task Force set up by the World Federation of
Neurology Group defined asphyxia as a condition of
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impaired blood gas exchange, leading, if it persists, to
progressive hypoxemia and hypercapnia.19 This is a
good definition of asphyxia as it may affect the fetus and
newborn. However, this may occur in a transient
fashion which, although of physiological interest, has
no pathological significance. Additionally, hypercapnia
and respiratory acidosis alone do not account for organ
system dysfunction or damage.20 Significant fetal
asphyxial exposure, leading to tissue oxygen debt with
accumulation of fixed acids, results in a metabolic
acidosis. Thus, for intrapartum fetal asphyxia, the
following addition is proposed for this definition:

Fetal asphyxia is a condition of impaired blood gas
exchange leading to progressive hypoxemia and
hypercapnia with a significant metabolic acidosis.

The diagnosis of intrapartum fetal asphyxia requires a
blood gas and acid–base assessment. The important
question is the threshold of a metabolic acidosis
beyond which fetal morbidity or mortality may occur.

Umbilical vein and artery blood gas and acid–base
measures at delivery represent valuable reference
points of asphyxial exposure during labor. The
umbilical vein reflects the effectiveness of maternal
fetal blood gas exchange while the umbilical artery
reflects the acid–base status of the fetus. The
introduction of microelectrode blood gas systems has
provided the opportunity to examine these measures
in all pregnancies at delivery without risk to the fetus
and newborn. Reference data for these measures in
the umbilical vein and artery for 21,744 deliveries in
our center are presented in Table 137.1.

Umbilical vein and artery acid–base status, and in
particular the assessment of umbilical artery metabolic
acidosis, is the most valuable indicator of fetal exposure
to asphyxia during labor. Recognizing the importance of
this measure, the Plymouth group was the first to
emphasize the need for quality data to provide the basis
for interpretation.21 Several procedural and technical
errors may occur during umbilical cord blood sampling
and subsequent blood gas analysis.

Optimal interpretation requires a paired sample
from both umbilical vein and artery. A single sample
from the umbilical vein will define venous metabolic
state but cannot rule out an arterial metabolic
acidosis. During sampling, two aliquots may be drawn
from the umbilical vein. Such a procedural error is
implied when the vein–artery pH difference is less
than 0.02. The accuracy of the calculated measures of
metabolic acidosis is dependent upon the quality of
the pH and pCO2 estimations. The accuracy of the pCO2
estimation should be questioned when the pCO2 value
is outside the physiological range or the pCO2
artery–vein difference is a negative value or less than
4 mgHg. In these circumstances, the interpretation
should be limited to pH alone. A review of our data in
Table 137.1 indicated possible procedural or technical
errors in 11% of the samples examined (Table 137.2).

Because of the lability of pCO2, pH is not a satisfactory
proxy for metabolic acidosis.22 Thus, an umbilical
artery blood measure of metabolic acidosis is the best
indicator of tissue oxygen debt experienced by the fetus.
Lactate is the principal fixed acid contributing to this
metabolic acidosis. However, an increase of lactate may
be due to an increase of pyruvate as well as hypoxia.23

We established an umbilical artery base deficit
> 12 mmol/l as a criterion of fetal asphyxia. This
represented 2 standard deviations below the mean
adjusted for the component attributable to tissue oxygen
debt. Whether this criterion reflects the threshold for
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Figure 137.1 The pathophysiological sequence of events after
exposure to asphyxia.

Table 137.1 Mean blood gas and acid–base
measures for 21,744 deliveries

Umbilical vein Umbilical artery

Mean SD Mean SD

pH 7.340 0.07 7.248 0.069
pco2 40.4 7.7 54.5 9.7
po2 27.2 6.1 15.1 5.1
Base deficit 3.0 2.7 6.8 3.2

Table 137.2 Quality assessment of umbilical cord
blood gas and acid–base data

n %

Single umbilical vein sample
Single sample 1671 7.7
Two samples, single vessel 290 1.3

Paired samples, pco2 error
pco2 outside physiological range 32 0.1
Artery–vein pco2≤0 mmHg 165 0.7
Artery–vein pco2 1–3 mmHg 255 1.2

Paired samples, satisfactory criteria 19,931 89

Kurjak-137.qxd  5/10/2006  11:37 AM  Page 1464



morbidity in the fetus and newborn has been examined
in recent studies.

Fifty-nine term fetuses with a metabolic acidosis,
i.e. an umbilical artery base deficit > 16 mmol/l, were
matched with 59 fetuses with normal blood gas mea-
sures at delivery. Forty percent of the newborns with an
umbilical artery base deficit > 16 mmol/l had moderate
or severe complications in one or more of the central
nervous system, cardiovascular system, respiratory
system or kidney.20 A similar association was demon-
strated in a matched case–control study of preterm new-
borns between 32 and 36 weeks of gestational age.24

In view of these findings, a study was conducted to
determine the threshold of metabolic acidosis. This was
a matched case–control study of three groups of term
fetuses based on umbilical artery base deficit at birth.
The three groups were umbilical artery base deficit
12–16 mmol/l (n =58), umbilical artery base deficit
8–12 mmol/l (n =58) and umbilical artery base
deficit 4–8 mmol/l (n =58). Moderate and severe
newborn complications occurred only in the fetuses
with an umbilical artery base deficit > 12 mmol/l. The
incidence of moderate and severe complications with
an umbilical artery base deficit 12–16 mmol/l was
10%.25 There is a progression of frequency of such
complications with increasing metabolic acidosis, as
noted in the study reported above, with a 40%
incidence of moderate and severe complications when
the umbilical artery base deficit was > 16 mmol/l.

These studies would support the contention that the
threshold of fetal metabolic acidosis beyond which
moderate or severe newborn complications may occur
is an umbilical artery base deficit > 12 mmol/l.

The magnitude of the clinical problem is determined
by the prevalence of a significant metabolic acidosis
(Table 137.3). Approximately 20 fetuses per 1000 births
will have a metabolic acidosis at delivery which
exceeds the threshold for morbidity. The probability is
greater in five fetuses per 1000 deliveries who have a
metabolic acidosis with a base deficit > 16 mmol/l. The
best measure of morbidity after intrapartum fetal
asphyxial exposure is newborn cerebral dysfunction,
expressed by moderate or severe newborn encephalo-
pathy. Based upon our experience, the prevalence of

intrapartum fetal asphyxia with a significant metabolic
acidosis and moderate or severe newborn encephalopa-
thy is of the order of three per 1000 births. Cerebral
dysfunction does not necessarily imply brain damage
with subsequent major handicap. A meta-analysis of
the best available studies indicates that deficits due
to brain damage occur in 20% after moderate new-
born encephalopathy and 80% after severe newborn
encephalopathy.26 This implies a prevalence of intra-
partum fetal asphyxia with brain damage in approxi-
mately one to two per 1000 births.

Prediction of intrapartum
fetal asphyxia
The clinical paradigm which has been widely used
combines clinical risk scoring with fetal heart rate
surveillance to identify the fetus at risk of asphyxial
exposure. The diagnosis can be confirmed or ruled out
by a caput sample with a fetal blood gas and acid–base
assessment. This has not resolved the problem due to
shortfalls of each element of the paradigm which have
become evident with increasing clinical experience.

Clinical risk scoring
The limitations of clinical risk scoring have been
demonstrated in two studies. The predictive value of
selected clinical risk factors was examined in 1909
consecutive pregnancies (Table 137.4) and in a second
population of 100 consecutive pregnancies with
biochemically determined intrapartum fetal asphyxia.27

A second study examined the association between
clinical risk factors and pregnancies resulting in a
perinatal death with evidence of brain damage due to
fetal asphyxia on postmortem examination.28 These
studies highlighted two points.

Prediction of intrapartum fetal asphyxia 1465

Table 137.3 Prevalence of significant intrapartum
fetal asphyxia

Per 1000 births

Metabolic acidosis
UABD > 12 mmol/l 20
UABD > 16 mmol/l 5
Metabolic acidosis =cerebral dysfunction 3
Metabolic acidosis =brain damage 1–2

UABD, umbilical artery base deficit

Table 137.4 Predictive value of antepartum risk
factors (group 1) and antepartum plus intrapartum
risk factors (group 2) for intrapartum fetal asphyxia

Group 1 Group 2

Asphyxia Asphyxia Asphyxia Asphyxia 
present* absent present* absent

Risk present 22 663 34 1081
Risk absent 22 1202 10 784
Sensitivity (%) 50 77
Specificity (%) 64 42
Positive 3 3
predictive 
value (%)

Negative 98 99
predictive
value (%)

*Umbilical artery buffer base deficit > 12 mmol/l
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Fetal exposure to asphyxia occurs in pregnancies
with no clinical risk factors. This occurred in 23% of
the pregnancies studied to assess the predictive value
of risk factors and in 35 of the 100 consecutive
pregnancies with biochemically determined intra-
partum fetal asphyxia. In the review of the perinatal
mortality with postmortem evidence of brain damage
due to antepartum or intrapartum fetal asphyxia,
approximately 40% of the pregnancies had no clinical
risk factors.

In those cases in which clinical risk factors were
present, risk was determined by a wide range of clinical
complications, with no single risk factor demonstrating
a strong association with intrapartum fetal asphyxia.
The positive predictive value for both antepartum and
intrapartum risk factors for intrapartum fetal asphyxia
was 3%. This low predictive value was true for all risk
factors. Thus clinical risk scoring has a major problem
with false-positive prediction of intrapartum fetal
asphyxia.

Thus, the first step in the fetal assessment paradigm
has not been validated. All pregnancies are at risk for
this complication. The term ‘low risk’ based on clinical
markers cannot be applied in regard to fetal exposure to
asphyxia during labor. A number of clinical markers,
such as antepartum hemorrhage, pregnancy-induced
hypertension, fetal growth retardation and meconium
in the amniotic fluid, are associated with a modest
increased risk. However, in each case, the positive
predictive value is low.

Fetal heart rate surveillance
Fetal heart rate observations began early in the 19th
century with intermittent auscultation. Subsequently,
continuous electronic fetal heart rate monitoring
has been developed during the 20th century.29 It has
been difficult to determine if this surveillance has
contributed to a decrease of fetal mortality or morbidity
due to asphyxia.

Evidence has been presented to indicate that the
introduction of electronic fetal heart rate monitoring
has been associated with a reduction in the number of
intrapartum fetal deaths.30,31 However, mortality has
not been resolved. Intrapartum fetal deaths continue
to be reported in randomized clinical trials and in
studies of perinatal mortality of stillbirths and early
neonatal deaths after fetal asphyxia. In the last UK
Confidential Enquiry into stillbirths and death in
infancy, 9% of all deaths between 20 and 44 weeks of
gestation were related to labor and, of the normally
formed babies weighing at least 2500 g, 4.3% could be
linked to intrapartum events.32

There is no evidence that fetal heart rate
surveillance has been associated with a decrease in
long-term morbidity as expressed by brain damage
and cerebral palsy. The evidence of an association
between abnormal fetal heart rate patterns and
subsequent neurological abnormality has been

limited.33,34 A matched case–control study in our
center examined the heart rate of fetuses with no
metabolic acidosis at delivery who had a motor and
cognitive assessment at 1 year. There was no difference
in the fetal heart rate characteristics during the last
2–4 h of labor between the children with and without
motor and cognitive disability at 1 year (unpublished
data). Rosen and Dickinson35 failed to find consistent
fetal heart rate patterns that would predict brain injury.
The authors concluded that these findings should not
be surprising because the majority of brain damage
occurs outside the intrapartum period.

A role for fetal heart rate surveillance to predict
fetal metabolic acidosis holds greater promise.
Laboratory studies in the fetal lamb and monkey have
demonstrated a relationship between fetal heart rate
behavior and fetal hypoxemia and metabolic acidosis.
Late decelerations have been shown to occur when
fetal oxygen tension decreases below a critical level.
The interval between the onset of the contraction and
the onset of the deceleration reflects the time
necessary for fetal oxygen tension to fall below this
threshold.36–38 Late decelerations due to fetal
hypoxemia in a previously normoxic fetus are due to
chemoreceptor initiated reflex bradycardia which can
be blocked by atropine, while in previously hypoxic
fetuses the bradycardia is presumably due to a direct
effect upon the myocardium.39,40 The interpretation of
heart rate variability by studies in the fetal lamb has
been confounded by an apparent species difference.
The late gestation sheep fetus consistently and reliably
experiences an increase of heart rate variability with
acute hypoxemia with or without acidosis.41 In contrast,
the hypoxemic human fetus generally exhibits a
decrease of fetal heart rate variability.42,43

Two clinical studies have demonstrated an
association between decreased baseline variability and
late and prolonged decelerations and fetal metabolic
acidosis at delivery.44,45 An algorithm of three fetal heart
rate patterns were defined on the basis of the presence
of these fetal heart rate variables in six 10-min cycles in
1 h (Table 137.5). The sensitivity of this algorithm was
good identifying 75% of fetal asphyxia and 96% of
moderate and severe fetal asphyxia. The positive
predictive value of the predictive fetal heart rate pattern
was 90%. However, the positive predictive value of
potentially predictive patterns ranged from 5% to 10%.
The striking number of false positives for potentially
predictive patterns represents the outstanding problem
in the use of fetal heart rate surveillance as a screening
test for intrapartum fetal asphyxia.

Well-designed, randomized, controlled trials are
proposed as a means of minimizing selection bias and
providing a measure of the true risks and benefits of a
medical intervention. There have been no randomized
clinical trials to compare fetal heart rate surveillance
with intermittent fetal heart rate auscultation. The
randomized clinical trials comparing intermittent
auscultation and continuous electronic fetal heart rate
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monitoring have not demonstrated that continuous
electronic fetal heart rate monitoring was associated
with a decrease of fetal and newborn morbidity. Two
factors have confounded these studies. The prevalence
of intrapartum fetal asphyxia with cerebral dysfunction
or brain damage is low. The magnitude of the
randomized trials to date has not been sufficient to
discriminate this infrequent outcome. The largest trial
reported a decrease of newborn encephalopathy but
not cerebral palsy.46 The study protocols in these trials
have modified clinical management by providing one-
to-one support of care, assuring continuous surveillance
during labor, a circumstance which, although widely
advocated, is rarely achieved in clinical practice.

The randomized clinical trials have made an
important contribution, confirming the occurrence of
false-positive interpretation of electronic fetal heart
rate recording, with unnecessary interventions. Nine
randomized clinical trials, three with electronic fetal
monitoring alone and six with electronic fetal moni-
toring with scalp sampling, have been analyzed in the
Cochrane Pregnancy and Child Birth Database.47,48

These studies have demonstrated that electronic fetal
heart rate monitoring in relation to intermittent
auscultation has been associated with increased
incidence of cesarean section for fetal distress and
dystocia, increased operative delivery and general
anesthesia. It must be recognized that these outcomes
are not due to the method of fetal heart rate surveillance
but are a result of inappropriate interpretation of the
fetal heart rate data.

The continuing use of fetal heart rate surveillance
must recognize these limitations, i.e. some cases of
asphyxial exposure will be missed and a large number
of false positives must be clarified in order to avoid
unnecessary intervention. Additionally, it is important
that the quality of the fetal heart rate data be adequate
for interpretation. This requires an optimal signal,
recognition of interpretation problems and a satisfactory
assessment protocol.

The data provided for interpretation by continuously
recorded electronic fetal heart rate are superior to
intermittent auscultation.49 Interpretation of baseline
variability can only be achieved from continuously
recorded data interpreted either visually or by
computer. The quality of the data must be adequate
for interpretation. The ultrasound fetal heart rate

signal and the tocodynometer have provided an
attractive non-invasive option. These methods
provide a good signal but not necessarily consistently.
This is particularly true for the tocodynometer.
A scalp electrode and an intrauterine catheter should
be used in such circumstances.

Differences of classification criteria, decelerations
in particular, remain. Classifications of late decelera-
tions have, on the one hand, given first priority to the
timing of the nadir of the deceleration, while others
have emphasized the waveform. Interpretation of the
waveform has focused on the onset to the nadir50 or
examined the residual component of the waveform.51,52

Efforts to quantify decelerations are continuing.53,54

Until a consensus is developed, criteria used in
clinical practice should be clearly defined and
consistently applied.

Encouraging progress has been made on computer-
based programs for the interpretation of fetal heart rate
patterns. However, the vast majority of clinical records
are read visually. The limited interobserver reliability
for the visual interpretation of fetal heart rate patterns
has been well documented.55 A study has been recently
completed in our program. The interobserver reliability
k values were: baseline fetal heart rate 0.70, baseline
variability 0.55, accelerations 0.56, variable decelera-
tions 0.46 and late decelerations 0.57. However, the
interobserver reliability for an abnormal fetal heart
pattern over 1 h of recording, based upon the presence
of decreased baseline variability and/or late decelera-
tions, was good. This experience supports the practice
of defining patterns rather than assessing individual
fetal heart rate variables.

There is no consensus in regard to the protocol for
fetal heart rate assessment. Since low-risk and high-
risk pregnancies for fetal asphyxia cannot be defined,
fetal heart rate screening must be available for all
patients. Since the objective of fetal heart rate
screening is the prediction of asphyxial exposure,
surveillance should begin early in labor with
continuous recording of reasonable duration to permit
interpretation. Visual interpretation requires that the
fetal heart rate be carefully scored to establish the
presence of abnormal patterns over a period of time.

Two clinical interventions have been advocated as
options to improve the specificity of abnormal fetal
heart rate patterns. Vibroacoustic stimulation with an
acceleration response has been proposed as a sign of
fetal reactivity and as a means of ruling out fetal
acidosis in the presence of fetal heart rate patterns with
decreased baseline variability and late decelerations
with no accelerations.56 However, subsequent reports
of the predictive value of vibroacoustic stimulation
have been equivocal.57–59 A number of trials of amnio-
infusion, particularly in the presence of oligo-
hydramnios, have demonstrated a beneficial effect,
relieving variable decelerations and reducing the rate
of cesarean section for fetal distress.60–64 These clinical
interventions require further investigation.
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Table 137.5 Predictive and potentially predictive
fetal heart rate patterns for intrapartum fetal asphyxia

Baseline Decelerations
variability late/prolonged 
(cycles/h) (cycles/h)

Predictive Absent ≥1 + ≥2

Potentially predictive Minimal ≥2 + ≥2
Minimal ≥2 or ≥2
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Complementary technologies
The assessment of the fetal electrocardiographic (ECG)
waveform is an attractive option since the signal can be
obtained from the same fetal scalp electrode used for
recording the fetal heart rate. It is possible to study the
waveform in detail with appropriate filter charac-
teristics and signal processing.65 The time segments of
ECG waveforms studied have included the ST segment
and the PR interval.

Laboratory studies have examined the effect of
hypoxemia and acidosis on the ST segment. In studies
of acute hypoxemia, the ratio of the T-wave height to
QRS height increased.66–69 However, the results have
not been consistent. ST segment depression with
negative T-waves has been observed in experimentally
growth-retarded guinea-pigs.70 Slowly developed
acidemia in fetal lambs was not detected by ST
waveform analysis.71

Preliminary clinical observations suggested caution
in the interpretation of ST waveforms.72 Newborns
with acidosis have had T/QRS ratios in the normal
range.73 Weak relationships have been reported
between T/QRS ratios and fetal academia.74,75 The
recent development of higher-order FHR analysis has
provided monitoring systems that can add automated
fetal ECG ST segment analysis to the standard FHR and
uterine contraction information which have been
applied in a number of clinical trials. The result of the
first trial was a 46% reduction of operative deliveries
for fetal distress without change in newborn outcome.76

Meta-analysis of two large randomized clinical trials of
fetal heart rate assessment with the support of ST
waveform analysis have shown that the number of
babies born with metabolic acidosis at delivery could
be reduced in conjunction with a reduction of
operative deliveries for fetal distress.77

Laboratory studies of acute hypoxemia and fetal
acidemia have demonstrated a conversion from
negative relationships between the PR interval and
the fetal heart rate to a positive relationship.69,78

Preliminary observational studies and a randomized
clinical trial suggest that this observation may be of
value in the assessment of the human fetus during
labor.79,80

Pulse oximetry provides a non-invasive measure of
oxygen saturation which has proven of great value in
patient surveillance in anesthesia and critical care.
Fetal pulse oximetry is being developed for intra-
partum assessment.81,82

Fetal pulse oximetry must have an acceptable level
of precision and accuracy in measuring oxygen
saturation. There have been technical problems
unique to the fetus. The fetal signal is much smaller.
The light-emitting diodes are placed in reflective
rather than transmission mode. The sensor contact
with the skin must be a good site free of hair. Progress

has been made and the precision of newer prototypes
has been encouraging.83 The validation of the
accuracy of pulsatile oxygen saturation measures in
the human fetus is difficult. An encouraging correlation
has been reported between pulse oximetry oxygen
saturation and scalp blood oxygen saturation with
cord vein oxygen saturation.84,85

Prospective clinical trials of pulse oximetry require
a critical threshold of oxygen saturation. Chronic
hypoxemia studies in fetal lambs have demonstrated
that normal acid–base status in terms of pH and base
deficit is maintained until oxygen saturation
approaches 30%.86,87 Data from the human fetus are
limited. There is a decrease of fetal oxygen saturation
during labor.82,88 An examination of the relationship
of a 30% threshold with pH in umbilical cord blood
reported an encouraging sensitivity but poor specifi-
city.89 Carefully controlled clinical trials are required
before this promising technology can be used as an
adjunct to electronic fetal heart rate monitoring in
intrapartum fetal assessment.

Near infrared spectroscopy has been used to
provide quantitative data of cerebral oxygenation and
hemodynamics in the newborn infant.90 Near infrared
spectroscopy is being developed as a means of
continuous, non-invasive real-time measurement of
change in fetal cerebral oxygenation and hemo-
dynamics during labor. Preliminary reports of the
application of this technology for fetal assessment
during labor have been published.91,92 There is some
evidence of a correlation with pulse oximetry oxygen
saturation during labor91 and with acid–base status at
delivery.93 However, much research remains to be
done before this technology can be considered for
intrapartum fetal assessment. The outstanding issues
have been reviewed recently.94 These include the
satisfactory maintenance of fetal contact of the sensor,
confounding factors affecting the measurements and
normative data during labor.

Fetal blood gas and acid–base assessment
The diagnosis of fetal asphyxia requires a blood gas
and an acid–base assessment with evidence of a
significant metabolic acidosis. An assessment can be
carried out on fetal capillary blood obtained by scalp
sampling during labor or in umbilical vein and artery
blood at delivery. Such an assessment can confirm or
rule out a metabolic acidosis.

The limitations of fetal sampling and blood gas
and acid–base assessment are well known. This assess-
ment provides a measure at one point in the con-
tinuum of labor and delivery. Continuous rather than
intermittent assessment of acid–base status would be
an optimal method of fetal surveillance. However, pH
electrodes tested in recent years have had to contend
with technical difficulties and artifacts.95,96 Thus, this
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option is not available for clinical practice at the
present time. The second problem is that fetal scalp
sampling may not be technically feasible in early
labor, while later in labor the procedure is invasive
with a small but significant risk. This is a constraint
in regard to repeated sampling in a fetus with a
developing metabolic acidosis during labor and the
frequent sampling required to clarify false-positive
abnormal fetal heart rate patterns.

Discussion
Intrapartum fetal asphyxia is important to the fetus and
newborn. Laboratory studies in the fetal monkey and
lamb have established that a single severe episode of
asphyxia accompanied by cardiovascular decompensa-
tion with cerebral ischemia can cause brain damage.

The responsibility of the obstetrician is early
recognition to prevent morbidity and mortality. Clinical
studies have established that asphyxial exposure with
a significant metabolic acidosis occurs in approxi-
mately 20 per 1000 births. The key to understanding
the significance of an asphyxial exposure is expressed
by the equation:

Fetal asphyxial exposure +fetal response =outcome

The majority of fetuses are not compromised because of
the fetal compensatory response to the asphyxial
exposure. This fact provides the window of opportu-
nity for the obstetrician to make a precise diagnosis of
fetal exposure with a developing metabolic acidosis
and to intervene before fetal compromise has occurred.
Based on the animal studies, this window ranges from
minutes to hours subject to the severity and nature of
the asphyxial exposure. There is reason to speculate
that, during labor, in most cases the asphyxial exposure
is relative in degree and intermittent in nature. Thus,
the window of opportunity to predict and diagnose
asphyxial exposure tends to be longer rather than
shorter.

Fetal exposure with fetal decompensation does
occur. Clinical studies indicate that morbidity after
fetal asphyxia is uncommon with cerebral dysfunction
in three per 1000 births and brain damage in one to
two per 1000 births. The responsibility of the neo-
natologist is early diagnosis, continuing assessment,
and management of the newborns to minimize morbi-
dity. Within the foreseeable future, medical inter-
ventions may be available to interrupt the cascade of
biochemical events leading to neuronal death in order
to minimize brain damage.

An appropriate objective for intrapartum fetal
asphyxia would be to reduce the incidence of fetal
exposure from 20 to 10 per 1000 births and prevent

asphyxial exposure with cerebral dysfunction and
brain damage. There is little evidence that intrapartum
fetal surveillance has achieved such a goal, while the
modest specificity of current methods has led to an
increase of unnecessary interventions. This can be
attributed to the limitations of current assessment
protocols and technology.

Clinical risk scoring of pregnancies for intrapartum
asphyxia has not proven to be of benefit. Asphyxial
exposure occurs in pregnancies without clinical risk
factors, while relevant risk factors have limited
predictive value. Thus fetal heart rate assessment has
become the primary method of screening for
intrapartum asphyxia. Fetal heart rate patterns of
decreased baseline variability and late decelerations
have predictive value. However, the sensitivity is
modest with 25% of fetal exposures not identified,
while specificity is poor with a large number of false-
positive fetal heart rate patterns requiring clarification.
Fetal acid–base assessment will provide a definitive
diagnosis. However, these measures provide a measure
at one point in the continuum of labor and delivery.

The significance of fetal asphyxia justifies continu-
ing efforts to improve the predictive sensitivity and
specificity of intrapartum fetal surveillance protocols.
Fetal heart rate surveillance has predictive value and
should continue. However, the limitations must be
recognized. In order to be a useful predictor, quality
data beginning early in labor and of sufficient duration
to permit interpretation are required. Satisfactory
interpretation requires standardized criteria with well
designed assessment protocols which can serve as a
basis of ongoing evaluation of this method. It is widely
acknowledged that fetal heart rate surveillance will
require supplementary assessment methods to improve
sensitivity and specificity of prediction. The role of
fetal ECG waveform analysis and pulse oximetry is
being examined. Near infrared spectroscopy is at a
much earlier stage in development. These comple-
mentary measures are not yet ready for use in clinical
practice.

The liberal use of fetal blood gas and acid–base
assessment must be entertained until the predictive
characteristics of current screening modalities have
improved. Routine umbilical vein and artery blood
gas assessments at delivery ensure that all asphyxial
exposures during labor are identified. This is a
valuable outcome measure for intrapartum fetal
assessment and ensures that the neonatologist is
forewarned of all newborns that have experienced an
asphyxial exposure during labor. Periodic fetal scalp
sampling and acid–base assessment during labor
represent the only definitive methods to confirm that
a suspected fetal exposure is occurring or to establish
that an abnormal fetal heart rate pattern represents a
false-positive prediction.
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138 Cardiotocography
H. P. van Geijn

Introduction
Until the second half of the 20th century, assessment
of the fetal condition depended on very limited
information: the growth of the uterus and its contents,
the movements of the fetus perceived by the mother
and listening to the fetal heart beat with a mono- or
biauricular stethoscope.1 Sudden absence of fetal
movements in the second half of pregnancy was, at
that time, not only a very emotional but also a serious
diagnostic problem. Usually one had to wait for some
weeks in order to observe any growth of the uterus
before the decision could be reached to induce labor.
The Spalding’s sign at x-ray examination, showing
overlapping of the fetal skull bones like roof tiles as a
result of advanced maceration of the fetal tissues, was
one of the few helpful objective diagnostic signs of
fetal demise.

This recurrent dilemma of whether or not the fetus
had died in utero formed the major impulse for the
development of cardiotocography.2 Initially, fetal
abdominal electrocardiography and phonocardioto-
cography were experimented with, but failed, pri-
marily due to technical problems.

It was only when the fetal heart beat was found to
be detected easily by means of ultrasound (the
Doppler-shift) or through the application of direct
electrocardiography that cardiotocography became
popular as the method for monitoring the condition of
the fetus. Currently, the majority of obstetric decisions
to assist delivery of the baby by artificial means
(cesarean section, forceps or vacuum extraction) for
reasons of suspected fetal distress rely on information
gathered through the application of cardiotocography.

It is the confirmation that the fetal heart rate (FHR)
pattern is normal and, therefore, the near 100%
certainty that the fetus is in a good condition, which
have made cardiotocography so attractive and have
encouraged its widespread use. This development is
very understandable considering the dependence on
indirect signals from the fetus and the problems
mentioned above concerning the very limited means
of monitoring the condition of the fetus prior to the
introduction of cardiotocography. However, now
cardiotocography has been in use for some decades,

criticism of the method itself and objections to its
widespread application are increasing (Table 138.1).
These criticisms and objections will be discussed in
more detail and an attempt made to reach a more
meaningful conclusion.

The normal and abnormal
fetal heart rate pattern
The normal FHR pattern is characterized by a baseline
frequency of between 110 and 150 beats/min, presence
of periodic accelerations, a normal heart rate
variability with a bandwidth of between 5 and
25 beats/min and the absence of decelerations.3 In
this regard, the importance placed on the 120 and
160 frequencies is misleading. It originates from the
second half of the 19th century when the normal
frequencies were stated by Von Winckel to be between
120 and 160 beats/min.

The FHR pattern is abnormal when one or more of
the following features are observed: a baseline

Table 138.1 Criticisms of cardiotocography

Insufficient understanding of the (patho)physiological
background

Too indirect a signal of the fetal condition

Number of technical pitfalls

Differences in recording techniques

Primarily qualitative information (pattern recognition)

Lack of uniform classification systems

Confusion due to the many influences on the fetal heart
rhythm

Substantial intra- and interobserver variation regarding the
interpretation

Low validity, high incidence of false-positive findings

Primarily screening method, too often applied as a
diagnostic

Leads to an increase in artificial deliveries

Lack of agreement on how, when and whom to monitor

Contributes to medico-legal vulnerability
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frequency of below 110 or above 150 beats/min,
absence of accelerations for more than 45 min,
decreased or absent FHR variability and the existence
of repeated variable or late decelerations. A baseline
frequency between 100 and 110 can be considered as
normal when the duration of pregnancy has exceeded
41 weeks.

Are the criticisms of
cardiotocography justified?
In recent years cardiotocography has been criticized
for a number of reasons. A far from complete
summary is given in Table 138.1. The criticisms have
a very diverging character. Each of them will be
commented on in the following sections.

The FHR pattern is too indirect as a
signal of the fetal condition
The (patho)physiological background of the fetal heart
rhythm is extremely complex.4 Blood pressure, car-
diovascular regulation, the condition of the autonomic
and voluntary central and peripheral nervous system,
respiration, temperature regulation, the renin–
angiotensin system, the functioning of the adrenals,
endocrine mechanisms, the cardiac conduction
systems, the condition of the vessel walls and cellular
processes all contribute to the shape of the heart rate
pattern recorded on paper or a visual screen. Under
normal circumstances the FHR pattern primarily
represents the state of the central nervous system, i.e.
the 24-h (circadian) rhythms and the cycling of
behavioral states (ultradian rhythms). When the
condition of the fetus is being threatened there is a
shift to a more likely representation of disturbances in
the regulation of the blood pressure and the cardiac
performance, and ultimately a direct influence on the
fetal heart.

Artificial occlusions of the umbilical cord
circulation and the uterine circulation in animal
experiments have contributed to a better under-
standing of the various aspects of the FHR pattern
under pathological circumstances. The human situa-
tion is far more complex however: successive uterine
contractions vary in duration and intensity; the
position of the human fetus may change; the amount
of amniotic fluid varies from fetus to fetus; occlusions
of the uterine circulation, umbilical vessels and/or
placental circulation can be absent, be partial or even
be total; and the circulation in the umbilical vein
and/or one or both umbilical arteries can be affected.
These are just a few of the many combinations on the
circulatory level that may occur when the fetal
condition is threatened. Next there are the many
complex variations regarding the biochemical status
of the fetus, in particular the state of the acid–base

balance. It should be remembered that depth,
duration and shape of variable decelerations have no
direct relation to the acid–base balance of the fetus at
a particular moment.5

Differences in technique
For a correct understanding of the FHR pattern as
recorded on paper or a screen, it is essential to
understand the technical procedures involved with
the acquisition and processing of the heart beat signal
obtained through ultrasound or direct electrocardio-
graphy.6 The cardiotocographic equipment has been
improved markedly since the introduction of cardio-
tocography. Nevertheless, some technical problems
have never been fully resolved: some artificial FHR
variability, halving and doubling of heart rate
frequencies, no recording made of cardiac arrhythmias
with Doppler ultrasound and recording of the
maternal instead of the FHR frequency. The major
problems, however, occur in clinical practice. There
is no uniform opinion regarding the preferred paper
speed. Recording speeds vary from 1 to 2 to 3 cm/min,
depending on the obstetric unit. A low paper speed
facilitates the overview of a recording but has definite
disadvantages: ‘long-term’ FHR variability is arti-
ficially accentuated, ‘short-term’ variability is hardly
recognizable and the time-relation between uterine
contractions and decelerations is more difficult to
assess.

The many influences of the FHR pattern
The healthy near-term fetus demonstrates a charac-
teristic FHR pattern with continuous cycling of a
‘reactive’ and a ‘non-reactive’ FHR pattern representing
the cycling of the sleep states 2F [rapid eye movement
(REM)-sleep, active sleep] and 1F (non-REM-sleep,
quiet sleep).7 This cycling is interspersed, in particular
around midnight, with periods of fetal activity (jogging)
accompanied by recurrent accelerations sometimes
mimicking fetal tachycardia. The maximum duration
of a 1F state is 45 min in a healthy fetus.

When pregnancy advances, accelerations increase
in number, duration and amplitude. Variability
increases during the 2F states, but is nearly constant
after 26 weeks of gestational age in 1F states.8 The
variability in the 1F states primarily relates to the
absence or presence of clusters of regular mouthing
movements (associated with oscillations!) or breathing
movements (associated with short-term variability!).9

FHR variability may vary from day to day and week to
week in the individual fetus.8

Interpretation of a cardiotographic tracing is parti-
cularly difficult early preterm. In general, the decision
to start cardiotocography is determined by a serious
obstetric problem such as the presence of intrauterine
growth restriction, rupture of membranes, vaginal
blood loss or pregnancy-induced hypertension.

Are the criticisms of cardiotocography justified? 1473
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Interpretation then is not only more difficult because
of the age of the fetus and the presenting obstetric
problem, but also because of the use of maternally
administered medication. Betamimetics increase the
baseline FHR and are associated with a decrease in
FHR variability. Magnesium sulfate causes a decrease
in FHR variability. Antihypertensives may cause
tachycardia, bradycardia, flattening of the accelerations
or a decrease in variability. Bethamethasone, contrary
to dexamethasone, leads to a decrease in the incidence
of fetal body and breathing movements and con-
comitantly a decrease in the number of accelerations
and diminished variability.10

High intra- and interobserver variability
Reading, classification and interpretation should be the
successive steps in the assessment of cardiotocographic
tracings. Often, too easily a conclusion is reached in
(vague) terms of a suspicious, pathological, ominous or
terminal FHR pattern.

The high intra- and interobserver variability
concerning the classification and interpretation of
FHR patterns has been substantiated in a large number
of publications. Assessment of the baseline frequency
and the presence or absence of accelerations and
decelerations is rather uniform, but lacks any
uniformity when FHR variability and deceleration
types are concerned.11 Easy, exact guidelines as to
how to determine and interpret FHR variability are
lacking. It appears that in daily obstetric practice
variable decelerations far too often are classified as
early or late decelerations, merely on the basis of the
time-relation between the associated uterine contrac-
tion and the deceleration. The typical characteristics
of the variable decelerations are that they vary in
shape, duration and depth and, on this basis, nearly
all decelerations occurring during labor should be
classified as being of the variable type.12 The
‘shouldering’, i.e. the increase in FHR prior to and
following a variable deceleration, can incorrectly be
interpreted as an acceleration. Their monotonous and
recurrent character is, however, very different from
the irregularly spaced accelerations occurring in
association with fetal body movements. Recurrent
increases in the FHR during uterine contractions
should raise suspicion that the (umbilical) venous
circulation is being obstructed.

The low validity, high false-positive rate
The low validity of cardiotocography has been
concluded from a very limited number of earlier
performed randomized studies, in which cardiotoco-
graphy was compared with intermittent auscultation.
These studies suffer from a number of serious draw-
backs and inadequacies concerning patient selection,
sample size, randomization procedures, in- and
exclusion criteria, the knowledge of the responsible
obstetricians as to how to classify and interpret

cardiotocographic tracings and the comparability of
the applied intermittent auscultation with daily
obstetric practice (dedicated nurses participated in
the auscultation groups).

A major problem with these and other studies
aiming to assess the validity of cardiotocography and
related procedures is the lack of solid endpoints
concerning the fetal condition. One of the few hard
endpoints is the status of the acid–base balance in
arterial and venous cord blood, often applied to assess
justification of artificial deliveries for reasons of
suspected fetal distress. The primary aim of obstetric
interventions in this regard is, however, to prevent
fetal distress and as such these measures are not very
helpful in assessing the adequacy of obstetric
management in individual cases.

Cardiotocography increases
medico-legal vulnerability
Ultrasonography and cardiotocography have been
named as the ‘minefields of obstetrics’. In contrast to
antepartum monitoring, it is the intrapartum applica-
tion of cardiotocography which may lead to litigation.
The knowledge that their baby was in a good condition
at the start of the birthing process is for parents an
unbearable thought when the baby suffers from
handicaps in later life which may possibly relate to
the occurrence of fetal distress during the process of
labor and delivery. The consumers, supported by legal
experts, expect from the obstetrician not so much that
she/he diagnoses fetal distress, but that a serious threat
to the fetal condition is being avoided, certainly if it
concerns a child with full potential for later life. The
layman wonders why obstetricians do not all apply the
same monitoring techniques and cannot understand
why FHR patterns cannot be classified and interpreted
uniformly.

The medico-legal vulnerability associated with the
application of cardiotocography and other monitoring
techniques is a very complex area.13 Many aspects are
involved, such as the time path followed, the standard
of care at a certain moment, the preceding training
experienced, the chain of command at a certain
moment, the limitations of indirect information,
uncertainty when damage to the infant occurred, the
confusing nomenclature in use and the lack of exact
definitions and guidelines. Nearly all cases are
discussed ‘in retrospect’ knowing the fatal result of a
particular case. Laymen have little understanding of
peak loads in clinical care, the time span necessary
before conclusions can reasonably be reached and the
intensity of communication prior to a secondary
cesarean section. The consumers demand optimal
care at each moment in order to maximize future
potentials for their child. They exert more and more
pressure on decision making and easily push for a
cesarean section when the condition of their child
might be endangered.

1474 Cardiotocography
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Cardiotocography leads to an increase
in obstetric interventions
One of the objections toward electronic fetal monitoring
is that the widespread application has induced an
increase in the number of obstetric interventions,
in particular the incidence of cesarean sections.
Randomized studies in the 1970s and early 1980s have
demonstrated a higher incidence of artificial deliveries
when cardiotocography was compared with (dedicated)
intermittent auscultation. This was especially apparent
when FHR monitoring was applied in low-risk
pregnancies. The adding of microblood sampling as a
second mode of fetal surveillance, to assess the fetal
acid–base status in case of suspicious or abnormal FHR
patterns, clearly reduces the number of obstetric
interventions if compared with the application of
cardiotocography alone.

Following the introduction of cardiotocography,
however, obstetrics and maternal–fetal medicine have
developed in different directions. Certain changes in
attitudes of the profession and the public have
favored obstetric intervention: a shift toward a far
lower gestational age at which all is done to increase
chances for fetal survival and diminished neonatal
morbidity, another approach toward the fetus in
breech position both preterm and term, an increase in
the maternal age for the first pregnancy, an increase
in the number of twins and triplets, another look at
the pain experienced by the mother during labor and
delivery, other criteria for the duration of the birthing
process, etc. The main line in obstetric policies has
moved toward prevention of serious maternal and fetal
risks in whatever circumstances. Large randomized
studies in high-risk populations and a recent meta-
analysis provide evidence of an approximate 60%
reduction in perinatal mortality due to fetal distress
when electronic fetal monitoring is applied as a
routine in high-risk groups.14 These and other studies
support earlier recommendations to apply cardiotoco-
graphy in risk groups. Risks with a potential impact
on the condition of the fetus may be identified before
pregnancy (hypertension, diabetes), may show up
during the course of pregnancy (vaginal blood loss,
early preterm rupture of membranes) or may occur
during the process of labor and delivery (meconium
staining, FHR decelerations). An anticipative attitude
by the obstetrician taking care of the pregnant mother
should always be warranted.

The future of cardiotocography
Cardiotocography was initially introduced merely on
an empirical basis. At the start little was understood
of the (patho)physiology at the basis of the FHR
pattern, the many factors influencing the shape of the
FHR pattern and the clinical implications to be drawn
from ‘abnormal’ FHR patterns. A classic example is
the pseudosinusoidal pattern related to fetal sucking

which for a long time was not distinguished from the
truly sinusoidal pattern associated with serious fetal
anemia or severe fetal acidosis. The simultaneous
introduction of guidelines for classifying and interpre-
ting FHR patterns by outstanding obstetricians living
on different continents (Caldeyro-Barcia, Hammacher,
Hon, Maeda, Wood) has further contributed to the
confusion in nomenclature and definitions, a problem
which has not been resolved in mondial terms until
today.

In spite of many efforts, improvements in the
quality of the instrumentation, better understanding
of the FHR patterns and improved recognition of
the position of cardiotocography among the full
arsenal of fetal surveillance techniques, the current
status of cardiotocography is still at the awkward age.
It certainly has not reached full maturity yet. Major
weaknesses are found in its application. Differences
in paper speed, lack of uniform and exact definitions,
uncertainties regarding how, when and whom to
monitor, problems with storage of cardiotocographic
tracings, uncertainty if and when fetal microblood
sampling should be applied, the generally very
limited training of those who are directly involved
with fetal monitoring and the lack of guidelines on how
to handle the great variety of (often complex) clinical
circumstances are just a few of the problems which
have weakened the position of cardiotocography as
a monitoring technique. Another aspect is the depart-
ment’s organization regarding responsibilities at
various locations, i.e. the outpatient clinics, the
antenatal clinics and the labor and delivery unit. Are

The future of cardiotocography 1475

Table 138.2 Improvements in cardiotocography

Further understanding of (patho)physiology

Knowledge of technical pitfalls

Uniform paper speed, vertical scaling

Knowledge of the many factors influencing fetal heart rate
(FHR) patterns

Knowledge of all relevant clinical data

Discipline in reading, classification and interpretation of
FHR patterns

Recognition that cardiotocography is an indirect parameter
of fetal condition

Recognition that cardiotocography is only one parameter of
fetal condition

Recognition that cardiotocography is only a screening
technique

Disposition of maximal possible information (microblood
sampling)

Availability of protocols how, when and whom to monitor

Availability of quantitative, objective FHR analyses

Digital storage of fetal heart rate data

Systematic pre- and postgraduate training
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there solid and uniform arrangements and can one trust
that they are continuously followed by each and every
member of the department? Ways in which cardiotoco-
graphy could be improved are shown in Table 138.2.

A computerized system permitting digital process-
ing and storage of all FHR data has a number of
potential advantages: the availability of quantitative
information including analysis of trends, easy retrieval
of relevant cardiotocographic traces for education
purposes, decreased medico-legal vulnerability con-
cerning lost cardiocographic traces, etc. The currently
available integration of a number of fetal (heart rhythm,
oxygen saturation) and maternal (heart rhythm,
electrocardiogram, oxygen saturation, blood pressure)
variables in one monitor offers more possibilities for
fetal monitoring in future, in particular studies of the

effects of changes in the maternal cardiovascular
status on the condition of the fetus. There have been
some initial experiences with management supporting
systems in which clinical, biophysical and biochemical
data of the mother and the fetus are integrated. These
systems still have a long way to go, but certainly deserve
further study.

Cardiotocography in itself is a useful and
indispensable adjunct for monitoring the condition of
the (endangered) fetus. In this regard, the continuous
debate concerning its usefulness compared with
intermittent auscultation is meaningless. Both methods,
in principle, provide similar information. However,
cardiotocography in comparison with intermittent
auscultation results in continuous vs. spot-like, and
objective vs. subjective, data.
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Introduction
In developed countries, fetal heart rate (FHR)
monitoring is widely used to survey fetal well-being in
the intrapartum period. In the early stage of introduc-
tion of FHR monitoring by Hon,1 Caldeyro-Barcia et
al.,2 and Hammacher and Werners,3 it seemed that FHR
monitoring could contribute to a decrease in perinatal
mortality and morbidity and to a decrease in incidence
of perinatal brain damage, including cerebral palsy and
mental retardation.4 Despite early enthusiasm,
subsequent randomized controlled trials comparing
FHR monitoring with intermittent auscultation did not
support the efficacy of FHR monitoring in preventing
adverse fetal outcomes.5–7 These trials unexpectedly
showed higher rates of cesarean section and operative
delivery in FHR monitoring groups than in ausculta-
tion groups, without exception. A meta-analysis of
58,855 pregnant women from 12 studies confirmed
these observations.8 Low specificity of FHR monitoring
to detect fetal asphyxia is a partial explanation for
increased cesarean section and operative delivery rates.

Concurrently, epidemiologists used advanced
statistical techniques to analyze the real origin of
cerebral palsy in large cohort9 and population-based
studies,10 and concluded that intrapartum asphyxia
causes no more than 10% of cerebral palsy cases,
significantly less than had previously been thought.
Intrapartum FHR monitoring seemed to lose its role in
preventing the majority of cerebral palsy and major
mental retardation cases, playing a preventive role in
just 10% of cerebral palsy and minor mental retarda-
tion cases.

However, there is a discrepancy between the
statistical evidence against intrapartum FHR monitoring
and good clinical acceptance by caregivers.11 There was
a need to reevaluate the effectiveness and safety of FHR
monitoring, following agreement on definitions and
nomenclature of FHR patterns, and the establishment of
management algorisms in hospitals. Guidelines
published in 1997 for interpreting electronic FHR
monitoring12 fitted the first need exactly.

Here, we first explain FHR patterns of classification
according to the National Institute of Child Health
and Human Development (NICHD) guidelines, and
physiological and pathological meanings underlying
these FHR patterns. Secondly, we discuss several
issues important to the successful application of this
new research guideline to clinical practice. Finally,
we emphasize the need to urgently establish a
standard clinical management algorism and discuss
the clinical endpoints we should reach.

NICHD Research Planning
Workshops and research guidelines
for interpreting electronic FHR
NICHD research planning workshops were held
between May 1995 and November 1996 in Bethesda,
MD, and Chicago, IL. Eighteen specialists in the field
attended, mainly from North America, with various
educational and research backgrounds. The guide-
lines developed at the workshops only include
definitions and classifications of FHR patterns that
most members agreed on. Therefore, it is important to
note that these guidelines constitute an inadequate
basis for decision making by caregivers; other
classifications and nomenclatures are needed, as we
discuss later. There are four basic components of FHR
to read and understand: (1) baseline rate, (2) baseline
FHR variability, (3) acceleration, and (4) deceleration.

Baseline rate
The baseline FHR is the approximate mean FHR
rounded to 5 beats/min during a 10-min segment,
excluding (Figure 139.1):

• Periodic or episodic changes
• Periods of marked FHR variability
• Segments of the baseline which differ by more

than 25 beats/min.
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In any 10-min window, the minimum baseline
duration must be at least 2 min, otherwise the baseline
for that period is indeterminate, in which case one
may need to refer to the previous 10-min segment(s)
for determination of the baseline. The normal baseline
FHR is regarded as between 110 and 160 beats/min.
Values below 110 beats/min are regarded as brady-
cardia and those above 160 beats/min are regarded as
tachycardia.

The baseline rate is determined by two autonomic
nervous systems, sympathetic and parasympathetic,
with the latter system being the more important
contributor.

Baseline FHR variability
Baseline FHR variability is deemed as fluctuations in
the baseline FHR of 2 cycles/min or greater. These
fluctuations are irregular in amplitude and frequency
and are visually quantified as the amplitude of the
peak-to-trough in beats per minute as follows:

• Amplitude range undetectable =absent FHR
variability

• Amplitude range detectable but � 5 beats/min =
minimal FHR variability

• Amplitude range 6–25 beats/min =moderate FHR
variability

• Amplitude range > 25 beats/min =marked FHR
variability

These grades of fluctuation are illustrated in
Figure 139.2, together with a sinusoidal pattern. The

sinusoidal pattern differs from variability in that it
has a smooth, sine wave-like pattern of regular
frequency and amplitude and is excluded in the
definition of FHR variability.

Baseline variability has been thought to be a
product of a ‘push-and-pull’ relationship between
sympathetic and parasympathetic systems. However,
the degree of each contribution is not the same; the
parasympathetic system is more dominant than the
sympathetic system. This is evidenced by the fact that
atropine, a parasympathetic blocker, completely
diminishes variability, whereas propranorol, a beta-
sympathetic blocker, does not.13 The presence of
normal variability guarantees that perfusion and
oxygenation to the cerebral cortex, mid-brain, heart
and connections between these organs is well
maintained.14 Therefore, baseline variability is the
most important parameter to ensure fetal well-being.

Baseline variability can be evaluated by eye,
because it is well correlated with computer-calculated
values.15 In clinical practice, the observer does not
need to differentiate short-term and long-term
variability, as they almost always change concurrently
and separate evaluation of the two kinds of variability
is not helpful in clinical decision making.

Accelerations
An acceleration is a visually apparent abrupt increase
(defined as onset of acceleration to peak in less than
30 s) in FHR above the baseline. The increase is
calculated from the most recently determined portion
of the baseline. The acme is more than 15 beats/min

1478 Intrapartum fetal heart rate monitoring

Figure 139.1 The baseline fetal heart rate (FHR) is the approximate mean FHR rounded to 5 beats/min during a 10-min segment.
The baseline FHR in this case is 135 beats/min.
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above the baseline, and the acceleration lasts more
than 15 s but less than 2 min from the onset to return
to baseline. Before 32 weeks of gestation, accelera-
tions are defined as having an acme of more than
10 beats/min above the baseline and duration of more

than 10 s. A prolonged acceleration is between 2 and
10 min in duration. There is a close association
between the presence of accelerations and normal
FHR variability, and both accelerations and normal
variability have the same positive prognostic

NICHD Research Planning Workshops and research guidelines for interpreting electronic FHR 1479

Figure 139.2 Varying degrees of FHR variability. 1, Undetectable; 2, minimal; 3, moderate; 4, marked; 5, sinusoidal pattern.
Original scaling, 30 beats/min per centimeter vertical axis, and paper speed 3 cm/min horizontal axis. From National Institute of
Child Health and Human Development Research Planning Workshop.12
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significance of normal fetal oxygenation.14 In the
dying monkey fetus, loss of acceleration is always
preceded by the appearance of late deceleration.16

Decelerations
Periodic patterns are the alterations in FHR associa-
ted with uterine contractions. The three characteris-
tic periodic patterns seen are late decelerations,
early decelerations, and variable decelerations. Pro-
longed decelerations are a subcategory of variable
or late decelerations. Episodic decelerations are
similar to periodic patterns, but do not have the same
constant association with contractions.

Late deceleration of the FHR is a visually apparent
gradual decrease (defined as onset of deceleration to
nadir more than 30 s) and return to baseline FHR
associated with a uterine contraction. In most cases,
the onset, nadir, and recovery are all late in relation to
the beginning, peak, and ending of the contraction,
respectively.

There are two types of late deceleration in terms of
mechanisms to appear. One type is related to chemo-
receptor and baroreceptor reflex to fetal hypoxemia,17

and is sometimes called ‘reflex late deceleration’. The
other type is related to myocardial depression and is
called ‘non-reflex late deceleration’ (Figure 139.3).
Reflex late deceleration usually accompanies baseline
variability and normal acid–base status, but with non-
reflex late deceleration, baseline variability shows a
minimal or undetectable fall in fetus acidosis. It is
clinically important to differentiate these two types of
late deceleration.

Early deceleration of the FHR is a visually apparent
gradual decrease (defined as onset of deceleration to
nadir longer than 30 s) and return to baseline FHR
associated with a uterine contraction. The nadir of the
deceleration coincides with the peak of the contraction.
In most cases, the onset, nadir, and recovery all coincide
with the beginning, peak, and ending of the contrac-
tion, respectively.

Variable decelerations are visually apparent abrupt
decreases (defined as onset of deceleration to beginn-
ing of nadir less than 30 s) in FHR from the baseline.
The decrease in FHR below the baseline is at least
15 beats/min, lasting (from baseline to baseline) at least
15 s, but less than 2 min. When variable decelerations
are associated with uterine contractions, their onset,
depth, and duration commonly vary with successive
contractions (Figure 139.4).

Until now, two mechanisms have been thought to
produce variable deceleration: umbilical cord compres-
sion and head compression. Both mechanisms require
the presence of vagal reflex. It is important to note
that a severe degree of variable deceleration with deep
and long heart rate can cause a fetus to decompensate
and suffer acidosis.14 Therefore, to rule out acidosis in
clinical practice, it is critical to keep track of the
presence of baseline variability.

Prolonged deceleration is a subcategory of variable
deceleration. The decrease in FHR below the baseline
is at least 15 beats/min, lasting between 2 and 10 min.
The definition changes to a change in baseline rate
(e.g. bradycardia) if the prolonged deceleration is
longer than 10 min.

1480 Intrapartum fetal heart rate monitoring

Figure 139.3 ‘Non-reflex late deceleration’. Primiparous 31-year-old woman was received cesarean section for fetal asphyxia and
placental abruption was confirmed. The gas analysis of umbilical arterial blood showed severe metabolic acidosis: pH, 6.982; pco2,
43.0 mmHg; po2, 19.2 mmHg; base excess – 21 mEq/l. Apgar score is 5 and 6 at 1 and 5 min after birth, respectively. Newborn
elicited convulsion at her first day.
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Application of NICHD guidelines to
intrapartum clinical management
As stated earlier, because the NICHD guidelines
derive from the consensus of only 18 experts, other
considerations about FHR patterns are needed in
clinical decision making.

Consideration of clinical background
It is important to consider the clinical background,
because different fetuses with different characteristic
backgrounds show the same FHR pattern, and such
patterns have a different clinical effect on each fetus.
With intrapartum FHR decelerations, intrauterine
growth restriction fetuses had a significantly higher
lactate level than that appropriate for gestational age
fetuses.18 When an FHR pattern signifying hypoxia or

asphyxia is observed in fetuses suspected antenatally
to have intrauterine growth restriction, intervention
should be considered earlier than appropriate-for-
gestational-age fetuses.

Gestational age should be taken into account
whenever FHR patterns are assessed. Premature
fetuses have a propensity to higher basal FHR rates,
lower amplitude of acceleration, and lower baseline
variability compared with mature fetuses. In addition,
the higher variability (active) phase and the lower
variability (resting) phase can be differentiated after
28 weeks of gestational age in human fetuses.19

Maternal medication is another important factor
affecting FHR patterns. Drugs known to decrease
baseline variability include narcotics (e.g. morphine,
meperidine), tranquilizers (e.g. diazepam), magnesium
sulfate, and vagal blockade drugs (e.g. atropine,
scopolamine). There have been few studies on causal
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Figure 139.4 Variable decelerations. According to Kubli et al.’s classification, mild (Mid), moderate (Mod), and severe (Sev)
variable decelerations are classified based on the nadir and duration of the deceleration.
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relationships between given FHR patterns and outcomes
in patients with disorders such as intrauterine infec-
tion, pre-eclampsia, diabetes mellitus, overterm, and
congenital malformation.

Considering evolution of FHR patterns
Leung et al.20 correlated the duration from onset of
prolonged deceleration or bradycardia to delivery in
56 women with uterine rupture. When the prolonged
deceleration or bradycardia followed the normal FHR
pattern, no newborns showed umbilical cord artery
pH < 7.0 and/or organ damage if they were born in less
than 17 min of prolonged deceleration or bradycardia
(Figure 139.5). In contrast, when prolonged decelera-
tion or bradycardia was preceded by severe late or
variable deceleration, no newborn showed asphyxic
status in less than 9 min of prolonged deceleration or
bradycardia. It is very important for the observer to take
into consideration the evolution of FHR patterns.

It is important to understand the worsening pattern
of deceleration. Late deceleration changes to have
greater depth, with lower baseline rate or with higher
baseline rate than normal range, and baseline
variability becoming minimal or undetectable.
Variable deceleration changes to an atypical variable
pattern as described by Krebs et al.,21 in addition to
the changing pattern of late deceleration.

In a study by Fleischer et al.,22 the average time
duration from appearance of late decelerations to the
time umbilical arterial pH reached 7.25 was 115 min;
for variable decelerations, 145 min, and for flat line
tracings, 185 min.

Baseline variability, the most important
parameter indicating acidosis
Loss of variability, especially in the presence of other
periodic patterns during labor, is the most sensitive
indicator of metabolic acidemia in a fetus.14 The
factors of minimal or undetectable baseline variability
are divided into asphyxic and non-asphyxic causes.
Non-asphyxic causes include prematurity, tachycardia,
drugs (such as narcotics, anesthetics, and parasympa-
thomimetics), non-rapid eye movement sleep, and
cardiac arrhythmia (such as atrioventricular block).
Clinically, it is important to differentiate asphyxia-
induced decreased variability from non-asphyxia-
induced variability. One indication is that if the
decreased variability is not accompanied by
decelerations, it is likely to be non-asphyxial.14 As
reported by Samueloff et al.,23 decreased baseline
variability does not correctly predict umbilical
arterial acidosis (defined as pH < 2.0) or a low Apgar
score (< 7 at 5 min of life), if not accompanied by
decelerations.

On the contrary, when decreased variability was
accompanied by decelerations, predictability for
acidosis (umbilical arterial blood pH < 7.1) was
higher than when we did not take the presence of
deceleration into account. In our recent study of
5522 low-risk pregnancies, the positive predictive
value of umbilical artery pH < 7.1 increased expo-
nentially from 0% in no deceleration, to 1% in
occasional late decelerations, and 6–12% in recurrent
late decelerations with moderate variability regard-
less acceleration present or not. In comparison, the
positive predictive value was 54% in recurrent late
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Figure 139.5 Prenatal outcome as related to time of delivery from onset of prolonged decelerations. From Leung et al.20 When the
prolonged deceleration or bradycardia followed the normal FHR pattern, no newborns showed umbilical cord artery pH < 7.0
and/or organ damage if they were born in less than 17 min of prolonged deceleration or bradycardia. In contrast, when prolonged
deceleration or bradycardia was preceded by severe late or variable deceleration, no newborn showed asphyxic status in less than
9 min of prolonged deceleration or bradycardia.
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decelerations with acceleration absent and variability
minimal/absent (Figure 139.6).24

Severity of decelerations
Paul et al.25 correlated severity of late deceleration to
fetal scalp blood pH (Figure 139.7a and b). They
categorized cases into three subgroups according to
the decrease in deceleration: mild late deceleration,
less than 15 beats/min; moderate late deceleration,
between 15 and 40 beats/min; severe late decelera-
tion, more than 40 beats/min; and each subgroup was
divided into two according to presence or decrease of
baseline variability. The severity was significantly
correlated with fetal acid–base status as well as the
presence of variability.

Kubli et al.26 also correlated severity of variable
deceleration to fetal scalp blood pH in 85 cases. Their
categorization was based on two parameters: nadir and
duration of the deceleration. The average scalp blood
pH in the severe variable deceleration group was
7.15 ±0.069, significantly lower than in the mild and
the moderate variable deceleration groups (7.29 ±0.046
and 7.26 ±0.044, respectively). In their study, they did
not mention the variable deceleration with or without
baseline variability, as Paul et al.25 did. One drawback
of using Kubli et al.’s categorization for variable
deceleration is difficulty in recall, whereas Chao27

created a mnemonic scale (Figure 139.8).
Regarding prolonged deceleration, Gull et al.28

studied 27 prolonged decelerations just before vaginal
delivery, and found a strong relationship between
the length of loss of short-term variability and base
deficit. They also noted that base deficit is

significantly correlated with the duration and depth
of prolonged decelerations, although these correlations
were not as strong as the relationship to loss of
variability.

Ancillary methods assuring fetal non-acidemia
To improve the specificity of FHR monitoring, two
ancillary methods of assessing fetal acidemia are
useful: fetal scalp blood sampling and fetal scalp
stimulation. Fetal scalp blood sampling was developed
as a method to assess intrapartum fetal well-being
at almost the same time as FHR monitoring.29 Clark
et al.30 subsequently showed that no fetus responding
to scalp blood sampling with an acceleration of heart
rate of 15 beats/min for 15 s had a scalp pH < 7.21.
Since then, the fetal scalp stimulation test has
replaced scalp blood sampling because it is simpler
and less invasive.

The presence of an accelerated FHR in response to
tactile or atraumatic clamp stimulation virtually
assures a fetal blood pH above 7.2.31 Almost one-third
of fetuses who did not show accelerations revealed
fetal acidosis. Scalp stimulation can be a useful
adjunct when delivery is remote and the FHR tracing
is non-reassuring but not clearly indicative of fetal
acidemia.

Utility of FHR monitoring in
intrapartum management
To develop a strategy to establish a management
algorithm, we should clarify the surrogate endpoint of
FHR monitoring. Fetal acidosis is defined as < 7.1 or
< 7.0 in umbilical artery or fetal sampled blood pH,
the incidences of which are about 3% and 0.3%,
respectively.14 The incidence of organ damage is
significantly increased when pH is less than 7.0.32,33

Base deficit or excess, representing metabolic
acidosis, is a more important surrogate because
metabolic acidosis is a more critical factor in organ
damage than respiratory acidosis. The threshold is
usually 12 or 16 mEq/l.34

In comparison with blood acid–base status, a
depression index of a newly born infant, such as low
Apgar score and time duration of initial spontaneous
respiration, could be affected by observer bias.

Neonatal seizure, one of the most important signs
of neonatal encephalopathy, is another surrogate
endpoint for efficacy of FHR monitoring, which
occurs in 0.3% of cases.14 One case-controlled study
showed that 29% of neonatal encephalopathy was
caused by intrapartum factors or antepartum plus
intrapartum factors.35 The meta-analysis by Thacker
et al.8 showed that the incidence of neonatal seizures
in FHR monitoring cases were decreased to half of
that in the cases managed with intermittent
auscultation. This result is staggering, because 0.09%

Utility of FHR monitoring in intrapartum management 1483

Figure 139.6 Predictive value of umbilical artery pH < 7.1 was
increased as the FHR patterns were deteriorated from no-decel
(no decelerations), occ-LD (occasional late decelerations), rec-
LD (recurrent late decelerations) with accelerations present
[Acc(+)] and variability moderate [V(mod)], to rec-LD with
accelerations absent [Acc(−)] and variability minimal/absent
[V(min)]. From Sameshima and Iknenoue.24
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(0.3% ×0.29) is the incidence rate for neonatal
encephalopathy in all pregnancies that is a target one
hopes to avoid through use of intrapartum FHR
monitoring.

Because the incidence of cerebral palsy is
0.2–0.3%, and less than 10% of all cerebral palsy

cases are caused by intrapartum asphyxia, intra-
partum FHR monitoring is of benefit in less than
0.03% of cases. Furthermore, it takes more than
12 months to make a diagnosis of cerebral palsy.
Because of the problems of follow up and rarity of
its incidence, cerebral palsy does not seem to be a

1484 Intrapartum fetal heart rate monitoring

Figure 139.7 (a) Late deceleration FHR patterns are separated
into mild (< 15 beats/min), moderate (15–40 beats/min), and
severe (> 40 beats/min) groups. Examples associated with
decreased variability, on the left, can be contrasted with those
showing average or greater variability on the right. (b) As late
deceleration patterns become more marked, the mean pH value
falls. However, when FHR variability is present in association with
late deceleration patterns, the mean pH is consistently higher than
when it is decreased. From Paul et al.25
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feasible outcome measure for intrapartum FHR
monitoring.

Another endpoint for intrapartum FHR monitoring
is rates of cesarean section and operative vaginal

delivery. It has been well known that cases managed
with continuous FHR monitoring in labor and
delivery tend to have an operative delivery. However,
in a recent study using the cumulative meta-analysis
of nine studies from 1976 to 1993, with more than
18,000 patients, the FHR group showed a relative risk
of cesarean section of 1.21 compared with the
intermittent auscultation group; for combined cesarean
section and operative vaginal deliveries, the relative
risk in the FHR group was 1.23.8

In conclusion, we recommend three major para-
meters as surrogate endpoints for efficacy of intra-
partum FHR monitoring:

• umbilical arterial pH and base excess (or
deficit);

• incidence of neonatal encephalopathy, especially
neonatal seizure; and

• rate of operative delivery.
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Figure 139.8 Chao’s mnemonic for severity of variable
deceleration.
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140 Quantitative fetal heart rate
evaluation without pattern
classification: FHR score
and artificial neural network
analysis
K. Maeda, Y. Noguchi, F. Matumoto and T. Nagasawa
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Introduction
Fetal heart rate (FHR) monitoring, used by us in
Kyushu University in the 1960s,1 led to a reduction
in the incidence of severe neonatal asphyxia, which
in turn unmasked underlying neonatal intrinsic
disorders, and facilitated the studies on congenital
diseases. In the 1970s, in a controlled study at Tottori
University, perinatal deaths were reduced by the use
of fetal monitoring.2 In addition, in the 1970–1980s,
the use of full intrapartum monitoring resulted in
the reduction of neonatal asphyxia, perinatal deaths
and cerebral palsy at Yohka General Hospital, where
the cesarean section rate was only 10%.3 Pediatric
neurologists have noted the reduction of cerebral
palsy in whole births after the introduction of wide-
spread fetal monitoring in the Tottori area in the
1980s.4 Although it has been reported that monitoring
with an internal fetal scalp electrode after rupture of the
membranes does not improve outcome,5 real improve-
ments in outcome were achieved through external
monitoring throughout pregnancy and labor.2–4 Full
intrapartum monitoring was not easy because all labors
are monitored continuously by cardiotocography (CTG)
watching and detailed FHR pattern classification.2,3 It
was thought that computerized FHR analysis and
diagnosis would solve these problems.

Although FHR patterns are the main criteria in
visual CTG diagnosis, it has been controversial even
in modern classification. Therefore, quantitative analy-
sis was required in precise studies and in clinical
diagnosis. The more simple measurements of FHR

tracing, based on manual analysis of FHR score, were
adopted instead of pattern classification in the 1960s1,6

and we introduced conventional computer diagnosis
in the 1970s.7,8 Recently, neural network computer
assessment was introduced,9,10 where the purpose is
highly objective and easy FHR evaluation which
cannot be carried out either with CTG observation or
FHR pattern classification.*

FHR score in conventional
computer systems
The conventional program was characterized by quan-
titative FHR evaluation without pattern classification
from early studies on automated diagnosis.7,8

FHR score
FHR score was the first quantitative measure reported
early in 1969. Although there were pattern classifi-
cations by Caldeyro-Barcia et al.11 and Hon,12 no
criteria were present in the quantitative FHR measure-
ment in the 1960s. We simply measured baseline heart
rate, number of decelerations, its duration, nadir heart
rate (dip HR), recovery time from the dip HR to the
baseline, lag time of dip HR from the peak of the
contraction, in 5 min of fetal monitoring (Figure 140.1).1

No labor was intervened by rapid delivery because, in
the trial, we did not know what the warning quantitative
FHR signs were. The parameters of frequent changes

*Author contributions: KM worked on medical data and postprocessing, YN and FM dealt with the neural network computer, and TN
performed the Fast Fourier Transform (FFT) analysis of FHR
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were detected and each abnormality score was
established according to the percentages of fetal death
and neonatal depression (Table 140.1). Abnormality
scores were accumulated to establish the FHR score
repeatedly every 5 min and the highest FHR score in
the labor was evaluated.1

The FHR score is easily compared to other numeric
phenomena because it is a single quantitative value.
The score correlated with the neonatal Apgar score,
where the FHR score was 10 or more when the Apgar
score was six or less (Figure 140.2). It also correlated
with umbilical arterial blood pH and base excess (BE),
where pH was lower than 7.20 when the FHR score was
10 or more (Figure 140.3).1,6 The correlation was studied
by meta-analysis of the results from the 1960–1970s,
where an adverse outcome was suggested when the
FHR score was higher than 10. The score also corre-
lated with fetal scalp blood pH (Figure 140.4).1 The
correlation coefficient was 0.85 and subsequently scalp
blood sampling was not considered to be indispensable
during clinical monitoring. The technique was so easy
that the FHR score was manually determined even
before computer processing.1,6

After Dr Hon criticized the FHR scoring technique as
there was no inclusion of FHR-baseline variability, new
parameters were added to the new fetal distress (FD)
index (Table 140.2). When umbilical arterial pH was
higher than 7.25, FD index is 2 or less while when pH
was 7.25 or less, FD index is 3 or more (Table 140.3).13

Therefore, fetal blood pH may be assessed by FHR
score as well as by FD index. The score and index flag
fetal abnormalities during fetal monitoring with the
conventional computer program.7,8 We recognized the
usefulness of quantitative FHR evaluation in studies on
FHR score and FD index.

Conventional computer program
for FHR analysis and diagnosis
An external fetal monitor is composed of a fetal heart
beat detector, a fetal heart rate meter and a
tocodynamometer.14 The electrical output of FHR and
contractions are each converted into 150 digital data
in 5 min, saved in computer memory and analyzed.
The program is divided into two parts: analysis and
diagnosis.7,8 The analytic computer detects FHR

1488 Quantitative fetal heart rate evaluation without pattern classification

Table 140.1 Abnormality scores for the calculation of FHR score1

Signs Apgar score (1 min) lower than 7 (%) Abnormality score

FHR baseline
110–130 or 160–180 bpm 27.5 1
< 110 or > 180 bpm 75.0 3

Deceleration
Duration > 60 s 71.4 3
Dip heart rate < 100 bpm 37.1 2
Amplitude > 50 bpm 50.0 2
Recovery time > 40 s 63.2 3
Lag time > 40 s 71.4 3
No accompanied acceleration 44.7 2
W-shaped deceleration 100.0 4

FHR score =Total sum of abnormality scores detected in 5 min. FHR score is abnormally high when it is 10 or more, and severely abnormal when
it is 20 or more

Figure 140.1 The FHR tracing has
been quantitatively analyzed with
simple measurement for the deter-
mination of FHR score since the
1960s.1
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parameters, which are used in the FHR score and also
in the artificial neural network in the recent studies.9

FHR data are divided into 20 steps in the analytic
part. Data are averaged in the step where there are
more and the result is the FHR baseline during 5 min.
The average of all downslope variations is added to the
baseline to form the upper reference line to detect the
acceleration. The averaged variation is subtracted from
the baseline to determine the deceleration below the
lower reference line. Baseline variability is determined
by excluding the acceleration and deceleration. The
duration, dip HR, recovery time from the nadir to the
baseline, lag time from the nadir to the contraction
peak are measured in a deceleration.7,8

The dip area of a deceleration, which is the area
surrounded by the baseline and deceleration, is
divided by the product of duration and amplitude of
the deceleration, to determine ‘dip shape value’. Cord
compression is suggested when the dip shape value is

large and periodic deceleration is defined when the
dip shape is small.15 Late deceleration is determined
in 15 min if all dip shape values are small, lag time is
greater than 20 s and deceleration number is almost
the same as the contractions. Non-reactive FHR is
suggested if there is no acceleration in 20 min. An
excessively large area under the contraction suggests
uterine hyperactivity. Abnormal FHR is detected
and fetal non-reassuring status is diagnosed by the
high FHR score and index, as well as by baseline
abnormality, loss of variability and abnormal
decelerations in the diagnostic part of the computer.
The study started in 1974 and was completed in
1980.7,8 The program has been incorporated in various
monitoring devices (TOITU†, Tokyo, Japan) and has
been used by obstetricians for more than 20 years
without major problems. The value and usefulness of
quantitative FHR evaluation is confirmed in the
conventional program.

FHR score in conventional computer systems 1489

Figure 140.2 Maximum FHR score, even
in the first stage of labor, correlates with the
Apgar score at 1 min. Meta-analysis of
original data, all obtained in the 1960s,1 are
presented in Figures 140.2 and 140.3 of the
present study.

Figure 140.3 The maximum
FHR score, even in the first
stage of labor, correlates with
umbilical arterial blood pH and
BE at delivery. The pH is lower
at 0–5 points of FHR score than
at 5–10 points, while BE is
equal in corresponding BE. It
may show the metabolic nature
of BE and the influence of
respiratory acidosis on the pH.
The figure is the meta-analysis
of the data obtained in the
1960s.1

† http://www.toitu.co.jp/e
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Artificial neural network
computer analysis
Further highly objective evaluation is intended by the
introduction of artificial neural network analysis under
the collaboration of computer specialist Noguchi and
colleagues. The computer is not programmed by experts’
knowledge, instead it is educated by repeated training
with eight FHR data of typical outcome cases. The
FHR data are detected in 5 min and includes baseline
heart rate, variability, sinusoidal heart rate, number of
decelerations, and their duration, nadir heart rate,
recovery time and lag time, by the analytic conven-
tional computer from database, and sometimes by
visual CTG analysis. Fifteen minutes of 24 parameters
of 20 cases of known outcome are digitized and are
manually input into the computer, instead of the full
CTG data, which require enormous input units and
long processing time, i.e. we selected a hybrid neural
network system. The intermediate layer is composed

of 30 units and the output layer is 3 units (Figure
140.5).9,10 The computer is a common Dell PC that is
automatically educated 10,000 times repeatedly by
using a back propagation system to obtain the most
effective neural network construction for outcome
prediction. The computer education was successful
and the internal check perfect. The network output is
for probabilities to be normal, pathologic or suspicious
outcomes. Output evaluation is easy because the
probability is shown in percentages. We tentatively
educated the computer with 50 min of data, and its
accuracy was 86% in 50 min of 29 other cases.9

Educated and completed neural network software can
be transferred into any other computer with uniform
diagnostic accuracy. No hardware board is used
because it is educated in each computer, where no
uniformity is expected in its diagnostic accuracy.

Computerized detection of fetal sinusoidal heart rate
Seven of the eight components are baseline and
deceleration data detected by the conventional analyz-
ing computer. However, when using the educated
neural network computer for diagnosis, fetal sinusoidal
heart rate (FSHR) becomes a complex problem in
diagnosis with an educated neural network computer.
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Table 140.2 Calculation of FD index

Add 1 point
FHR score: 10–19
Loss of variability: the variability is less than 5 during 20
or more minutes
Late decelerations: quantitatively determined by
‘dip-shape’ and lag time
Bradycardia (100–110 bpm) lasted for 10–30 min
Tachycardia (>160 bpm) lasted for more than 30 min

Add 2 points
FHR score: 20 or more
Bradycardia (100–110 bpm) lasted for more than 30 min

Add 3 points
Bradycardia (<100 bpm) lasted for 5 min

The value 3 or more of total FD index suggests fetal distress13

Table 140.3 Umbilical arterial pH (UApH) is low if
FD index is 3 or more at 30 min before the birth13

UApH is UApH is higher 
FD index 7.25 or less than 7.25 Total

3 19 4 23
<3 3 39 42
Total 22 43 65

Sensitivity: 86.64%, specificity: 90.70%, Fisher’s exact test:
P =0.00000; positive predictive value: 82.61%, negative predictive
value: 92.86%

Figure 140.4 FHR score correla-
ted with fetal scalp blood pH. The
score was corrected by the state of
uterine contraction, and the score
was determined 20 min before
blood sampling.1
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FSHR should be able to be automatically diagnosed
before input into the neural network computer.
Physiologic and pathologic FSHRs, however, cannot
be differentiated by simple CTG observation. An
actocardiogram can detect physiologic FSHR,16 but it
is a visual diagnosis and it is not compatible with
computer processing. We have to use FHR alone for
the automatic detection of pathologic FSHR.

Therefore, the following data were collected,
scanned, digitized and studied by FFT frequency
analysis: nine FHR tracings of pathologic FSHR
caused by fetal anemia or hypoxia, which resulted in
unfavorable outcome, fetal therapy or cesarean
section; seven physiologic FSHR including periodic
fetal movements detected by actocardiogram in those
who had normal vaginal delivery and normal
outcome; five normal FHR. The area under the power
spectrum between 0.031 and 0.1 Hz (2–6 cycles/min)
is La and the area under the whole power spectrum is
Ta; the La/Ta ratio is studied. Peak power spectrum
density (PPSD) is another FSHR parameter. La/Ta
ratio and PPSD are both large in pathologic FSHR,
whereas physiologic FSHR shows small La/Ta ratio or
small PPSD. Therefore, the combination of large La/Ta
and PPSD is suitable to separate pathologic FSHR
from normal physiologic FSHR (Table 140.4).17 The
algorithm will be installed into actual neural network
systems for FHR diagnosis.

Outcome probability trend gram
We also studied the trend gram of the probabilities
obtained in the neural analysis; i.e. the time train of
outcome probability, which is obtained every 5 min by
analysis of 15 min of data. Upward bars show normal
outcome probability while pathologic and suspicious
probability are shown by reverse downward bars
(Figure 140.6).9 A trend gram of such short duration as
1 h is easily evaluated, whereas prolonged trend gram,
for example of 4 h duration, is difficult to evaluate by
visual examination. No outcome is expected even by
the line graph connecting pathologic probabilities in
4 h of monitoring. KM’s trial was a manual averaging
of all past pathologic probabilities every 5 min and
formation of a line graph of averaged pathologic
probabilities. Evaluation is still difficult by the
pathologic probability curve.10

Neural index obtained by averaged
outcome probability
The next trial is the comparison of averaged normal
probability curves to pathologic probability. The final
average of normal probability is higher than an
averaged pathologic one immediately before delivery.
The technique is useful in outcome prediction
because the neonate is normal in the case. However,
the method is not used because it is still a visual
evaluation (Figure 140.7). In further progress in the
development of this technique, averaged pathologic
probability is subtracted from averaged normal
probability every 5 min. After processing, a final
single curve and a single value are obtained. We have
named this value ‘neural index’ (Figure 140.8). The
final stage of the neural index immediately before the
birth is greater than zero and the neonatal state is
normal in the case. Results show possible FHR
evaluation even after very prolonged monitoring.

Nine trend grams were evaluated by the neural
index. In four cases where all of the neonates were
normal and showed no asphyxia, the neural index
was greater than zero. However, in another five cases,
neural index was below zero before delivery and the
neonates were all depressed and showed various
grades of neonatal asphyxia (Table 140.5). Case no. 3
shows the lowest index; it was continuously –100%,
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Figure 140.5 The artificial neural
network computer is constructed
of three layers and a back pro-
pagation system. It is repeatedly
educated for 10,000 times using
eight FHR parameters. The soft-
ware of the completed neural
network can be transplanted into
any other computer.9

Table 140.4 Pathologic FSHR is diagnosed, when the
ratio of La/Ta is 39% or greater and is combined with
a PPSD value of 300 or more. If these criteria are
fulfilled, the true positive rate is 100% and false-
positive and false-negative rate are 0%17

FSHR
La/Ta ratio 39% 
and PPSD 300 Pathologic Physiologic* Total

Yes 9 0 9
No 0 12 12
Total 9 12 21

*Physiologic FSHR and normal FHR
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Apgar score was 3, and the infant expired 3 months
later due to brain hemorrhage. Case no. 10, who was
pathologic in the trend gram and in negative neural
index, had an asphyxiated neonate.10

Using Fisher’s exact test for statistical analysis, the
neural index shows significant differences of neonatal
states. The sensitivity, specificity, positive and
negative predictive values are 100%. Therefore, the
internal check of the neural index is perfect and a
value lower than zero will inform of the danger of an
intrapartum fetus during the monitoring process.

The place and role of neural index
The neural index can be used either in a personal
computer connected to the fetal monitor, an intelligent
individual monitor, or any other system where accurate
and easy FHR evaluation is requested. We plan to carry
out an external check of the neural system in a central
monitor (TOITU MF-7400) after the installation of
completed neural computer software. The system will

be composed of a conventional program and a trained
neural network. Both computers will analyze FHR and
contractions. The central system monitors multiple
pregnant women. The person responsible for the
system studies the CTG and automatic diagnosis only
after the system beeps when it alarms an irregular FHR,
abnormal scores or abnormal indices. The display
shows not only the neural index, but also outcome
probability, CTG, alarming signs, FHR score, FHR
findings in 5 min, and the contraction area that warns
of uterine hyperactivity. The computer displays past
CTG and its analysis on demand by the playback of
computer memory. There is neither a CTG recorder
nor a chart, but the CTG can be printed on demand.
Original signals are stored in a large computer memory.

Monitoring by a central system is easy because
computers monitor continuously without being sub-
jected to sleepiness or fatigue, continuous CTG
watching is not required and CTG display and
automatic diagnosis are studied only after the alarm is
sounded. There is no difficult pattern classification, but
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Figure 140.7 Past normal and
pathologic outcome probabilities
are averaged every 5 min and
expressed as two line graphs in
case 1.10 Averaged normal
probability is higher than the
pathologic one. Neonatal condition
is normal.

Figure 140.6 The trend gram
bars show outcome probabilities
obtained by the artificial neural
network computer in case 1, who
was monitored for 3 h and 50 min.
Upward bar indicates the prob-
ability for normality, while reverse
bars indicate probabilities for
pathology (white) or suspicious
(black).9
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instead, the pathologic outcome is shown by objective
numeric values. Full monitoring of all births can be
achieved. In a Seirei hospital where a central monitor-
ing system was introduced without a neural network
since 1996, the number of monitored cases increased
10-fold in 2 years. Objective and easy diagnosis will be
further promoted by the neural network analysis.

Discussion
Quantitative FHR measurement made it possible to
simply analyze FHR tracing and to express FHR
condition with a continuous value. FHR score is quite
different from FHR pattern classification, which has
been commonly used and is helpful in fetal diagnosis.
The method of pattern classification is to overlap an
FHR change on typical templates proposed by the
originators. The technique was generally accepted
because it was similar to the diagnosis of a syndrome,
i.e. the disease is diagnosed if the symptom complex
coincides with the template of a syndrome. FHR pattern
is classified when the FHR change overlaps clearly on a
template. However, it is difficult to determine when the

FHR change is far from any pattern in the classification.
Although pattern classification has been accepted and
is useful in fetal surveillance, FHR analysis is
controversial and only its originator may be able to
classify a difficult pattern. This may be the reason for
various modifications which have been proposed by
multiple originators.

As the pattern classification is of binary character,
it evaluates FHR only by two categories. The pattern
classification has been rarely studied by common
scientific methods of regression and correlation with
other biological phenomena. For example, its correla-
tion with fetal blood acid–base or gas status has
hardly ever been analyzed. Therefore, it was neces-
sary to combine fetal scalp blood pH with CTG and
was another reason of our quantitative FHR analysis.

FHR pattern classification needs multiple pro-
cedures. The first step is the study of FHR patterns to
gain correct knowledge. Secondly, the FHR tracing is
analyzed and patterns are classified. Thirdly, fetal
pathophysiology has to be evaluated in the patterns.
Finally, fetal status and prospective outcome are
diagnosed by the observation of whole tracing.
Obstetric and maternal conditions are simultaneously
analyzed to plan any intervention. The presence of
multiple steps may increase the risk of incorrect
interpretation of the classification. Quantitative FHR
score skips many analyzing steps in pattern classifi-
cation to reach the score for which a certain outcome
is expected. Neural analysis further indicates normal
and pathologic probabilities using percentages.
Finally, of these different methods, the neural index
most clearly shows the outcome, economizing several
steps which may present in pattern diagnosis.

Although pattern classification was useful in the
initial stage of FHR diagnosis and its strict application
promoted improved outcome in common obstetrics
and in our past clinical studies,1–4 its scientific analysis
is difficult and it has a subjective nature. For example,
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Figure 140.8 Averaged past patho-
logic outcome probabilities are
subtracted from the averaged normal
probabilities every 5 min in case 1,
and the ‘neural index’ formed a single
line graph. The final neural index is
greater than zero and neonatal
condition is normal in case 1.10

Table 140.5 Neural index correlates with neonatal
condition10

Neonatal depression

Final neural index Present Absent Total

< 0 5 0 5
> 0 0 4 4
Total 5 4 9

Sensitivity: 100%, specificity: 100%, Fisher’s exact test: P = 0.008,
positive predictive value: 100%, negative predictive value: 100%
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the delay time of late deceleration was undetermined
and later Chik et al.18 measured typical late decelera-
tions and determined the delay time as 20 or more
seconds. Modern classification does not define the
delay time yet. The shape difference of periodic and
variable changes has not been scientifically studied,
while quantified technique made the separation
possible with ‘dip-shape value’ in our study.15

The visual FHR evaluation with pattern classifi-
cation is standardized at present only by the
consensus of authorities, not on the scientific basis of
objective measurement. The subjectivity and vague
definition of FHR pattern might cause false-positive
FHR diagnosis, although 50–70% of false-positive
cases was reduced by the introduction of acto-
cardiogram.19,20 The FHR should be analyzed by
scientific procedures to improve outcomes because, at
present, continuous and non-invasive fetal surveil-
lance through pregnancy and labor is achieved only
by FHR monitoring. Obstetric care and patient
management should not be hampered by complicated
visual CTG classification. Similar to the automatic
diagnosis of adult electrocardiogram, the analysis
should be left to computer processing where fetal
abnormalities are diagnosed and outcome is predicted
automatically by an informed advanced computer.
Time can be economized by the computer for the
management of increased jobs to save the mother and
child in modern obstetrics.

Apart from the complex pattern classification,
simple measurement of FHR tracing is useful for the
objective description. Regression and correlation
analyses with other phenomena are easy in quanti-
tative FHR analysis, e.g. FHR score and FD index were
easily compared to Apgar score and fetal blood pH. The
benefits are confirmed in this paper. Fetal blood PO2,
PCO2 or SPO2, can be also analyzed with numeric scores
and indices. Artificial neural network is introduced in
our FHR studies on the basis of past beneficial
evaluation of quantitative FHR analysis.

Artificial neural network analysis has been studied
in various definitive purposes – the traveling salesman
problem,21 various business areas and widely in
medicine, including EEG,22 histology,23 brain func-
tion,24 brain tumor,25 smear categorization,26 visual
field determination,27 respirator fault detection,28

coronary artery SPECT,29 and HIV protein structure.30

In our field, it has been used in ultrasonic fetal weight
estimation,31 estimation of the duration of the first-
stage labor,32 CTG feature extraction33 and diagnosis of
fetal hypoxia with FHR variability and pulse
oximetry.34 The aim of using a neural network in the
present study is the highly objective FHR analysis,
which is acceptable to general physicians.

In the past, conventional systems were mainly the
experts’ knowledge system, which was sometimes
unacceptable to other scientists. In the artificial

neural network, we used eight simplified FHR data
obtained from normal and abnormal outcome cases.
Data acquisition and its processing are totally
objective and includes no opinion of experts. The
outcome is shown by outcome probability and neural
index. Details of FHR tracing are known by the
conventional analyzing computer, if it is requested.

Although it is ideal to use all FHR data in the
neural network processing, the data of FHR and the
contraction will be 1500 in 15 min when the sampling
interval is 2 s. A large number of units are required for
input, and analysis time will be prolonged. For these
cases, only off-line processing is suitable. We wanted
real-time on-line processing in clinical monitoring
and therefore, we selected a hybrid-type artificial
neural network. The results are promising, and the
completed neural network soft ware can be installed
into clinical systems to achieve correct and easy fetal
monitoring. All child births can be monitored by its
application in the central system.

An artificial neural network will be useful not only
in FHR analysis, but also in various other fields of
medicine. An idea on the neural network is automatic
diagnosis of ultrasound images. There are many tissue
characterization reports in ultrasound images. Maeda
et al.35–37 reported a tissue evaluation by the gray-level
histogram width, which was successful and clinical
studies are promising. It will be also successful, if
large sequential gray-scale data of typical diagnosis
are input into a neural computer, which is completed
by repeated education and used in actual diagnosis.
The large volume of pixel data can be analyzed by off-
line processing. Automatic diagnosis of malignancy,
for example, will greatly contribute clinical medicine.
The progress of computer technology is likely to make
the author’s ideas real in the future.

Conclusion
The FHR tracing is successfully evaluated by
quantitative analysis of parameters including FHR
score, FD index and artificial neural index without
FHR pattern classification. The correlation and
regression of quantitative FHR analyses to fetal blood
pH and BE are successful, but not in pattern classi-
fication. The outcome of prolonged FHR monitoring is
successful by the neural index obtained by the
artificial neural network. Pathologic sinusoidal heart
rate is diagnosed by a computerized frequency
analysis. A high-grade CTG recorder and chart are not
required in quantitative FHR evaluation. Difficult
interpretation and study of pattern classification is of
no use in quantitative evaluation, while late and
variable decelerations are detected by the quantified
computer analysis of FHR. Details of FHR tracing are
displayed by the conventional analytic computer.
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Kurjak-140.qxd  5/10/2006  6:32 PM  Page 1494



1. Maeda K, Kimura S, Fukui Y, et al. Pathophysiology of Fetus.
Fukuoka: Fukuoka Printing, 1969.

2. Maeda K. Healthy baby and reduced fetal death by improved
obstetric management. In Karim SMM, Tan KI, eds. Problems in
Perinatology. Singapore: Singapore University, 1979:525–9.

3. Tsuzaki T, Sekijima A, Morishita K, et al. The survey on the
perinatal variables and the incidence of cerebral palsy for 12 years
before and after the application of the fetal monitoring system.
Nippn Sanka Fujinka Gakkai Zasshi 1990;42:99–105.

4. Takeshita K, Ando Y, Ohtani K, Takashima S. Cerebral palsy in
Tottori, Japan. Neuroepidemiology 1989;8:184–92.

5. MacDonald D, Grant A, Sheridan-Perenia M, Boyland P, Charmers
I. The Dublin randomized controlled trial of intrapartum fetal heart
rate monitoring. Am J Obstet Gynecol 1985;152:524–39.

6. Endo S. Studies on the changes of fetal heart rate score along with
the progress of labor. Yonago Igaku Zasshi 1972;23:266–85.

7. Maeda K, Arima T, Tatsumura M, Nagasawa T. Computer-aided
fetal heart rate analysis and automatic fetal-distress diagnosis
during labor and pregnancy utilizing external technique in fetal
monitoring. MEDINFO 1980;80:1214–19.

8. Maeda K. Computerized automatic diagnosis of fetal distress with
the use of external monitoring technique. In Krause W, ed.
Computerdiagnostik in der Geburtsmedizin. Jena: Friedrich-
Sciller-Universität, 1981:28–49.

9. Maeda K, Utsu M, Makio A, et al. Neural network computer
analysis of fetal heart rate. J Matern Fetal Invest 1998;8:163–71.

10. Maeda K, Noguchi Y, Matsumoto F. Evaluation of prolonged fetal
monitoring with normal and pathologic outcome probabilities deter-
mined by artificial neural network. Fetal Diagn Ther 2003;18:370–5.

11. Caldeyro-Barcia R A, Poseiro JJ, Gulin LO. Effects of abnormal
uterine contractions on fetal heart rate during labor. The 5th
World Congress on Gynaecology and Obstetrics, Sydney,
1967:9–29.

12. Hon EH. An Atlas of Fetal Heart Rate Patterns. New Haven: Harty
Press, 1968.

13. Irie, T. Automated fetal heart rate analysis and its trend gram in
relation to the gas analysis and acid-base balance of umbilical arterial
blood. Nippon Sanka Fujinka Gakkai Zasshi 1986;38:1623–31.

14. FIGO News, Maeda K, et al. Evaluation and standardization of
fetal monitoring. Int J Gynecol Obstet 1997;59:169–73.

15. Mizu M. Fundamental studies on the automatic analysis in fetal
heart rate. Nippon Sanka Fujinka Gakkai Zasshi 1976;28:1383–92.

16. Ito T, Maeda K, Takahashi H, Nagata N, Nakajima K, Terakawa N.
Differentiation between physiologic and pathologic sinusoidal
FHR pattern by fetal actocardiogram. J Perinat Med 1994;22:
39–43.

17. Meda K, Nagasawa T. Automatic computerized diagnosis of fetal
sinusoidal heart rate. Fetal Diagn Ther 2005;20:328–34.

18. Chik L, Rosen MG, Hirsch VJ. An analysis of lag time and
variability of fetal heart rate measurements. Am J Obstet Gynecol
1974;118:237–42.

19. Stanco LM, Rabello Y, Medearis AL, Paul RH. Does Doppler-
detected fetal movement decrease the incidence of nonreactive
nonstress test? Obstet Gynecol 1993;82:999–1003.

20. Teshima N. Non-reactive pattern diagnosed by ultrasonic Doppler
fetal actocardiogram and outcome of the fetuses with non-reactive
pattern. Nippon Sanka Fujinka Gakkai Zasshi 1993;45:423–30.

21. Tokuda I, Nagashima T, Aihara K. Global bifurcation structure of
chaotic neural networks and its application to traveling salesman
problems. Neural Netw 1997;10:1673–90.

22. Weng W, Khorasani K. An adaptive structure neural networks
application to EEG automatic seizure detection. Neural Netw
1996;9:1223–40.

23. Moul JW, Snow PB, Fernandez EB, Maher PD, Sesterhenn IA.
Neural network analysis of quantitative histological factors to
predict pathological stage in clinical stage I nonseminomatous
testicular cancer. J Urol 1995;153:1674–7.

24. Ruppin E, Reggia JA. A neural model of memory impairment in
diffuse cerebral atrophy. Br J Psychiatry 1995;166:19–28.

25. Arle JE, Morriss C, Wang ZJ, Zimmerman RA, Philipps PG, Sutton
LN. Prediction of posterior fossa tumor type in children by means
of magnetic resonance image properties, spectroscopy, and neural
networks. J Neurosurg 1997;86:755–61.

26. Brickley MR, Cowpe JG, Shepherd JP. Performance of a computer-
simulated neural network trained to categorize normal, pre-
malignant and malignant oral smears. J Oral Pathol Med 1996;
25:424–8.

27. Mutlukan E, Keating D. Visual field interpretation with a personal
computer-based neural network. Eye 1994;8:321–3.

28. Westenskow DR, Orr JA, Simon FH, Bender HJ, Frankenberger H.
Intelligent alarms reduce anesthesiologist’s response time to
critical faults. Anesthesiology 1992;77:1074–9.

29. Fujita H, Katafuchi T, Uehara T, Nishimura T. Application of
artificial neural network to computer-aided diagnosis of coronary
artery disease in myocardial SPECT bull’s-eye images. J Nucl Med
1992;33:272–6.

30. Andreassen H, Bohr H, Bohr J, Brunak S, Bugge T. Analysis of the
secondary structure of the human immunodeficiency virus (HIV)
proteins p17, gp120, and gp41 by computer modeling based on
neural network methods. J Acquir Immune Defic Syndr 1990;
3:615–22.

31. Farmer RM, Medearis AL, Hirata GI, Platt LD. The use of a neural
network for the ultrasonic estimation of fetal weight in the
macrosomic fetus. Am J Obstet Gynecol 1992;166:1467–72.

32. DeVoe LD, Samuel S, Prescott P, Work BA. Predicting the duration
of the first stage of spontaneous labor using a neural network.
J Matern Fetal Neonatal Med 1996;5:256–61.

33. Keith RD, Westgate J, Ifeachor EC, Greene KR. Suitability of arti-
ficial neural networks for feature extraction from cardiotocogram
during labour. Med Biol Eng Comput 1994;32(Suppl 4):51–7.

34. Salamalekis E, Thomopoulos P, Giannaris D, et al. Computerized
intrapartum diagnosis of fetal hypoxia based on fetal heart rate
monitoring and fetal pulse oximetry recordings utilizing wavelet
analysis and neural networks. BJOG 2002;109:1137–42.

35. Maeda K, Utsu M Kihaile PE. Quantification of sonographic
echogenicity with grey-level histogram width: A clinical tissue
characterization. Ultrasound Med Biol 1998;24:225–34.

36. Maeda K, Utsu M, Yamamoto N, Serizawa M. Echogenicity of
fetal lung and liver quantified by the grey-level histogram width.
Ultrasound Med Biol 1999;25:201–8.

37. Maeda K, Utsu M, Yamamoto N, Serizawa M, Ito T. Clinical tissue
characterization with gray level histogram width in obstetrics and
gynecology. Ultrasound Rev Obstet Gynecol 2002;2:124–8.

References 1495

REFERENCES

Kurjak-140.qxd  5/10/2006  6:32 PM  Page 1495



1496

141 The fetal electrocardiogram
W. J. van Wijngaarden

Introduction
Electronic fetal monitoring (EFM), based on the
recording and interpretation of the fetal heart rate
(FHR), is practiced routinely in antenatal and
intrapartum care throughout the world. This is
analogous to diagnosing ischemic heart disease in
adult medicine by recording an adult’s pulse rate over
a period of time. By only measuring the RR interval
of the fetal electrocardiogram (FECG), as is done in
EFM, a potential wealth of information on a fetus’s
well-being is discarded. During labor, the FECG is
continuously available for analysis and reflects the
cellular metabolic condition of the myometrium and
the cardiac conduction system. FECG analysis in the
detection of fetal compromise has been the focus of
research of a relatively small number of groups for
many years and has, in some instances, now reached
the stage of clinical trials. Based on these, commercial
enterprise is already advocating its implementation
into clinical practice and is marketing specially
devised monitoring systems.

The first FECG was recorded by Cremer in 19061

through silver electrodes attached to the abdominal
wall and inserted into the vagina, with a simple string
galvanometer used to display the very small signal.
As concern over the maternal condition outweighed
interest in fetal well-being, its clinical potential was
not considered until many years later. However,
already in 1930 it was recognized that for any analysis
of the FECG to be made possible, the small FECG
signal had to be amplified.2 The potential of the
FECG to aid diagnosis and management in certain
conditions (drug effects on the fetal heart, congenital
heart disease, umbilical cord problems, multiple
pregnancies and abnormal labor) was suggested as
early as in 1936.3

Signal processing
Technical difficulties with the small, trans-
abdominally derived signal and background noise
were first seriously addressed in the early 1950s with
the introduction of bandpass filters, allowing only
frequencies between 30 and 100 Hz to be amplified.4

Thus QRS complexes were isolated and analyses of
the FECG over longer periods were made possible.
The first reports on changes in the FECG waveform
during fetal hypoxemia were published in the 1950s.5

A major change in FECG research came with the
introduction of the fetal scalp electrode in the early
1960s and as a result the main problems in obtaining
transabdominal recordings (signal amplitude, signal
identification and isolation) could be addressed. The
ability to make accurate RR distance measurements
led to the introduction of FHR analysis. However, low
amplitude P and T waves were still often buried in
background noise or filtered out when reducing the
baseline drift of the signal which would otherwise
interfere with signal detection. As a result, accurate,
often manual, measurements were difficult to obtain
and resulted in many inconsistencies in the earlier
FECG waveform analysis studies. To amplify the
FECG, so that the low amplitude waves could be
identified and measured both automatically and
accurately, a number of signal filtering and enhance-
ment techniques have been developed.

The signal must be ‘cleaned’ from high and low
frequency noise (such as baseline drift) by appropriate
filters, leaving the frequency of the FECG waveform
intact. In FECG recordings, a high pass cut-off of
0.16 Hz at –3 dB has been found to be adequate
because of the shorter time intervals and higher heart
rate than in adults where 0.05 Hz is a more appro-
priate high pass cut-off.6

Group averaging techniques were introduced by
Hon and Lee7 using a so-called ‘CAT system’. This
‘block averaging’ technique meant stopping and
resetting the system after each calculated averaged
complex, which in the 1960s was an off-line and time-
consuming procedure. An improvement on this was
the development of ‘sliding window’ or ‘running’
averaging techniques, in which a new enhanced
(averaged) complex is recalculated each time a new
waveform is added to the calculation and the oldest is
removed. Weighting of this running average was
introduced later to allow for more transient changes to
be detected. With this technique, all complexes are
given a certain weight, with the latest the highest
weighting factor or impact in the calculation of the
enhanced waveform. With each new incoming
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complex, all the previous weighting factors are
changed and a new enhanced waveform is cal-
culated.8 The number of raw complexes and their
respective input into the resultant averaged and
enhanced signal can be varied. The result of this
averaging or enhancement routine is the attenuation
of electrical noise and other non-repetitive features
such as movements, leaving the FECG waves
recognizable and analyzable (Figure 141.1).

After having obtained an enhanced FECG waveform,
several techniques can be applied to perform
measurements. The Nottingham FECG analyzer
measures the components of the enhanced FECG
waveform by identifying the segments of the averaged
complex using a ‘line-fit routine’.9 The location of the
start, peak and end of each wave is calculated from the
intersections of straight lines which are fitted by a
linear regression technique to represent the incline and
decline of each wave (Figure 141.2). The STAN 21
system (Neoventa) uses a set number of complexes for
its block averaging technique. In exactly which way the
changes in the ST segment are recognized and
monitored is not public domain.

The developments of the above described tech-
niques, aided by rapid developments in micro-
processing technology, have made it possible to
automatically and accurately identify the FECG
waveform, reduce waveform distortion (fetal and
maternal movements and electrical signals, 50 Hz
interference) and to perform continuous on-line FECG
analysis on small personal computer-based systems
usable in a clinical setting. Furthermore, large amounts
of generated data can now be handled easily and
transformed into clinically interpretable patterns.

Signal acquisition
In human fetuses during labor, the FECG signal is
obtained through a fetal scalp electrode. Single spiral
scalp electrodes (Corometrics Medical Systems,

Connecticut, USA and Cetro AB, Sweden) have a
superior frequency response and a high signal
amplitude with a low signal-to-noise ratio.10 Although
this may be of importance in morphological FECG
analysis, the frequency response and signal-to-noise
ratio of the Copeland electrode (Surgicraft Ltd,
Redditch, UK) allows for adequate detection of the
time intervals within the FECG. Therefore, both
systems have been found to function satisfactorily in
FECG time interval analysis but caution needs to be
expressed when comparing FECG morphology
measurements using different fetal scalp electrodes.

In FECG morphology analysis, changes in the various
amplitudes are recorded within a certain cardiac vector.
The direction of this vector is determined by the
location of the reference electrode in relation to the
exploring electrode attached to the fetal skin. In
the fetal lamb, the changes in the T wave after an
isoprenaline challenge were seen to be mainly in the
YZ plane, whereas the routinely used bipolar lead
system would only be optimal in identifying T-wave
changes in the XZ axis of the fetal body.11 In the
standard bipolar configuration of a spiral fetal scalp
electrode, the distance between the electrodes is small
and has been suggested to be a cause for baseline drift,
noise and fluctuating vector directions which may
result in alterations in FECG waveform morphology.12

Figure 141.1 A raw fetal electrocardiogram (FECG) waveform
(top) and enhanced FECG waveform after averaging (bottom).

Figure 141.2 Regression line-fit routine of the average fetal
electrocardiogram (FECG) waveform. 
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The Copeland fetal scalp electrode (also a bipolar
configuration) has a long reference electrode which is
less likely to cause vector fluctuations. It has been
proposed that a unipolar configuration, with one
electrode on the fetal scalp and one on the maternal
thigh, would be more stable and better to detect
changes in the longitudinal axis of the fetus (e.g. wave
changes). Experience with the Nottingham FECG
analyzer, however, would suggest a satisfactory
detection of T-wave changes using a bipolar lead
system and we have not found any benefit from using
a unipolar system, nor were there any changes in the
FECG waveform configuration seen when such a lead
configuration was used. In humans, bipolar lead
systems would appear as sensitive as unipolar
systems to detect changes in the Y axis of the fetus.
For obvious reasons, FECG time interval analysis is
not influenced by potential errors due to different
vector configurations.

Antenatal signal acquisition is usually performed
transabdominally with Ag/AgCl skin electrodes.
Signals can also be obtained by the detection of
changes in the magnetic field caused by electrical
fluctuations of the fetal heart13 or directly during
intra-amniotic procedures such as fetal cord blood
sampling in utero.14

Other means of obtaining a fetal ECG signal include
the placement of wire electrodes under the skin,
which requires operative techniques and is com-
monly used in obtaining data in animal rather than
in human studies.

FECG analyzers
A number of FECG analyzers have been used in direct
signal sampling research over the past 10 years. Of
these, the Nottingham FECG analyzer (University of
Nottingham) and the STAN S21 analyzer (Neoventa
Medical, Gothenburg, Sweden) are the only FECG
analyzers used in an on-line real-time trial setting on
the labor ward. The STAN S21 analyzer filters the
incoming signal with a bandwidth of 0.05–100 Hz and
digitizes it with a sampling rate of 500 Hz. A block
averaging technique is applied to create an enhanced
waveform using 10 accepted complexes.15 The system
is specifically designed to measure ST waveform
changes but can also calculate the PR time interval.
The waves are recognized by an amplitude search for
the points of maximum deviation within a fixed time
zone. For quality control, every 2 min the current
average T/QRS ratio and averaged FECG complex are
printed alongside a cardiotocographic (CTG) record.16

The Nottingham FECG analyzer filters the raw
signal with a bandwidth of 0.16–150 Hz and digitizes
the analog FECG signal at a sampling rate of 500 Hz. A
matched filter is used to recognize the QRS complex
by comparing of frequency spectrum characteristics.
The averaged or enhanced FECG complex is created

by using a ‘time coherent’ approach. This is
established by correlating each new incoming raw
complex, consisting of a total of 256 data points, with
the enhanced waveform. Proper alignment of the new
incoming and the enhanced FECG complex is ensured
by cross-correlating 15 points around the R peak of
the enhanced waveform with the R peak of the new
ECG complex. In other words, the identified R peak
becomes the fixed point around which raw FECG
complexes are superimposed. The enhanced waveform
is calculated after ‘weighting’ the complexes with the
most recent signals having the most input. After this,
a line-fit routine (see above) is applied to identify the
individual waves. The capability of this time coherent
weighted averaging routine to accurately isolate rapid
changes of the unprocessed or raw FECG signal has
clinically been validated by comparing fast changes in
the raw signal with those detected in the averaged
signal.17 The Nottingham FECG analyzer measures 18
FECG waveform parameters (morphology as well as
time interval) and calculates four more simultaneously
at 2 s intervals including signal-to-noise ratio estima-
tion for signal quality control. Only waveforms with a
ratio exceeding 3:1 are included in the resultant
waveform calculation. For quality control, the desired
measurements are displayed in real time on a VDU
screen along with the raw waveform and the averaged
waveform (Figure 141.3). All 22 parameter measure-
ments and calculations are stored in the system’s
memory for retrospective analysis.

The system used in Southampton in off-line
intrapartum recordings used a band pass filter of
0.1–40 Hz and sampling rate of 1000 Hz. The system
was designed to measure the T/QRS ratio. Measure-
ments were performed on every second of four
incoming raw complexes, thus at best, T/QRS ratios of
only 25% of all incoming complexes were available.18

Averaging of the T/QRS ratios was performed after the
actual waveform measurements.

Cardiac electrophysiology
The electrocardiogram is a record of myocardial
action potential fluctuations during the cardiac
cycle. The electrical discharge of each cycle starts in
the sinoatrial (SA) node. The membrane potential
of the pacemaker cells of the SA node is unstable
and declines continuously until a trigger level is
reached. At this stage there is a dramatic increase
of Na+ ion influx and K+ ion efflux, resulting in the
depolarization of the SA node. This is accompanied
by an increase in membrane permeability to Ca2+ ions
and results in ‘slow’ inward current of Ca2+ ions
which is responsible for the upstroke of the action
potential in the SA node and, consequently, its
frequency of reaching firing threshold levels or heart
rate. This slow inward current of Ca2+ ions consists of
three components. The main component responsible
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for SA node repolarization is influenced by both
adenosine triphosphate (ATP) and epinephrine which
increase its conductance. As a result, during hypo-
xemia which is accompanied by reduced levels of
ATP, the conductance is reduced. The atrioventricular
(AV) node contains, in addition to ‘slow’ oxygen-
sensitive Ca2+ channels, also fast Na+ channels which
are less sensitive to oxygen.19,20 Changes in oxygena-
tion will therefore have less effect on the upstroke
of the action potentials in the AV node than in the
SA node.

Following the electrical discharge of the SA node,
depolarization spreads through the atrial muscles. In
the ECG this is represented by the P wave. Before
the action potential is further propagated to the
ventricles, it is delayed in the AV node. After the AV
node, conduction is very rapid through the special
conduction tissue of the bundle of His, which
separates into the left and right bundle branches and
the Purkinje fibers within the ventricular muscle
mass. As the QRS complex is caused by ventricular
depolarization, most of the PR interval reflects the
conduction time (depolarization) of the AV node.
Atrial repolarization is usually submerged in the QRS
complex and ventricular repolarization is reflected by
the T wave. The Na+/K+ pump fuelled by ATP and
activated by intracellular Ca2+ plays a central role in
all these processes. The Na+/K+ pump maintains the
ion gradient across the cell membrane by Na+ ion
efflux and K+ ion influx, with a resultant net positive

extracellular charge. An increase in heart rate is a
result of an increase in Na+/K+ pump activity, which
results in an increase in the outward current. This
leads to a shorter repolarization time and therefore a
shortening of the time to reach the following trigger
level for depolarization. Under normoxemic
conditions, this will not lead to any major changes in
the morphology of the FECG waveform and the time
intervals will shorten simultaneously.

The control of the FHR and the conduction of action
potentials in the heart is complex. Spontaneous firing
of the pacemaker cells of the SA node, the effect of
baro- and chemoreceptor stimulation, autonomic
nervous system reflexes and tone all directly or
indirectly influence the SA and the AV node. Hypo-
xemia may not only induce an adrenal catecholamine
release but also directly slow the conduction of action
potentials in the myocardium21 and the AV node.22

Normal values for the FECG
waveform
Ranges for the normal values of FECG parameters
using an old model of the STAN system and the
Nottingham system have been reported for both
acidotic and non-acidotic human fetuses during labor.
Using the STAN-alyser system, a mean T/QRS ratio
during labor has been quoted as 0.148, with an SD of
0.048.23 A list of normal values for FECG waveform

Figure 141.3 VDU display of the Nottingham analyzer: the raw waveform is displayed in the top left window, the averaged
waveform in the top right window and the conduction index is displayed as a moving window at the bottom. The ratio index is
displayed as a number next to ‘labor ratio’.
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measurements performed by the Nottingham FECG
analyzer during the first 20 min of recording in first-
stage labor of term pregnancies with uncompromised
infants at delivery [umbilical artery pH > 7.20, base
excess (BE) > –8 mmol/l] weighing over 2500 g is
given in Table 141.1.

The FECG and changes during fetal
compromise
All aspects of the FECG waveform have been analyzed
and related to changes in biochemical markers or CTG
patterns. The earlier studies in particular need to be
interpreted with caution because of potential errors
due to noise, inappropriate filter settings and manual
measurement techniques. Furthermore, caution needs
to be exerted when changes are reported in cross-
sectional data sets, as individual trends may be of
greater importance and more informative. The use of
means and standard deviations in not normally
distributed populations (such as the T/QRS ratio)
should be avoided as it may lead to wrongly assumed
definitions of abnormality.24

The P wave
The aspects of the P wave which have been studied are
changes in its duration, height and area. P-wave
duration increases progressively from the 17th week of
gestation with increasing cardiac mass.25 Changes in
P-wave morphology (i.e. notching, inversion, biphasic),
as well as its (sometimes transient) complete dis-
appearance, have all been reported to occur in
association with decelerations but not necessarily with
an abnormal acid–base balance.7,17,26–29 Care needs to
be exerted when interpreting changes in the P-wave
height using averaging techniques. It was found on
examination of the raw FECG complexes that the
P wave could be dislocated from its normal position
during bradycardia beyond the FECG analyzer’s ability
of detection and consequently lead to a false apparent
reduction in its height.30

The duration of the P wave may change during fetal
respiratory acidemia31 and was noted to be loosely
related to umbilical vein norepinephrine levels.17,28

The significant correlation between umbilical artery
blood gases and change in P-wave duration during the
last hour of labor was found to be too low (rpH�0.13)
for clinical use.17 No significant difference was found
between the duration, the height and the area of the P
wave of non-compromised term fetuses, acidemic
fetuses (umbilical artery pH < 7.16, BE < –10 mmol/l)
regardless of gestational age and small-for-gestational-
age fetuses (birth weight < 2500 g). Nor was any
significant difference found when the first 20 min of
these labors was compared to the last 20 min of labor
of each group individually.30

The P-wave area has been seen to increase with
fetal acidemia,31 to decrease with fetal distress27 and
to be unrelated to fetal acid–base balance apart from a
clinically impractical but significant correlation
(rpco2

�–0.15) with umbilical artery pCO2 levels over the
last hour of labor.17

The PR segment
Changes in the height of the PR segment are common
but have not been found to be related to any
biochemical changes.17,28 In FECG morphology
measurements, the height of the PR segment is
important when it is used as the isoelectric line, as is
done by the STAN system. It may be a source of
discrepancies when identical recordings are analyzed
by different systems, as the Nottingham FECG
analyzer and the system used in Southampton both
use the pre-P segment as the isoelectric line.32 No
significant difference in the height of the PR segment
was found when cross-sectional intrapartum measure-
ments were compared between uncompromised
term fetuses, compromised fetuses and small-for-
gestational-age fetuses. Nor were there any significant
differences between the first and last 20 min of labor
in each of these groups.30

1500 The fetal electrocardiogram

Table 141.1 Normal values for fetal electrocardiogram
(FECG) time interval and morphology parameters as
measured with the Nottingham FECG analyzer during
the first 20 min of recording time in the first stage of
labor; time intervals in ms (from Mohajer30 with
permission)

Parameter Mean values (SD)

Fetal heart rate 134.38 (13.3)

PR (interval) 102.72 (12.5)

P (duration) 63.34 (12.2)

QRS (duration) 43.61 (5.4)

R/S (ratio) 2.89 (0.6)

PRe (segment elevation) 97.49 (4.0)

STe (segment elevation) 102.86 (6.4)

RT (interval) 147.77 (21.3)

T (duration) 127.75 (24.1)

P (height) 9.44 (4.2)

Q (height) 10.77 (9.2)

R (height) 70.94 (15.2)

S (height) 24.58 (19.3)

T (height) 7.79 (6.7)

S/N ratio 9.39 (5.9)

P (area) 6.08 (3.5)

T (area) 10.63 (6.2)
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The PQ and PR intervals
In animals, manual measurements of the FECG wave-
form showed both a prolongation of the PQ interval
during hypoxemia in lambs33 and a lengthening of the
PR interval after cord occlusion in baboons.34 More
recently, the changes in the PR interval seen during
hypoxemia in fetal lamb experiments have been clearly
documented. Acute maternal aortic occlusion was seen
to be followed immediately by an initial prolongation of
the PR interval simultaneous to RR interval lengthening
(vagal reflex) and superseded by a shortening of the PR
interval. This was reverted to a lengthening of the PR
interval after release of the occluder.35 The shortening
of the PR interval following the vagal reflex is thought
to be secondary to an increased adrenergic activity
and the lengthening after release of the occluder as a
result of baroreceptor stimulation. Murray17 showed
that the initial vagal reflex could be abolished with
atropine premedication. In the same study, isopre-
naline was shown to decrease both the PR and the RR
intervals during normoxemia. Baro- and chemorecep-
tor reflexes probably do not have a great influence on
this as the same changes were seen in experiments on
very premature fetal lambs in which these reflexes
are not yet fully developed (H. Murray, personal
communication).

In humans, large changes in the FHR have been
found to coincide with changes in the PR interval.17

Table 141.2 displays the observations from various
studies of changes in the PR interval in relation to
periodic changes of the FHR.

In a study of 40 normal labors, the PR interval was
noted to shorten significantly during contractions,
whether induced by syntocinon infusion or not,
without any significant change in coincident FHR
pattern.36 In one study, a significant difference in PR
interval was reported when comparing male to female
fetuses in labor.37 Possible explanations for this
phenomenon are the slightly higher heart rate and/or
the higher sympathetic tone in males and exaggerated
reaction to stress when compared with females.38

Earlier work suggested that the overall trend for the
PR interval to shorten during normal labor did not
have a relationship with biochemical compromise.6,31

In a study comprising 309 labors, the mean PR
interval duration was found to change little until the
last hour of labor.17 In 59% of labors, a significant
shortening in the mean duration was noted during the
last hour, although this was within the standard error
of measurement in 13% of these. During this time,
changes in the mean PR interval duration were
significantly correlated (r �0.2) to umbilical artery
cord gas measurements, but were too weak for clinical
use. This was supported by a later study which did
not find a change in the PR interval between the first
and last 20 min of labors in uncompromised fetuses
but noted a shortening of 10% in the group with
evidence of fetal compromise, which was statistically

not significant.30 Importantly, Murray17 found the
average PR interval duration over the last 15 min of
labor to be inversely related to epinephrine (repi�–0.47,
P < 0.001) and norepinephrine (rnorepi�–0.26,
P < 0.001) levels in arterial cord blood. As
catecholamine levels increase during the second
stage of labor and even more so in the compromised
fetus, a strong adrenergic influence on the AV node
and therefore PR interval duration could be an
explanation for the changes in the PR interval seen
during labor.

The R/S ratio
The direction of spread of depolarization through the
ventricles is called the cardiac axis and is represented
by the R/S ratio. Right axis deviation occurs in
congenital heart disorders and in conditions where
there is a strain on the right side of the heart leading
to right ventricle hypertrophy. Left axis deviation can
occur with hypertrophy of the left ventricle but is
commonly due to conduction defects.

Mohajer30 found a reduction trend in the R/S ratio
when cross-sectionally comparing the first 20 min with
the last 20 min of labor in both non-compromised and
compromised fetuses, indicating a right axis shift. The
opposite was seen in small-for-gestational-age fetuses. In
addition, small-for-gestational-age fetuses were observed
to start labor with a non-significant but substantially
higher ratio than non-compromised fetuses.

Table 141.2 The relationship between the PR
interval and periodic changes in the fetal heart rate

Study PR interval

Accelerations Murray17 ↓
Mohajer30 ↓

Decelerations

Early Lee and Blackwell26 ↓
Murray17 ↓↑ *

Mohajer30 ↑
Variable Roemer et al.65 ↓

Pardi et al.27 ↓
Murray17 ↓ **

Mohajer30 ↓
Late Pardi et al.27 ↓↑ ***

Murray17 ↓
Mohajer30 ↓

↑Lengthening; ↓shortening; *shortens in 50%, lengthens in 50%;
**shortens after an initial lengthening; ***lengthens during ‘mild’
and shortens during ‘moderate’ and ‘severe’ late decelerations

Kurjak-141.qxd  5/10/2006  11:34 AM  Page 1501



No change in the R/S ratio was seen during or
between contractions.37 Symonds39 observed acidosis
and hypokalemia in the umbilical vein to be
accompanied by a left shift of the cardiac axis during
labor. This was also seen to accompany late decelera-
tions and bradycardia. However, with increasing
acidosis as measured by fetal scalp blood sampling,
there was a tendency toward right axis deviation. This
right axis deviation during labor was also noted to be
associated with umbilical cord entanglement and
hypoxemia at birth.40 The association between a
right axis deviation and acidemia was also seen by
Strachan et al.41 who found a significant correlation
between a decreasing R/S ratio during the last half-
hour of labor and an umbilical artery pH and BE of
less than 7.15 and –8 mmol/l, respectively. Acute
pressure changes in the umbilical cord vessels may
lead to intracardiac pressure changes which can result
in cardiac axis deviations. Chronic hypoxia, on the
contrary, may cause left ventricular strain and result
in left axis deviation.42 The tendency for left axis
deviation in small-for-gestational-age fetuses seen in
other studies would support this.30

The QRS duration
The QRS duration represents the time for the action
potential to spread through the ventricles. It is
significantly longer in males than in females37 and is,
as in adults,43 directly related to myocardial mass.44

This would be in keeping with anatomical studies
showing the male fetal heart to be heavier than the
female fetal heart.45 The relationship between the
QRS duration and birth weight is highly significant
(r �0.38, P �0.001)37 and should be borne in mind
when quoting and reporting normal values. Although
early and variable decelerations have been seen to be
associated with a shortening of the QRS duration,26

no relationship between QRS duration and fetal
compromise during labor has been found.5,17,46

Contractions do not influence QRS duration.37

The observation that chronic impaired oxygenation
may lead to an increase in QRS duration47 is supported
by the clear correlation found between ventricular
depolarization time and hemoglobin levels in preg-
nancies complicated by rhesus isoimmunization.48

Reactive myocardial hypertrophy, resulting in a larger
QRS duration, appears a logical explanation for this.
Therefore, it has been suggested that serial antenatal
QRS duration measurements may improve the
detection of fetal growth retardation. One report quotes
a sensitivity of 82% and specificity of 93%.49

The QT and RT intervals
The QT and RT intervals are closely related to the FHR
and, if corrected for this, little significance in the
relationship with clinical features has been found.28,30,42

The QT interval during episodes of hypoxia has been

seen to decrease in rabbit experiments,50 not to change
after placental separation46 and to increase signifi-
cantly during acidosis in human fetuses.42 A short-
ening has been observed during early and variable
decelerations.26 Although this was also observed in a
recent study on 68 fetuses with metabolic acidemia at
birth, a significant shortening rather than a lengthening
of the QT interval was found at the end of the recording
when compared with the beginning which was
independent of heart rate.51 Further work is awaited
to clarify the potential of the QT interval in fetal
monitoring.

The ST interval and T-wave duration
As in all the low-frequency waves, the setting of
the filter characteristics is essential in the ability to
identify the beginning and end accurately. If too high,
the onset of the ST segment will smoothen and
continue indistinguishable into the T wave. If too low,
noise will swamp the signal, rendering it unidentifi-
able. Group averaging techniques and, to a lesser
degree, moving windows weighted averaging techni-
ques will artefactually lengthen the T wave as a result
of changes in the RT interval, secondary to normal RR
duration variation. Mohajer30 observed a trend of
shortening of the T-wave duration during labor which
was not significant. Changes in the T-wave duration
have not been found to be related to fetal intrapartum
compromise.52

The ST segment and T-wave height
In adults, ST waveform changes occur during episodes
of myocardial hypoxemia and infarction. These
include ST segment height changes and both an
increase and inversion of the T-wave height. The
observation of similar changes in compromised
fetuses forms the background of ST waveform analysis
in the detection of fetal hypoxemia. Repolarization of
the cardiac ventricles, as opposed to depolarization,
is an active and energy-requiring process. Therefore,
the morphology of the ST waveform is dependent on
the sequence of ventricular depolarization, functional
hemodynamic changes, the local metabolic status
and substances influencing the Na+/K+ pump and,
importantly, the vector of the leads used.53 Reduced
efficiency of the Na+/K+ pump, regardless of the
cause, leads to potassium release, a change in mem-
brane potential and consequently an elevation of the
T wave. Quantitative measurements of the T wave
are commonly expressed as the T/QRS ratio to
eliminate changing amplification factors.

Controlled animal experiments have clearly
demonstrated the presence of ST waveform changes
during episodes of fetal hypoxemia.33,54 In myocardial
metabolism studies in fetal lambs, the decrease in
high-energy substances during hypoxia was accom-
panied by a decrease in the T-wave amplitude when
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signs of failing cardiovascular functions occurred.55

The decrease in amplitude of a previously elevated
T wave during severe fetal compromise was also
observed in another fetal sheep experiment and
should caution against reassurance of a sound fetal
condition with normal T/QRS ratios alone (Figure
141.4; van Wijngaarden, De Haan and Hasaart,
unpublished data).

The rate of glycogenolysis has been found to be
significantly correlated (r �0.73, P �0.001) with an
increase in T-wave amplitude, indicating a relation-
ship between myocardial glycogen utilization and
T-wave amplitude.55 Given the glycogenolytic effect
of catecholamines, this is in keeping with the ST
waveform changes seen with the administration of
β-sympathicomimetics, epinephrine surges during
hypoxia and the strong correlation between plasma
epinephrine levels and the T/QRS ratio in mature
fetal sheep.35,56,57 The lack of this correlation in
immature fetal sheep could be due to a different
adrenergic response to hypoxia as a result of an
immature neuroendocrine development.35 A change
in the normal adrenergic response to hypoxia may
also be accountable for the different ST waveform
changes seen in growth-retarded guinea-pig fetuses as
compared to fully grown guinea-pig fetuses.58 Perhaps
a different setting of the basal sympathetic tone as a
result of chronic stimulation, leaving little room for
response to further excitation, may be responsible for
this. However, as propranolol (a β-adrenoreceptor
blocker) was seen to inhibit ST waveform changes

during moderate but not during marked hypoxia,
catecholamines alone may not be solely responsible
for the observed changes.57

In studies on chronically instrumented fetal sheep,
the T/QRS ratio was seen to have a linear relationship
with hypoxemia and to be significantly correlated to
acidemia, lactate and (nor)epinephrine levels and
blood pressure.59–61 As the acidemia was mainly due
to increasing levels of lactate, increasing T/QRS ratios
were suggested to indicate anaerobic metabolism.59

T-wave changes have been observed to occur during
normoxemia in combination with increased myocardial
performance, indicating simultaneous epinephrine
release. On the contrary, hypoxic episodes, with a
decrease in oxygen content down to 64% without an
increase in epinephrine levels, were not accompanied
by ST waveform changes.60,62 It has been suggested,
therefore, that an increase in T-wave amplitude could
serve as an index of myocardial energy balance which
becomes negative when glycogenolysis sets in.62

These findings and the correlation with lactate levels
suggest that ST waveform changes occur when the
fetal myocardium switches to an anerobic metabolism
and the elevation of the T wave occurs when fetal
adaptation to hypoxemia with an increased coronary
blood flow is no longer sufficient.63

In a large study of 47 chronically cannulated lambs
subjected to profound levels of hypoxia, the large
changes seen in the T/QRS ratio and fetal biochemical
status did not appear to be very well correlated.64 The
clinically important conclusion from this report was

Figure 141.4 Reversion to normal of an elevated T/QRS ratio and ST segment elevation in a fetal lamb with a pH between 7.01
and 7.03 and a base excess between –14.8 and –17.8 mmol/l in fetal sheep experiments conducted by Drs H de Haan and THM
Hasaart, Maastricht.

Kurjak-141.qxd  5/10/2006  11:34 AM  Page 1503



that the T/QRS ratio is a poor predictor of fetal
compromise.

Observational ST waveform studies in human
fetuses during hypoxemia are more equivocal than
those in animals. In early work, using manual
measurement techniques, hypoxia was seen to be
accompanied by ST segment depression and T-wave
inversion,42,65 but no relationship was found between
ST waveform changes during late decelerations and
fetal scalp blood pH.27 Using the STAN-alyser
(Cinventa, Sweden), Lilja et al.66 found an increased
T/QRS ratio in half of the fetuses with an abnormal
FHR pattern. In another study, low Apgar scores were
associated with an increased T/QRS ratio.67 Using the
Nottingham FECG analyzer, ST waveform changes
were seen to accompany low arterial cord pH
values.28,68 The average increase in the T/QRS ratio
of 1.02% (range –3.07% to 10.0%, P < 0.004) seen
during contractions may be explained by cate-
cholamine surges and transient hypoxemia.69 It is of
note that this increase in T/QRS ratio was signifi-
cantly higher in pre-edited raw complexes, which
emphasizes the potential inaccuracy of FECG wave-
form morphology measurements from noisy data.

Other studies, however, could not confirm a
relationship between birth asphyxia and the T/QRS
ratio.18,70,71 One report found a raised T/QRS ratio to
have a considerably lower detection rate for fetal
acidemia during labor at term than a pathological
CTG.72 During normal labor, T/QRS ratios appear to
wander greatly18,24,73 and the average T/QRS ratio in
normal labor varies substantially: 10%,18 15%,23

18–26%73 and 20%.64 The setting of the isoelectric
line may be responsible for differences when different
systems are used.18,32,70 A study which compared
electrical signal conduction of different fetal scalp
electrodes using the STAN-alyser, suggested the
T/QRS ratio to have a linear relationship with the
amplitude of the QRS complex.74 Although this could
not be confirmed on the Nottingham FECG database
using the Nottingham FECG analyzer (W.J. van
Wijngaarden and B.K. Strachan, unpublished data),
further studies are required.

As the T/QRS ratio is not normally distributed and
varies greatly between cases, it may be better to
perform analyses using individually calculated
criteria for abnormality rather than cross-sectionally
acquired derived cut-off levels.24 In a retrospective
analysis of 20 intrapartum fetal electrocardiogram
recordings, only two were found to have a T/QRS
ratio which was normally distributed.75 An increase
in the T/QRS ratio over the 97.5th and 99.5th centile
for 2 consecutive minutes, with the centiles cal-
culated on an individual basis, would appear to
discriminate best between biochemically compromised
and non-compromised fetuses. However, the effect on
the intervention rate remains to be established. In no
case the T/QRS ratio was seen to exceed 0.25 for
periods previously described to be related to poor

outcome. It was concluded that the use of an absolute
threshold for T/QRS ratio abnormality based on the
assumption of a normal distribution needs to be
viewed with caution.

The first randomized controlled trial (RCT) on the
clinical value of ST segment and T/QRS ratio changes
in intrapartum fetal surveillance reported in 1993 and
included over 2400 labors.76 Intrapartum monitoring
was performed by conventional CTG or by ST
waveform analysis in conjunction with CTG. The
results of this trial76 suggest the STAN-alyser safe to
use in conjunction with conventional CTG and may
reduce the number of fetal blood samples (FBS)
carried out (but not the number of patients having a
FBS carried out). The numbers of operative deliveries
for an abnormal FBS were similar in both groups,
indicating similar sensitivities to detect an abnormal
scalp pH. The operative intervention rate for
presumed fetal distress was significantly higher in the
control group but as both groups had a similar
incidence of abnormal FBS results, this appeared to
be based on CTG interpretation only. There was no
difference in intervention rate with normal cord gas
measurements between both groups. Although there
were fewer cases with metabolic acidosis in the
ST analysis arm of the trial, it was not clear whether
these were actually identified by ST analysis, as the
incidence of mild acidosis was almost identical in the
two groups.

Another clinical analysis of the application of
T/QRS ratio changes in the detection of fetal
compromise during labor showed that, when using
the T/QRS ratio only, with values over 0.25 for
depicting abnormality, over 75% of abnormal FBS
results would have been missed.77 Although the
first intrapartum trial suggests that during labor a
normal ST waveform reassures the birth attendants
of a sound fetal condition, the latter study empha-
sizes that a normal ST waveform should not be
regarded to be reassuring in the presence of CTG
abnormalities.

A new model of the STAN system was introduced
in the late 1990s (STAN S21) by Neoventa Medical,
Gothenburg, Sweden, which not only calculates the
T/QRS ratio, but also reports on ST segment changes.
A number of retrospective and prospective observa-
tional studies and one RCT have since been reported,
most by or in association with the same research
group in Sweden. The final report of a large Swedish-
based European multicenter implementation study is
awaited. In a prospective observational study on 573
labors in 12 Nordic centers, of a total of 15 neonates
with neurological symptoms and/or acidemia (cord
artery pH < 7.05 and base deficit > 12.0 mmol/l),
five neonates had neurological symptoms and ST
abnormalities during the first stage and eight showed
ST changes during pushing.78 Of the eight cases that
had acidemia and a normal neonatal outcome, seven
had CTG +ST abnormalities.
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In another prospective observational study, of the
637 labors which were monitored using a STAN S21
system, only 70.5% was, for various reasons, available
for outcome analysis.79 Eighteen (4.0%) of the 22 of
the neonates with metabolic acidosis (same definition
as above) were in this group. Fetal scalp blood
samples (total 192) with a pH < 7.20 were associated
with ST changes in 67%, whereas this occurred in
11% of cases with a pH ≥7.20. In all five cases with
an umbilical cord artery pH < 7.00, significant
changes occurred in the ST segment 18–31 min before
birth, whereas these were not present in seven of the
13 neonates with a pH between 7.00 and 7.04. In 57%
of the 61 cases with ST segment changes > 10 min
before birth the umbilical artery blood pH was < 7.15.
Of note is that in the severe acidemia group of five
cases, no neonatal sequelae were reported. Although
it was concluded that CTG plus ST analysis was more
specific in detecting fetal acidemia than CTG alone, it
would appear from this study that a normal ST
analysis result is not highly predictive for a normal
scalp blood pH (89%) and a normal ST waveform
should not lull one into complacency and CTG
changes must be taken serious as always. It would
appear from this study that the timing of ST changes
before delivery of (severe) acidemic neonates
warrants further efficacy studies.

In a recent retrospective study on 143 labors in a
setting which relies on CTG interpretation without
the routine use of fetal scalp blood sampling as a
second-line screening tool for fetal well-being, a
sensitivity of 43%, specificity of 74%, negative
predictive value of 96%, and a positive predictive
value of 8% for metabolic acidemia at birth (umbilical
cord artery pH < 7.15 and base deficit ≥12 mmol/l)
using the STAN clinical guidelines was found.80 In
this study, problems with good-quality FECG signals
occurred in 11% of the recording time. Although the
authors concluded that the STAN system has a poor
predictive value sensitivity for metabolic acidosis, it
should be emphasized that their definition of
metabolic acidosis at birth is debatable.

In 2001, a Swedish multicenter trial was reported
in which a total of 4966 term labors were recruited
in three centers.81,82 Significantly lower rates of
metabolic acidosis (umbilical artery pH < 7.05 and
base deficit > 12 mmol/l) and operative delivery for
presumed fetal distress were found in the ST analysis
group with a risk ratio (RR) �0.47 (95% CI: 0.25–
0.86) and with an RR �0.83 (95% CI: 0.69–
0.99) respectively. Of the nine cases with HIE grade II
and III, eight occurred in the CTG-only group and
one in the ST analysis group, a significant
difference. It was concluded that CTG plus ST
analysis may prevent intrapartum asphyxia and
neonatal encephalopathy. Since then, a Swedish-
based EU project to introduce ST analysis into
clinical practice entailing 7823 term singleton labors
monitored with ST waveform analysis clinical

guidelines, was completed.83 At the time of writing
the final analysis of this study is awaited.

Although human observational studies and
controlled animal experiments on the benefits of ST
waveform analysis during labor are inconclusive,
the Swedish RCT appears to indicate a positive role in
the reduction of adverse neonatal outcome. It must
be emphasized however, that at the basis of the ST
waveform analysis algorithm of the STAN S21 system
is the ability of proper interpretation of conventional
CTG recordings. This is of concern as misinterpre-
tation of the CTG and suboptimal response to CTG
abnormalities are still major factors in case of
perinatal death and cerebral palsy.84,85

A number of issues regarding the ST waveform
analysis remain to be addressed. For instance, the non-
Gaussian distribution and the large ‘normal’ range
of the T/QRS ratio during labor. In the commercially
available algorithm, the cut-off for normal is calculated
on the false assumption that there is a normal
distribution. Furthermore, the impact of ST waveform
abnormalities during the second stage on the time to
delivery and outcome is not clear. The potential for ST
waveform analysis to be used as a substitute for fetal
scalp blood analysis needs further work as is indicated
by the results of a large observational study.79

Clearly, with perinatal death and cerebral damage,
undisputedly as the most important outcome measures,
being relatively rare, and in the interest of evidence-
based medicine, larger RCTs in other populations are
required to confirm the conclusions of the Swedish
studies before establishing ST waveform analysis as a
diagnostic tool in fetal monitoring as was already
proposed by the Swedish study group.86

The PR–FHR relationship
Under normal conditions, normoxemic fetuses,
healthy children and exercising adults all exhibit an
inverse relationship between the PR interval and the
heart rate.28,87,88 During mild hypoxemia in fetal
sheep, a brief vagally mediated lengthening of the PR
interval was seen to be followed by a simultaneous
increase in the FHR and a shortening of the PR
interval and to be accompanied by an increase in
epinephrine levels.35 Further hypoxemia resulted in a
slowing of the FHR but did not affect the reduction of
the PR interval. The same reversal of the normally
inverse relationship between the PR interval and FHR
was observed in hypoxemic fetal sheep with and
without blocking vagal influences with atropine.17

This changing relationship was confirmed in the
analysis of fetal sheep experiments, in which pro-
found and prolonged hypoxemia and acidemia were
induced comparable to levels in compromised human
fetuses during labor89 (Figure 141.5). In fetal sheep
this changing relationship occurred simultaneously to
the accumulation of serum lactate at a rate of at least
5 mmol/l per 30 min, indicating anerobic metabolic

Kurjak-141.qxd  5/10/2006  11:34 AM  Page 1505



circumstances.17 Clinical observational studies
indicated that a change of the fetal PR interval–FHR
correlation during labor from negative to positive was
associated with acidemia at birth, and in particular if
sustained for 20 min or longer.17,28

An explanation for this reversal is the different
response of the SA node and the AV node to
hypoxemia.17 The observed shortening of the PR
interval during vagally mediated decelerations is
contrary to how the AV node responds to
parasympathetic stimuli and is more likely due to an
increase in catecholamine levels associated with
hypoxemia or stress.17,90 Catecholamine levels rise
during mild hypoxemia. This will increase the FHR
and shorten the PR interval and sustain their negative
relationship. Increasing hypoxemia will reduce ATP
levels and affect the slow oxygen-dependent calcium
channels of the SA node: the FHR will drop. The
reduction in available oxygen does not yet affect the
fast sodium channels of the AV node at this stage and
the rising levels of epinephrine will continue to
shorten the PR interval. Consequently, the PR–FHR
relationship will change from negative to positive.17

The clinical application of this phenomenon in
intrapartum surveillance has taken shape in two
calculations to assess normality. The conduction
index (CI) is a PR interval–FHR Pearson’s correlation
coefficient which is calculated by the Nottingham
FECG analyzer every 2 s and, if it is positive for longer
than 20 min, is thought to be an indication of recent
fetal deterioration.17 The ratio index (RI) is the
product of the standard deviation values of the FHR

and PR interval exceeding two positive standard
deviations, expressed as a percentage of total
recording (labor) time. It was found to be significantly
related to umbilical artery pH, lactate, norepinephrine
and hypoxanthine at birth, with a predictive accuracy
of 89.4% when using 4% as a cut-off.91 As this
calculation incorporates data from the whole labor, it
is thought to be an indicator of more chronic rather
than acute fetal deterioration. A retrospective study of
250 high-risk labors indicated that the use of these
two FECG parameters, in conjunction with CTG inter-
pretation, could have resulted in an almost 50%
reduction of unsuspected acidemia at birth and a
reduction in unnecessary fetal blood sampling from
85.6% to 26.8%, without an increase in the assisted
delivery rate.92

These findings prompted a randomized prospective
trial which initially reported a significant reduction
in fetal blood sampling of over 70%, with those taken
more likely to be abnormal when FECG analysis was
used in conjunction with EFM (RR �1.61, 95% CI:
0.91–2.84).93 The final report in 2000, including a
total of 1038 labors, showed a trend toward fewer
operative interventions for presumed fetal distress in
the PR analysis plus CTG group (RR �0.80, 95% CI:
0.59–1.08).94 No significant difference between the
groups was found in the number of cases with a cord
artery pH ≤7.15 (RR �1.01, 95% CI: 0.7–1.47), or in
the frequency of unsuspected acidemia (RR �1.17,
95% CI: 0.76–1.79). It was concluded that although
there was a trend in decreasing operative intervention
there was no significant benefit in the addition of
PR time interval analysis to conventional CTG in
neonatal outcome.

The effects of epidural analgesia on the FHR in
relation to the PR interval have been studied in
women in labor and the results suggest the possibility
of a transient local anesthetic-induced effect on the
fetal cardiac conduction system.95,96 Further studies
are required to assess the impact of repeated epidural
‘top-ups’ on the FECG during labor.

Combining FECG time interval
and morphology analysis
Recent work suggests that the addition of the T/QRS
ratio (with individualized cut-offs for abnormality) to
the combination of EFM, RI and CI may reduce the
number of unsuspected fetal acidemia at birth further
but will simultaneously increase the number of
unnecessary interventions.24 This study showed
further that the RI appears to be the most sensitive
FECG parameter in detecting fetal compromise and the
first to become abnormal during adverse situations. It
was concluded that in future work more emphasis
should be placed on this calculation of the PR–FHR
relationship. It is clear that more research in combining
FECG time intervals and morphology changes in the
detection of fetal compromise is required.

1506 The fetal electrocardiogram

Figure 141.5 Two-second fetal heart rate (FHR) and PR
interval measurement during normoxemia (top) and hypoxemia
(bottom) in fetal sheep. Reprinted with permission from Bailliere
Tindal.
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Cardiac conduction defects
Cardiac conduction defects have been well described
in adults suffering from coronary artery disease,
myocardial ischemia, digitalis toxicity and electrolyte
imbalances. In animal experiments, AV blocks have
been induced by head compression and cord occlusion
but not after vagotomy.97,98 Yeh et al.34 showed that in
baboon fetuses myocardial conduction defects during
vagal stimulation secondary to cord occlusion could
be prevented by atropine. However, it was suggested
that, apart from parasympathetic stimulation, these
conduction defects could also be due to an increased
sensitivity of the fetal myocardium to acetylcholine
under hypoxic conditions. Pardi et al.27 observed a
prolongation of the PQ interval during ‘mild late decel-
erations’ and suggested that this was caused by mild
vagal stimulation, resulting in a depression of the
AV conduction system. Such a prolongation could
continue to become the dislocation of the P wave from
its normal position, as seen during bradycardia,91

indicating a first-degree AV block. The third-degree AV
block observed during severe variable decelerations
indicates a complete disruption of conduction between
the SA node and the AV node and may suggest hypoxic
rather than vagal influences as a cause for this.29 In
controlled fetal sheep experiments, cardiac conduction

defects in the form of second-degree heartblock and
bigeminy were observed during profound hypoxemia
and acidemia (Figure 141.6; van Wijngaarden, De Haan
and Hasaart, unpublished data). These observations
would confirm the potential of cardiac conduction
defects in the detection of fetal compromise during
labor. Although many decelerations are vagally
mediated, those accompanied by a second- or third-
degree AV heartblock may indicate a direct effect of
hypoxemia on the myocardium or conductive tissues.
The occurrence of such AV blocks during decelerations
may therefore be an aid to distinguish between vagally
induced decelerations and those associated with fetal
compromise.29 To detect these in real time, however,
analysis of raw complexes is required. To achieve this,
background noise and signal quality need to be
addressed further to allow direct measurements of the
filtered unenhanced FECG complex.

Fetal systolic time interval
measurements
The pre-ejection period (PEP), the isovolumetric
contraction time (IVC) and the ventricular ejection
time (VET) are considered to be the most important
fetal systolic time interval measurements.99 Although

Figure 141.6 Conduction defects (bigeminy and second-degree AV block) at a pH between 7.06 and 7.10 and a base excess
between –11.6 and –13.6 mmol/l in fetal sheep experiments conducted by Drs H de Haan and THM Hasaart, Maastricht.
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not absolutely required for the latter two, these are
best measured by simultaneous FECG and Doppler
ultrasound recordings. The PEP is measured from the
onset of the Q wave to the opening of the aortic valve.
The IVC is measured from the closure of the mitral
valve to the opening of the aortic valve and the VET is
measured from aortic valve opening to aortic valve
closure. The PEP of the fetal heart reflects the
inotropic and loading state of the heart and has the
potential of an index for fetal hypoxemia and cord
compression. The PEP has been reported to become
prolonged during both cord compression without a
change in the FHR and variable decelerations. During
late decelerations, however, the PEP tends to
shorten.99 More recent animal and human studies
suggest that the PEP and PEP/VET ratio in particular,
are good predictors of fetal acid–base status.100

Simultaneous measurement of the PR interval may
have some benefit in clarifying the influence of the
autonomic nervous system on myocardial contractility.
However, the value of PEP measurements in intra-
partum monitoring is yet to be established by further
studies. In theory, it might be expected to be of more
value antepartum in assessing cardiac function.

Transabdominal FECG recordings
Transabdominal FECG analysis has a number of
potential benefits. The relationship between cardiac
size and the QRS ratio have been well described and
could be used as an aid in predicting fetal weight and
intrauterine growth retardation.49 Antenatal FECG
analysis could be employed to detect congenital
conduction defects such as prolonged QT syndrome
and heartblock. Furthermore, it could be used as an
adjunct to other methods in the assessment of fetal
well-being, especially in circumstances where cardiac
failure can occur. FECG time interval and morphology
changes and the length of the PEP (time between the
QRS complex and opening of the aortic valve) could be
informative regarding the health of the conduction
system and myocardium, fetal compromise and
changes in (para-) sympathic tone.

Intrapartum transabdominal FECG analysis has the
potential of being able to record the FHR simulta-
neously with the uterine myogram, producing a
completely electronically derived ‘cardiotocogram’. It
is easy to apply, with less discomfort to the mother
than when using conventional belts. The main
problem, however, is the inconsistency and uncertainty
in obtaining an analyzable signal.

Transabdominal signal acquisition of the very
small amplitude FECG (usually < 30 µV) with adult
ECG surface electrodes is greatly hindered by noise
generated by maternal muscular activity, maternal
and fetal movements, maternal ECG signals and most
of all by the enormous variation with which the
electrical signals are propagated from the fetal heart

to the maternal abdominal surface. Interference by
maternal ECG complexes is not a problem since the
introduction of a range of software routines success-
fully addressing this. It is still unclear how many
electrodes should be used, which configuration of
electrode positioning is optimal and during which
fetal state the best recordings can be expected. From
20 weeks onward, the signal strength increases until
28 weeks, after which it decreases to a minimum at
about 30 weeks. Following this, it increases again
until delivery. The reasons for this have been
suggested to be the formation of vernix caseosa with a
62-times decrease in electrical conductivity, and fetal fat
formation with a 30-times decrease in electrical
conductivity.101 Oostendorp et al.102 found that a
multilead system of 32 electrodes which used vectors
within a fetal reference frame could remove inter- and
intra-individual variation of signal acquisition, but only
before a gestational age of 28 weeks. The absence of
vernix caseosa before 28 weeks, allowing for homo-
geneous conduction, has been suggested as a cause
for this. The occurrence of gaps in the skin-covering
vernix after 32 weeks could be responsible for the
improvement in signal acquisition after this gestational
age but, by its random nature, will result in a great
variation in conduction and therefore optimal electrode
positioning.103 It is our experience that the best
recordings are obtained with a simple two-lead system
in a vertical midline configuration with one electrode at
the fundus, one suprapubically and one ground lead on
the arm or leg. This is supported by the observation that
the maximum FECG amplitude is sometimes obtained
between electrodes placed outside or at the edge of the
maternal abdomen.104 Ciccinelli et al.105 reported signal
acquisition rates as high as 93.6% in gestations from 29
to 42 weeks, with reliable P- and T-wave identification
in 72.8%. These QRS detection rates have not been
confirmed by other studies which quote maximum
success rates ranging between 63% and 77%.101,106,107

A recent prospective cross-sectional observational
study on 241 singleton, 58 twin and five triplets
pregnancies with a gestational age ranging from 15 to
41 weeks of gestation, reported a significant reduc-
tion in signal separation success rate between 27 and
36 weeks of gestation.108 A 12-lead system was used
for all singleton pregnancies and a 16-lead system was
used for all multiple pregnancies. Recordings took
15–20 min, typically providing approximately 5 min
of data from which a 60-s sample with all the R waves
available was selected visually for further processing.
In singletons, the success rate of signal separation
was 85%. T waves could be obtained in 78% with
most failures before 24 weeks (63%). In twins and
triplets, separate signals were obtained in 78% and
93%, respectively. Although P, Q, R, S waves were
seen in all averaged FECG complexes, T waves could
not be identified in 41% and 43% of recordings, res-
pectively. Normal pregnancy FECG time interval
reference ranges with gestation are reported.

1508 The fetal electrocardiogram
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Fetal magnetocardiography (FMCG) offers the
potential of signal acquisition under circumstances
with reduced electrical conductivity. As no electrodes
are placed on the maternal abdomen, it is not
influenced by interference of maternal ECG complexes
and abdominal muscle action. Furthermore, the
(hypothetical) insulating effect of vernix caseosa
hindering successful acquisition of an electrode-
derived transabdominal FECG as seen during late, mid
and early third-trimester gestation, is negated.109

A superconducting quantum interference device
(SQUID), placed just above the abdominal skin without
touching it, detects changes in the magnetic field
created by changes in the intracellular current density
of the fetal heart. Quinn et al.13 obtained a 67% success
rate in detecting the QRS complex. P waves and T
waves were detectable in 75% and 72% of these,
respectively. Horigome et al. reported a success rate of
68% and 43% for the detection of these waves,
respectively.110 More recently, much higher success
rates were obtained by Lowery et al.111 using a newly
developed 151-channel magnetic sensor array. In 102
recordings between 27.5 to 39.5 weeks of gestation,
they identified 100% of QRS complexes, 95.1% of P
waves and 87.3% of T waves. Crowe et al.112 showed
the potential for FMCG to produce recordings of
similar amplitude and quality to the FECG derived
with abdominal electrodes. The main disadvantages of
the system are the high cost of the superconductor, the
prerequisite of a magnetically shielded environment to

reduce interference and the specially purpose-built
magnetically inert chair. In a series of 253 FMCG
recordings (gestational age 15–42 weeks), Van Leeuwen
et al.113 showed that the antenatal determination of
cardiac time intervals can be accurate and reproducible
as long as signal-to-noise ratio and fetal maturation
(signal amplitude) are taken into account.

The Enschede group in The Netherlands have
developed a large FMCG database with time interval
reference values on which they reported on in 2002.114

It is based on FMCG recordings of a total of 582
uncomplicated pregnancies. The results compared to
the time intervals found with transabdominal electrode
recordings and in neonates. Although the scatter of
measurements was wide (probably due to physio-
logical variation, measuring system, signal processing
and interobserver variation), fetuses with cardiac
conduction disorders may be diagnosed with the help
of this database. 

With the development of new multichannel SQUID
systems with a very high success rate of detecting all
the waves of the FECG, it would appear that it is only
the costs involved that would make one pursue further
development of electrode-derived transabdominal
FECG recordings. It is of great importance to note that
the multichannel SQUID system can also be used to
record auditory and visual evoked responses and brain
activity antenatally. This opens the way to multimodal
testing of fetal well being with a direct method of fetal
neurological assessment.
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142 Fetal magnetocardiography
and fetal
magnetoencephalography
T. Hosono and Y. Chiba

Fetal magnetocardiography
Introduction
Electrical activity of the heart and brain can be
recorded on the body surface of a living body by a form
of electrocardiogram and electroencephalogram,
respectively. These electrical recording methods are
widely used in clinical practice for newborns, infants,
children and adults. Electrical activities of the heart
and brain cause weak changes of the magnetic field.
Since magnetic lines of force can pass through internal
organs and skin without attenuation, magnetic activity
of the heart and brain can be recorded without skin
contact. Tracings of the magnetic activity of the heart
and brain are magnetocardiogram and magnetoen-
cephalogram, respectively. 

Cardiac magnetic activity is measured in the order of
50 picotesla (pT) in adults and less than 10 pT in
fetuses. These values are about one million times
smaller than the static magnetic field of the earth. The
first adult magnetocardiogram was recorded using
induction coils.1 However, since magnetic field
strength caused by the fetal heart and brain are too
small to record using induction coils, devices to
measure fetal magnetocardiogram and magnetoen-
cephalogram were anticipated, and as superconductor
technology progressed, a superconducting quantum
interference device (SQUID) was developed.

Fetal magnetocardiogram was first recorded about
three decades ago using SQUID technology.2 The
amplitude of fetal QRS complex exceeded 5 pT and
could be clearly distinguished from the maternal
magnetocardiogram. Fetal QRS was more successfully
recorded between 30 and 40 weeks of gestation when
the fetus was in cephalic presentation with the
left side facing the detector than when the right side
faced the detector. The shorter the distance between
the fetal heart and the detector, the weaker the
fetal magnetocardiographic signals. The consecutive
application of fetal magnetocardiogram to fetal heart

rate monitoring was also reported.3 Fetal heart rates
were simultaneously calculated from fetal magneto-
cardiogram and electrocardiogram, and both tracings
thoroughly coincided. However, after the initial
development, fetal magnetocardiography has not
progressed for nearly two decades. The improvement
and advantage of fetal echocardiography and Doppler
ultrasound technology for fetal heart rate monitoring
also surpassed relatively primitive biomagnetism
technology.4 In the early 1990s, the usefulness of
magnetocardiography has received more attention. The
spread of fetal magnetocardiography is due to advances
in several aspects of biomagnetism technology; a highly
efficient magnetically shielded room and multichannel
SQUID sensors of very high sensitivity.

Fetal magnetocardiogram provides clinicians with
similar information to a fetal electrocardiogram. How-
ever, it is still difficult to record electrocardiograms
because the surface of the fetal body is covered with
caseous vernix in the latter half of the second trimester
and the first half of the third trimester of pregnancy.
The caseous vernix mainly consists of fat, which has
low electrical conductivity. Thus, a fetal electrocardio-
gram is hard to record from the maternal abdominal
surface. Direct fetal electrocardiogram, which attaches
the leads of the fetal electrocardiogram to the fetal
shoulder and buttocks by inserting needle electrodes
via the maternal abdomen under ultrasonography
guiding, is one solution of the problem, but is invasive.5

Magnetic flux can pass through the caseous vernix and
magnetocardiography is a non-invasive method to
measure the electrical activity of the fetal heart.

Data processing of magnetocardiography

Multichannel system
Figure 142.1 shows a multichannel SQUID system
(MC6400; Hitachi Hi-technologies Ltd, Tokyo, Japan)
installed in the National Cardiovascular Center in
Osaka, Japan. The system is placed in an active
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magnetically shielded cabin in a non-magnetically
shielded room in a hospital building. The active
magnetic shield system produces compensating
magnetic fields, which negate the magnetic fields of
earth. The system is composed of 64-channel SQUID
sensors with a sensitivity of less than 20 femtotesla
(fT)/Hz. The gradiometer array is 8 ×8 matrix
distributed and its sensor pitch is 25 mm. The array is
installed in a dewar stored in liquid helium. The bed
is positioned under the dewar and the patient lies on
the bed usually after verifying the fetal heart position
by ultrasonography. In other centers, a multichannel
system such as a 37-channel system6 and 67-channel
system7 have been used recently.

Data processing
The recorded magnetocardiographic signals are
digitized and stored in a computer at a sampling
frequency of 1 kHz. After passing through a low-pass
filter, signals are processed several times. The removal
of the maternal magnetocardiogram is indispensable
for further signal processing. The maternal electro-
cardiogram is simultaneously recorded to aid the
removal of the maternal magnetocardiogram. We
calculated the average maternal magnetocardiogram by
triggering R peaks of the maternal electrocardiogram.
The averaged maternal magnetocardiogram is sub-
tracted from the raw recordings at the time of each
maternal heartbeat. Typical signal processing is the
average triggered at R waves of the fetal magneto-
cardiogram. Since the P wave and T wave stay in the
range of noises in the raw magnetocardiogram even
when QRS complexes exceed the noise levels,

averaging is required for a better signal-to-noise ratio to
reveal the P wave and T wave. Our group adopted 100-
times averaging from 2-min raw magnetocardiograms.

RR intervals in fetal magnetocardiogram are also
often measured. The RR intervals are usually changed
to the fetal heart rate, which is widely used in
obstetrical practice.

Mapping
Although a multichannel system for magnetocardio-
gram has recently been commonly employed, only a
few mapping techniques are available. The geometrical
distribution of magnetocardiogram tracing is often
used to display multichannel results.4 The demonstra-
tion of all magnetocardiograms, usually averaged
magnetocardiograms, at each of the used multi-
channels in one plane aligned along the baseline is
designated ‘butterfly plotting’.

The current-arrow map is a unique mapping
technique showing the magnetic field and hypothetic
current vectors in one plane.8 The current arrows
(Ix, Iy) are obtained from derivatives of the normal
vertical component (Bz) of the fetal magnetocardio-
gram from the following equations:

Ix=+dBz/dy
Iy=−dBz/dx

Contour lines showing the strength of current arrows
[(Ix

2+Iy
2)−1/2] also visualize the current-arrow dis-

tributions. The current-arrow map is designed for
obstetricians to better understand the current dis-
tribution although the current-arrow map is not the

Figure 142.1 Magnetocardiography system using multichannel SQUID sensors (MC6400; Hitachi Hi-technologies Ltd). The dewar,
including SQUID sensors, is positioned above the abdomen of a pregnant patient lying on a bed.
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complete solution of the so-called inverse problem.
Figure 142.2 shows an example of a current-arrow
map. Note that current-arrow maps at the R wave and
T wave are in a circular pattern although the current-
arrow map at the P wave is in a pattern aimed in one
direction.

Standards of fetal magnetocardiogram
The peaks in the magnetocardiogram are called P,
QRS and R similar to the electrocardiogram. The P
wave indicates atrial depolarization preceding atrial
contractions, the QRS complex indicates ventricular
depolarization preceding ventricular contractions, and
the T wave indicates ventricular repolarization
preceding ventricular diastole. Indeed, the consistency
of the fetal electrocardiogram and fetal magnetocardio-
gram is demonstrated by simultaneously recording
the cardiograms.4 Waveforms of the fetal magneto-
cardiogram, i.e. amplitudes, polarities and phases,
vary depending on the spatial mutual relation between
the fetal heart and detectors similar to waveforms of
the electrocardiogram vary depending on the leads.
Each component of the magnetocardiogram even in
normal fetuses appears in a biphasic or negative
pattern, but the causes of such patterns have not been
clarified yet.

The amplitudes of the QRS complex, P wave and T
wave increases with gestational age. However, the
amplitudes of the P wave and T wave are often in

noise levels, thus it is difficult to detect P and T waves
in raw magnetocardiograms. Averaging the magneto-
cardiographic signals is the usual method to improve
the signal-to-noise ratio and to analyze the waveforms
of fetal magnetocardiograms,9 but signal processing
by averaging inevitably misses small beat-to-beat
variations. Fetal heart position is also an important
factor to improve the detectable limit of fetal signals.
QRS complex can be detected by magnetocardiogram
even at 17 weeks of gestation with a favorable fetal
presentation. Kandori et al.10 revealed by theoretical
calculations that the depth between the sensor and
fetal ventricular muscles is the most important factor
for detection and that the fetal magnetocardiogram
can be detected after 22 weeks of gestation if the depth
between the sensor and the fetal ventricular muscle
is 50 mm. The result of the theoretical analysis coin-
cides well with practical data from 35 normal fetuses.
If the distance between the fetal heart and the detector
is 80 mm, the magnitude of the fetal magnetocardio-
gram stays at approximately 1 pT. If the detection
limit of the fetal magnetocardiogram is as low as 1 pT,
the minimum distance between the fetal heart and the
detector is approximately 50 mm at 25 weeks of
gestation, and is 80 mm at 35 weeks of gestation. Note
that the distance between the fetal heart and the
detector is approximately equal to the distance
between the fetal heart and mother’s abdominal
surface. In clinical practice, the detection rate of the
QRS complex is 67% by raw signals and the detection

1514 Fetal magnetocardiography and fetal magnetoencephalography

Figure 142.2 An example of an averaged fetal magnetocardiogram (center). P, QRS, T indicates the P wave, QRS complex and
T wave, respectively. Figures with subscripts a–n are current-arrow maps calculated at the timing indicated in the averaged fetal
magnetocardiogram.
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rates of the P wave and T wave in averaged fetal
magnetocardiogram are 75% and 72%, respectively.11

The normal values for the components of fetal
magnetocardiogram have also been studied. Horigome
et al.12 reported normal values of each component of
magnetocardiogram for normal fetuses. The detected
rates of P and T waves in averaged magnetocardio-
grams were 68% and 43%, respectively, although the
detected rate of the QRS complex was 85% in raw
magnetocardiograms. For a total of 150 magnetoen-
cephalograms of normal fetuses of between 20 and
41 weeks of gestation, RR, PQ, QRS, QT intervals
(durations) were 421 ±27 (ms; mean ±SD), 100 ±16,
49 ±8, 223 ±39, respectively. QTc (corrected QT
interval; QT interval divided by the square root of
the RR interval) was 378 ±52. Although QT and PQ
intervals were constant between 20 and 41 weeks of
gestation, the QRS interval increased as the gesta-
tional weeks increased. A similar gestational increase
of QRS interval was also reported by Leuthold et al.9

Fetal arrhythmia
The diagnosis of arrhythmia has attracted a great deal
of attention in fetal magnetocardiogram. Recently,
prenatal diagnoses of fetal arrhythmias have been
accumulated.

Bradyarrhythmia
One of the most life-threatening pathological brad-
yarrhythmias is atrioventricular block. Figure 142.3(a)
shows a case of complete atrioventricular block.

Magnetocardiographic observations of complete
atrioventricular block coincide well with the findings
by echocardiography, direct fetal electrocardiogram
and neonatal electrocardiogram.5 It is important to
record completely independent P waves and QRS
complexes in the diagnosis. Averaged fetal magneto-
cardiogram is also useful for the diagnosis because
P waves are never detected in the averaged magneto-
cardiogram. Wakai et al.13 reported an interesting case
of complete atrioventricular block in which ventri-
cular rates increase in association with the increase
of atrial beats. Hosono et al.14 reported a case of
complete atrioventricular block with alternating
ventricular pacemakers, which were revealed by the
alternating amplitude of R wave recorded by
magnetocardiography.

The diagnosis of QT prolongation is a good appli-
cation of fetal magnetocardiography. QT prolongation,
often by heredity, is rather hard to diagnose by
echocardiography.15 Hamada et al.16 reported the first
case of prenatal diagnosis of familial long QT
syndrome by magnetocardiography. In this case, the
mother was complicated with long QT syndrome and
had a history of syncope at 10 years old. The non-
stress test of the fetus at late gestation demonstrated a
non-reactive pattern of fetal mild bradycardia of
110 bpm with decreased fetal heart rate variability.
The QT interval was 410 ms, which is beyond the
upper limit of 300 ms,12 by averaged fetal magneto-
cardiography. The neonatal electrocardiogram coin-
cided well with the fetal magnetocardiogram.
Menéndez et al.17 reported two additional cases, one
of which was familial and the other was sporadic.
Hosono et al.15 also reported a case of familial long
QT syndrome, which was suspected of sustained
mild fetal bradyarrhythmia of about 110 bpm with
decreased variability and maternal QT prolongation.
Figure 142.3(b) shows a case of long QT syndrome.
Kandori et al.18 described two cases of long QT
syndrome in which detailed diagnoses were achieved
by current-arrow maps. The accuracy of magneto-
cardiogram in time domain exceeds further than that
of echocardiography, and thus magnetocardiography
enables the prenatal diagnosis of long QT syndrome,
which requires precise determination of the QT
interval.

Tachyarrhythmia
Fetal tachyarrhythmia often causes fetal heart failure
and induces general hydrops fetalis. Supraventricular
tachycardia and atrial flutter are the most common
causes of fetal tachyarrhythmia. Atrial fibrillation is
generally considered rare.

Wolff–Parkinson–White (WPW) syndrome was first
successfully diagnosed by magnetocardiography
(Figure 142.3c). Hosono et al.19 reported the prenatal
diagnosis of fetal WPW syndrome by magnetocardio-
graphy. In a case of fetal paroxysmal supraventricular
tachyarrhythmia, a typical delta wave, short PR

Figure 142.3 Examples of fetal arrhythmia: (a) complete
atrioventricular block; (b) long QT syndrome; (c) WPW
syndrome; (d) atrial flutter.
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interval and wide QRS duration were revealed by
averaged fetal magnetocardiography. The averaged
magnetocardiogram during the attack of supraventri-
cular tachyarrhythmia showed normal QRS complex
with normal duration and normal PR interval. In this
case, cardioversion was obtained by prescribing oral
propranolol to the mother. Fetal hydrops disappeared
soon after sufficient dose administration. Another
case of fetal WPW syndrome was described by Kähler
et al.20 The fetus exhibited intermittent tachyarrhyth-
mia and hydrops fetalis after the administration of
tocolytic agents. The magnetocardiogram at 33 weeks
of gestation showed a delta wave. Oral flecainide, not
digoxin, was prescribed and cardioversion was
achieved within a few days. Digoxin is contraindi-
cated in WPW syndrome due to the adverse effect of
the atrioventricular conduction mechanism. Although
digoxin has been widely used in therapy for fetal
tachyarrhythmia, the prenatal diagnosis of fetal WPW
syndrome by magnetocardiography may change the
prescription of fetal therapy. The tachyarrhythmia
and retrograde conduction of the P wave were also
reported by Menéndez et al.21 Wakai et al.6 analyzed
the initiation and termination of 13 cases of
supraventricular tachyarrhythmia and revealed the
mechanism of attack of tachyarrhythmias. The most
common cause of fetal supraventricular tachycardia
was revealed to be re-entrant premature atrial
contractions. Kandori et al.22 succeeded in the
identification of accessory pathways in fetal WPW
syndrome using current-arrow maps. The current-
arrow maps at the time of the delta wave and the
R peak of two cases of fetal WPW syndrome were
produced and the vector sums of the current arrows
were calculated. When the vector sum of the current
arrows at the R peak was fitted to the position of the
ventricular septum, the vector sum of the current
arrows at the delta waves was revealed to be
positioned at the left ventricle, indicating that an
accessory pathway exists in the left heart. The WPW
syndrome, which has an accessory pathway in the left
heart, is type A, which shows a typical electrocardio-
gram with a high-voltage positive delta wave in the
T1 lead. The neonatal electrocardiogram of each case
exhibited a high-voltage positive delta wave in the T1
lead of the electrocardiogram.

Cases of atrial flutter have also been reported by
several authors (Figure 142.3d).21,23 Hosono et al.24

also reported a case of fetal atrial flutter. The F wave,
which represents fast atrial reciprocal excitation,
appeared in a form of fluctuation of the baseline,
similar to the teeth of a saw. The averaged fetal
magnetocardiogram showed two P waves preceding
the QRS complex, indicating 2:1 atrioventricular
conduction. In another case, atrial flutter with 3:1
atrioventricular conduction was also demonstrated by
magnetocardiography.25 Kandori et al.26 successfully
made a differential diagnosis between atrial flutter
and atrial fibrillation by evacuating QRS complexes

from raw magnetocardiogram and by spectral analysis
of atrial beats by fast-Fourier-transform processing.
The spectrum of atrial flutter had a sharp peak at
around 7 Hz, whereas the spectrum of atrial fibrilla-
tion was distributed diffusely in the range of 2–8 Hz.
Since atrial flutter is caused by reciprocal pulse
conductions of a certain frequency in the atrium, the
spectrum showed a sharp peak at this frequency.
However, since atrial fibrillation is generated by
multiple independent pulse generators in the atrium,
the spectrum might have a diffusely distributed
pattern.

Ventricular tachycardia is rare in fetal arrhythmia.
Menéndez et al.21 succeeded in recoding tosades de
poites of the fetus at 32 weeks of gestation.

Extrasystoles
Since extrasystoles are the most common fetal
arrhythmia, extrasystoles have been reported since the
pioneer period of fetal magnetocardiogram.3 Van
Leeuwen et al.27 reported a variety of fetal extrasystoles
such as ventricular extrasystoles, supraventricular
extrasystoles, and sinoatrial block. Wakai et al.28

reported a case of fetal complicated heart malformation
that exhibited a fetal heart rhythm alternating between
the period of normal sinus rhythm and the period of
junctional rhythm associated with respiratory sinus
arrhythmia. Single-channel magnetocardiography
revealed the increase of fetal arrhythmia during
ritodrine treatment for threatened premature delivery.29

Fetal heart rate monitoring
Magnetocardiography has been applied for fetal heart
rate monitoring since the genesis era of fetal magneto-
cardiogram.3,30 Since magnetocardiogram has a high
resolution in the time domain, beat-to-beat variability
of the fetal heart rate can be measured. The commonly
used Doppler technique of ultrasound needs data
processing of autocorrelation, and thus subtle beat-to-
beat variability is essentially non-recordable.

Spectral analysis of fetal heart rate variability
has been reported by several groups. Wakai et al.31

analyzed fetal heart rate patterns from magnetocardio-
grams of 10 healthy fetuses and revealed a frequency
distributed in a lower frequency range of less than
0.2 Hz in a fetal resting state but the spectrum is
distributed in a wide range of less than 1.0 Hz during
fetal respiratory arrhythmia. Rassi and Lewis32 also
performed spectrum analysis of the fetal heart rate and
observed that the power spectral density at a high
frequency of nearly 3 Hz increased as the gestational
age increased, and thus variability of fetal heart
rate increased in late gestation. Van Leeuwen and
colleagues7,33 calculated several statistical parameters
from fetal heart rate tracings measured by magneto-
cardiography. They concluded that the significance
of statistical parameters representing fetal heart
variability and complexity reflects fetal development.
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The monitoring of fetal heart rate using magnetocardio-
graphy is still in a pilot study and is beyond clinical
application.

Instruments for fetal heart monitoring in recent
clinical practice have employed the Doppler
technology of ultrasound because of its convenience.
Magnetocardiographic instruments generally require
a magnetically shielded room. Baffa et al.34 attempted
to record magnetocardiograms using a single-channel
SQUID system in an unmagnetically shielded
environment and successfully detected the QRS
complex. Spectral analysis of the fetal heart rate
revealed that the spectrum of variability was
distributed from 0.5 to 1.0 Hz.

Applications of magnetocardiography
for other fetal heart diseases
Kähler et al.35 reported an application of fetal
magnetocardiography in congenital heart disease.
Using the magnetocardiogram of a case of slight
hypoplasia of the right ventricle with a small right
ventricular outflow tract, prolonged duration of the
QRS complex was revealed, suggesting morphological
abnormalities of the pulse conduction system in the
fetal heart. The magnetocardiographic findings were
well coincided with the electrocardiographic findings
of the neonate.

Horigome et al.36 estimated the magnitude of the
single current dipole of fetal heart by fetal
magnetocardiography. The magnitude of current
dipole was well correlated with gestational age in
normal fetuses, indicating an increased amount of
currents in myocardial muscles. However, in cases of
cardiomegaly with myocardial abnormalities such as
twin-to-twin transfusion, malformation of the Galen
vein and endocardial cushion defects, the magnitude
of dipole current exceeded the normal range,
indicating excess increase of the cardiomuscular
mass.

Hosono et al.37 revealed that QT prolonged fetuses
with severe congenital structural anomalies such as
mitral atresia, transposition of the great arteries and
so on, had poor neonatal prognosis of death within
28 days after birth in spite of specialist neonatal
intensive care.

Magnetoencephalography
The strength of the magnetic field by the brain is far
weaker than that by the heart. The range of
magnetoencephalogram in fetuses is in the order of
femtotesla whereas that of adults is in the order
of picotesla.

Magnetoencephalography was first reported about
a decade after the first fetal magnetocardiography.38

When the fetal face is almost parallel to the mother’s
abdominal surface, verified using high-resolution

ultrasonography, a total of 300 acoustic stimulus with
a frequency of 1 kHz and a duration of 100 ms was
applied through the maternal abdomen. The stimuli
evoked magnetical responses of the fetal brain.
Although the number of fetuses with complete
recording was small, typical auditory responses were
successfully revealed by averaging.

Wakai et al.39 reported the success of fetal magne-
toencephalogram nearly a decade after the pioneering
work. A seven-channel SQUID detector was placed on
the maternal abdomen located near the fetal auditory
canal and external canthus. A total of 100 trials of
auditory stimulus applied to a brief tone burst of
1.5 kHz frequency, 20 ms duration and 100 dB ampli-
tude from the speaker placed about 1.5 m from the
mother evoked distinct auditory responses with
latencies of approximately 200 ms. The amplitude of
auditory brain response was 100 fT. Evoked fetal
auditory magnetoencephalographic signals were well
coincided with the neonatal auditory magnetoen-
cephalographic responses evoked by similar auditory
stimuli.

Eswaran et al.40 recorded fetal magnetoencephalo-
graphic-evoked auditory responses using a 100-ms
tone burst of 120 dB intensity using 151-channel
magnetoencephalography system specially designed
for pregnant women. By consecutive trials of fetal
magnetoencephalographic responses, they succeeded in
recording at least one of several trial sessions. Eswaran
et al.41 also succeeded in recording visually evoked
brain activity in fetuses using magnetoencephalo-
graphy. Light pulses of 8800 lux, 33 ms duration and an
approximately 2 s±50 ms randomized interval were
applied for 6 min (180 flushes). They succeeded in
recording visually evoked electroencephalographic
responses in four of 10 healthy fetuses. The amplitude
of the magnetoencephalogram was about 30 femtotesla
at maximum.

Conclusion
Fetal magnetocardiography has been shown as suitable
to reveal a variety of fetal heart diseases during the
second and the third trimesters of gestation. In
particular, fetal arrhythmia is a good indication of fetal
magnetocardiography. Magnetocardiographic analysis
revealed detailed cardiac activity of the fetal heart,
which has not been detected by fetal echocardiography.
However, the number of reports on the application of
fetal magnetocardiography in other fetal heart diseases
such as structural heart diseases and fetal heart
hypertrophy is still small. Fetal heart rate monitoring
by fetal magnetocardiography is attractive because
magnetocardiography can estimate beat-to-beat vari-
ability, but it has not been used in routine clinical
practice.

Fetal magnetoencephalograms are still a significant
area of study. Evoked auditory responses have been
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successfully measured in healthy fetuses, but evoked
visual responses were recorded by only a few groups.

The amplitudes of fetal magnetocardiogram and
magnetoencephalogram are in the order of picotesla
and femtotesla. The SQUID system requires

superconducting substances of low transition
temperature, which inevitably requires liquid helium.
A more portable SQUID system which clinicians can
use at the bedside without a magnetically shielded
room is anticipated.

1518 Fetal magnetocardiography and fetal magnetoencephalography
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Introduction
Accurate assessment of the fetal condition during labor
is a major problem in clinical obstetric practice.
Electronic fetal monitoring (EFM) was introduced into
clinical practice in the 1960s without proper
validation. Subsequent performed randomized trials
failed to show the real benefit of EFM compared with
intermittent auscultation.1–4 No clear differences were
found in direct neonatal course or long-term follow-up
between the two groups.5,6 There was, however, an
increase in obstetric interventions in the EFM group.
When EFM and fetal scalp blood sampling (FBS) are
combined, the efficacy of fetal surveillance improves.7

Although this concept has gained worldwide recog-
nition, in the majority of obstetric units FBS is not
consistently used.8,9 One of the reasons may be that
blood sampling requires a blood gas analyzer which
needs maintenance and frequent calibration. Others
objected to the method being invasive, cumbersome
and disliked by the patients.9,10 It is also a disadvantage
that the information is only available at the time of
sampling and further samples are needed to determine
a trend. This has led to the situation that EFM is still
used in most labor rooms as the single diagnostic tool
to assess the fetal condition instead of EFM being used
as a screening method and FBS as the method to verify
the fetal oxygenation.

Pulse oximetry, which measures the arterial oxygen
saturation (SaO2) continuously, has become a standard
monitoring technique in anesthesia, intensive care
and neonatal care, and may become equally helpful for
the obstetrician in monitoring the fetal condition
during labor. It is minimally invasive and easy to use.
Moreover, the SaO2 is an adequate parameter to
measure oxygen supply, because 99% of the oxygen in
the blood is bound to hemoglobin.11 Fetal SaO2 values
(range 30–80%) are on the steep part of the oxygen
dissociation curve, due to a relatively low fetal partial
pressure of oxygen. Consequently, minor reduction in
oxygen supply will lead to a detectable decrease in
fetal SaO2 (Figure 143.1). Optimism about pulse
oximetry, as an alternative technique for assessing the
fetal intrapartum condition, rose when it appeared
possible to obtain signals from the fetal scalp during
labor for prolonged periods.12–14

Principles of the measurement
Basic principles of pulse oximetry
The oxygen saturation of hemoglobin is expressed
as a percentage ratio of the concentration of oxyhe-
moglobin (HbO2) to the sum of the concentrations
of oxyhemoglobin and deoxyhemoglobin (Hb). The
measurement of oxygen saturation in arterial blood
with pulse oximetry is based on two principles.

The first is that oxyhemoglobin and deoxyhemoglo-
bin differ in their absorption spectrum. Figure 143.2
shows the absorbance spectra of HbO2 and Hb.15 Pulse
oximetry uses two wavelengths in the red and
infrared region of the light spectrum. In the red region
(around 660 nm), deoxyhemoglobin absorbs much
more light than oxyhemoglobin, while in the infrared
region of the spectrum (890–940 nm) this is vice
versa. These absorption differences of oxyhemoglobin
and deoxyhemoglobin lead to the visible difference
between well oxygenated arterial blood, which looks
bright red, and less oxygenated venous blood, which
appears more brown-violet.16

The second principle is that cyclic changes of the
blood volume in tissue, caused by arterial blood, result
in detectable pulsatile changes in the absorption of red
and infrared light. During systole the blood volume in

Figure 143.1 Maternal and fetal oxygen dissociation curve.

Kurjak-143.qxd  5/10/2006  11:32 AM  Page 1519



the tissue increases, which causes an increase in the
absorption of both red and infrared light. During
diastole the blood volume in the tissue, and
correspondingly the absorption of light, decrease.

The absorption of red and infrared light, which is
caused by the skin, subcutaneous tissue, venous
blood, non-pulsatile arterial blood and other
absorbers in the light paths, leads to an additional,
non-pulsatile component in the total absorption. The
pulsatile or alternating component (ac) and the non-
pulsatile or direct component (dc) of both red and
infrared (IR) light are used to calculate a red to
infrared ratio [(acred/dcred)/(acIR/dcIR)]. This ratio is
assumed to be dependent only on changes in
absorption in the arterial vascular tissue. In the pulse
oximeter, the measured red/infrared ratio is converted
into an oxygen saturation value, usually denoted by
SpO2, which is displayed. As the pulse oximetry
principle assumes that pulsatile signals are caused by
pulsations of arterial origin, other pulsatile signals
(such as venous pulsations or rhythmic motion
artifacts) may cause false SpO2 readings.

Adaptations for fetal use

Reflectance sensor
To adapt this technique for fetal application, changes
were made. In transmission sensors, which are
commonly used for monitoring anesthetic patients
and neonates, the light emitting diode (LED) and
the photodetector are placed on opposite sides of
the tissue. Light absorption is measured across the
vascular bed. These sensors are placed on fingers or
earlobes and are not suitable for application on the
fetus during labor, as the presenting part is usually the
fetal head. Reflectance sensors were designed, where
LED and photodetector are placed on the same side of
the tissue and light absorption is determined from
light that scatters back to the surface. This made fetal
utilization possible.

Plethysmographic signals from the fetal scalp can
also be obtained by the transmission principle by
using a hollow spiral scalp electrode containing an
optical fiber; light is transmitted through the vascular
bed from the spiral tip to the surface of the skin.17

Application of the reflectance sensor
In early studies, the sensor was applied to the fetal
scalp using suction, gluing, clipping or using an
incorporated spiral electrode18 for fixation.

After the early results,12–14 it became obvious
that the fetal scalp is not the ideal area for measure-
ment. Reduced peripheral perfusion, due to caput
succedaneum, as well as hair, may lead to signal
attenuation or erroneous measurements. When caput
succedaneum is present, significant optical shunting
may occur via the edematous area. In this case, light
reaches the photodetector without passing through
vascularized tissue. Dark hair absorbs a significant
amount of light, particularly red light, and this
reduces the signal amplitude. To avoid this, Nellcor
Puritan Bennett and also Gardosi et al.19 developed a
reflectance sensor which is placed at the side of the
fetal face (temple or cheek area) and held in place by
means of the pressure of the uterine wall (Figure
143.3a). However, with this approach the sensor
cannot be seen during application and monitoring,
which is a potential problem. Incorrect apposition
of the sensor may lead to false readings.20,21 Therefore,
the sensor should incorporate a means of assessing
the correct placement on the fetal skin. In the sensor
developed by Nellcor Puritan Bennett, this was
realized by impedance measurement across contact
points in the sensor as an indication of adequate
sensor to skin contact (Figure 143.3b).

Side-effects
Thermal safety has been investigated in non-perfused
tissue in an in vitro model. Under these conditions,
the temperature increase is less than or equal to 3.0 °C.
In well perfused tissue like the fetal face, the
temperature increase is expected to be smaller
because of the cooling effect of the blood flow.
Sensors of this design have been extensively used in
different centers worldwide in over 10,000 patients;
complications such as uterine wall perforation,
umbilical cord trauma, eye or ear injury, were not
reported.22 No significant difference in estimated
blood loss and maximum recorded postpartum
temperatures was found.23

Problems specific for
fetal pulse oximetry
Calibration
The calibration of reflectance pulse oximetry for fetal
use is more complicated than the calibration of
transmission pulse oximetry for adult or neonatal use,

1520 Fetal pulse oximetry

Figure 143.2 Absorbance spectrum of oxyhemoglobin (HbO2)
and deoxyhemoglobin (Hb). Arrows indicate 660 and 735 nm
wavelengths.
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as sample SaO2 values cannot be obtained in the
human fetus. Normal values of SaO2 in the human
fetus range from 30% to 80%.24 The human adult is
not a suitable subject because normal fetal SaO2
values are mainly below 70% and it is unsafe to
subject adults to such low saturation levels. In
critically ill neonates, SaO2 values may become as low
as 60%,25 an SaO2 value still not low enough for a
fetal calibration. Therefore, animal models are used to
calibrate reflectance pulse oximetry against blood
sample SaO2 measurements.

For the comparison of two methods measuring the
same quantity, i.e. SaO2, it is recommended that the
mean difference and standard deviation of differences
is calculated.26 The mean difference is called the bias
and may show a systematic over- or underestimation of
a method relative to the standard method. The standard
deviation of differences is called the precision and
represents the random ‘variability’ of the system.
Another measure for the random ‘variability’ of the
system can be obtained by calculating the standard
deviation of residuals with linear regression analysis.
The standard deviation of residuals and the precision
will be equal if the bias is zero. The correlation
coefficient is not a sufficient measure of accuracy. If the
accuracy of a reflectance pulse oximeter is evaluated in
the same study in which the reflectance sensor is
calibrated, the bias will be zero and will give no
additional information.

The accuracy of various reflectance pulse oximetry
systems has been reported in animal models. Initial
reports indicated a precision of 2.5–6.6% for sensors
with 660 nm red wavelength and 890, 925 or 940 nm
for the infrared LED.27–31 Subsequent studies with a
greater number of animals showed a much lower
precision between 7.3% and 12.9%.32,33

Alternative approaches in sensor design
From the reviewed studies, it is clear that reflectance
pulse oximetry is much more sensitive for all kinds of
physiological variables in the fetal SaO2 range of
10–80% than transmission pulse oximetry in an SaO2
range of 70–100%. Alternative approaches in sensor
design must therefore be considered for intrapartum
use. One theoretical suggestion is using three
photodetectors at different distances of the LEDs.34

Changing the red wavelength from 660 to 735 nm
(Figure 143.2) leads to less attenuation of the red light
at low SaO2 levels. In a theoretical Monte Carlo model
based on both absorption and scattering of light,
Mannheimer et al.35 predicted a significantly better
similarity of light propagation for a 735/890 nm
combination of LED than for a 660/890 nm combina-
tion of LED. A prototype reflectance sensor with a
combination of 735 and 890 nm LEDs, and with a
photodetector at a distance of 10 mm from both LEDs,
developed by Nellcor Puritan Bennett, yielded much
better results in six piglets compared with the

Problems specific for fetal pulse oximetry 1521

Figure 143.3 (a) Sensor positioned between the temple or cheek area of the fetal face and the uterine wall; (b) FS-14 sensor: the
fetal oximeter and the sensor used in most studies reported were developed by Nellcor Puritan Bennett. The sensor consists of a
flexible silicone tip curved toward the uterine wall. After insertion, the sensor is gently pulled back and wedged between the fetal
face and the uterine wall. The sensor is supplied sterilized and meant for single use only. Dimensions of the sensor head are 3 ×1 cm.
All surfaces are smooth, and the materials of the sensor have been tested for sensitization, pyrogenicity and irritation on different
body regions. Adequate contact between the sensor and the fetal skin is verified by measuring the impedance between conductive
contacts on the sensor. Low impedance values indicate that the contacts are immersed in amniotic fluid and that there is no adequate
fetal skin–sensor contact. In this case the fetal oximeter will not accept data. After confirmation that the sensor is contacting tissue,
the oximeter must determine whether the obtained pulsatile signals (plethysmograms) originate from fetal arterial blood.
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660/890 nm sensor33; the precision was 5.4%. A new
version of this prototype sensor developed for
intrapartum use, in which the LED–photodetector
distance was changed from 10 to 14 mm, was
evaluated in two independent laboratories.36 The
precision was around 5% with a small bias of 1.6%
between the laboratories. Measurements were made
over an SaO2 range of 17–100%, with various sensors
at several positions on each animal.36

Hemoglobin
Differences in the light absorption characteristics of
hemoglobin of other species in the spectral range
might lead to a different calibration line for the
human fetus, although no differences were found at
660 and 940 nm for dogs and rabbits.37,38 Presumably,
hemoglobin light absorption characteristics of other
mammals will not differ substantially from humans.

Being a two-wavelength device, a pulse oximeter
can only measure the ratio of concentrations of HbO2
and Hb, which makes it specifically sensitive to
changes in SaO2. However, other hemoglobin deriva-
tives, like carboxyhemoglobin (COHb) and methemo-
globin (MetHb) also absorb light in the visible range
and might therefore lead to errors in the SpO2. The
error caused by the presence of 10% COHb appeared
to be insubstantial over the whole SaO2 range, for the
wavelengths 660 and 940 nm.15,39 In the presence of
10% MetHb, the pulse oximeter will underestimate
the SaO2 above 70% and overestimate below 70%
SaO2.

15,39–41 However, concentrations of 10% COHb
and 10% MetHb are not expected in the human fetus
during labor. In non-smoking pregnant women and
their newborns, COHb concentrations are reported
to be < 0.5%. COHb concentrations in blood of
newborns of cigarette smoking mothers were 1.9%
(SD 1.2%).42

Human fetal (HbF) and human adult hemoglobin
(HbA) differ slightly in their spectra in the visible
range.15 Commercial pulse oximeters programmed
with a calibration curve derived from studies in
healthy adults will not be affected by high con-
centrations of HbF in the neonatal SaO2 range of
70–100%.43 However, at an SaO2 level of 25%, such
commercial pulse oximeters will underestimate the
SaO2 by 5%.

Composition of the tissue compartment
The attenuation of the light received at the
photodetector is not only caused by absorption, but
also by scattering of light in tissue. The scattering of
light by erythrocytes (e.g. velocity, size and shape) is
of special importance, because it causes most of the
fundamental problems in pulse oximetry at low
saturation values. The scattering is largely determined
by the hematocrit, blood flow conditions and blood
volume changes. Erythrocyte differences between

human subjects and between animals might have an
effect on the accuracy of pulse oximetry but this factor
has not been studied yet.

The effect of hematocrit, blood flow and blood
volume fraction have been studied in in vitro models
and animal models. In general, variation of these
factors has hardly any effect above 70% SaO2.

44

However, at SaO2 values of 25%, a substantial bias
can be observed.45 Also varying the pressure on the
sensor can cause bias, probably by variations in the
venous blood fraction in the tissue.46

Sensor–skin interface
Scattering of light occurs in all situations where there
are variations of the refractive index, i.e. at cross-
sections of different tissue layers, at the boundaries of
blood vessels and even within the cells themselves
(e.g. by the mitochondria). It is therefore likely that
differences in skin structure between animals and
humans will influence the calibration of reflectance
pulse oximetry. For none of the animal models is the
magnitude of this effect known.

All intravascular dyes or pigments on the skin,
which cause an unequal absorption of red and
infrared light, may also cause an inaccurate reading.
For example, meconium-stained skin caused an
inaccurate oxygen saturation reading in a neonate
because red light is more readily absorbed by
meconium than infrared light.47

Optical shunting through hair is also mentioned as
a possible cause for inaccuracy. However, differences
between measurements on wet hair or shaved skin
were not observed in fetal lambs.32 Improper contact
of the sensor to the skin can lead to erroneous pulse
oximeter readings, if the light is directly shunted
toward the photodetector.21

Technical problems
Certain technical situations may interfere with a
reliable estimation of the SaO2. Some problems related
to the use of fetal reflectance pulse oximetry will be
discussed in this paragraph, i.e. small pulses and signal
analysis, and the choice of the LED wavelengths.

Small pulses
The fetal plethysmographic signals obtained with
reflectance pulse oximetry are typically one-tenth of
the adult transmission pulse oximetry signals. The
amplitude of the pulsatile component of the signal is
often below 0.2% of the total signal, which is at the
lower limit of signal acceptance for some commercial
transmission pulse oximeters.48,49 These small pulses
lead to a lower signal-to-noise ratio and, as a
consequence, a less accurate device. To optimize
signal quality, fetal plethysmographic signals should
be maximized while the noise is minimized. Pulse
oximeters use several ways to enhance the signal
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processing. The fetal electrocardiogram can be used to
cardiosynchronize the red and infrared pulses. A
high-pass filter is used to detect the red and infrared
peak and trough and the pulse oximeter verifies if the
red and infrared peak and trough are in phase with
each other. A weighted moving average of red to
infrared ratios is calculated over several heart beats22

and the average value is converted into an SpO2 value.
If the red and infrared pulses are not properly
synchronized to the fetal electrocardiogram or not in
phase with each other, inaccurate SaO2 estimations
may be the result.50 Such phase shifts of the red and
infrared pulses with the heart rate were observed by
placing a 660/940 sensor on a caput succedaneum.50

Wavelength accuracy
The LEDs used in commercial transmission sensors
are not ideal light sources. The LEDs emit light in a
narrow spectral range. However, the center wave-
length of the emitted light varies between diodes of
the same type of sensor, by up to 15 nm.16 A shift
in the wavelength results in a different extinction
coefficient (Figure 143.2) and hence in an error in the
estimated SaO2. The effect of variation in the center
wavelength will be greater for the red (660 nm) than
for the infrared wavelength because its absorption
spectrum shows a steeper slope. This problem can
be solved in two ways. First, LEDs with center
wavelengths which fall outside a specified range may
be rejected. Second, the pulse oximeter may be
programmed to accept several ranges of LED center
wavelength for both the red and infrared, and to
correct for these different wavelengths internally.49

Another problem related to the 660 nm LED is that
a small amount of light in the infrared region is often
emitted in addition to the center wavelength.16

Although this so-called ‘secondary emission’ does not
influence the accuracy at high SaO2 values, it might
influence the accuracy at low fetal SaO2 values.

Clinical studies
In the first reports of this technique used in the
human fetus, the investigators used equipment that
was designed for adults, without suitable calibration
curves and using sensors of their own design. This
may explain the wide range in mean values that were
reported during normal labor.

Clinical studies published since 1996 were per-
formed with the improved 735/890 nm sensor. These
studies are reported in a separate paragraph. Studies
published before 1996 were performed with older
type sensors that are less reliable.

Normal values
The first studies reported a mean SpO2 value of 68%
(range 11–81%) in the early part of the first stage of

labor, which decreased to 58% (range 29–81%) at the
end of dilation,51 a mean SpO2 value of 82% (range
50–95%),20 and a median value of 60% (range
10–95%).52

Dildy et al.53 were the first to report normal values
using an oximeter and sensor (660 nm red wavelength)
especially designed for fetal use, and validated in
adult volunteers and fetal sheep. He reported adequate
signals during 40–60% of the time. The mean SpO2
was 58% (range between 45% and 59%).

Breech presentation
In the fetal lamb, the difference in oxygen saturation
across the ductus arteriosus is 4–5% and remains the
same even during hypoxia, when redistribution of the
blood flow occurs to protect the vital organs.54 In a
clinical study, saturations of 27–32% lower than
vertex presentation were reported,20 probably because
these breeches indeed had lower saturation values.

Relationship with scalp blood
Correlations between oxygen saturation and pH in
fetal scalp blood and SpO2 values have been
investigated by several groups.55,56 Correlation
coefficients were low (r2< 0.5) in all cases, as might
have been expected.

Maternal oxygen therapy
The effect of maternal oxygen therapy was studied by
McNamara et al.57 and Dildy et al.,58 both using
validated equipment (Nellcor Puritan Bennett). In
these studies, a significant increase in SpO2 values
was found, when 100% oxygen was given to the
mother. McNamara et al. found an increase of 11%,
Dildy et al. reported an increase of 14%. When lower
concentrations of oxygen were given to the mothers,
inconsistent results were obtained. McNamara et al.57

observed an increase in fetal SpO2 of 7.5% when 27%
oxygen was administered to the mother. However,
Dildy et al.58 found no increase in SpO2 after supplying
40% oxygen to the mother. This discrepancy in results
was the reason for the re-evaluation of the data reported
by Dildy et al.58 by van den Berg and Jongsma.59

They found that maternal oxygen administration with
both high (100%) and moderate (40%) inspired
oxygen concentrations was beneficial to those
fetuses whose oxygen saturation is near a critical
lower limit (40%).

Correlations with neonatal outcome
Pulse oximetry readings were compared with SaO2
measurements in the umbilical cord blood at delivery.
McNamara et al.60 and Langer et al.,55 both using
validated equipment (Nellcor Puritan Bennett),
observed a significant correlation with the venous
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oxygen saturation, arterial pH and venous pH, but not
with SpO2. McNamara et al. analyzed the data only
when there was an acceptable signal within the
30 min before the birth of the child. Langer et al.
analyzed the data when the oximetry signal was
obtained within 15 min of birth.

Studies for the validation of this method in the
human fetus have limitations. During the period
between the last obtained SpO2 values and umbilical
cord blood sampling, large differences in placenta
perfusion and thus in fetal arterial pO2 may occur. As
fetal oxygen saturation values are on the steep part of
the oxygen dissociation curve, a small difference in
pO2 will result in large differences in arterial oxygen
saturation.

Carbonne et al.61 defined a desaturation index as
the difference between the mean SpO2 of the last hour
of stage 1, and the mean SpO2 of the last 5 min of
available recordings (interval between last SpO2
measurement and birth < 10 min). This index
correlated with the umbilical vein pH (r =0.62) and
the 1-min Apgar score (r =0.71).61

Seelbach-Göbel et al.62 correlated the duration of
time below an SpO2 level of 30%, between 30–60%
and above 60% and the umbilical artery pH. The
duration of low SpO2 values was significantly longer
in neonates with an umbilical artery pH < 7.15
compared to neonates with an pH ≤7.15. Another
approach to address the efficacy of fetal pulse
oximetry is to investigate the potential effect of
adding fetal pulse oximetry to fetal heart rate (FHR)
monitoring. In that study,63 four expert obstetricians
retrospectively evaluated intrapartum FHR tracings
initially without and then with SpO2 values obtained
with an 660/890 nm reflectance sensor. They were
requested to indicate if they felt there was a need for
intervention. They were also requested to estimate the
umbilical artery pH. In the 119 patients evaluated in
the study, the clinicians managing labor were blinded
to SpO2 values obtained with fetal pulse oximeters.
Acidosis and fetal compromise was defined as an
umbilical artery pH < 7.15. Sensitivity and specificity
for fetal compromise was determined for each referee.
With the SpO2 information, all of the referees would
have intervened less often and in most of the cases
predicted a higher pH value. The authors state that
fetal pulse oximetry would not only lead to less
unnecessary interventions but may also lead to
undetected fetal acidosis. They raise the concern that
SpO2 may be falsely reassuring. One of the reasons for
this might be the amount of signal loss (mean
percentage of adequate signal was 65%).

Studies with the 735/890 nm sensor
Several groups have used the Nellcor 735/890 nm
reflectance sensor (FS 14) during labor. The mean
percentage of time with adequate signal during
measurement ranged from 65% to 80%.64–67 The

reproducibility of two double-sensor studies showed
a mean absolute saturation difference between two
sensors on the same fetus of −0.7% and 6.3%, and
with a standard deviation of a single sensor of 5.3%
and 6.3%, respectively.65,68

Normal values are reported in several studies, i.e. in
which the neonatal outcome showed an umbilical
artery pH > 7.15 and Apgar score at 5 min ≥7.65–69

Mean values of SpO2 during labor ranged between 42%
and 50%. No significant difference was seen during
phase I (dilatation phase) and phase II (pushing phase).
All individual SpO2 values ranged between 30% and
70% for fetuses with a normal outcome.65–69

Occasionally, an SpO2 of below 30% was seen, but
always with a quick return to values above 30%.69

These values agree with blood sample values in the
awake fetal lamb in which the SaO2 could be decreased
to 30% before metabolic acidosis became apparent.70,71

Weak but significant correlations were found between
the mean fetal SpO2 during the last 30 min before birth
and the umbilical artery and vein SaO2, as with the
umbilical artery pH and base excess.66

The 735/890 nm sensors were further used to study
SpO2 in cases with meconium aspiration,72 and in
cases of severe FHR abnormalities.64,73 In both
situations, SpO2 values were significantly lower
compared to normal situations, i.e. with normal FHR
patterns and without meconium aspiration.64,72,73

However, more studies are needed of these specific
situations before definite conclusions can be drawn.

In two studies, intrapartum monitoring of fetal
SpO2 was used as a diagnostic test to predict acidosis
at birth.66,74 Alshimmiri et al.66 concluded that fetal
SpO2 was of limited use in predicting acidosis at
birth, regardless of the SpO2 cut-off value used. For
predicting acidosis at birth, Carbonne et al.74

concluded that the predictive value of intrapartum
fetal SpO2 with a cut-off value of 30% was as equally
predictive as fetal scalp blood analysis with a cut-off
value of pH ≤7.20. Fetal pulse oximetry became
superior at higher threshold levels.74

A multicenter randomized trial to study the efficacy
of fetal pulse oximetry was published in 2000.75 The
primary hypothesis was that the cesarean delivery
rate for non-reassuring FHR patterns would be halved
if SpO2 was used as an adjunct to EFM.

However although this rate was reduced by more
than 50%, the overall cesarean rate was unchanged
between the control and the study group. This was
due to an increased percentage of cesareans for
dystocia in the study group. Further analysis could
not explain the reason for this increase. A follow-up
study found that women with more clinically
worrisome FHR patterns had a significantly higher
incidence of cesarean for dystocia although co-
monitored with SpO2.

76 In a randomized trial in 146
patients with term pregnancies, in labor and abnormal
FHR patterns, the hypothesis was tested if pulse
oximetry in addition to EFM and FBS reduces
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operative deliveries performed because of non-
reassuring fetal status. A reduction of 50% in
operative deliveries and FBS was achieved without an
increase in cesarean section for dystocia.77

Current status
The aim of fetal surveillance during labor is straight-
forward: to identify fetal distress which may, if
uncorrected, cause short-term morbidity, death, or
possibly long-term morbidity. Undeniably, improved
obstetric care, together with cardiotocography, has
led to a decrease in perinatal mortality in Western
countries since 1960. The expected decrease in perina-
tal and long-term morbidity, however, was not observed
and, due to a poor predictive value of cardiotocography,
operative interventions during labor increased drama-
tically. In an effort to improve this unfortunate clinical
situation new techniques which supply objective
parameter about the fetal status are warranted.

Fetal monitoring with SpO2 with the Nellcor
device was approved by the FDA in May 2000 for
clinical use in the USA and became commercially
available. In Europe, fetal pulse oximetry is available

from Nellcor (Pleasanton, CA, USA) and OB Scientific
(Germantown, WI, USA).

In September 2001, the American College of
Obstetricians and Gynecologists (ACOG) released a
Committee Opinion on fetal pulse oximetry (no. 258).
There were three main concerns: signal registration
time, possible false-negative readings and lack of
proven cost benefit. The committee recommended
that new prospective randomized clinical studies are
needed to establish the role of fetal pulse oximetry
during labor.78

In March 2002, the Society of Obstetricians and
Gynaecologists of Canada published guidelines for
fetal surveillance during labor. It stated that fetal
pulse oximetry as an adjunct to EFM in patients with
non-reassuring fetal status, should not be considered
a standard of practice.79

In early 2003, FDA labeling for the Nellcor monitor
was revised. This was based on postapproval
surveillance of over 12,000 cases. The conclusion was
that FPO is meant as an adjunct to EFM, not as a
replacement.

The future of fetal pulse oximetry as an adjunct to
EFM is still uncertain and its value can only be
established by further clinical research.
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Introduction
Fetal blood analysis (FBA) was first performed in June
1960 and published in 1961.1 It was the first method
which allowed the human fetus to be directly examined
by sampling its blood.2 Fetal blood analysis was one of
the four essential clinical methods with which Prenatal
Medicine or so-called Fetal Medicine started.3

The first continuous cardiotocogram conducted from
an anencephalic fetus was described by Caldeyro-Barcia
in 1958.4 In 1966, with his CLIP-electrode that could be
inserted vaginally after the membranes were ruptured,
Hon introduced direct fetal electrocardiotocography
during labor.5 Widespread clinical utilization of
cardiotocography (CTG), particularly in cases with
intact membranes, could not start earlier than 1968
because of the lack of suitable equipment, which has
been developed by Hammacher in co-operation with
Hewlett Packard. We reported on these and other
historic landmarks in 1988.6 The combined intrapartum
electronic–biochemical supervision by CTG and FBA
was introduced by us in 19687 shortly after the first
cardiotocographs became available for widespread
clinical application. Since then, this combination
continues to provide the safest supervision of the fetus
during labor to prevent serious hypoxia and to
minimize unnecessary operative interventions.8–13

The purposes of both methods are:

(1) Cardiotocography as a way of continuous
electronic monitoring should enable the
obstetrician:

(a) To confirm the undisturbed condition of the
fetus in all cases with normal cardiotoco-
gram (CTGm); and

(b) To select all fetuses with abnormal CTGm.
Less than half of them are really threatened
by hypoxia, but the majority of the fetuses
in this group is not endangered.

(2) Fetal blood analysis from the presenting part, as a
biochemical method, should only be employed as
a complementary measure in cases of abnormal
CTGm:

(a) To clarify whether or not biochemical changes
confirm imminent fetal hypoxia and/or acido-
sis which has been indicated by CTG; and

(b) To help in deciding whether further important
clinical consequences like tocolysis for inhibi-
tion of uterine contractions and conservative
improvement of fetal supply or termination of
labor by operation are necessary.

In this way, by using both CTG and FBA if necessary,
it is possible to achieve a minimum of operative
deliveries, which is of advantage to the mothers
(cesarean) and to the fetuses (difficult vaginal
intervention), with an optimal safety for the fetuses
(low incidence of hypoxic morbidity).

One of the main disadvantages of using electronic
fetal heart rate monitoring – this means CTG on its
own – is a high rate of erroneously diagnosed cases of
fetal hypoxia and consequently a relatively high
number of unnecessary cesarean sections and of avoid-
able difficult vaginal deliveries, the latter in cases of
abnormal CTGm early in the second stage when the
presenting part is still high.

So, for instance, after an evaluation together with
Goeschen et al.14 in our department we found in cases
with abnormal CTGm that an operative termination of
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labor was indicated when using the Hammacher score
in 73% of women, but when pH values were used
simultaneously termination was indicated in only
14% of women. This means that when CTG is used on
its own, about 60% unnecessary operations would
have been performed.

How very subjective the interpretation of CTGm can
also be from highly experienced colleagues has been
impressively studied and published, particularly by
Donker et al.15 from the research group of van Geijn
et al.16 Logically, CTG can only be used as a method of
selection of suspicious cases and not as a method for
diagnosis of fetal hypoxia in all its stages. Therefore,
the best way to solve this problem is the use of an
additional biochemical method in all cases with
abnormal fetal heart rate patterns.

Suitable blood parameters
For clinical routine, the actual pH values are the most
suitable parameters to differentiate whether imminent
or progressive fetal hypoxia is present or not. In each
stage of intrauterine hypoxia, namely in the early
mainly respiratory complication, and later in the stage
of anaerobic glycolysis, the pH values are decreasing.
Additional use of blood gases can certainly be of
help in the differentiation of the character of the
disturbance but is not essential for clinical decisions.
So, for instance, pCO2 values can help to differentiate
the degree to which respiratory disturbances are also
present – mostly in acute complications – or whether
metabolic disturbances predominate when the pCO2
values are not increased so much. The use of oxygen
saturation values in the form of fetal pulse oximetry
has in the meantime reached clinical usable state17

but it has not found a wide acceptance in routine
work up to now.

Indications for FBA
Fetal blood analysis is indicated in all cases when the
CTGm shows patterns which lead to suspicion of
hypoxia. For about 36 years, after CTG became
available for clinical use in 1968, the schematic, but
practicable, indication scheme shown in Table 144.1

has been used in routine practice in our department
with success.

Repetition of FBA and
clinical consequences
Fetal blood analysis should be repeated, depending
on the character of the disturbance. When an acute
complication (occurrence of acute bradycardia) is
suspected, it is recommended to take a blood sample
as quickly as possible, then immediately a second one
and if necessary a third.

In order not to lose any time in cases with hypoxia,
two other measures should be taken at the same time:

(1) Inhibition of the contractions through tocolysis;
and

(2) Warning should be given for the operative team
to be ready in case an emergency cesarean
section should be necessary.

If further FBA do not show a critical fall in pH,
then one should wait. Usually the fetal heart rate
pattern recovers within a short time. If, however, the
pH values decrease in spite of preventive measures, a
cesarean section should be performed immediately or,
if the labor is so far advanced, a vaginal operation
should be performed to deliver the baby.

All other suspicious heart rate patterns indicate a
complication advancing relatively slowly. The first
FBA should be made after about 10 min. When
decelerations are persistent, particularly if the pattern
becomes more marked, and the first pH value was not
suspicious, further blood samples should be taken at
intervals of about 15 min. If the pH values remain
suspicious after two or three samples have been taken,
and if the heart rate pattern concerned does not occur
again in a stronger or more marked form, then further
FBA can be made at longer intervals or dispensed with.

If a normal pH value (such as 7.3) was measured from
the first blood sample after suspicious decelerations
have occurred, then the blood analysis should be
repeated at short intervals of 5-10 min in order to
establish the trend of the blood acidity if there is a
further fall in pH values.

When the intensity remains the same or when the
suspicious heart rate patterns disappear, the intervals
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Table 144.1 Fetal blood analysis (FBA) is indicated when the heart rate patterns shown in the table are present

Heart rate pattern Time Precondition

Acute bradycardia Immediately

Late decelerations After three decelerations
Variable decelerations if ≥30 bpm or at the latest 
Early decelerations if ≥60 bpm after 10 min

Variable decelerations After six decelerations or at 
if < 30 bpm the latest after 20 min

Presenting part not yet on
the pelvic floor or in the
pelvic outlet, as then a
vaginal operation to
terminate labor should be
performed without FBA
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between the blood sampling can be gradually
lengthened and finally further blood analysis can be
dispensed with if the pH values increase again.
Should the pH values continue to decrease to
prepathologic (pH 7.20–7.24) or even to pathologic
values (pH < 7.2) in spite of tocolytic therapy, an
operation to terminate the labor should be performed.

There is one possibility which leads to slightly
different consequences, namely the so-called mater-
nogenic increase of fetal acidity. This situation is
caused by overflow of lactic acid from the mother to the
fetus. Maternogenic acidity increase is not as dangerous
as acidosis caused by fetal hypoxia. Therefore, it is
not necessary to terminate the labor immediately by
operation. To rule out such cases with maternogenic
origin of acidity increase, we recommend measuring
maternal and fetal acidity simultaneously. If the
difference between mother and fetus is less than 0.15
pH units, maternogenic acidity increase is confirmed.18

The incidence of cases with maternogenic acidity
increase is relatively low. Out of all cases with acidosis
(pH< 7.2), it occurs in about 9% and of cases with
progressed acidosis (pH< 7.1), it occurs in 1%.19

The aim of modern supervision
of the fetus during labor
The combined use of electronic and biochemical
monitoring of the fetus should enable an obstetrician
to detect all fetuses endangered by hypoxia during
labor. While intrapartum mortality was mainly used
as an important factor of quality control in the past,
recent studies have focused more on the morbidity of
the newborn. In this context the neurologic outcome
is a decisive parameter for judging the validity of fetal
monitoring methods.

The one measure of neonatal outcome which
has shown significant results by more intensive
intrapartum monitoring have been neonatal seizures.
Due to the result of randomized trials this effect seems
to be restricted to electronic fetal monitoring backed
by fetal pH measurement.20

A 50% reduction in the risk of neonatal seizures,
associated with continuous monitoring of the fetal
heart and fetal acid–base analyses, is potentially very
important. Indeed, between a quarter and a third of
babies who suffer neonatal seizures die, and a further
quarter to a third are seriously impaired in childhood.

But such considerations of the neurologic status
should not ignore the other pathophysiological events
caused by longer-lasting intrauterine hypoxia. The
fetus consists of many organs, not only the brain, even
though many authors focus their investigations on
the central nervous system. If the certainly important
central system is less endangered during labor than
otherwise assumed, a variety of other organs and
functions still exist which may very well suffer from
hypoxia and acidosis.

As we demonstrated, there is a close connection
between manifest acidosis and the overall well-being
of the infant. In the literature several authors report
about the dangers of severe hypoxia, e.g. Shankaran
et al.21 and Low et al.22

According to these considerations fetuses at
hypoxic risk should therefore be identified as early as
possible for instance shortly after abnormal CTG
appears and long before a dangerous chock syndrome
with all its pathological consequences can develop in
fetal organ systems.

Intermittent character of FBA
This so-called disadvantageous property of FBA is
compensated to a certain degree by the fact that most
intrauterine complications – more than 90% – progress
so slowly23 that there is enough time to detect the
disturbance also under such conditions of intermittent
diagnostic insight and to react properly in the clinical
routine, i.e. if one consequently follows the CTG, and,
if abnormal patterns occur, the obstetrician starts early
enough with fetal blood sampling.

Methods for continuous measurement of pH, PO2
and PCO2 (sometimes simultaneously) have been under
development for more than 20 years. These measure-
ments have mainly contributed to the understanding
of the physiologic status of the fetus.24 No method
has up to now been convincingly reliable or suitable
for use in routine practice. The electrodes commonly
used for continuous tissue pH measurements have been
unsatisfactory for a number of reasons.

They are large, fragile and tend to become detached.
Continuous transcutaneous PO2 monitoring is still
unsatisfactory.25 The occurrence of caput succedaneum
and compression of the electrode influence the
reliability of these measurements. Transcutaneous
PCO2 monitoring looked the most promising from a
theoretical and technical point of view, but the
problems common to all methods of continuous
biochemical monitoring still have to be solved.26 None
of these new techniques has been tried in more than a
relatively small group of fetuses.

The newly available sensor for spectroscopy
(NIR) (modified laser spectroscopy) for fetal physiolo-
gic measurements provides information about bio-
chemical parameters and is potentially an additional
technique for fetal surveillance.27 Using laser spectro-
scopy, it was possible to trace changes in absorbances
at four different wavelengths and to calculate relative
changes of HbO2, desaturated hemoglobin, total
hemoglobin, and cytochrome aa3. NIR has been used
as a research tool and holds the promise of a non-
invasive surveillance providing continues monitoring.
Up to now NIR is not clinically accessible with an
adequate monitor and sensor.28

Pulse oximetry allows measurements of oxygen
saturation. It is based on the premise that light
transmission by blood varies with the change in blood
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volume in a tissue with each pulse of a fetal sensor
(SpO2). The sensor is placed against the fetal cheek.
Studies indicate that results may be obtained from 2 cm
dilation in between 45% and 60% of cases.29 Although
results vary between studies, a SaO2 of more than 30%
is indicative of fetal well-being as this is the level
below which anaerobic respiration begins.30,31

More recently this borderline has been validated
further by the demonstration that SaO2 of less than
30% for longer than 10 min correlated well with low
scalp pH if the signal loss is limited.32 A prospective
randomized trial implicates a reduction in cesarean
section rates in cases with pathologic heart rate
pattern.33 A further improvement of the sensor for
routine application seems essential, since a reliable
SpO2 signal is precondition. The reliability during
clinical applications to detect disturbances early
enough has been questioned.34,35

Frequency of false-positive
findings with fetal monitoring
during labor
It is the aim of clinical obstetrical care to perform an
operative delivery in those cases where the risk is
adequately identified. Due to the large number of false-
positive heart rate patterns the considerable increase
of unnecessary interventions during continuous
electronic monitoring is a logical consequence. FBA
as additional biochemical method is particularly
suitable to resolve this problem. Van den Berg et al.36

showed how convincingly the rate of cases with false-
positive findings can be reduced by means of
combined supervision with FBA.

A misleading clinical conclusion is to consider
infants who were born in a good condition after
intrapartum pathology as diagnostically false-positive
cases, as has for instance been described by Sykes
et al.37 The inevitable confusion resulting from this has
led to some scientifically untenable conclusions. The
aim of supervising the fetus during labor is to recognize
threatening, real fetal distress situations, namely falling
pH values, and to draw the correct clinical conclusions
before the infant has gone into a state of depression due
to hypoxia or has become severely acidotic. From the
special study which we performed, the frequency of
correct positive findings was 94% out of 110 controlled
cases using additional fetal blood sampling.13

Critical appraisal of
prospective studies on fetal
monitoring during labor
In spite of the evidence of the benefit of the additional
use of the FBA during fetal monitoring in prospective
randomized trials its clinical use is not generally

accepted.38 This obvious discrepancy between
scientific findings and clinical acceptance has been
discussed in recent publications.39

Perhaps, it can be explained by the characteristics
of the papers mentioned on prospective randomized
trials concerning fetal monitoring. Sometimes one
gets the impression that it would be more worthwhile
to examine what went wrong in the application, or in
the performance of such prospective studies. It seems
that a number of researchers prefer to use highly
sophisticated statistical rather than established clinical
methods. For our critical appraisal we have chosen
two studies particularly often cited in the past. In the
study by Haverkamp et al.40 the groups were small.
The termination of labor in cases of fetal distress was
performed late, namely when fetal acidosis was
already present. Consequently, the overall number of
acidotic and depressed newborns was high. The
important finding in Haverkamp et al.’s study was the
reduction of operative deliveries using FBA,
compared with the use of CTG without FBA.

In the frequently cited largest prospective Dublin
study,41 only umbilical vein blood samples were used.
However, it is well known that such samples are not
representative for the fetal condition compared with
umbilical artery blood. Blood in the umbilical vein has
passed the placenta and has accordingly been changed
in its composition. Thus it cannot reflect the situation
in fetal tissues as umbilical artery blood can after it
has passed parts of the fetal body. Moreover, the pH
measurement in umbilical blood was performed in only
500 of the 6500 cases. If one projects the differences
found between the examined groups to all the cases
in this study, then an apparently significant difference
can be established, i.e. not only a significantly higher
incidence of seizures of newborns was found in the
Dublin study in the auscultation group, but also a
significantly higher number of acidotic newborn
(pH < 7.1) must have been present. These important
results have, as far as we know neither been stated in
the publication concerned nor recognized by any other
author who has cited this study.

How do the results of prospective
randomized trials correlate with large databases?
The evaluation of a perinatal survey in Germany that
included a large number (> 500,000) of cases focused
on death rate of mature infants in the intrapartum and
perinatal period as well as during the first days of life.
The authors found that structural problems in small
obstetrical units (< 500 deliveries per year) were the
major cause of perinatal death.42 Furthermore, the data
of this survey indicate an improved perinatal outcome
in the cases with pathologic heart rate pattern and
additional use of FBA in regionalized obstetrical care.

Direct comparisons of electronic fetal monitoring,
with and without additional FBA, show that access to
scalp sampling reduces the number of cesareans due
to fetal distress, with no clear differences in neonatal
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outcome. Data from indirect comparisons point both
to better maternal and better neonatal outcome if FBA
is used.

Subjective considerations of FBA
Fetal blood analysis is sometimes exposed to subjective
considerations such as ‘it is labor intensive’ or ‘it is
inconvenient for the mother’. But in view of the incom-
parable higher expenses caused by unnecessary cae-
sarean sections, which can be prevented by FBA, such
opinions must be seen as subordinate and objectively
as untenable.

The interpretation of the results and drawing the
consequences – clinical measures after FBA – are
relatively simple. Thus the use of FBA might be
enhanced when the given evidence of benefit is
adequately addressed.

Future prospects
In the future, we will probably discontinue the
subjective visual interpretation of fetal heart rate
patterns. More and more a computer-assisted evaluation
will take place which allows a more objective assess-
ment. For the antepartum supervision such a Sonicaid
system, developed by Dawes and Redman at Oxford
University has been available since 1977. In the
meantime, Sonicaid also prepared a version available
for intrapartum use.

Later in 1980, Maeda created a computer software
for an automatic fetal heart rate analysis during labor
with warning system in case abnormal heart rate
patterns occur. Apart from this, a so-called QCTG-
program system is available developed by Roemer* in
Detmold (Germany) and a Trium CTG-Online System
developed by M. Daumer† in Munich (Germany).

But even with computer assistance, we should be
aware that CTG is in principle an indirect biophysical
‘detour-method’ which we clinicians try to use for
the diagnosis of biochemical problems as hypoxia.
Therefore the same reliability as can be achieved by
FBA, which is a direct biochemical method, cannot be
expected from CTG.

This means that the number of false-positive find-
ings by use of computer-assisted CTG will apparently
be reduced, but not definitely eliminated. Thus, for an
expert FBA will maintain its clinical value.

Summary
Combined intrapartum electronic–biochemical super-
vision of the fetus during labor by CTG and FBA was
introduced by us in 1968, shortly after the first
cardiotocographs became available for widespread

clinical application. By using both CTG and, if
necessary, additional FBA, it is possible to achieve a
minimum of operative deliveries (cesarean sections
and difficult vaginal interventions), which is of
advantage for both mother and fetus, with an
optimum safety for the fetus by minimizing the
incidence of hypoxic morbidity. The best suitable
blood parameter of FBA is the actual pH value
because it reflects the biochemical situation of the
fetus in each stage of intrauterine hypoxia. FBA is
indicated in all cases when abnormal CTGm shows
patterns suspicious of hypoxia. Repetition of FBA
depends on the character of the assumed intrauterine
disturbance. In acute cases (bradycardia), FBA should
be repeated as quickly as possible. All other
suspicious heart rate patterns indicate a slower
advancing complication. FBA should be repeated
depending on the severity of the CTGm pattern within
5–10–15 min. In cases with slow progressive decrease
of fetal blood pH, maternogenic acidity increase
should be diagnosed and clinically interpreted
accordingly.

The aim of modern supervision of the fetus during
labor is primarily to minimize short-term morbidity of
the fetus and the newborn and secondarily to prevent
cerebral palsy and other organ injuries. The
intermittent character of FBA can be compensated to
a high degree by the fact that most intrauterine
complications during labor progress rather slowly and
there is generally enough time to detect the
disturbance and to react properly within the clinical
routine. The frequency of false-positive findings with
FBA is much less than erroneously described. Some
of the frequently cited prospective studies concerning
fetal monitoring during labor have supported the
additional use of FBA in cases with pathologic heart
rate pattern.

Direct comparisons of electronic fetal monitoring,
with and without additional FBA, show that access
to scalp sampling reduces the number of cesareans
due to fetal distress. Data from indirect comparisons
including postnatal morbidity point to both better
maternal and better neonatal outcome if FBA is
used.

Due to the evidence of the benefit of the additional
use of the FBA during fetal monitoring in prospective
randomized trials, its clinical value should generally
be accepted. The interpretation of the results and
drawing the consequences – clinical measures after
FBA – are relatively simple. Thus the use of FBA will
be enhanced when the given evidence of benefit is
adequately addressed. Alternative methods for
continuous biochemical monitoring of the fetus such
as tcPO2, tcPCO2, pH and NIRS are at this stage not
accessible for clinical use.

Pulse oximetry, which has been in discussion
during the last few years, could be useful in
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combination with FBA, in spite of all reservations,
provided that SpO2 sensors could be improved to
better prevent registration gaps. Of all the investigated
techniques for continuous biochemical monitoring of
the fetus, SpO2 is the only one that proved beneficial
during a prospective randomized trail.

In the future, computer-assisted evaluation of heart
rate patterns will very probably find more acceptance
for a better objective assessment of cardiotocograms in
clinical routine. The number of false-positive findings
will be reduced, but not definitely eliminated. Thus
FBA will maintain its clinical value.
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145 The epidemiology of
multiple births
R. Derom, J. Orlebeke and A. Eriksson

Secular trends
The number of twins born per 1000 pregnancies
differs considerably between different parts of the
world as well as between different periods of time. In
Europe and North America, for example, the twinning
rate averaged between 12 and 14 per 1000 maternities
during the first seven decades of the 20th century. In
contrast, it was only about six per 1000 in Japan1 and
about 40 per 1000 in Nigeria2,3 during these same
years. In addition, the twinning rate has varied widely
over the past three centuries in those countries where
twin births were registered. In Scandinavian
countries, epidemiologists have at their disposal
registers of births that are kept for centuries by the
churches. From these old data sets, it appears that,
prior to 1900, several albeit unknown conditions led
to considerably higher twinning rates than have been
recorded in the 20th century. In the Scandinavian
countries, for example, the frequency of twin births
was about 17 per 1000 maternities during the second
part of the 18th century and even higher (more than
20 per 1000) in areas with a low migration rate, such
as the islands in the Baltic Sea.4 The fluctuations in
twinning rate over the last 250 years in Sweden are
illustrated in Figure 145.1.

Since 1900, the twinning rate in most European
countries has stabilized at around 11–13 per 1000.
Official figures for the Netherlands, kept by the govern-
mental Central Bureau of Statistics since 1907, are
presented in Figure 145.2, and exemplify the general
Western European trend from the 19th to 20th century.

The decreasing twinning rate from the previous to
the current century has presumably to be ascribed to
the disappearance of isolated societies within nations
and the concomitant process of industrialization and
urbanization.5 An even more important reason for the
gradual decline in the number of multiple pregnancies
could be the lowering of mean maternal age and the
smaller total number of maternities per woman (parity).
When twinning rates in different countries and

different years are corrected for differences in maternal
age and parity, temporal and regional variations in the
twinning rate can still be observed.5–7 This has been
convincingly documented for Sweden during the
period 1870–19708,9 (Figure 145.3), a 100-year period
uncontaminated by modern obstetric techniques for
the improvement of fertility.

After about 1960, a sudden rapid decline in the
twinning rate was observed in most European
countries. The nadir of this decline occurred in the
middle of the 1970s when twinning rates fell to
between nine and 10 per 1000 maternities. Beyond
that point, an equally rapid recovery to the pre-1960
figures, or even to the high values of the 19th century
in recent years, took place. The U-shape of these shifts
between 1960 and 1990 in six representative countries
can be seen in Figure 145.4.

Such a remarkable and fast change in an otherwise
rather stable biological phenomenon, presenting itself
in nearly the same manner in several countries, is
challenging. There is strong evidence that the decline in
twinning rate between 1960 and 1975 can be
predominantly ascribed to a parallel drop in maternal
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Figure 145.1 Secular variations in twinning rate in Sweden
between 1756 and 1990; data are averaged per 5-year period.
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age at delivery. We have tested this for the Netherlands.
Several investigators10,11 have shown that the
probability of a dizygotic (DZ) twin pregnancy doubles
in mothers between 35 and 40 years of age compared
with mothers below 25. In the Netherlands, the
1960–1975 fall in the total twinning rate was
accompanied by a parallel decline in maternal age
at delivery. Figure 145.5 shows both the maternal age
and the twinning rate changes over time.

As can be seen in Figure 145.5, the increase in the
twinning rate after about 1984 is stronger than might
be expected from the continuing increase in general
maternal age. This ‘additional’ growth is very likely
due to the increasing influence of modern obstetric
technology. The excess number of twin pairs (i.e.
more than may be expected from the quantitative
relationship between the twinning rate and the
proportion of deliveries by mothers ≥30 years) was
about 300 in 1990, or about 10% of all twin pairs born
in that year. This number equals the outcome of an
independent calculation carried out by Merkus (per-
sonal communication) based on the number of women
treated with hormones, in most cases clomiphene
citrate (Clomid®). Or, to put it another way, the left

1536 The epidemiology of multiple births

Figure 145.3 Secular variations in twinning rate in Sweden
between 1751 and 1970: upper curve gives observed values
(corresponding to those in Figure 145.1); lower curve represents
same data, corrected for effect on twinning rate of changes in the
maternal age. OBS, observed; STAND, standardized.

Figure 145.4 Twinning rates between 1960 and 2002 for six
European countries.

Figure 145.2 Total twinning rate in the Netherlands during 1907–1995.
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sides of the U-shaped curves in Figures 145.4 and
145.5 very likely reflect only the influence of a rapid
change in the mean age at which women become
pregnant (an interesting societal phenomenon,
manifest in most European countries: mean maternal
age in the Netherlands, for example, was 30.2 years in
1995; maternal age at first pregnancy was 28.6 years
on average; both these figures were never so high
during the 20th century). In contrast, the right sides
of the Us are produced by a combination of the
increase in maternal age and the application of
fertility-improving techniques. The relative contribu-
tion of these two factors (from the mid-1970s until the
present) obviously varies between countries.

Zygosity
Figures 145.4 and 145.5 present data on all twin
maternities. The question of to what degree the
epidemiological changes in twin prevalence cited
above are related to the occurrence of DZ twins,
monozygotic (MZ) twins or both cannot be answered
unequivocally. Zygosity of a twin can be ascertained
with reasonable reliability with the aid of testing for
blood groups or DNA. For epidemiological purposes,
these methods, however, cannot be used for both
practical and budget reasons. A classic method used
frequently to estimate the relative contribution of MZ
and DZ twin maternities to the total twinning rate was
proposed by Weinberg12,13 and applied many times
since. According to this Weinberg rule, the number of
MZ twin births equals the difference between all twin
births and twice the number of twin births of unlike-
sexed twin pairs. This method assumes that the number
of unlike-sexed DZ twin pairs equals that of like-sexed
twin pairs. Applying this method to a year-to-year

time series of twin maternities in a given country
consistently demonstrates that the changes in total
twinning rate can predominantly be ascribed to changes
in DZ twinning rate. In contrast, the MZ rate varies
much less and hovers around 4 per 1000 maternities.
Figure 145.6 gives the results of the application of
Weinberg’s rule to recent twin prevalence figures in
England and Wales, and in the Netherlands.

Figure 145.6 also shows that the MZ twinning rate
increased slightly after 1975. This trend has been
recorded in several countries.14 The hypothesis that
the use of oral contraceptives is responsible for this
phenomenon15 appears to be untenable because, in
several countries, the increase in the MZ rate began
before the (widespread) use of oral contraceptives,
whereas in others it started later. A different explana-
tion was proposed by Orlebeke and colleagues,16 who
contend that the rise in the MZ twinning rate is the
artificial consequence of another phenomenon, that
is, the decrease in twin maternities of unlike sex
relative to the number of DZ like-sexed twin mater-
nities. If the latter hypothesis is true, then Weinberg’s
differential rule loses its basic assumption, that is, the
equality of DZ like-sex and DZ unlike-sex prevalence.
A relatively low number of DZ unlike-sexed twin
pairs automatically leads the Weinberg method to
overestimation of the MZ rate.16 Several other authors
have also expressed doubt about the DZ like-sex/DZ
unlike-sex equality assumption,17–20 but still others21,22

opine that the assumption underlying Weinberg’s
rule is correct, at least in some countries. The discus-
sion is not purely academic because the Weinberg
rule is the major tool available for the study of trends
in MZ and DZ twinning rates. A lively debate exists,
which we will try to summarize in the following
paragraphs.

A number of authors16–20 adhere for several reasons
to the hypothesis of a change in the proportion of
like/unlike-sex DZ twinning, a change leading to a
flaw of the Weinberg rule. First, if one considers the
Weinberg-based year-to-year time series of DZ and MZ
twinning rates, then a basic prerequisite for the
justification of the use of the Weinberg rule is the
absence of a correlation between the two series. This
is so because the underlying mechanisms of MZ and
DZ twinning are unrelated. Only if some common
external factor would influence the frequency of MZ
and DZ twinning or if the assumption about equality
of DZ like-sex and DZ unlike-sex frequencies is
incorrect could a correlation between the two time
series be expected. Orlebeke and colleagues16 calculated
this correlation for the Netherlands (period 1904–1989),
Denmark (1910–1985), Sweden (1961–1985) and
Norway (1931–1985). The Pearson correlations for
each country were r =−0.69, r =−0.42, r =−0.56 and
r =−0.12, respectively. A closer look at the data
additionally reveals that the calculated MZ twinning
rate has increased very slowly from the beginning of
the 20th century until the present decade. Stated
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Figure 145.5 Correspondence in the Netherlands between
changes in twinning rate and changes in maternal age
(operational as percentage of maternities from mothers of
30 years and over). Recent years show disproportional growth in
twinning rate relative to increase in maternal age.
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another way, the increase in ‘Weinberg-estimated’ MZ
frequency is not a recent phenomenon (although it
has gone up during the past decade), but rather seems
to have been present since the beginning of the 20th
century. In Germany, for example, the MZ twinning
rate was about 3.25 per 1000 during the second decade
of the 20th century, 3.70 during the 1960s and about
4.4 during the past few years. A comparable trend is
present in the Netherlands: 3.50 per 1000 around 1915,
3.90 in the 1960s and 4.60 during the past few years. In
Denmark, these figures are 3.67, 4.40 and 4.60,
respectively, and for England and Wales 3.38 during
the early 1940s (we did not analyze older data), 3.55
during the 1960s and 4.50 in recent years. These
arbitrarily selected examples make plausible the
concept that a gradual shift in the Weinberg estimations
of MZ twinning rate is not a phenomenon of the past
one or two decades, but rather one that was present
long before the introduction of oral contraceptives and
ovulation-inducing drugs, although the latter might be
held responsible for the very fast changes in MZ rate
during the past decade.

Second, analysis of secular variations in sex
combinations of twins in the Åland and the Åboland
archipelagos (of Finland) demonstrate that the
estimated rate of MZ twin maternities increased
consistently during the six 50-year periods between
1650 and 1949.23 It remains possible that this observa-
tion is the result of incompleteness of registrations.
Mistakes and omissions in the registrations may
diminish the proportion of MZ twins, because the
frequency of stillbirths is higher among MZ than
among DZ twins.

The above-mentioned negative correlation
between the DZ and MZ time series, combined with
the observations of James20 and others, strongly
suggests that the observed MZ twinning rate increase
can be ascribed to a gradual shift in the DZ
unlike/like-sex ratio from about unity (or maybe even
higher) during roughly the first half of the 20th
century to less than unity in later years. Another
indication that the number of unlike-sex twin pairs is
decreasing comes from the following observation. In
all countries from which the total twinning rate is
presented in Figure 145.4 the proportion of unlike-
sexed pairs, relative to all twin pairs, is consistently
higher (about 30.5%) during the period of a
decreasing total twinning rate between about 1965
and 1975 relative to the comparable right part of the
curve (about 29%). In other words, when the total
twinning rate is the same, then DZ unlike-sex
twinning rate declines nevertheless. This trend is
summarized in Table 145.1. It is possible that this
observation reflects an increasing MZ rate. Figures
from the Dutch Twin Register, however, support the
former interpretation. Of 4186 twin pairs in the
register (all children below the age of 6), zygosity was
assessed with the help of a questionnaire filled out by
the parents. The parents of 392 twin pairs did not
answer the questions (mostly because they were too
uncertain). From the remaining 4186 pairs, 986 were
classified as MZ, 1740 as DZ like-sex and 1460 as DZ
unlike-sex. Application of the Weinberg rule would
lead to an estimated number of MZ twins of 1266
(instead of 986) and a number of DZ twins of 2920
(instead of 3200).

1538 The epidemiology of multiple births

Figure 145.6 Application of Weinberg’s differential rule to twin prevalence figures in England and Wales and in the Netherlands,
1959–1989, DZ, dizygotic; MZ, monozygotic.
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The first group of authors16–20 conclude that there
must be some mechanism that has led to a decrease of
the number of DZ unlike-sex twin pairs relative to the
number of DZ like-sex pairs. The nature of that
mechanism is still unclear; it has produced an
artificial enhancement in the Weinberg-based
estimations of MZ twinning rate during the past
10–20 years compared with earlier years. It is possible
that the assumption of a constant MZ rate is better for
the calculation of zygosity proportions than Weinberg’s
assumption that DZ unlike-and like-sex numbers are
equal.

An opposite view has been put forward by a second
group of authors who do not consider the presence of
a correlation between the MZ and DZ twinning rates
as a reason to invalidate the Weinberg rule. Bulmer,24

writing in 1970, stated: ‘It should be observed that m
(the MZ rate) and d (the DZ rate) are negatively
correlated since the number of unlike-sexed twins
occurs in the formulas for both of them but with a
different sign. This negative correlation means that m
is likely to be an overestimate of the true value when
d is an underestimate, and vice versa’, Moreover, in a
large population-based registry of multiple births, the
East Flanders Prospective Twin Survey (EFPTS),22 no
reason was found to invalidate Weinberg’s rule. This
survey is characterized by accurate zygosity
determinations. A total of 2589 twin pairs were
investigated, of which 2577 were of known zygosity
and placentation. The estimates of Weinberg’s rule
agreed well with the results of the direct zygosity
determination. As pointed out by James,25 in the East
Flanders study, the area of uncertainty could be
reduced in the group in which zygosity diagnosis is
most difficult, that is, the group of same-sexed
dichorionic pairs. In such pairs, monozygosity cannot
be diagnosed with certainty. In each pair, according to
the number of similar markers, a probability of
monozygosity should be computed, which should
reach at least 0.95 and, ideally, more than 0.99. In the
EFPTS study, about one-half of the 401 same-sex
dichorionic pairs classified as monozygotic had

probabilities of monozygosity of less than 0.95. Husby
and coworkers26 describing a Danish series of 352
consecutive pairs in which direct determination of
zygosity was performed, also came to the conclusion
that their data were consistent with Weinberg’s
formulation. James25 concludes his critical analysis by
stating, ‘The conclusion of both sets of authors that
their data at present are consistent with Weinberg’s
rule is true but they are also consistent with the
hypothesis that the rule is appreciably flawed’.

As suggested by James,25 one way to solve the
controversy would be to retest/those pairs (or those
who survive), especially those with lower probabilities
of monozygosity. The uncertain pairs would then be
rediagnosed as DZ or reassigned a higher probability of
monozygosity. Another way would be to perform
population-based studies of placentation. Two-thirds of
MZ twins are monochorionic. It follows that the
number of MZ twins can be calculated by multiplying
the number of monochorionic twins by 1.5.

Recent data of EFPTS1 on a greater number of twin
pairs (n = 5703) and a lower number of uncertain
zygosity pairs (n = 117) confirmed the former results. In
addition, the spontaneous twins and the iatrogenic
twins were considered separately. The results in both
groups validated Weinberg’s rule. So, the second group
of authors firmly recommends the use of the rule in
population-based studies, at least in Caucasian
populations. They also doubt that, in recent decades,
the proportion of DZ-unlike sex and DZ-like sex differs
from unity.

Prevalence of triplets
Compared to the change in twinning rates during the
past 20 years (about 30–50% produced by an
increasing maternal age and by use of fertility-
enhancing techniques), the increase in triplet
deliveries has been much more dramatic. In England
and Wales and in West Germany, the triplet rate
increased about 170% between 1975 and 1990. In the
Netherlands, the increase was more than 300% and in
Belgium (figures only available until 1988), the
increase was still higher. Figure 145.7 depicts the
triplet rates between 1971 and 1990 for the countries
mentioned above.

Without doubt, ovulation induction and in vitro
fertilization (IVF) are the principal causes of this
change. Data on the etiology of triplet maternities
were collected for 112 triplet sets born between the
end of 1986 and the summer of 1991. All sets were
part of the Dutch Twin Register. Only 30 sets were
spontaneous; 39 were induced and 39 the result of
IVF. Four sets were of unknown etiology. Most of the
excess triplet sets are trizygotic (TZ). The epidemio-
logical counterpart of the Weinberg rule for the
estimation of zygosity proportions among triplets was
proposed by Allen in 1960:28
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Period

Country 1 2

Belgium 29.9% 27.8%
Denmark 30.4% 28.6%
England and Wales 30.4% 28.6%
Netherlands 30.9% 29.4%
West Germany 31.0% 28.9%

Period 1: period of decreasing total twinning rate; period 2:
comparable subsequent period of increasing total twinning rate

Table 145.1 Mean proportion of dizygotic (DZ)
unlike-sex twin pairs relative to all twin pairs
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Number of MZ triplets =L − 1–
2

D − 1–
4
T

Number of DZ triplets =D =2 (MZ twinning rate ×DZ 
twinning rate)N

Number of TZ triplets =T =(U − 1–
2

D) 1/3 

In these formulas, L is the number of like-sex triplets,
U is the number of unlike-sex triplets and N is the
total number of maternities. Application of the Allen
formula to all triplets born in about the same period
as the 112 registered triplet sets leads to estimated
proportions of 4.5% MZ, 20.3% DZ and 75.2% TZ.
This corresponds rather well with the empirical
proportions among the registered 112 triplets: 6.3%,
21.4% and 72.3%, respectively. The Allen method,
thus, seems to be a useful approximation for the
estimation of zygosity rates in triplets. If we apply the
method to triplet prevalence figures from before 1970
(i.e. when ovulation induction and IVF were still
unknown or at least not widely used), zygosity
proportions appear to be rather different from those of
today, roughly about 20% of all triplets estimated to
be MZ, 40% DZ and 40% TZ.28 In other words,
modern obstetrical technology has not only increased
the triplet rate in general, but has also changed the
proportional contributions of zygosity types to the
total number of triplets.

Factors determining rates
Twinning rates are influenced by genetic and
environmental factors. Some of the latter are undoub-
tedly related, a circumstance that increases the diffi-
culty of assessing the importance of each factor on its
own. Moreover, the actions of genes and the environ-
ment are interrelated in some instances. Finally, highly
significant temporal fluctuations also impact on many
of these environmental variables. As a result, great
caution is required before assigning a significant role to
any of the environmental variables discussed below.

In addition, at least in most industrialized
countries, as will be discussed later in this chapter,
iatrogenic twinning rates have reached such
proportions that sensible studies can no longer be
performed on a number of factors such as maternal
age, parity, geographical variation, seasonality and
genetics. Vital statistics, for instance, will be strongly
biased unless the spontaneous and the induced sets of
multiplets can be distinguished. Except in East
Flanders, Belgium30 such data are not available.

Maternal age
Duncan,31 the famous Scottish obstetrician, was
clearly aware of the relationship between maternal
age and twinning frequency. In 1865, he stated, ‘From
the earliest childbearing period till the age of 40 is
reached, that is till a period when fecundity has
become extraordinarily diminished the fertility of
mothers in twins gradually increases’.

Waterhouse32 analyzed the total births in England
and Wales for the 10-year period 1938–1948 in an
attempt to understand how the twinning rate varies
with maternal age and parity (Figure 145.8). Clearly,
increased maternal age and increasing parity exert
separate and independent positive influences on the
twinning rates. However, recent data from the USA do
not corroborate the British findings (Figure 145.9).
According to data from Taffel,33 only in first US births
does the twinning rate increase with maternal age. In
subsequent live births, the rates either remain
approximately at the same level or fall. This contrast
is of interest and obviously must be explained. To
begin with the respective periods of observation differ
by almost 40–50 years (between 1938–1948 and
1987). During this time, essentially the second half of
the 20th century, the entire way of life has changed
dramatically. Of all possible changes, the status of
women and their reproductive behavior has been
modified in ways that could hardly have been
conceived in the first part of the century. Much of this
change relates to availability of contraception, age at
first pregnancy, abortion on demand, smaller family
size, infertility treatment and probably also other
factors. Further studies clearly are needed to track
down the reasons behind this remarkable new
phenomenon in the epidemiology of twinning.

1540 The epidemiology of multiple births

Figure 145.7 Changes in triplet rate during 1971–1990 in four
European countries. BEL, Belgium; NETHERL, the Netherlands;
E&W, England and Wales; FRG, Germany.
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Parity
Both the British and American data show the positive
influence of parity or live-birth order, respectively, on
the twinning rate. There are no directional changes in
these trends, as is the case with maternal age, but
substantial changes in magnitude are present. Note,
for instance, that in the age bracket of 25–29 years, the
rates in 1938–1948 increased by 37% from parity 1 to 4
(Figure 145.8) but this increase amounted to 129% in
1987 (Figure 145.9). This almost three-fold difference
will also require explanation by epidemiologists in the
future.

It is not possible to determine the exact influence of
parity derived from US live-birth certificates, because
each live-born twin in a twin delivery is assigned a
different, adjacent live-birth order. For example, in a
parity 2 twin delivery, the first-born child is assigned
live-birth order 2 while the second will be assigned
live-birth order 3. Clearly, despite this shortcoming,
one may safely surmise that higher parity is associ-
ated with increasing prevalence rates of twinning.

Height
As early as 1877, Tchouriloff34 suggested that an
association was present between height and the rate of
twinning in a population. He observed that men
rejected for military service because of small stature
came from various parts of Europe in which the rate of
twinning was known to be low. Studies of the height of
mothers of MZ and DZ twins, performed in Oxford,
England, and Aberdeen, Scotland, respectively,
support the hypothesis that mothers of DZ twins are
taller than those of MZ twins. In reality, the mean
difference between the two groups is estimated at
1.03 ±0.74 cm: mothers of MZ twins resemble mothers
of singletons.35

Geographical variation
Studies indicate that the further north, the higher the
twinning rate: the relationship, though, is far from
close and is limited to DZ twinning. According to
James,36 the correlation coefficient between latitude
and age-standardized DZ twinning rates in Europe in
the late 1950s and the early 1960s reached a value of
+0.68 (P < 0.01). This trend seems consistent with
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Figure 145.8 Twinning frequency according to maternal age and parity. England and Wales 1938–1948. Drawn from data of
Waterhouse.32

Figure 145.9 Twinning frequency according to maternal age
and parity, US whites 1987. Drawn from data of Taffel.33
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time, because similar findings had been reported by
Davenport37 in 1930 for the total twinning rate. For US
whites, the correlation is +0.54 (P < 0.001); for US
blacks it is positive (+0.31) but not significant.
Bulmer24 speculated that geographical variations in DZ
twinning rates in Europe might have some genetic
basis. James36 observed that there is no reason to
suppose that genetic clones in the Old World are
duplicated by latitude in the New World. Indeed, the
fact that the latitudinal variations in DZ twinning
are similar in Europe and the USA suggests an
environmental rather than genetic cause.

Superimposed on latitude variations are differences
between countries and regions. It is not meaningful to
report on all or even most national and/or regional
figures. Only some examples of differences not fitting
the latitude differences will be mentioned. Earlier in
this chapter, Finnish and Swedish twinning rates
were noted to vary between the mainland and islands
or groups of islands in which endogamy was
important.4,5,23 Data from France, collected between
the years 1858 and 1865, show regional variations
ranging from 8.1 per 1000 in the southwest to 11.8 per
1000 in Alsace/Lorraine in the north.38 In Italy, between
1892 and 1904, not only was there a decrease from
north to south, which fits the latitudinal model, but
also higher frequency of twins was noted in the east
than the west, at least in the upper part of the country.39

Finally, the twinning rate in the Irish Republic is
higher than that in the UK. In 1968, it was 13.6 per
1000 vs. 10.8 per 1000 in Northern Ireland and 10.0
per 1000 in England and Wales, respectively. Only
part of the difference is accounted for by the higher age
and, to a very small extent, the higher parity of the
mothers of the Irish Republic, indicating that the
standardized twinning rate is higher in Ireland.42

Seasonality
Seasonality in the birth rates has been demonstrated
in a number of European countries. The peak rate
occurs, in April–May and the troughs appear in
November–December.41 The question arises whether
twinning rates show similar variation. It could even
be surmised that, during the more fertile months of
the year the twinning rate would rise as well.
According to James,42 there is good evidence that, at
least in England and Wales, the incidence of opposite-
sexed (and by inference, DZ) twin births is seasonal,
being about 5% higher in December than in June.
Triplet births also show a similar seasonal variation
but with double the magnitude. Evidence with regard
to seasonal variation in MZ twinning rates is equivocal.
Richter and coworkers43 evaluated twinning rates
over a period of 250 years (1611–1860) in Görlitz,
Germany. The rates were relatively stable in spring
and fall, but varied greatly in winter and summer. In
contrast, analysis of data from the Aberdeen City
District (1969–1983) showed little variation in either

DZ or MZ twinning by month of last menstrual
period.11 These are but three reports from a
voluminous literature, which have been critically
analyzed by MacGillivray and coworkers.11 Unfortu-
nately, in many studies, clear-cut conclusions cannot
be drawn, because of methodological problems, e.g.
the use of improper statistical analysis, and the
possibility that artifacts in the seasonal patterns are
caused by the determination of zygosity by the use of
an indirect technique such as the Weinberg formula.

According to MacGillivray and coworkers,11 and
this is also our view, the seasonal evidence has been
inconclusive until the middle of the present century.
However, circumstances have changed during the
past decade or, possibly, since the 1970s. Figure
145.10 shows the seasonal variations in singleton and
twin births in the Netherlands from 1987 to 1991.
Peaks and troughs for twins are relatively higher and
lower than for singletons. Considering the fact that as
many as 50% of these pregnancies were planned in
Western Europe during these years, one may speculate
that these variations are the results of the parents’
choice as to the best period of the year to have a baby.
Since 1988, the seasonal variations are clearly more
pronounced with the twin deliveries. Dionne and
colleagues44 compared birth dates of all twins that
were born between 1984 and 1990 in the state of
Washington, USA, with birth dates of singleton
brothers and sisters from the same families. Thus,
only families with both a twin pair and a singleton sib
could enter the sample of 1168 families. It appeared
that especially DZ opposite-sex twins (thus,
presumably all DZ twins) were procreated
significantly more than their singleton siblings during
summer periods. The authors consider this finding
as support for their view that the longer periods of
sunlight increase the probability of multiovulation,
mediated by the pineal gland.

Genetics
Twins undoubtedly run in families. The mode of
inheritance, however, is not clear. Most authors agree
that MZ and DZ twinning must be considered
separately, and that the evidence for inheritance is
much stronger in the latter. Although only a few
studies have examined the heredity of MZ twinning,
the strong similarity in their results is remarkable: on
the one hand, there is a low increase in the probability
of repeat MZ twinning among the relatives of MZ
pairs; on the other, there are a small number of case
studies of families with more than one pair of MZ
twins among the first three degrees relationship.45

The best hypothesis seems to be that of monogenic,
dominant inheritance with a low penetrance. However,
the inheritance seems to be restricted to only a small
fraction of the MZ twin families.

Weinberg12 was the first to investigate the heredity
of DZ twinning. He discovered that, in Stuttgart and the
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areas surrounding Würtenberg, Germany, the twinning
frequency was increased by almost 54% among
mothers of twins and the sisters and daughters of the
mothers, but was not elevated or was even lower
among the relatives of fathers of twins. He concluded
that the inheritance of DZ twinning is restricted to the
female line. A similar study was conducted in the
Orkla valley in Norway.46 Wyshak and White47

analyzed the offspring of unlike-sexed twin pairs
using the archives of the Genealogical Society of the
Church of Jesus Christ of Latter Day Saints in Utah,
USA. The DZ twinning frequency computed by the
Weinberg method among the offspring of the female
twins and their sisters amounted to 14.45 and 16.52,
respectively, per 1000 maternities compared with
6.86 per 1000 maternities among the offspring of the
male co-twins. These findings led Wyshak and White
to accept the theory of a maternal autosomal recessive
mode of inheritance. Although this point of view is
supported by earlier studies,12,46 questions about this
type of research remain. As the hereditary factor
interferes with normal ovulation by causing the
production of two or more ova, phenotypic proof of
the presence of the gene or genes fails on the paternal
side. The unobserved transmission in a pedigree
through the males may mislead scientists. Indeed,
instead of investigating the offspring of the male twin
or his male sibs, scanning the offspring of the
daughters of the male DZ twin and of his male sibs
should reveal comparable results. This observation
underlines once more the important problem of the
sex-limited expression. No doubt, rather large

samples are needed to detect effects that are diluted
50% by additional segregation.

Starting from a working hypothesis, Bulmer24

approached the problem in the same manner as
Wyshak and White,47 evaluating recessiveness and
dominance, but based on a theoretical background
rather than on empirical data. He assumed that DZ
twinning is controlled by a pair of genes, T and t, and
that women with either of the genotypes TT or Tt
have a twinning rate p1, while the twinning frequency
among tt women amounts to p2, Supposing that both
genes, the dominant T and the recessive t, appear
at the same frequency, this results in phenotypic
frequencies of 3/4 and 1/4 for p1 and p2, respectively,
given random mating and a Hardy–Weinberg equili-
brium. This allowed the calculation of the gene
frequencies using the twin-bearing probability, which
can be regarded as a random variable with its own
probability density function and mean. Bulmer
rejected the dominant-gene hypothesis but adopted
recessiveness as the mode of inheritance. Limiting
himself to this single hypothesis, he could not find the
reason why the twinning rate among mothers of TZ
triplets was double the rate among the DZ twin
mothers, although both had the same tt genotype.
Referring to the long tail in the graph of the distribution
of twinning rate p, the possibility of another group of
women with a higher predisposition for DZ twinning
seems to be the most logical explanation. Polygenic
models are not rejected by these data.

Eriksson and Fellman23,48,49 conducted extensive
studies on the secular changes of the DZ twinning
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Figure 145.10 Seasonal variation of singleton and twin birth in the Netherlands, 1987–1991.

Kurjak-145.qxd  5/10/2006  6:44 PM  Page 1543



rates in Finland and Sweden. These two countries
possess the oldest population statistics in the world
for a whole nation. In the Åland archipelago in the
Northern Baltic Sea, for example, as well as in
Sweden, the DZ twinning rate has decreased,
particularly in the past half century. Until recently,
these island populations, particularly the outer
parishes, had DZ twinning rates that were significantly
higher than on the mainlands of Sweden and Finland.
The higher frequencies of multiple maternities in
these insular populations may well reflect the effect of
inbreeding and endogamy. Indeed, these populations,
which have descended from a relatively small group
of founding settlers, have a more markedly decreasing
trend of twinning, especially DZ twinning, compared
with the mainland populations. This steep decline in
twinning cannot be explained simply by a lower
maternal age and parity. The decrease may be partly a
consequence of the changes in matrimonial migration
patterns, by breaking up of the isolation and by
reducing the endogamy. In this case, the high twinning
frequencies of previous centuries on these islands are
consistent with a recessive mode of inheritance for the
DZ twinning process.

In the recent analysis of multiple births by Eriksson
and colleagues,50 high frequencies of multiple
maternities were found on the maternal side of
families with triplets. The twinning rate among
mothers with triplets was four times that of normal
mothers. According to the senior author of this
investigation, a simple genetic model is not sufficient
to explain this high frequency. Eriksson’s hypothesis
is that this higher propensity for twinning, particularly
on the maternal side, is caused by multifactorial
inheritance.

To conclude, in the majority of instances, the
inheritance of DZ twinning possibly results from a
recessive character caused by an unknown number of
genes. However, recessiveness does not seem to be the
only potential mode of inheritance. Indeed, several
authors24,46,51 have already suggested that other modes
of inheritance must also be investigated for a
dimensionally undefined group of twin mothers.
Besides the genetic propensity, environmental factors,
such as maternal age, parity and race, increase the
individual probability of twin bearing.

Considering the variety of models that have been
suggested to date, and especially the necessity to
investigate more fully the hereditary transmission
through the female as well as the male line, our group
has teamed up with the Genetic Epidemiology Division,
Department of Medical Informatics, University of Utah,
to conduct a large-scale study of the genetics of twinn-
ing in Belgian and Dutch population-based samples.
The inheritance of spontaneous DZ twinning was
investigated in 1422 three-generation pedigrees of
mothers of spontaneous DZ proband twins. DZ twinn-
ing was modeled as a trait of the mother and defined
as a dichotomous phenotype. Complex segregation
analysis showed that the trait of ‘having DZ twins’ was

inherited by an autosomal monogenic dominant model
with a gene frequency of 0.035 and a female-specific
penetrance of 0.10.52

The same model applies to DZ twinning among
relatives of induced DZ twins, i.e. twins born of
artificial induction of ovulation, one of the many
modes of treatment of infertility. It seems, therefore,
that women over-reacting to the administration of
ovulation-inducing drugs are those carrying the
twinning gene.53

The hereditary transmission through the female as
well as the male must be investigated. Confusion with
the sex-limited expression of the factor not only
pushed scientists to come to the wrong conclusions
but also obscures the transmission along the male
side. Generally, one can consider female as well as
male carriers. Future research should focus on the
hereditary paradox: male vs. female inheritance,
recessiveness vs. other manners of transmission and
environmental vs. genetic twinning.

Infertility treatment
Recent data pertaining to twin- and triplet-delivery rates
in six European nations have been analyzed in the first
part of this chapter. Part of the increase has resulted
from treatment of infertility. In all six countries, the
rates are soaring, but in different degrees. As already
stated, part of the increase is associated with the new
methods of infertility treatment. In the East Flanders
Prospective Twin Survey (EFPTS), the origin of the
pregnancy has been recorded since 1976. From January
1, 1976, to 31 December 31, 1991, a total of 437 multiple
births that resulted from artificial induction of ovulation
(AIO) and Artificial Reproduction Technology (ART)
were recorded. Only the pregnancies in which one of
the children weighed more than 500 g or, if birth weight
was unknown, the gestational age was greater than or
equal to 22 weeks, have been considered for the present
discussion. The zygosities of these pregnancies were
compared with the zygosities of spontaneously occurr-
ing multiple pregnancies in terms of their relative fre-
quency. All dichorionic MZ twins and trichorionic DZ
triplets born after AIO had a probability of monozy-
gosity and dizygosity, respectively, of at least 0.95.

Figure 145.11 shows the yearly numbers of
spontaneous and induced twin births registered by
EFPTS between 1976 and 2002.30 In 1976, the total
number of registered twin births approached 140 per
year, whereas since 1991, the total has numbered
more than 200. Figure 145.1 clearly documents that
the increase in the total number of twins is entirely
due to the use of fertility-enhancing agents, because
the number of spontaneous twin births did not rise
appreciably during these years. Between 1976 and
1985, the number of induced twin births increased
slowly but substantially whereas after 1985, it was
more dramatic. To be exact, AIO and ART pregnancies
accounted for more than one-third of all twin births
in 1991 and 1992 and almost one-half in 1996. The
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decline in the number of spontaneous twin births
during the years 1983–1985 was due to a decrease in
the total number of births. Figure 145.12 extends the
analysis by showing the relative frequency of twins
and triplets born after AIO and ART (1%) between
1976 and 1996. As was the case in the other countries
cited above, the increase in the number of triplet births
far outweighed the concomitant increase in the number
of twin births.

Pooling the data over the years, Figure 145.13
shows that most of the induced multiple gestations in
Figures 145.11 and 145.12 do not result from the
advanced technologies of assisted reproduction such as
IVF and embryo transfer (IVF–ET), gamete intrafallop-
ian transfer (GIFT) and zygote intrafallopian transfer
(ZIFT). Rather, they result from the use of fertility-
enhancing drugs alone. In 80% of the iatrogenic twin
pregnancies and 78% of the iatrogenic triplet pregnan-
cies, AIO was the only treatment. Clomiphene and
the sequential use of human menopausal and human
chorionic gonadotropin were the regimens most
commonly used in the mothers of these multiplets.
Before 1986, the use of IVF–ET, GIFT and ZIFT was
limited in East Flanders. In the past 4 years, however,
the number of pregnancies resulting from these
procedures represented more than 35% of all induced
twin pregnancies, so their contribution to the increase
in multiple births can no longer be neglected or denied.

In contrast with common expectation, all induced
twin and triplet pregnancies were not DZ or TZ (Table
145.2). As reported earlier,54 the frequency of zygotic
splitting after AIO (1.0%) is higher than that observed
after spontaneous ovulation (0.45%). There is no
significant difference in the rate of zygotic division
between the pregnancies that resulted from AIO only
and those that occurred after IVF–ET, GIFT or ZIFT, or
between the pregnancies induced by clomiphene and
those induced by gonadotropins.

The increase in the rate of multiple pregnancies
represents an important public health problem. If this
trend continues, the rates of very preterm births and
very low birth weight infants will undoubtedly rise,
as in multiple, compared to singleton, pregnancies,
the trend toward infants whose birth weight is less
than 1500 g is dramatic. Because very low birth weight
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Figure 145.11 East Flanders Prospective Twin Survey, 1976–2002: yearly numbers of spontaneous and iatrogenic twins and
iatrogenic twin maternities.

Figure 145.12 East Flanders Prospective Twin Survey,
1976–1996: relative frequencies of induced twin and triplet
maternities. Twin maternities are shown on 50% scale, triplet
maternities are shown on 100% scale; frequencies refer to the
total number of twin and triplet maternities.
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infants have high perinatal mortality and morbidity
rates, they represent a high cost to the community in
terms of an increased patient load to the neonatal
intensive care units and an increased number of lifelong
physical and mental handicaps.55–57

The fact that a number of MZ twins are born after
AIO and ART and that the frequency of zygotic division
after AIO and ART is higher than after naturally
occurring ovulation is of fundamental biological
importance. It is clear that hormonal induction of
ovulation acts not only on the ovary but also on the
zygote in as much as it stimulates division. To date, no
conditions were known that could influence the MZ
twinning rate. Treatment with clomiphene and/or
gonadotropins is the first exception.

The spectacular iatrogenic increase of the rates of
multiple maternities upsets the epidemiology of
twinning and higher-order multiple births. When
comparing population data from countries or regions
where ART and ovulation induction are commonplace,
the proportion of MZ/DZ twinning should be duly
considered. The number of unlike-sex pairs should be

mentioned and the Weinberg rule applied. Appropriate
statistics can be applied if there are significant dif-
ferences. By the way, the same procedure allows
valid comparison between ethnicities with high and
low DZ rates.

Perinatal and infant mortality
Innumerable studies on perinatal mortality of multi-
ple births have been published worldwide. The major
specific variables considered were, and still are, birth
order, placentation, zygosity, maternal age, parity,
height, social class, birth weight, mode of delivery,
differences in rates in like- vs. unlike-sex pairs, etc.
Many of these studies, however, are only of historical
importance, mainly because of the changes in the
definitions of stillbirth and live birth. Recently,
excellent recent studies have been performed on US
multiple58 and Scottish59 twin births.

Two population-based studies will be considered
in this chapter: they are based on data from the US
vital statistics and the East Flanders Prospective Twin
Survey (EFPTS).

United States National Natality files60 have been
used to generate intrauterine growth curves for twins,
and the linked Birth/Infant Death files to analyze the
risk of neonatal and infant death for US black and
white twins. As demonstrated in Figures 145.14 and
145.15 twins have a survival advantage over singletons
at certain ranges of both birth weight and gestational
age. Despite this, the overall risk of infant death among
twins continues to be four to six times greater than that
of singletons. Optimal duration of twin gestation and
birth weight are 39 weeks for whites and 37–38 weeks
for blacks, and range from 2750 to 3500 g for whites and
from 3250 to 3500 g for blacks.

In the EFPTS, the structure of the fetal membranes
and the zygosity have been determined at the time of
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Figure 145.13 East Flanders Prospective Twin Survey, 1976–2002: yearly numbers of iatrogenic twin deliveries according to type
of treatment, ovulation induction only and artificial reproduction techniques (ART).

Twins Triplets

Monozygotic (MZ) 74 0
Dizygotic (DZ) 1442 16
Trizygotic (TZ) — 112
Unknown 12 0

Total 1528 128

Frequency of zygotic splitting in iatrogenic DZ twinning: 

number of DZ triplets  __________________________________ = 7 = 0.0055
2 ×number of (DZ twins +DZ triplets) 2 ×(1442 +7)

Table 145.2 East Flanders Prospective Twin Survey:
1976–2000. Zygosity of twins and triplets born after
artificial induction of ovulation
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birth.61 These data allow differentiation of the perinatal
mortality rates according to zygosity and chorion type.
In MZ dichorionic twins (Table 145.3), the rate is not
increased compared with that of DZ twins (data not
given). In monochorionic twins (which are MZ), the
rates are clearly increased, less so in the diamniotic
than in the monoamniotic subgroups. Cord entangle-
ment and conjoined twins are responsible for the very
high rate in the latter subgroup.

As shown in Table 145.4 the second twin is,
independently of the chorion type, at greater risk of
mortality than the first twin, but much less so in the
1980s and 1990s than in the two preceding decades.

Congenital anomalies
If there is an epidemiological domain that is bedeviled
by ascertainment biases, it is most probably that of
congenital anomalies. Besides the usual biases, e.g.
definitions, diagnostic criteria, extent of investigation
to ascertain the presence of malformation and length

of time that a population is followed, there are biases
specific to twin studies: accurate zygosity diagnosis,
calculation of concordance rates, sample size (small
number of twins with malformations), etc. The reader
is referred to several reviews62–64 for detailed discussions
of these problems.

Studies of congenital anomalies in twins are of
major interest because they allow differentation of
genetic from antenatal environmental influences in
their origin (nature vs. nurture). However, except for
occasional case reports in which concordant or
discordant malformations were found in MZ twins,
only a handful of studies of sufficient size meet the
criteria mentioned above.

Major findings in the numerous studies of congenital
anomalies in twins are summarized below:

(1) Although few studies have compared singletons
and twins with adequate methods, overall, the
prevalence rates are higher in twins.64

(2) The higher prevalence is probably greatly or
entirely to be attributed to MZ twins.64,65 Indirect
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Figure 145.14 Birth weight-specific infant mortality for US white (a) and black (b) singletons and twins, calculated from linked
Birth/Infant Death files for 1983–1985.60
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evidence is provided by many studies in which
the frequency of anomalies among like-sex
twins has been higher than that among unlike-
sex twins. Few studies have been reported in
which zygosity has been determined by a direct
method.64

(3) In MZ twins, the prevalence varies according to
placentation: lowest (possibly not increased) in
the dichorionic, highest in the monochorionic–
monoamniotic and intermediate in the
monochorionic–diamniotic subgroups.65

(4) Specific to twinning are acardia and conjoined
twinning (which occur only in monochorionic–
monoamniotic pairs), and fetus in fetu.64

(5) In MZ pairs, most anomalies are discordant.
Clearly, antenatal environmental factors must
play an important role in their origin.65

(6) Cardiac anomalies are a good example to illustrate
what we have discussed in the preceding
paragraphs. Preliminary results show that they are
more frequent in monochorionic pairs, pointing to
the role played by the twin-to-twin vascular
anastomoses as a possible causal mechanism.66

(7) A large majority of conjoined twins are of the
female sex. This is probably not related to the
malformation itself but to the placental structure:
the overall proportion of males/females of
monoamniotic pairs is very low.66

Perinatal mortality, n (%)

Placentation Number of pairs Twin 1 Twin 2

Dichorionic (PMZ ≥95%) 438 14 (3.2) 26 (5.9)
Monochorionic–diamniotic 871 65 (7.5) 84 (9.6)
Monochorionic–monoamniotic 30 9 (30) 7 (23)

PMZ, probability of monozygosity

Table 145.3 East Flanders Prospective Twin Survey (EFPTS): 1964–1989. Monozygotic twins: perinatal mortality
according to placentation61

Time Period Number of pairs Chorion type Twin 1 Twin 2

1964–1979 1852 MC 10.3 13.1
DC 5.0 8.0

1980–1996 2766 MC 7.5 8.5
DC 2.5 3.5

MC, monochorionic; DC, dichorionic

Table 145.4 East Flanders Prospective Twin Survey (EFPTS): 1964–1989. Perinatal mortality rates (%) according
to chorion type and birth order, twin 1 vs. twin 2

Figure 145.15 Gestation-specific infant mortality rates for US singletons and twins, calculated from linked Birth/Infant Death files
for 1983–1985.60
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(8) Whether ART or AIO increases the risk of
congenital anomalies makes doctors and patients
uneasy. Only four methodologically valid studies
have been devoted to this disquieting question.67–70

They conclude that the outcome of twin preg-
nancies obtained with ART is comparable with
that of normally conceived twins. The number of
cases is limited and does not allow ruling out any
teratogenic action. Hypothetically, such action
should be considered because in ISCI natural
selection of the fertilizing sperm is surpassed, a
potential risk of facilitating congenital anomalies.
No data are available on the outcome of twin
pregnancies following induction or enhancing of
ovulation. A warning, therefore, is mandatory and
additional research is needed.71

Sex proportions at birth
The proportion of males in multiple births has been
and still is a matter of lively debate. Clearly, there are
differences between singletons and multiplets. The
question remains, however, of the explanation for
these differences and whether the differences could
throw some light on the mechanisms of the human
sex proportions at birth.

The proportion of males in the human species
decreases with each increase in the number of fetuses
per pregnancy. An overview in the white population
of the United States is given in Table 145.5.

Twins
In twins, the lower male/female proportion is for the
greater part due to the MZ twins (Table 145.6). In the

EFPTS series, the sex proportions of the DZ pairs and
the singletons did not differ significantly. To our
knowledge, no other studies comparing the sex
proportions between MZ and DZ twins and singletons
have been published. James has studied the sex pro-
portions extensively, and has reviewed the literature
on MZ twins whose sex was ascertained at birth.73–75

Adding the data from nine studies on Caucasian
samples with known placentation, the male/female
proportions were as follows: overall 0.499, monochori-
onic pairs 0.492 (in five of the nine reports, mono-
amniotic twins have been omitted) and dichorionic
twins 0.571 (only three of the nine authors reported
data on these twins). The ratio of 0.499 is lower, but
not significantly lower, than that estimated for all
Caucasian pairs, 0.5047±0.001, by Bulmer.24 James
concludes that there is direct (although admittedly
inconclusive) evidence here that MZ twins have a
lower male/female proportion than DZ twins.

According to our data from East Flanders and those
of the literature, it may be concluded that the male/
female proportion in MZ twins with monochorionic
placentas is lowered, albeit to a smaller extent in the
diamniotic and a much greater extent in the mono-
amniotic variety. One can only speculate about the
reasons for this remarkable biological phenomenon.
Various hypotheses have been put forward. James76 and
Guerrero77 independently suggest that the sex of a
human zygote is influenced by the time of its formation
within the menstrual cycle, with more male zygotes
being formed, on average, both early and very late in
the cycle, whereas more female zygotes are formed
during the middle of the cycle. Experiments in lower
vertebrates such as fish, amphibians and chickens have
led to MZ twins by retarding the development of the
fertilized ova, depriving them of oxygen or maintaining
them at a lower temperature. Delayed ovulation seems
to induce MZ twinning in rabbits.78 As suggested by
James, it seems possible that the delay hypothesized as
being associated with the formation of female zygotes
runs parallel with the delay associated with the splitting
of the ovum. If this is the case, then MZ twins could be
composed of a higher proportion of females.

One or two percent of MZ pairs of twins share the
chorion and the amnion at birth. They represent
twinning that occurred after the differentiation of the
amnion (on about day 7). Fusion of the embryos79 gives
rise to conjoined twins and could occur even later, after
the second week of development. Because of the rarity
of conjoined twins, it is as yet unknown whether further
subdivision of the monoamniotic twins into unjoined
and conjoined pairs will clarify the enigma of their very
low male/female proportion. As only three conjoined
pairs (all of them female) emerged in our relatively large
series, only a registry of almost continental scale could
provide the amount of data needed to answer this
question. It is well documented that conjoined twins
include a high proportion of girls.80

It is useful to enquire whether female embryos are
more likely to undergo delayed splitting than male
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Total born living 1055
Twins 1043
Triplets 1007
Quadruplets 940
Quintuplets 935

Table 145.5 Relative number of male infants born
per 1000 females in US births (1915–1948)72

Zygosity and chorionicity Sex proportion

Dizygotic 0.514
Monozygotic–dichorionic 0.501
Monochorionic–diamnionic 0.499
Monochorionic–monoamnionic 0.212
All monozygotic 0.494

All (n =3765 pairs) 0.506

Table 145.6 Sex proportion of spontaneous twins in
EFPTS (1970–2000) according to zygosity and
placentation
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embryos, or if embryonal or fetal mortality in the
late-splitting group predominantly affects the male
embryos. In their series of spontaneously aborted twins,
Uchida and colleagues81 found two male conjoined
pairs with normal chromosomes, the result of con-
secutive abortions in the same mother. Because both
conjoined twins and male monoamniotic twins are rare,
this single finding could suggest a predominantly male
early fetal mortality in monoamniotic twins. With
regard to the first question, Burn and associates82 hypo-
thesized that unequal lyonization may represent a
cause of late twinning unique to female embryos. If this
is true, analysis of the DNA methylation patterns of the
X chromosome83 of monoamniotic twins should throw
more light on the question. We have performed such an
analysis.84 It shows that the earlier the splitting, the
more unequal lyonisation, invalidating the hypothesis
of Burn and associates. The sex proportions discussed
so far deal with spontaneous twinning, rather than
iatrogenic twins. A series of studies have addressed this
question, but the results are not in agreement. No large-
scale population-based inquiries have been performed.
Hence, one can question whether the samples are
representative. In the EFPTS, the sex proportions of the
iatrogenic and the spontaneous DZ twins do not differ
significantly.

Triplets
One finding of the increase in triplet rates (especially
TZ) is a decreasing male/female sex proportion. In the

population in general, about 1000 girls are born per
1045 boys: a ratio of 1.045. Among the 336 triplet
individuals from the Dutch Twin Register there were
157 boys and 179 girls: a sex ratio of 0.88. The Dutch
population triplet male/female ratio (i.e. triplets born
during about the same period as the sample studied)
is 0.87. A closer look at the triplet sets from a different
etiology reveals that only among the induced triplets
does the ratio deviate significantly from unity: 50 boys
and 67 girls. This supports James’ hypothesis85–87

that hormonal induction of ovulation increases the
mother’s gonadotropin levels at the time of concep-
tion and that this, in turn, increases the probability of
female offspring. In the EFPTS, however, opposite
results are found: 47 girls and 66 boys.

Whether the decreasing male/female ratio in
triplets is unevenly distributed among the three
zygosity groups is unknown. Very few population-
based studies of zygosity in triplets have been
published. In all of these, the number of cases is too
small to enable a firm conclusion to be made.
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146 Monozygosity
I. Blickstein

Zygosity of multiple pregnancies
The human female is programmed to ovulate once in
every menstrual cycle, and if ovulation results in
fertilization, a single zygote will develop, i.e. a
monozygotic (MZ) pregnancy. This is the case in 99.2%
of pregnancies following spontaneous conceptions. In
the remaining 0.8%, more than one oocyte is ovulated,
resulting in polyzygotic pregnancies [i.e. dizygotic
(DZ) twins, trizygotic triplets, etc]. Such polyzygotic
pregnancies seem to have a phenotypic and genetic
background as they occur more often in tall, heavily
built, older, parous, and black women. Moreover, a
genetic trait is strongly supported by the fact that
DZ pregnancies have clear racial differences and occur
more frequently in women who have ‘twins in the
family’.1 On the whole, polyzygosity represents a
reproductive anomaly whereby more than the usual
single zygote is formed during a single ovulatory cycle.

This situation, however, changed profoundly with
the implementation of assisted reproductive techno-
logies, which share a common denominator – creating
a higher number of oocytes available for fertilization,
irrespective of whether fertilization occurs in vivo or
in vitro. Current data indicate that where assisted
conceptions are widely available, the frequency of DZ
twins increases from 66% to 95%.2

Whereas polyzygotic multiples are common in
many species, the human female is among the unique
species (the other is the nine-banded armadillo) in
which the product of conception – the zygote – is able
to undergo splitting into MZ twins. This is a rare
phenomenon observed in about 0.4% (4/1000) of
births following spontaneous conceptions. As will be
discussed below, and as is the case with DZ twins, all
methods of assisted conceptions are associated with
increased splitting rates of the zygote.3

Placentation
Each fetus comes along with a set of placenta and
placental membranes. This design, obvious in
singletons, is also true for DZ twins. However,
because the uterine cavity is of limited space,
placentas may develop very near to each other and

eventually become fused. It follows that DZ twins have
dichorionic–diamniotic (DC–DA) fused or separate
placentas. In MZ twins, on the other hand, the type of
placenta depends on the time of splitting. According to
the current theory, the twin placenta resembles the
(double) singleton placenta in early (< 3 days after
fertilization) splitting. It follows that some (about
one-third) of MZ twins may have a DC placenta,
indistinguishable from that in DZ twins. The bad news
is that DZ twins who have the same gender (comprising
50% of the cases) cannot be distinguished from MZ
twins with a DC placenta, unless sophisticated genetic
analysis is performed to establish zygosity.

When the split occurs after the chorion has already
been developed, the remaining MZ twins (about two-
thirds) must have one chorion and are termed
monochorionic (MC) twins. The vast majority of these
splits occur within 1 week when the amnion is not yet
differentiated, and the MC twins have two amniotic
sacs (MC–DA). However, in cases when the split occurs
even later, the amnion is also differentiated, and the
resulting pairs are nested within a single amniotic
cavity – monoamniotic (MA) twins. MA twins
(essentially MC–MA) are very rare and comprise less
than 1% of all twins.

One may wonder what causes a zygote to undergo
division. In the absence of a clear explanation, and
in the presence of a much-increased frequency of
anomalies, it is assumed that the mechanism(s)
involved in zygotic splitting is/are also involved in the
generation of anomalies. The most bizarre anomaly
emerges when the zygote is split at a very advanced age
after fertilization, after the amnion is already formed
(i.e. MA twins) and the only remaining structure to be
divided is the fetus itself. In this case, conjoined twins
are formed. Figure 146.1 is a schematic presentation of
the relationship between chorionicity and amnionicity.

Antenatal and postnatal diagnosis
of zygosity/chorionicity
From the previous section it is clear that zygosity can
be determined with certainty only if the twins are of
unlike sex (in this case they must be DZ) and when an
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MC placenta is found (in this case they must be MZ).
It follows that we are blind to zygosity in as many as
half of the DZ twins who are of the same sex and in
one-third of the MZ twins who have a DC placenta.
Altogether, these amount to 4/9 of the twins (44%).3

An interesting approach to improve the detection of
MZ conceptions comes from the Australian study of
the number of corpora lutea in the ovary in a twin
gestation.4 According to this innovation, if there are
two corpora lutea, it is likely that there were two
ovulations, and the twins are likely to be DZ.
Conversely, if there is only one corpus luteum, the
twins are likely to be MZ. Although this method is by
no means practical, it still represents the urge of
clinicians to improve the antenatal (in this case,
postconceptional) prediction of zygosity.

Irrespective of the above-mentioned difficulties to
ascertain zygosity, the important clinical information
is not zygosity but chorionicity. As it appears, the
most complex pathology involves an MC placenta.
Hence, it is imperative to establish the presence of MC
twins as early as possible.5 The fact is, however, that
it is much easier to exclude MC placentation than to
prove it. As early as 1992, the presence of a triangular
decidual projection between the double bilayer of the
intertwin membrane was described in practically all
DC placentas.6 This so-called ‘twin peak’ or lambda
sign (Figure 146.2) is easily seen in first-trimester
ultrasound but may diminish by the mid-pregnancy
increase in the volumes of the amniotic sacs.

In the absence of the lambda sign, the clinician
should look for signs of MC placentation. In most
cases, a simple reflection of a rather thin intertwin
membrane – the tau sign – can be visualized (Figure
146.3). Admittedly, the thin intertwin membrane
might be elusive at first scan leading to an erroneous
impression of MA twins. The diagnosis of chorioni-
city is relatively easy during the first trimester and
becomes increasingly difficult when looked for after
20 weeks’ gestation. At this stage, one may rely on
ancillary sonographic signs such as number of layers
(Figure 146.3) membrane thickness, same-sex twins,
and single placenta.

It goes without saying that zygosity cannot be
determined from postpartum examination of the
placenta. At the same time, however, every effort to
establish chorionicity should be done after each twin
delivery. The placenta should be delivered with
minimal trauma. Two separate or a single fused
placenta is easily discerned and differentiated from the
single placenta. At the fetal side, the insertion of the
umbilical cords is noted. Very adjacent cords are
commonly seen in MA twins (Figure 146.4). Velamen-
tous insertion of umbilical cord found by ultrasound
and/or placental examination is quite common in MC
placentas and should alert the clinician to that
possibility. Machin7 reported on 45% of MC having
velamentous cord insertion, and that the combination
of one twin with centrally inserted cord and one with
a velamentous cord was found in 53% of pairs.
Moreover, this combination constitutes a subgroup at
risk because such setting was associated with highest
rates of growth discordance > 20%, unequal placental
parenchymal sharing, uncompensated anastomoses
and perinatal demise.7,8

Figure 146.1 Schematic presentation of the relationship
between chorionicity and amnionicity.

Figure 146.2 3D image of the twin peak (lambda) sign in
dichorionic placentas.
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The ‘gold standard’ of monochorionicity is by
counting the number of layers in the intertwin
membrane. Careful peeling of the layers can do this;
however, when the membrane is disrupted, histological
examination may distinguish between the two-layer
and the four-layer membranes in MC and DC placentas,
respectively. Importantly, the number of the layers can
sometimes be counted by ultrasound (Figure 146.3).

One of the most important observations in the MC
placenta is the presence of intertwin, transplacental
anastomoses. In fact, practically all MC placentas show
intertwin connecting vessels, which might be arterio-
arterial, veno-venous, and arterio-venous. The latter
form is the putative anastomosis active in the twin–twin
transfusion syndrome (TTTS), but the other types are
probably involved in compensating mechanisms that
reduce or balance the unidirectional shunt.9

Zygosity can be estimated in populations of
spontaneous pregnancies by using the Hardy–
Weinberg rule. The basic assumption behind this rule
is that like- and unlike-sex pairs occur at the same
frequency in DZ twins, and therefore, the number of
DZ twins is twice the number of unlike-sex pairs in a
population. The difference between the total number
of twins and the number of DZ twins is the number
of MZ twins. It should be remembered that there
are reservations about the Hardy–Weinberg rule in
general and in particular in a population of mixed
spontaneous and iatrogenic twins.3

Etiology of MZ twinning
The reason why a single zygote splits to form MZ
twins is unknown. For certain, this phenomenon is
obviously abnormal and, therefore, it is not surprising

that MZ twinning is associated with so many
pathologies. Hall proposed the first of the current two
hypotheses for MZ twinning in the mid-1990.10

Normally, the cells of the zygote-blastocyst – the
blastomeres – undergo condensation to form the inner
cell mass. Hall suggested that different cells of the
early embryo might develop differently during the
same period and that this developmental discordance
between adjacent cells might cause repulsion (rather
than condensation) and splitting of the early embryo.

The second, and more widely cited hypothesis,
describes the splitting event as the division of the early
embryo during hatching. The mechanism responsible
for the division presumably causes a breach in the
integrity of the zona pellucida, herniation of blasto-
meres, and splitting of the embryo.3 This hypothesis is
based on the reported increased frequencies of MZ
twins after all methods of zona manipulation used in
assisted reproduction. However, observations from
conceptions following ovulation induction also show
increased MZ rates.2 The latter observations suggest
that the trigger for zygotic splitting might be at the stage
of ovulation induction (the common denominator of all
assisted pregnancies) rather than tampering the zona
pelucida.3

Regardless of the etiology, the most comprehensive
population-based analysis of twins – the East
Flanders Prospective Twin Survey – where all like-sex
dichorionic twins undergo genetic evaluation of
zygosity, recently showed that spontaneous MZ twin
comprise about 0.45%, MZ births after ovulation
induction occur in 6.3% (16-fold increased rate), and
those after in vitro fertilization (IVF) techniques occur
in 2.6% (sixfold increased rate). The latter finding is
in full accord with the estimation of the frequency of
MZ twins after IVF procedures based on single
embryo transfers.11 This method assumes that if
multiples occur following single embryo transfer in
an IVF procedure, they must be MZ.

1554 Monozygosity

Figure 146.3 Intertwin membrane comprising a double
amniotic layer. The reflection of the membrane from the
placenta is referred to as the tau sign.

Figure 146.4 Close insertions of entangled umbilical cords of
an MA placenta.
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Chromosomal anomalies
It is assumed that because the two fetuses are derived
from the same zygote, they must be genetically
identical. However, a plethora of evidence suggest that
postzygotic events exist and lead to discordant genetic
anomalies as well as to the more puzzling phenomenon
of heterokaryotypic MZ twins. As mentioned above, a
potential reason for repulsion of the blastomeres – the
basis for the cell-repulsion theory for MZ twinning10 is
genetic differences in these cells, including aneuploidy,
X-inactivation, and imprinting. The literature cites
many cases of XY or XYY/XO, male/female, ‘identical
twins’, and randomization of X-inactivation may
result in MZ twin girls who are different in respect
to X-linked diseases such as muscular dystrophy, color
blindness, Hunter disease, etc. Moreover, the pattern
of X-inactivation confirms the timing of late splitting
events.12 Uniparental disomy – when a cell has both
chromosomes from the same parent – may also occur
after zygotic division. For example, imprinting of the
gene responsible for the Wiedemann–Beckwith
syndrome usually manifests in only one of the MZ
twins.

A subset of genetically discordant MZ twins is the
case of polar body fertilization, whereby one
spermatozoon fertilizes the oocytes and another
fertilizes the polar body (containing the same
haplotype set of chromosomes as the oocytes) derived
from the first meiotic division. In the human, this
phenomenon was implicated in the pathogenesis of
an acardiac (twin reversed perfusion – TRAP
sequence) twin of a normal co-twin.13

Despite the potential genetic differences between
MZ twins, the majority is concordant in terms of the
usually obtained genetic karyotype. Because the risk
of double sampling during genetic amniocentesis
outweighs the risk of heterokaryotypic twins, most
clinicians would sample one of the two sacs in cases
that are definitely MZ, i.e. in MC twins.

Structural anomalies
Twins have more structural anomalies compared to
singletons and most texts cite a two- to threefold
increased risk. It is currently believed that the excess
of malformations is limited to MZ pairs. Anomalies in
twins are categorized under four subheadings14 (Table
146.1). The first category includes malformations that
are more frequently seen among multiples. The
second type involves malformations found in MZ
twins only such as TRAP sequence and the various
manifestations of conjoined twins. The third category
relates to consequences of placental malformations, in
particular the MC placenta, resulting in the TTTS and
higher frequency of velamentous cord insertion. The
last type involves postural abnormalities such as
clubfoot that are caused by intrauterine crowding.

Importantly, some of the malformations may impact
on the non-malformed twin. For example, in the TRAP
sequence, the circulation of the severely anomalous
acardiac–acephalic twin is entirely supported by the
normal (the so-called ‘pump’) twin. Without interven-
tion, this cardiac overload may eventually lead to
cardiac insufficiency of the ‘pump’ twin. In TTTS,
where both twins are completely normal, the transpla-
cental shunt of blood may cause serious morbidity in
both twins. The most striking example is the case of
single fetal demise in MC twins, whereby the live fetus
may die in utero soon after the death of its co-twin, or –
if it survives – serious end-organ damage is reported in
as many as 30%.

Growth
Compared with the recognized adverse outcomes
among MC twins (increased early pregnancy loss,
perinatal mortality and morbidity, congenital anoma-
lies, and long-term sequelae), the relation between
MC twinning and growth aberrations is less clear.
Most authors agree that MC twins are more likely
to exhibit absolute growth restriction and low birth
weight.

Similarity between MC twins, arising from a single
zygote, is intuitively assumed to be greater than that
between DC twins, comprising DZ as well as MZ sets.
The alleged similarity between MC twins is therefore
assumed to be associated with fewer or similar, but no
more, growth discordance compared with DC sets.
Counterintuitively, however, there were conflicting
views regarding the frequency of discordance among
MC twins, with reports showing a doubled risk of
severe discordance,15–17 and, on the other hand,
reports that find similar discordance frequencies in
the MC compared with DC twins.18–21 Figure 146.5
shows the comparison between 939 DC and 216 MC

Category of malformation Defect

More common in Neural tube defects
twins than in singleton Hydrocephaly

Congenital heart disease
Esophageal and 

anorectal atresia
Intersex
Genitourinary tract anomalies

Unique to Amniotic band syndrome
monozygotic twins TRAP sequence

Conjoined twins
Twin embolization syndrome

Placental Single umbilical artery
malformations Twin–twin transfusion syndrome

Velamentous cord insertion
Intrauterine Skeletal malformations
crowding

Table 146.1 Categories of structural defects in twins
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twin pregnancies from the Northwestern Twin
Chorionicity Study (Blickstein et al., unpublished
observation) showing that small for gestational age
(SGA) infants are less frequent among DC twins [odds
ratio (OR) 0.4], fewer sets with two SGA infants exist
among DC than among MC pairs (OR 0.3), but twins of
all placental types have similar gestational ages (not
shown) and frequencies of discordance > 25%.

Single fetal demise
Single fetal death has an entirely different
connotation in MC twins compared with DC twins. In
DC twins, unless the reason for fetal death endangers
the entire pregnancy (i.e. chorioamnionitis), the
survivor is generally unaffected. This is not the case
in MC sets, where the co-twin frequently dies soon
after the first demise, and, if not dead, the survivor
quite often suffers from end-organ damage (brain,
kidneys, etc.). In the past, products of fetal decay (the
so-called thromboplastin-like material) were believed
to embolize via the intertwin anastomosis and cause
damage in the survivor – the so-called fetal emboliza-
tion syndrome. Postmortem studies in the early
1990s, however, did not find any embolus in the
brains of survivors that succumbed during early
infancy. Subsequently, the ‘embolic’ theory was
replaced by the ‘ischemic’ theory, whereby acute
shunting of blood from the survivor to the low-
resistant circulation of the demised twin causes acute
hypertension, ischemia, and damage. Importantly,
ischemic injury via acute shift of blood can occur
during pregnancy even without fetal death and cause
end-organ injury in one of the twins.22

Because the actual timing of fetal death is rarely
known, any form of intervention, especially preterm,
should be balanced against the risks of prematurity to
the survivor. The idea behind treatment, beside
prompt delivery, is that if acute feto-fetal hemorrhage

occurs at the time of death, an immediate intrauterine
transfusion may save the anemic survivor. This
management includes proof of anemia in the survivor
(either by cordocentesis or by measuring the peak
systolic velocity of middle cerebral artery) followed
by rescue therapy in the form of blood transfusion to
the umbilical vein.23–25 The reported outcomes,
however, are less than optimistic.

To date, when fetal death is diagnosed before term,
and the surviving fetus seems to be intact, most
clinicians will not intervene, as the real risk of preterm
birth is greater than the potential risk from the fetal
embolization syndrome. Imaging is necessary to exclude
visible end-organ lesions. At near-term, especially when
the etiology of fetal demise is unknown, immediate
delivery instead of continued close monitoring of the
pregnancy might be a valid option.

Twin–twin transfusion
An unbalanced, deep, arterio-venous anastomosis,
probably existing in MC placentas only, is necessary
for the development of the TTTS. TTTS has been
known for centuries, but only in the last two decades
a significant change occurred in understanding the
underlying process. As late as the mid-1980s, the
diagnosis of TTTS was usually made postpartum,
when weight and hemoglobin discordant pair was
born. By the end of the 1980s and with the advent of
ultrasound, a conceptual change has been introduced
and TTTS became an antenatal diagnosis. At the same
time, innovative and exciting methods to treat TTTS
were proposed.26

Due to blood shunting, one twin – the so-called
‘donor’ twin – becomes anemic and hypovolemic. The
co-twin – the so-called ‘recipient’ twin – becomes
plethoric and hypervolemic. The discordant cardiac
load soon results in discordant urinary output and the
oligo-polyhydramnios sequence. Eventually, the
small donor might be ‘entrapped’ within its amnion
and pushed to the side of the uterus by the
polyhydramnios surrounding the larger recipient,
giving rise to the sonographic image of the ‘stuck’
twin. These findings constitute the first degree of
TTTS of what is currently known as the Quintero
criteria27 (Table 146.2). In the next stage, the urinary
bladder of the donor is no longer visible. In the third
Quintero stage, abnormal Doppler findings are seen,
representing an advanced decompensation of the
cardiovascular systems of the twins. The ongoing
cardiac overload in the recipient may lead to hydrops
fetalis – which constitutes Quintero stage IV. Finally,
at the last stage, either twin may die in utero.

TTTS may occur as early as the beginning of the
second trimester and, rarely, intrapartum. When
TTTS occurs late in pregnancy, most clinicians will
opt for delivery because the fetal condition can be
better managed in the neonatal intensive care unit. It

1556 Monozygosity

Figure 146.5 Frequency of small-for-gestational-age infants
and severely (> 25%) discordant pairs by chorionicity. Data
from the Northwestern Twin Chorionicity Study.
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follows that the earlier TTTS occurs the greater the
risk for the twins. Consequently, clinicians tend to
buy time by some form of intervention,28 and
currently – by stage tailored therapy.29,30 At this stage,
the three most common interventions are amnio-
reduction (removal of a large quantity of amniotic
fluid) with or without septostomy (puncturing the
intertwin membrane), fetoscopic laser ablation of
the putative anastomoses, and fetocide (by cord
occlusion). The latter method is reserved for Quintero
stage III–IV cases31 and it is currently not yet
established whether to terminate the donor or the
recipient.

Although amnioreduction and endoscopic laser
surgery differ conceptually as well as in the techno-
logy and expertise involved, they yielded similar
outcomes. However, a recent randomized trial com-
paring laser surgery with amnioreduction showed
that the laser group had a higher likelihood of
survival of at least one twin to 28 days of age (76% vs.
56%) and 6 months of age. Infants in the laser group
also had a lower incidence of brain injury (6% vs.
14%) and a lower incidence of neurological compli-
cations at 6 months of age (52% vs. 31%).32

Twin reversed arterial
perfusion sequence
TRAP sequence is a condition whereby one twin
transfuses its co-twin via an arterio-arterial anasto-
mosis. Hence, the transfused twin receives blood by
an artery instead of a vein – giving rise to reversed
perfusion clearly seen on Doppler studies. The recipient
in such cases is usually extremely malformed – the so-
called acephalic–acardiac twin (Figure 146.6). The
main clinical problem comes from the total dependence
of the acardiac twin on the circulation of the ‘pump’
twin. Sooner or later, the ‘pump’ twin may develop
cardiac insufficiency, and, as a result, the cardiac
condition determines the time of delivery. A proxy to
impending cardiac insufficiency is the relative size of
the acardiac twin compared with the pump twin.

TRAP sequence is easily diagnosed in the second
trimester, when the typical ovoid mass, lacking the
usual fetal structure, is visualized. When the diagnosis
is made early enough, selective reduction of the
acardiac twin by cord occlusion is recommended.
However, in more advanced gestations, the cord might
be too thick for bipolar coagulation and more invasive,
intrahepatic coagulation might be necessary.33

Monoamniotic pregnancies
MA twinning is rare, occurring in less than 1% of
all spontaneous twins. Before the availability of
ultrasound, the diagnosis was made postpartum,
when two dead fetuses with entangled cords were
born. Indeed, cord entanglement is the rule rather
than the exception in MA twins (Figure 146.4), and
can be found as early as the beginning of the second
trimester by dedicated Doppler ultrasound visualiz-
ing the characteristic braid of umbilical cords. With
modern sonographic equipment, it should not be
difficult to exclude MA placentation, especially if

Figure 146.6 The acardiac–acephalic twin in the TRAP
sequence.

TOPS (O < 2 cm, CADs (A/REDV, 
Stage P > 8 cm) Absent bladder in donor Rev DV, Puls UV) Hydrops Demise

I + − − − −
II + + − − −
III + + + − −
IV + + + + −
IV + + + − +
TOPS, twin oligo (O) poly (P) sequence. Numbers relate to amniotic fluid index. CAD, critical abnormal Doppler measurements; A/REDV,
absent/reversed end-diastolic velocity; Rev DV, reversed flow in ductus venosus; Puls UA, pulsatility in umbilical vein

Table 146.2 Quintero’s criteria for severity of TTTS
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chorionicity/amnionicity is assessed in the first
trimester. In that case, counting the number of yolk
sacs may be misleading and repeated sonography,
with different angles of scanning is recommended.

In addition to all the problems associated with an
MC twinning (except for a lower probability to develop
TTTS), the MA pair is at increased risk for cord
entanglement and for the consequent morbidity and
mortality of one or both twins. This risky situation is
usually unexpected, and demands intensive monitor-
ing. Many clinicians would feel more comfortable
to hospitalize the patient for twice or thrice daily
monitoring, starting at 28–29 weeks. Lung maturity
is usually enhanced by antenatal corticosteroids.
Delivery, usually by cesarean section, is performed at
32–33 weeks’ gestation. A more conservative approach
is based on the assumption that with advanced
gestation, the potential space for fetal movements as
well as the risk of tightening the cords is reduced.
Consequently, it was proposed that if nothing
happened until 32 weeks, the likelihood for tight
entanglement is low. This policy should be carried by
those who are able to assess the tightness of the cord
by Doppler velocimetry.34

Conjoined twins
Conjoined twins are very rare, and the average
obstetrician is not likely to see more than one or two
cases in his lifetime. Obviously, the mechanism of
conjoining is by itself a formidable malformation. If the
parents want to continue the pregnancy, the most
important clinical problem of the attending obstetri-
cian is to estimate the feasibility of postpartum
separation surgery.

Currently, 2D and 3D ultrasound, combined with
Doppler assessment and supplement with magnetic
resonance imaging, provide excellent visualization of
the conjoined structures and the level of risk to the
twins after separation. Because separation of conjoined
twins is rare, it is advisable to consult with centers that
gained experience in such difficult procedures.

Cerebral palsy
It is not clear whether cerebral palsy (CP) is more
common in MC twins without TTTS or in the absence
of fetal death.35 This ambiguity is a result of the lack of
series with established chorionicity/zygosity and
adequate neurodevelopmental follow-up. Moreover,
failure to register vanishing twins or fetal deaths may
lead to a significant underestimate of the risk of CP in
multiple gestations and an overestimate of the risk in
apparently singleton infants.22 To circumvent this
difficulty, researchers compared the prevalence of CP
in like-sex vs. unlike-sex pairs. In a recent review,
Pharoah22 commented that a greatly increased risk
of CP among multiples is associated with MC

placentation. This risk is particularly notable in the
surviving twin with fetal or early infant death of
the co-twin. Pharoah proposed, in addition to the
above-mentioned theories for damage in the fetal
embolization syndrome, that hemodynamic instability
during pregnancy may cause bidirectional shunting of
blood between the two fetuses. This may have caused
lethal damage in one twin and CP in the other, and
would explain the finding of increased prevalence of
CP among survivors in twin pairs in which one of the
twins died in the neonatal period.

It is currently believed that funisitis – inflammation
of the umbilical cord – is a very sensitive marker for CP.
The Northwestern Twin Chorionicity Study36 examined
the question whether discordant inflammation depends
on chorionicity. In a retrospective analysis of 1156 twin
placentas, the authors evaluated the association
between chorionicity and discordant chorioamnionitis
and funisitis in twin gestations. This study found that
in the case of chorioamnionitis in DC twins (with either
separate or fused placentas), the non-presenting twin is
less frequently affected than the presenting twin. Such
discordant inflammation is not apparent in MC twins.
The results were somewhat accentuated in the case of
funisitis – a more advanced state of inflammation
(including inflammatory evidence within the walls
of umbilical vessels or in Wharton’s jelly). Whereas
the difference between DC and MC twins persists,
discordant funisitis was greatest among separate DC
twins, less so among fused DC twins, and was absent
among MC twins. The interpretation of these results
was that DC placentas confer significant protection
against the spread of chorioamnionitis from the
presenting to the non-presenting sac. The difference
between the separate and fused dichorionic twins
implies that the paranchymal separation between
these placentas and not the DC septum might be
responsible for the protection. In simple terms, the
different morphologic features of a four-layer
intertwin membrane and the separate placentas may
restrict the spread of inflammation. These findings
might be relevant in the discussion of the presumable
increased risk of CP among MC twins.

As attractive as these theories are, the excess risk
of CP in MZ twinning in general and in the subset of
MC twins in particular has to be established.

Summary
Monozygosity is a mysterious phenomenon in human
conceptions. Splitting of the zygote destined to become
a singleton is by itself an abnormal event, and it is not
surprising that such pregnancies are associated with
increased morbidity and mortality. Most of our
knowledge about MZ twinning comes from the subset
of MC twins because we are unable to differentiate the
MZ–DC from the like-sex DZ–DC twins. This problem
seems negligible because most of the pathology

1558 Monozygosity
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associated with MZ seems to be associated with MC
twins. Modern diagnostics – mainly ultrasound and
Doppler – are able to diagnose most of the associated

pathologies quite early in pregnancy and help
clinicians in counseling, planning appropriate follow-
up, and tailoring treatment when necessary.
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147 Population-based risk
of perinatal mortality
and morbidity among
multiple births
M. S. Wingate, G. R. Alexander, S. Boulet, R. Kirby and H. Salihu

Introduction
Over the past two decades, infant mortality (death
of a liveborn up to 1 year of life) has declined
significantly. From 1980 to 2001, infant mortality
rates have decreased 46% (12.6 to 6.8 per 1000 live
births, respectively). Neonatal death (death less than
28 days after birth), has dropped from 8.5 to 4.5 per
1000 live births, a decline of 47%. Though less marked,
the rate of fetal death (death occurring at 20 weeks’
gestation or greater per 1000 live births plus fetal
deaths) has declined as well, from 9.1 fetal deaths to
6.5 per 1000 live births plus fetal deaths, from 1980 to
2001.1 This overall improvement in perinatal survival
appears to be due in large part to decreasing risks of
birth weight and gestational age-specific mortality.2,3

These improvements can likely be attributed to the
technological and medical advances in high-risk
obstetric and neonatal care, including antenatal
steroids, ultrasound, high-frequency ventilation, and
exogenous surfactant.4–16 Also, regionalization of
perinatal services and an increase in early entry into
prenatal care seem to have increased the utilization of
these services among high-risk populations.17–19

While these advances have influenced the health
and well-being of many children, there are still
many challenges in the perinatal field. The risk of
morbidities associated with low birth weight (LBW)
(less than 2500 g) and preterm birth (delivery prior to
37 weeks’ gestation) has increased as the number of
babies born too small and too soon has risen steadily
over the past two decades. LBW rates climbed from 7.0
to 7.8 per 1000 live births from 1990 to 2002. Preterm
birth rates increased 13%, from 10.6 per 1000 live
births in 1990 to 12.0 per 1000 live births in 2002.1,20

The rise in LBW and preterm birth has numerous

causes. One of the most often cited contributions to
this increase is the dramatic rise in multiple births
over the past 20 years.20 Multiple births, having higher
mortality rates compared to singleton deliveries, are at
an increased risk of preterm birth and LBW.21,22 At
least one-half of twins and almost 90% of triplets and
higher-order multiples are LBW and/or preterm.23

From 1980 to 2002, the number of twins in the USA
rose by 65%, from 68,339 to 125,134. In 2002, the rate
of triplets or higher-order multiple births continued to
decline after an increase of nearly 400% between 1980
and 1998.

Several factors have been suggested for this rising
incidence of multiple births in the USA. A frequently
cited factor of this trend is the development and use
of assisted reproductive technologies (ART).22,24,25

The explosive increase in triplets and quadruplets
due to ART has led to a call by obstetric and gyneco-
logic organizations to actively reduce the multiple
birth delivery associated with ART.26–28 Those infants
who are products of higher-order multiple preg-
nancies are at increased risk of complications, such
as ventricular hemorrhages, cerebral palsy, and other
conditions that can lead to morbidities in later life.29

Simultaneous to the rise in ART is the shift in the
age demographics of mothers in the USA. Over the
past two decades, the average age of the mother at
the time of delivery has risen markedly.20 In most
developed nations, the rise in the rates of multiple
births, particularly twins and triplets, can also be
attributed to the increase in maternal age, as older
mothers have an increased likelihood of spontaneous
multiple births. In addition, an association has been
shown between advancing maternal age and the use of
ART as the conditions that influence infertility
increase with age.22–24 Previous studies indicate that
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between one-fourth and one-third of the increase in
the twin and triplet rates can be attributed to the
increase in maternal ages without the influence of
fertility treatment.21

While the rise in multiple births is of great concern,
another important issue related to perinatal health
pertains to racial disparities, particularly between
blacks and whites. While infant mortality among blacks
and whites has declined since 1980, the black/white
infant mortality rate ratio has increased from 2.0 to
2.5.1,30 This disparity is apparent across all measures of
mortality including fetal, neonatal, postneonatal, and
perinatal mortality. While the disparity between blacks
and whites continues to exist for outcomes such as
LMW and preterm birth, rates of both LBW and preterm
birth for blacks have declined since 1990 in contrast to
observed increases among whites. The proportion of
preterm deliveries decreased for blacks, while it
increased for whites over the past decade.31 However,
in 2002, 17.5% of black infants were born prior to 37
weeks’ gestation, compared to 11.0% of white infants.1

For multiple gestations, as expected, the rate of preterm
birth increased among whites and blacks, but the
relative increase was larger among whites. While there
has been an overall increase in multiple births, the
increase among whites was almost twice that of blacks
from 1989 to 1997.32 As the USA has one of the most
diverse populations in the world, it is imperative to
examine these trends by specific population; however,
few studies have examined the racial disparities in
outcomes of multiple births.32

This chapter describes the population-based risk of
perinatal mortality and morbidity among multiples
with a particular focus on racial disparities. First, we
describe the trends in mortality rates for singletons
and multiple births by racial/ethnic groups between
1985–1988 and 1995–1998. Next, we examine the
mortality rates by gestational age, plurality, and
race. Finally, we examine the risks of mortality and
morbidity among multiple births and specific racial/
ethnic populations. We compare and contrast rates
and risks to evaluate patterns involved in morbidities
and mortalities among multiple births by racial and
ethnic group classifications. For these analyses, we
use the U.S. National Center for Health Statistics
1985–88 and 1995–98 Linked Live Birth/Infant Death
Cohort files and the Fetal Death files from the U.S.
Perinatal Mortality data file, as well as the 1995-98
Matched Multiple Linked files.33–41

Results
Trends in mortality
Table 147.1 presents the trends in mortality among
multiple births by race and plurality. This table
presents mortality rates from 1985–1988 and
1995–1998, along with the percent change for each
race and the race rate ratio. Fetal mortality rates
decreased for whites in all plurality groups. As the
plurality increases, that is, from singleton to twin,
the negative percent change reveals improvement

Singletons Twins Triplets or higher

White Black Ratio White Black Ratio White Black Ratio

Fetal Mortality
1985–88 6.0 12.0 1.99 24.6 28.3 1.15 36.3 43.6 1.20
1995–98 5.5 12.0 2.19 18.3 27.6 1.51 25.5 60.4 2.37
% change − 9.6 − 0.5 10.07 − 25.7 − 2.4 31.40 − 29.8 38.6 97.38

Hebdomadal Mortality
1985–88 3.7 8.6 2.31 29.4 52.3 1.78 93.8 127.9 1.36
1995–98 2.6 6.6 2.58 18.9 36.4 1.93 50.0 88.1 1.76
% change − 31.1 − 23.3 11.33 − 35.9 − 30.5 8.40 − 46.7 − 31.1 29.26

Neonatal Mortality
1985–88 4.6 10.2 2.23 33.9 57.6 1.70 106.5 138.6 1.30
1995–98 3.3 8.0 2.45 21.9 41.2 1.88 57.3 95.5 1.67
% change − 28.4 − 21.5 9.68 − 35.5 − 28.5 10.78 − 46.2 − 31.1 27.96

Infant Mortality
1985–88 7.5 16.0 2.2 40.9 72.9 1.78 118.9 153.1 1.29
1995–98 5.2 12.3 2.4 26.0 51.6 1.98 63.1 114.8 1.82
% change − 29.8 − 23.3 9.2 − 36.4 − 29.2 11.27 − 47.0 − 25.0 41.35

‘White’ and ‘Black’ may include persons of Hispanic ethnicity because of the change in birth certificate reporting of race/ethnicity in 1989
Fetal mortality rate: death in utero 20 weeks’ gestation or greater per 1000 live births plus fetal deaths
Hebdomadal mortality rate: death less than 7 days after live birth per 1000 live births
Neonatal mortality rate: death less than 28 days after live birth per 1000 live births
Infant mortality rate: death less than 1 year after live birth per 1000 live births
Ratio: Black/White rate ratio

Table 147.1 Trends in mortality rates among multiple births
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in the fetal mortality rate. The fetal mortality rate
among white singleton infants decreased from 6.04 in
1985–1988 to 5.46 per 1000 live births plus fetal
deaths in 1995–1998, an overall decrease of 9.60%.
The percent change for twins and triplets or higher-
order multiples is 25.70% and 29.78%, respectively.
Among black infants, variations in fetal mortality
rates among singleton twins were less apparent.
Compared to white twins with a percent decrease of
25.70, the fetal mortality rate of black twins decreases
from 28.26 per 1000 live births plus fetal deaths in
1985–1988 to 27.59 in 1995–1998, a 2.37% decrease.
Among black triplets, there is an almost 39% increase
in fetal mortality rate from 1985–1988 to 1995–1998.

While the data suggest that there has been some
improvement in fetal mortality among whites and
blacks, it should be noted that there is an increase
in the percent change of the race rate ratios for each
plurality group. For example, among twins, the race
rate ratios increase from 1.15 in 1985–1988 to 1.51 in
1995–1998, a 31.40% increase. Hebdomadal mortality
rates (death less than 7 days after birth per 1000 live
births) had a similar pattern, but the percent change
among blacks is similar to that of whites, contrary to
the fetal mortality data. While an increase in the
percent change of the race rate ratios is apparent, the
increase is not as marked among multiples for
hebdomadal mortality as for fetal mortality.

Similar patterns are also noted for neonatal and
infant mortality. As plurality increases, the percent
change for race rate ratios for neonatal mortality

(death less than 28 days after birth) also increases. In
addition, the rate ratio percent change among
singletons is 9.7% and 28.0% among triplets or higher
order multiples. Considering infant mortality, there
was a moderate increase in the race rate ratio among
singletons and twins from 1985–1988 to 1995–1998,
but for triplets and higher-order multiples, the
increase was almost 48%. Overall, for all mortality
classifications, the percent change from 1985–1988 to
1995–1998 in mortality rates were less marked among
blacks compared to whites, particularly among
multiple births.

Gestational age-specific perinatal mortality
Table 147.2 provides the gestational age-specific
perinatal mortality (fetal death plus infant deaths)
for blacks and whites as well as the race rate ratio.
Figure 147.1 illustrates the gestational age-specific
perinatal mortality race rate ratios for singletons and
twins using 1995–98 data. For singletons, blacks have
a lower perinatal mortality rate compared to whites,
until roughly 34 weeks’ gestation, at which the rates
are roughly equal. At approximately 36 weeks’ gesta-
tion, a crossover is observed in which the perinatal
mortality rate of blacks begins to exceed that of whites
and the disparity continues to grow.

Among twins, a crossover occurs at 30 weeks’
gestation, where white perinatal mortality rate (53.16
per 1000 live births) is less than that of blacks (56.57
per 1000 live births). As seen among singletons, the

Table 147.2 Gestational age-specific perinatal mortality rates by race

Triplets or higher-order
Singletons Twins multiples

Perinatal Perinatal Perinatal 
mortality rate mortality rate mortality rate

Gestational Black/white Black/white Black/white
age (weeks) Whites Blacks rate ratio Whites Blacks rate ratio Whites Blacks rate ratio

20–21 948.9 904.1 0.95 945.1 902.2 0.95 948.6 975.9 1.03
22–23 871.6 786.2 0.9 867.7 775.8 0.89 849.9 802.8 0.94
24–25 570.9 451.7 0.79 512.4 410.8 0.8 404.7 463.2 1.14
26–27 313.4 266.6 0.85 238.2 197.7 0.83 139.6 262.8 1.88
28–29 190.5 153.8 0.81 113.7 110.4 0.97 61.4 63.2 1.03
30–31 104.6 82.5 0.79 53.2 56.5 1.06 19.0 57.8 3.04
32–33 53.9 46.0 0.85 25.7 31.7 1.23 14.0 24.5 1.75
34–35 23.1 23.0 1 12.3 15.7 1.27 8.9 11.1 1.24
36–37 9.0 11.7 1.3 7.5 11.3 1.52
38–39 3.8 6.1 1.6 6.1 9.8 1.6
40–41 3.1 5.2 1.71 8.4 10.3 1.23
> =42 4.1 6.6 1.63 9.4 10.4 1.1
Total 9.2 20.9 2.27 36.8 66.7 1.81 71.3 288.4 4.05

Singletons: 1995–98 Linked Live birth-Infant death cohort files
Multiples: 1995–98 Multiple birth files
‘White’ and ‘Black’ indicate Non-Hispanic White and Black; Missing cells indicate small numbers
Perinatal mortality rate: fetal deaths plus infant deaths per 1000 live births plus fetal deaths
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disparity between blacks and whites grows, but the
overall race rate ratio is less compared to that of
singletons. Interestingly, at 38 weeks, the perinatal
mortality rate for black singletons is equivalent to that
of white twins at 38 weeks’ gestation. Among triplets
or higher-order multiples, the pattern is less
delineated and, for the most part, whites exhibit better
survival than blacks. The racial disparity exists but,
unlike among singletons and twins, there is no
distinct crossover for an improvement in the white
mortality. The greatest rate ratio occurs at 26 weeks
(1.88). Due to the small number of triplets or higher-
order multiples among blacks, it is not possible to
calculate the race rate ratio for all gestational ages.

Mortality rates for selected maternal characteristics
Tables 147.3 and 147.4 provide mortality rates for
selected maternal characteristics by race. Table 147.3
provides fetal and hebdomadal mortality rates. Table
147.4 provides neonatal and infant mortality rates.
The mortality rates differ slightly from Table 147.1
because the data in Tables 147.3 and 147.4 are for
non-Hispanic whites and blacks, whereas the rates
found in Table 147.1 are those of blacks and whites.
Prior to the 1989 change of the birth certificate, the
reporting related to ethnicity was poor.

In Tables 147.3 and 147.4, high and low education for
age is defined according to an algorithm referenced in
Petersen and Alexander, 1992.44 High education for age
is defined as 2 or more years above grade level appro-
priate for age. Low education for age is defined as 2 or
more years below grade level appropriate for age. High
gravidity for age defined as having had more than 6
pregnancies at any age; more than 2 pregnancies less
than age 18; 3 pregnancies less than age 22; 4 pregnan-
cies less than age 25; and 5 pregnancies less than age 30.
The prenatal care utilization index (R-GINDEX) is
defined further in Alexander and Cornely, 1987.45

Fetal mortality
Among singletons, white fetal mortality rates were
lower than those of blacks for all selected maternal

characteristics. For older mothers (≥35 years), higher
education for age, primigravid, previous pregnancy
loss (PPL), hypertension, diabetes, incompetent
cervix, and adequate and inadequate prenatal care
utilization, the difference in mortality rates was
greater than twofold. Among twins, fetal mortality
rates were lower among unmarried and teenage black
mothers than among whites. The rates were two times
higher for blacks compared to whites among mothers
with hypertension and diabetes. For triplets, unmarried
black mothers had much lower fetal mortality rates
(84.46 per 1000 live births plus fetal deaths) compared
to white mothers (152.53 per 1000 live births plus
fetal deaths), but the mortality rate was much lower
for older (35 years) white mothers (14.99 per 1000 live
births plus fetal deaths) compared to older black
mothers (47.62 per 1000 live births plus fetal deaths).

Hebdomadal mortality
Among singleton births, black infants have a hebdo-
madal mortality rate that is 2.64 times greater than
that of whites. While there is a disparity among twins
and triplets or higher-order multiples, the relative
differences in mortality rates are not as apparent.
Among singletons, there is a threefold difference
between black and white mothers with high
education for age and PPL. For twins, the overall
mortality rate for whites is 17.46 per 1000 live births
and for blacks it is 32.82 per 1000 live births, a rate
ratio of 1.88. For all selected maternal characteristics,
blacks have an increased mortality rate, particularly
among those with PPL. For triplets, blacks have a
decreased mortality rate among women with low
education for age and for PPL compared to whites, but
the hebdomadal mortality rate among blacks is almost
five times higher compared to whites among women
with hypertension.

Neonatal mortality
Overall, black mothers have higher neonatal mortality
rates compared to whites. Specifically among
singletons, the race rate ratio is 2.5, thereby indicating

Results 1563

Figure 147.1 1995–98 Gestational age-specific perinatal mortality race rate ratios (Black/White).
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1564 Population-based risk of perinatal mortality and morbidity among multiple births
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that the neonatal mortality rate among blacks is 2.5
times greater compared to whites. For all of the selected
outcomes, black mothers have higher neonatal
mortality rates than whites, with particular differences
noted for older mothers, mothers with high education
for age, and PPL. Among twins, neonatal mortality
rates are higher for black mothers in all the selected
characteristics. However, the race rate ratios for most
characteristics were lower compared to those of
singletons. For triplets or higher-order multiples, a
similar pattern is seen as compared to twins; however,
the mortality rate of black mothers with low education
for age and PPL is less than that of white mothers.

Infant mortality
As seen for all other mortality classifications, infant
mortality rates among blacks are higher compared to
whites. Among singletons, the race rate ratios indicate
that among older mothers, mothers with higher
education, and those with PPL, black mothers have
much higher infant mortality rates, 2.80, 2.73, and
2.61 per 1000 live births, respectively. Among twins,

a similar pattern is seen. For triplets, black women
who have low education for age and PPL have lower
mortality rates compared to whites.

Mortality rates of selected infant characteristics
Table 147.5 provides the mortality rates of selected
infant characteristics by race and plurality. Fetal
mortality rates are lower for whites and blacks among
twins and triplets compared to singletons with adverse
infant outcomes of LBW, very LBW, preterm, and very
preterm. For hebdomadal mortality, a similar pattern is
seen among some outcomes, but for LBW and preterm
infants, the mortality rates increase for triplets or
higher-order multiples. Among black infants,
hebdomadal mortality rates increase among very LBW
infants, while for whites, there is a decrease. For
neonatal mortality, the mortality rates of twins
with certain outcomes are higher compared to those of
triplets or higher-order multiples. While the pattern for
infant mortality is less clear, there do appear to be
differences in the changes in rates for blacks and whites.

Singleton Twins Triplets or higher

B/W B/W B/W 
White Black Rate Ratio White Black Rate Ratio White Black Rate Ratio

Fetal Mortality†

LBW 63.7 67.4 1.06 27.5 33.7 1.23 20.9 47.9 2.29
VLBW 242.2 203.5 0.84 119.2 105.7 0.89 49.1 89.5 1.82
Preterm 36.8 47.1 1.28 22.4 32.7 1.46 17.7 45.2 2.55
Very Preterm 155.9 136.8 0.88 72.3 75.2 1.04 30.9 69.8 2.26
SGA 20.8 22.6 1.09 19.2 23.0 1.2 23.6 44.5 1.89

Hebdomadal Mortality‡

LBW 39.1 50.7 1.3 34.5 55.1 1.6 49.3 84.7 1.72
VLBW 192.2 203.7 1.06 182.8 204.4 1.12 125.9 168.8 1.34
Preterm 21.6 32.7 1.51 30.0 51.7 1.73 44.4 77.7 1.75
Very Preterm 112.5 117.8 1.05 113.3 136.0 1.2 85.7 128.7 1.5
SGA 8.3 10.0 1.2 14.9 22.4 1.51 31.6 45.2 1.43

Neonatal Mortality‡

LBW 43.5 55.7 1.28 39.3 62.0 1.58 57.0 93.1 1.63
VLBW 168.4 187.3 1.11 185.9 210.7 1.13 140.1 177.9 1.27
Preterm 25.0 37.2 1.49 34.5 59.2 1.71 52.3 87.5 1.68
Very Preterm 111.2 119.5 1.07 122.7 147.5 1.2 98.9 141.4 1.43
SGA 10.5 12.2 1.17 17.6 25.9 1.47 36.1 58.9 1.63

Infant Mortality‡

LBW 53.8 70.2 1.3 45.6 76.1 1.67 63.0 113.3 1.8
VLBW 189.2 216.1 1.14 202.8 240.0 1.18 152.7 209.5 1.37
Preterm 31.2 48.0 1.54 40.3 73.7 1.83 58.5 109.0 1.86
Very Preterm 127.6 142.0 1.11 135.9 172.8 1.27 109.2 171.5 1.57
SGA 16.1 19.5 1.21 22.5 35.3 1.57 40.9 78.5 1.92

‘White’ and ‘Black’ indicate Non-Hispanic White and Black
1995–98 Cohort files
1995–98 Multiple birth files
†Rate per 1000 live births plus fetal deaths
‡Rate per 1000 live births
Fetal mortality rates: per 1000 live birthplus fetal deaths
Hebdomadal, neonatal, and infant mortality rates: per 1000 live births

Table 147.5 Mortality rates of selected infant characteristics by race and plurality
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Among singletons, while there is evidence of
disparity among blacks and whites for some infant
outcomes, the differences are not as pronounced as
previously noted. Very low birth weight black infants
have a lower fetal mortality rate (203.46 per 1000 live
births plus fetal deaths) compared to white infants
(242.17 per 1000 live births plus fetal deaths). A similar
pattern is seen for very preterm infants and for very
LBW twins. For triplets or higher-order multiples, the
race rate ratios indicate greater differences for selected
infant outcomes. For example, the hebdomadal
mortality rate among black VLBW infants was only
slightly higher than that of white VLBW infants. For
neonatal and infant mortality, a similar pattern is seen,
with the race rate ratios being lower for very LBW and
very preterm infants.

Adjusted odds ratios
Table 147.6 shows the mortality risks of black
singleton, twins, and triplets or higher-order multiples
compared to whites. After controlling for marital
status, age, education, gravidity, female sex, PPL, and
smoking, these data suggest that among singletons,
black infants are at an increased risk of all mortality
outcomes compared to whites.

Among twins, blacks are 22% less likely to
experience fetal mortality, yet they are roughly 60%
more likely to experience hebdomadal, neonatal, and
infant mortality. A similar pattern is noted among
triplets and higher-order multiples with a protective
effect (28% decreased risk) of fetal death among
blacks compared to whites.

Comments
Overall, this study indicates that the racial disparities
in mortality noted among singleton births persist in
multiple births. The data indicate that there has been

improvement in the mortality rates over the last
decade and the decline is more notable in multiple
births compared to singletons. However, a less-
marked decline has been noted among blacks. While
it is beyond the scope of this study and ability of
the data to tease out the underlying factors of the
decrease in mortality, these findings do suggest an
improvement in clinical management of multiple
births. While the advances have lessened the overall
impact of the dramatic rise in multiple births on
perinatal indicators, there is some indication in
these findings that there may be disparities in the
access to and utilization of these advances. Discus-
sion of these potential disparities has been noted
elsewhere.43

It should be noted that the same pattern of improved
survival observed among black singleton infants is
seen among twin births, with the crossover point at an
earlier gestational age. Fetal, hebdomadal, and neo-
natal mortality rates among very preterm and VLBW
black infants are roughly equivalent to or lower
compared to whites for singletons and twins, again
indicating an increased survival at lower gestational
ages and birth weights.

The information presented in this chapter has
important clinical and public health implications. It
is noteworthy that certain maternal and infant
characteristics, while eliciting higher mortality rates
among black singletons, may actually be protective in
multiples. For example, fetal mortality rates among
black infants are lower among those who are
unmarried than among those who are married. This
information could be useful in further classification
for treatment and interventions.

Acknowledgment
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MCHB grant 6T76MC00008.

Table 147.6 Adjusted odds ratio for mortality risks by race and plurality

Blacks

Mortality Singletons Twins Triplet or higher order multiples

Fetal mortality 1.28 0.78 0.72
(1.25–1.30) (0.74–0.84) (0.55–0.94)

Hebdomadal mortality 2.23 1.60 1.58
(2.18–2.29) (1.50–1.69) (1.27–1.96)

Neonatal mortality 2.13 1.60 1.54
(2.09–2.18) (1.51–1.69) (1.26–1.89)

Infant mortality 1.95 1.66 1.75
(1.92–1.98) (1.58–1.74) (1.45–2.11)

Reference group, white non-Hispanic; controlling for marital status, age, education, gravidity, female sex, PPL, and smoking
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We will describe in this chapter how the policy for
prevention of preterm birth was successful in France
from 1972 to 1988, and how the recent increase in
preterm births can be explained. The results are very
different for single pregnancies for which prevention
did work; the reduction of spontaneous preterm births
was clearly found in singleton pregnancies,1 while an
increase was observed for indicated preterm (by med-
ical decision) in single pregnancies.2 The global
increase of preterm births since 1988 was not observed
for single pregnancies, whose rates remained stable or
with a non significant increase in national representa-
tive samples in 1995 and 1998.3 But for twin and triplet
pregnancies no comparable reduction in preterm birth
has been measured; on the contrary, a significant rise in
preterm births was demonstrated for two associated
reasons: first, an increase in the rate of twin pregnan-
cies and second, an increase of the rate of preterm
births in twin pregnancies.

Prevention in this chapter will be understood as
primary prevention, before the beginning of the dis-
ease, before any sign of preterm labor, and will not
address the treatment of preterm labor and the treat-
ment given to the mother for an advanced maturity of
the newborn.

The task of preventing preterm delivery is very
different if the risk is obvious, for women with a pre-
vious preterm birth or a previous second-trimester
spontaneous abortion, or in the absence of such a pre-
vious history. The risk is very different in single preg-
nancies and in twins or triplet pregnancies. We will
first address the situation of single pregnancies with
an obvious risk factor, and then those without a risk
factor, and address later the problem of prevention of
preterm births in twin and triplet pregnancies.

In spite of remarkable progress in the efficacy of
neonatal care, prevention remains an important aim,
especially the prevention of very early preterm births,
as the risk related to preterm birth for the newborn

exponentially decreases with each week of gestational
age, measured in deaths, severe disease, and hospital
neonatal costs4 as well as by risk of development
delay and of cerebral palsy.5

Single pregnancies with
an obvious risk factor
The major predictor of risk of preterm delivery is the
outcome of the previous pregnancy, as established by
all scoring systems;6 the risk is important if the previ-
ous pregnancy ended in a preterm birth, and even
more important if the mother had two preterm births
or one preterm and one second-trimester spontaneous
abortion. The risk of a second preterm is 15% if the
mother had a first preterm delivery and 32% if she
had two previous preterm deliveries.7,8

Cervical incompetence is difficult to define but is
described by McDonald9,10 as ‘the history of one or
two mid-trimester abortions, with early rupture of the
membranes, usually before onset of labor. The labor is
short and relatively pain-free’. Repeated middle-term
abortions at the same time of gestation are significant.

For women with two previous losses as preterm
births or late spontaneous abortions, controlled trials
have shown that a cerclage has a measured efficacy for
the reduction of the recurrence rate of preterm birth.
The most important is the trial of the MRC/RCOG
Working Party on Cervical Cerclage,11 which compared
454 cases and 451 controls, and showed that in this
high-risk group defined by two losses (either previous
second-trimester miscarriage or preterm delivery), cer-
clage did reduce the risk of delivery before 33 weeks
(odds ratio: 0.61, 95% CI: 0.40–0.93) and reduced the
risk of miscarriage, stillbirth, or neonatal death (odds
ratio: 0.54, 95% CI: 0.33–0.90). But no efficacy was
shown for women in lower level risk groups, in the
MRC/RCOG trial and by Lazar et al.12
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For women with a history of one previous preterm
delivery, cerclage does not help to reduce the risk of
a preterm birth in the next pregnancy. But treatment
with progestins had been demonstrated to be effective
in reducing the occurrence of a second preterm birth in
women with a previous spontaneous preterm birth.13–17

Single pregnancies without an
obvious risk factor
For the majority of women without any obvious risk
factor known before or at the beginning of pregnancy,
the reasons for preterm birth are more difficult to
understand and the task of prevention is not easy.

In 1895, Adolphe Pinard was the first to propose
that preterm delivery could be the effect of exposure
of poor single mothers to excessive workload; this
hypothesis resulted from an observation.18

These women, most often young, unmarried, and
without social support, worked in a standing position
for many hours, 6 days a week. His intervention was
simple, by removing these women from their normal
working environment to ‘rest homes’, a simple lodging,
kept clean by themselves, with proper meals and ade-
quate sleeping accommodation. His experiment was
successful, as the women included in the program
had more often deliveries at term, with normal-weight
babies, in striking contrast to the frequent preterm
deliveries in women not included in this program. The
principle that heavy work could be the cause of
preterm births became the basis for the medical pro-
gram adopted for pregnant women as part of the health
policy advocated by the League of Nations in 1932.19

At the end of World War II, in 1945, all European
countries voted for laws for the protection of mothers
and children, including several weeks of work leave
before the expected date of delivery and after birth,
with financial compensation of the salary.

The early focus on reduction of physically arduous
work as a preventive measure for reducing preterm
births has had an important impact on French perina-
tal health policy, which was put into place in the
1970s. The proposal that reduction of physical effort
was a key intervention during pregnancy for the pre-
vention of preterm birth formed the basis of the
national prevention policy proposed in 1972,20 for
women for whom a risk factor would be recognized by
a systematic screening, using a risk scoring system,6

or for those for whom exposition to hard working con-
ditions had been identified. For those women with
identified risk factors, a reduction of physical effort or
a medically prescribed work leave for employed
women would be recommended. This policy remains
an active part of the French policy. This intervention
on physical effort was part of a global improvement of
prenatal care, which will be presented. At present,
hard work is no longer a risk factor for the majority of
pregnant women in France.

The policy for prevention of preterm births, effec-
tive in France since 1972, was designed with several
components: (1) early and equal access to prenatal
care for all women; (2) provision of information that
would convince women to change their lifestyles;
(3) recognition, during prenatal care, of warning signs
increasing the risk of preterm birth; and (4) appropri-
ate use of maternity work leave and reduction of
physical activity.

The French prevention programs target all women
and not only high-risk cases. Initial studies on the
impact of the prevention program were tested on a
demonstration intervention including all women who
were delivered in a region of eastern France, in Alsace,
in the city of Haguenau on 16,000 women from 1971 to
1982. The reduction of preterm births was demon-
strated with the progressive acceptance of the new
policy.21 In this program, it was clear that the reduction
of preterm births was not observed for women with
high-risk predictors; this is shown in Table 148.1. No
reduction of preterm birth could be measured for
women with a previous preterm birth, for those with a
history of stillbirth, or for those with an episode of
bleeding in the second or third trimester.

However, a statistically significant reduction was
observed in the middle-risk women, those with ‘soft’
risk predictors,22 those in their first pregnancy, those
less than 21 years of age, or 36 years or older, those
with a low or average level of education measured by
the number of years of school attendance. Not surpris-
ingly, the program was not efficient for women in the
low-risk groups, such as those with the highest level of
education or those in their second or third pregnancy.

This finding was incorporated into policy: preven-
tion efforts to be comprehensive and applied to every
pregnant woman. In this regard, the French policy for
the prevention of preterm delivery follows the public
health approach to the prevention of cardiovascular
diseases, which does not target only 50-year-old men
who are sedentary, obese, with high cholesterol and
high blood pressure, but is directed to the entire
population, before risk factors are obvious.

These programs were also focused on those risk
factors that could be modified during the present
pregnancy, such as information to the woman on her
pregnancy, quality of care, or physical effort during
pregnancy. It was obvious that the major risk factors,
which are important for their predictive value,6,23,24

could not be used for prevention as they could not be
modified during the actual pregnancy. This is true for
age, low level of education, low income, or single sta-
tus, or with a previous adverse history of preterm
birth, second-trimester fetal loss, or stillbirth, or for
women with an episode of bleeding during the second
or the third trimester, with a low-lying placenta, or if
the pregnancy is of twins or triplets.

Early and equal access to prenatal care is the basic
condition for reaching every pregnant woman and
convincing her to be followed and to accept some of

1570 Prevention of preterm birth in single and multiple pregnancies
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the proposals for prevention. Free prenatal care in
France is a reality and has been so since 1945. All
women, regardless of income, educational accom-
plishments, or legal or alien civil status have access to
this as a right. Although the cost of care is variably
addressed either privately or in public hospital sys-
tems, significant effort has been devoted to convince
pregnant women to be included early in basic prenatal
care. The choice of the team for antenatal care and the
choice of the site of delivery are the patient’s decision,
and the decision to deliver at a level III institution may
be made early on the basis of patient preference or
later on the basis of physician referral.

The French national perinatal surveys show that this
principle of providing early and adequate care for preg-
nant women has been successfully implemented, for
instance, by the proportion of pregnant women with
seven or more prenatal visits measured on representa-
tive samples of all French births:25 22.2% in 1972,
33.9% in 1976, 54.9% in 1981, 90.5% in 1995; the pro-
portion of pregnant women without any prenatal visit

during the first trimester was at 3.6% in 1976 and 2.4%
in 1981. A comparison with other European countries
shows that France is one of the more successful among
its European neighbors in ensuring timely access to
medical care during pregnancy.26

This effective outreach for most pregnant women is
only limited by recent immigration, for women less
used to utilizing the facilities offered free to them; this
has been measured in a recent study on all women
delivered in Seine-Saint-Denis, a poor district north-
east of Paris, on more than 40,000 women in 1998/
1999,27 as shown in Table 148.2. For this population,
even if a larger proportion among the new immigrants
(not born in France) than among women born in France
did not have the national social security coverage, the
complementary system proposed to all pregnant
women by the local district authority, called Protection
Maternelle et Infantile (PMI), allows a high proportion
of pregnant women to be included early in prenatal
care, measured by the proportion with no visits in
the first trimester or the proportion of women with

Single pregnancies without an obvious risk factor 1571

Table 148.1 The rate of preterm births among women delivered at the maternity in the city of Haguenau, in the
‘Perinatal Study at Haguenau’, for whom a prevention program was proposed, for three successive time periods of
observation (1971–1974, 1975–1978, 1979–1982), and the progressive acceptance of the program

Period of observation 1971–1974 1975–1978 1979–1982 P

Prior PTD parous woman Yes 52/408 (12.7%) 31/248 (12.5%) 33/269 (12.3%) n.s.

No 124/2868 (4.3%) 71/2247 (3.2%) 68/3008 (2.9%) <0.01

Prior SB parous woman Yes 7/65 (10.8%) 7/53 (13.2%) 7/79 (8.9%) n.s.

No 169/3211 (5.3%) 95/2442 (3.9%) 114/3198 (3.6%) <0.001

Parity 0 152/2343 (6.7%) 108/2325 (4.8%) 115/2574 (4.6%) <0.01

1–2 105/2275 (4.6%) 76/2023 (3.8%) 103/2740 (3.8%) n.s.

3 + 71/1002 (7.1%) 26/472 (5.5%) 18/537 (3.4%) <0.01

Age <21 70/961 (73%) 52/801 (6.5%) 49/806 (6.0%) n.s.

21–35 227/417 (25.4%) 146/3770 (3.9%) 177/485 (13.6%) <0.001

36 + 31/461 (6.7%) 10/181 (5.5%) 10/180 (5.6%) n.s.

Years/school 8 200/3125 (6.4%) 143/2837 (5.0%) 168/3701 (4.5%) <0.001

9–12 118/2194 (5.4%) 57/1612 (3.5%) 57/1717 (3.3%) <0.01

13 + 10/300 (3.3%) 10/371 (2.7%) 11/433 (2.5%) n.s.

Bleeding in the second Yes 27/148 (18.2%) 20/97 (20.6%) 18/126 (14.3%) n.s.
trimester

No 120/1931 (6.2%) 108/2804 (3.9%) 164/4371 (3.8%) <0.001

Bleeding in the third trimester Yes 24/140 (17.1%) 8/68 (11.8%) 20/87 (23.0%) n.s.

No 179/3392 (5.3%) 159/3967 (4.0%) 194/5429 (3.6%) <0.001

The reduction in preterm births was observed only in women without major risk factors, but no reduction of preterm birth rates was observed in
women with an obvious risk factor, such as previous preterm birth (among parous women), a previous history of stillbirth (among parous women),
age below 21 years, or 36 years and above, 8 years of education or 9–12 years of school attendance, an episode of bleeding during the second
or third trimester. (Trimester measured among those women who were followed at the prenatal clinic of the Haguenau maternity during the second
or the third trimester of pregnancy.) PTD, preterm birth; SB, stillbirth
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less than four antenatal visits, or the mean number of
antenatal visits.

Here also, collective social agreement reached in
France did participate in supporting ‘lifestyle changes’
during the pregnancy that recognize two facts. The
first is that this social agreement accepts that the
9-month period is the only chance the mother will
ever have to ‘gestate’ her baby and help ensure its
future as much as possible. The second is the disas-
trous consequences of preterm delivery in terms of
morbidity, mortality, and immediate and long-term
familial and societal costs.

French women are informed by articles in the lay
press and television networks about the need for life-
style change and the benefits that can derive from this
measure. This is particularly true for the need to obtain
work leave and the reduction of physical effort. This is
also true but more difficult to implement for women
not working outside their home, for whom the rate of
preterm birth remains higher than for those employed.

The proposal was to collect two major clinical
signs during every routine antenatal care visit follow-
ing a risk scoring.6 The first is uterine contractions,
the second is the clinical measure of cervical length.

To help the mother to be able to recognize a uterine
contraction by herself, obstetricians, midwives, and
nurses must take the time to explain what are uterine

pains to women who have had no previous pregnancy
and are not able to recognize the symptoms. The most
common expression for this abnormal feeling is the
description of low abdominal ‘pressure’. The prenatal
attendants should question this woman to discern
what circumstances precede the onset of contractions.
When questioned carefully, pregnant women describe
precisely the circumstances in their daily life that
induce uterine contractions. For some women, it is a
fast walk; for some, it is carrying an older child; and
for others, it is bearing heavy loads at work or work-
ing in an imposed rhythm. For still others, it is work-
ing in a standing position for hours and for the rest, it
is the stressful events in professional or private life.

The second clinical sign is a repetitive quantifica-
tion of the length and opening of the uterine cervix,
which is measured by digital vaginal examination.
The efficacy of this proposal for risk screening was
confirmed by a prospective study of 8303 pregnant
women, which clearly demonstrated the value of
these clinical signs in measuring the risk of preterm
delivery.28 The predictive value for the risk of preterm
birth of the precocious opening or shortening of the
cervix has been documented by the presence of fetal
fibronectin in cervical secretions29 and/or by the
shortening of the cervix by vaginal ultrasound mea-
sure of cervical length.30,31 The fibronectin measure or
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Table 148.2 National insurance coverage, trimester of first prenatal visit, by country of birth, district of Seine-
Saint-Denis, October 1998–December 2000, 48,746 singleton live births (after Zeitlin et al.27)

French 
Continental Caribbean & Southern Northern Sub-Saharan 

Country of birth France Indian Ocean Europe Africa Africa Southeast Asia
of the mother (n � 22,875) (n � 1752) (n � 3266) (n � 7602) (n � 5803) (n � 2778)

National health insurance

No coverage 1.0 2,2 6.3 5.7 18.7 10.7

Coverage 99.0 97.8 93.7 94.3 81.3 89.3

(% Missing) (4.1) (6.9) (6.7) (6.9) (8.8) (10.2)

First antenatal visit:

First trimester 94.1 89.8 89.2 90.2 84.4 86.6

Second trimester 4.9 8.5 7.8 7.4 11.2 10.3

Third trimester 1.1 1.7 3.0 2.4 4.4 3.0

(% Missing) (0.2) (0.2) (0.2) (0.3) (0.5) (0.6)

Less than four 3.5 5.6 5.9 6.5 9.2 6.0
antenatal visits

No. of 8.3 8.2 8.0 8.0 7.2 7.8
antenatal visits (mean)

(% missing) (9.0) (10.7) (10.2) (9.4) (11.8) (11.2)

This table shows that the coverage by national health insurance varies with the site of birth of the mother, in reality with the proportion of recent
immigration, with two categories of non-covered, from southern Europe or North Africa, or from sub-Saharan Africa or Southeast Asia. The
absence of health insurance coverage is reflected by the proportion of women without a first prenatal visit during the first trimester, but few
women have their first prenatal visit during the third trimester, and few have less than four prenatal visits
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the ultrasound measure of the length of the cervix has
not been accepted as routine in France; this corre-
sponds to the available meta-analysis showing no
effect in the reduction of preterm births, in spite of
their good predictive value.32

In France, the local tradition from the end of the
19th century is to use a clinical measure of the length
of the cervix at every prenatal visit, even though the
efficacy of this practice was not evident. The only
available controlled trial on the use of the clinical
measure of cervix length did confirm its predictive
value,33 but did not test its usefulness for prevention
of preterm birth. No specific intervention was pro-
posed to those women with a short cervix. The state-
ment of this study on the non-usefulness of cervical
examination as one of the steps included in the policy
of prevention of preterm birth could be a misleading
inference34 as the only action was on the diagnosis
side, without any specific action to prevent preterm
deliveries for women with a short cervix. This is not
different from the statements of Iams35 or Faron32 that
the diagnostic tools of ultrasound or fetal fibronecin
do not by themselves help to reduce preterm births.

In the years following the demonstration of the value
of documenting cervical change, physiologic studies
have shown that cervix distensibility is a good predictor
for preterm labor, because a distended cervix prema-
turely reaches the low resistance normally observed at
term.36 The mechanism of premature start of labor for
women with a short cervix shows that infection or
vaginal colonization is a major mechanism of sec-
ondary trigger, as infection or vaginal colonization by
itself does not increase the risk of prematurity, but the
same vaginal infection or colonization is a risk factor
for those women with a short or open cervix.37

Swedish politicians decided in 1935 to grant for all
pregnant women maternity leave during the last weeks
of pregnancy for the prevention of preterm birth (and a
work leave for several months after delivery to improve
breast-feeding), and other Scandinavian countries soon
followed suit. Of equal importance, women who went
on leave received financial compensation and job pro-
tection. Finally, maternity leave became mandatory
by law for all women and, along with free prenatal
care, was an important part of the European ‘System
for Protection of Mothers and Children’.

During the year 1945, immediately after the end of
World War II, all countries from West as well as East
Europe decided to provide all women with maternity
leave with financial compensation of the salary for the
specific purpose of preventing preterm birth. Leave
begins during the last 6–8 weeks of pregnancy in
Belgium, France, Germany, Ireland, Italy, and The
Netherlands; 10 weeks prenatally in Sweden; and 12
weeks before the expected date of delivery in Norway
and the United Kingdom. In France, Belgium, Bulgaria,
Germany, The Netherlands, and Poland, salaries are
compensated at 100%, up to a stated limit, during
maternity leave. In Czechoslovakia, Denmark, and

Sweden, salaries are compensated at 90%. In Italy and
Greece, the compensation rate is about two-thirds.

All countries also provide a possible addition of
sick leave to maternity leave, for as long as necessary
during pregnancy, although the proportion of salary
compensation for sick leave is less than that given for
maternity leave.

During the 1960s, it became obvious that the French
policy since 1945, with a maternity prenatal leave for
the 6 last weeks, beginning at 35 weeks of pregnancy,
was not more adapted to the present needs, not at all
adapted to the improvement of survival of those
preterm infants born much earlier than 35 weeks. This
maternity leave was adapted only to the women in the
labor force, and did not target the unemployed women.
Thus, a means for earlier intervention had to be pro-
posed, and this was accomplished by proposing to
reduce the pregnant woman’s workload.6 This proposal
was based on the knowledge available at that time.

It was known that nurses who worked in standing
positions were more prone to preterm births, particu-
larly if they worked in very demanding jobs such as in
a neonatal intensive care. This information was con-
firmed by other studies showing that hard work was a
risk factor during pregnancy,23,38–42 even before the
start of maternity work leave.

However, such a major intervention as workload
reduction could not be proposed for all women,
because the cost would be enormous and many women
would not accept it. It was therefore necessary to define
an intervention and a specific group of women for
whom it would be effective and acceptable.

A decision was made to propose the intervention of
reduction of physical effort in daily life for those
women who had some risk factors identified at the
prenatal visit, the risk factors being either a complaint
of uterine contractions or evidence of uterine cervix
shortening, softening, or opening.

In some cases, the reduction of physical effort could
be achieved by a simple change in behavior, with
slower walking, not carrying an older child, not shop-
ping for a period, or avoiding long-distance travel by
car. If uterine contractions were related to work,
however, such as to long hours in a standing position,
bearing heavy weights, or commuting 2 h or more
every day, then simply changing habits would not effec-
tively reduce physical exertion. In these situations, the
only way to modify the physical load was to propose
leave from work. At that time, French law did not
permit maternity leave to begin earlier than 35 weeks.
(The law was changed in 1976 to permit 2 weeks of
maternity leave before 35 weeks if medically needed).
Under these circumstances, the only solution was sick-
ness leave, and we were able to convince the physi-
cians in the social security system responsible for
approving sickness leave that during pregnancy this
should be considered as a preventive intervention.

The use of sickness leave was monitored on repre-
sentative samples of all French women delivering in
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1972, 1976, and 1981,43 as shown in Table 148.3. The
main fact is that the proportion of employed women
effectively working in the third trimester of pregnancy
was remarkably reduced.

Hard work and work in a standing position were
also monitored. The hardness of work decreased over
the years for reasons unrelated to the prevention pro-
gram, but to evolution of the working conditions in all
industrial sectors (P < 0.001, comparing 1972 with
1976 with 1981).43

Leave prescribed by medical doctors, general prac-
titioners, or obstetricians was carefully analyzed, as
was the distribution of this intervention by trimester
of pregnancy.43 The proportion of employed women
on work leave in the third trimester in 1995 reached
68.5%.3 These changes represented a major change in
the working habits of pregnant women in France.

In France, the prescription of work leave for pre-
vention of preterm labor was accepted by the national
insurance system, in addition to the work leave given
to all women at 35 weeks, keeping in mind that this
prescription was used to reduce the difference with
the systematic maternity work leave proposed to all
pregnant women in the United Kingdom at 28 weeks
or in Sweden at 30 weeks.

The reason for prescription was not directly mea-
sured; it could be the presence of a warning sign
observed during prenatal care, or just the patient’s
request, without direct relationship with the presence
of a warning sign. At present, less than one-third of
employed women work during the third trimester.

Evaluation of this intervention is not easy, as it
was not constructed on an experimental basis, as all
pregnant women in France were exposed to the inter-
vention without a possible control population.

One of the only possible evaluation tools was to
determine that the risk factor of hard work did lose its
predictive value for the risk of preterm birth. In fact,
the predictive value of hard work disappeared in
France, but this was not the case in other European

countries in which the prescription of work leave
was not as commonly accepted as in France. This dif-
ferential evolution was measured in a multicenter
European study called EUROPOP (for European
Study on Preterm Delivery Related to Work) (Table
148.4). This study compared global policies by coun-
tries with different practices of frequent or infrequent
work leave prescriptions. This was a case–control
study in 17 maternities (one per country) between
1994 and 1997, including all consecutive preterm
births in the participating clinics (5145 preterm births
from 22 to 36 weeks) and a control group including
every 10th consecutive term birth (7911 births at or
after 37 weeks44 of which 2369 preterm and 4098 term
births were to women employed during pregnancy, as
shown in Table 148.4. The two risk factors related to
work condition are the number of working hours
per week, comparing 30/39 to 40/42 and 43+, and the
number of hours of work in a standing position,
comparing < 2, 2–6, and > 6 h/day. Three groups of
countries were compared, the first group with low fig-
ures of infant mortality (below 8 per 1000 births) and
frequent prenatal work leave (France, Germany, Italy,
Slovenia, Czech Republic); a second group of countries
with low infant mortality and infrequent prenatal
work leave (Finland, Greece, Ireland, Scotland, Spain,
Sweden, The Netherlands); and the third group of
countries with infant mortality figures of 10 per 1000
or more and infrequent prenatal work leave (Hungary,
Poland, Romania, Russia).

The high number of working hours per week is not
predictive of preterm birth in the first group, but is
predictive of the risk of preterm birth in the second
and the third groups. The same is true for more than
6 h of work in a standing position (Table 148.4). The
predictive value of hard work is not more observed in
countries with frequent prescriptions of work leave in
Europe, but remains as a risk factor for preterm birth
in those European countries with infrequent prescrip-
tions of work leave during pregnancy.

1574 Prevention of preterm birth in single and multiple pregnancies

Table 148.3 Proportion of employed women with a medical prescription of work leave since the first year of the
French national perinatal program in 1972, in which a medical prescription of work leave for prevention of
preterm births was provided (after Saurel-Cubizolles and Kaminiski43)

Percentage of employed women with  
a prescription of work leave by trimester of pregnancy 1972 1976 1981

French national representative samples N women 5727 2463 2955

First trimester 12.5 18.2 23.2

Second trimester 18.4 26.6 33.3

Third trimester 24.0 36.4 40.8

The proportion of employed women with a medical prescription of work leave did increase progressively; in 1995, less than a third of employed
women did work during the third trimester
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France is one of the few countries in which a
decrease in the preterm birth rate has been docu-
mented over the past 30 years. In other European
countries with low rates of preterm births, the trends
have not been measured; no information is available
on the effect of the program for protection of pregnant
mothers and children effective since 1935 in Sweden;
no estimate before the program can be compared to
the low figures observed; and in the same way, no
information is available on the effect of 12 weeks of
work leave before the expected due date in use since
1945 in the United Kingdom.

In France, the proportion of deliveries before 37
weeks for singleton pregnancies decreased from 8.2%
in 1972 to 6.8% in 1976, 5.6% in 1982, and 4.9% in
1988.1 This reduction was more marked for early
preterm births and in the number of very low birth
weight babies. The most important results were in
deliveries at less than 34 weeks: these decreased in
national representative samples from 2.4% of deliver-
ies in 1972 to 1.7% in 1976, 1.2% in 1981, and 0.9%
in 1988.1 In addition, the incidence of very low birth
weight babies (less than 1500 g) decreased from 0.8%

in 1972 to 0.7% in 1976 and 0.4% in 1981; it remained
stable or increased to 0.5% in 1988.

The decrease was observed for all singleton deliver-
ies, but should be described separately for spontaneous
or indicated preterm births, as these two components
show a different evolution. A significant decrease in
spontaneous preterm deliveries was observed. On the
other hand, indicated preterm births (after induction
of labor or after scheduled cesarean section before
spontaneous onset of labor) did increase during these
years, as shown in Table 148.5, with a change in the
proportion of indicated preterm vs. spontaneous
preterm births.1

This decrease could not be explained by the tech-
nique to measure the duration of gestation, as ultra-
sound scans were used since 1972, and as the mean
birth weight of premature born babies decreased after
introduction of first-trimester ultrasound scans.1

While data exist to prove that preterm birth rates
have declined in France and data also exist to show
that policy goals were achieved – a high proportion
of women receive timely care and there is a clear
reduction in physical activity and workload during
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Table 148.4 Preterm births related to working conditions (after Saurel-Cubizolles et al.44) by working hours per
week, by group of countries with different policies of prenatal work leave. The predictive value of long working
hours per week is not more statistically significant in the group of countries with the practice of long prenatal work
leave in group A1, but remains predictive in countries of group A2 without the practice of long prenatal leaves,
and is predictive of preterm in countries with less developed perinatal care

Adjusted* odds-ratio  A1 (infant mortality A2 (infant mortality 
of preterm birth << 8/1000; frequent << 8/1000; infrequent 
related to long prenatal long prenatal B (infant mortality 
working conditions work leave) work leave) >> 10/1000)

Number of 1833 term births, 1600 term births, 616 term births, 
employed women 936 preterm births 853 preterm births 534 preterm births
after the third month
of pregnancy

Working hours per week

30–39 1 1 1

40–42 0.85 (0.4–1.1) 1.20 (0.9–1.5) 1.43 (1.0–2.1)

43 + 1.12 (0.8–1.5) 1.40 (1.0–1.9) 1.65 (1.0–2.7)

Standing position hours per day

Less than 2 1 1 1

2–6 0.98 (0.8–1.3) 1.09 (0.9–1.4) 1.15 (1.1–2.3)

More than 6 1.06 (0.8–1.3) 1.38 (1.1–1.7) 1.55 (1.1–2.3)

Preterm birth related to working conditions, more than 6 h/day, is not more predictive of the risk of preterm birth in the group of countries
with the practice of long prenatal leaves (A1), but remains strongly predictive of premature birth in the group of countries with no practice of
long prenatal leaves (A2), and in the countries with less developed perinatal care. A1: France, Germany, Italy, Slovenia, the Czech Republic;
A2: Finland, Greece, Ireland, Scotland, Spain, Sweden, The Netherlands; B: Hungary, Poland, Romania, Russia
*Adjusted for age, educational level, marital status, obstetrical history, and country. One model was calculated for each of the variables describing
working conditions
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pregnancy – it is much more difficult to show that
these links are causal.

Experimental evaluation of public health policies is
very difficult because for interventions proposed to all
women in the population, no possible controls exist, if
in reality all women were included. This is the case in
France, since this policy was directed at the entire pop-
ulation and not just a subgroup of women. This is why
we used historical trends, using the fact that for any
intervention, there is a gradient in the acceptance of the
new policy, and this gradient could be monitored and
used for evaluation, for instance, in the Perinatal Study
of Haguenau,45 or for the national data in France.1

But this trend for less premature births has changed
since 1988, with a progressive increase in the incidence
of preterm births (for all births) observed in national
figures for 1995 and 1998 (Table 148.6).3 There are
several causes for this increase: the first is the change
in medical attitude when a fetal growth restriction is
recognized by an ultrasound scan, the second is the
progressive rise in the number of multiple births and
the rise in preterm deliveries among multiples.

The proportion of medically decided preterm births
has increased in 1995 and even more in 1998 in French
national samples of all births (Table 148.5). The evo-
lution is in relation with the technical progress allow-
ing a better recognition of fetal growth restriction; this
was monitored on a population basis in the district
of Seine-Saint-Denis.46 This study has shown how
obstetrical practice did change,47 with more medical
decisions, before 37 weeks, to induce labor or to decide
a scheduled cesarean section before spontaneous onset
of labor.

On this total population basis was measured the
rate of preterm birth for singleton live births, for the
years 1998/1999, for women born in France or for new
immigrant women born in southern Europe, North
Africa, south and east Asia. The rates were low for
all these groups, in spite of recent immigration and
important differences in income and education among
groups. These groups do not show differences in the
rates of severe preterm births, and no difference in the
proportion of spontaneous and induced preterm births
(Table 148.7). Two groups of women were measured
with higher rates, women born in the French Caribbean
Islands or in the Island of Reunion in the Indian Ocean,
and women born in sub-Saharan Africa. These two
groups are different by education and income, which
are lower in the new immigrants from sub-Saharan
Africa, but they share the same African ethnic origin.
In these two groups, the rate of spontaneous preterm
is significantly higher, as is the rate of severe preterm
birth before 33 weeks; the rates are higher for sponta-
neous preterm births, and the relative risk is higher
for induced preterm births when compared to the
group of women born in France, southern Europe,
North Africa, or south and east Asia. This study also
showed that both groups of women with African roots
share higher rates of high blood pressure and pregnancy
complications related to this high blood pressure.

This prevention policy would not have been
successful had our program targeted only high-risk
women. Indeed, we have been unable to reduce
the risk of preterm delivery in women with a major
risk factor, such as previous preterm birth or bleed-
ing in the second or third trimester, or teenagers not
included in a shelter program, or women over 35 years
of age.22 Clearly, preventive effort is not effective if
applied to high-risk women. This is not surprising, as
primary prevention works only before the disease
occurs, and before the highly effective risk predictors
are present. This concept has been well established in
the management of other health problems, including
coronary heart disease. Confusion develops because
the same word ‘prevention’ is used to refer to sec-
ondary prevention, which is the reduction of disease
incidence in people with high-risk factors (obesity,
hypertension, high cholesterol), and primary preven-
tion, which is the reduction of disease incidence
in people without high-risk factors. Whereas sec-
ondary prevention is addressed to individuals, pri-
mary prevention must be addressed to all people in a
given population.

Our program for prevention of preterm birth did
exactly what it was supposed to do. It achieved a risk
reduction. Obvious risk factors were reduced in the
population, such as a history of a previous preterm
birth or the incidence of bleeding during the second or
the third trimester (Table 148.8), as demonstrated in the
perinatal study of Haguenau,22 resulting in fewer spon-
taneous preterm births. Several European countries
proposed the same policy for the prevention of preterm
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Table 148.5 Preterm births among all live births in
the national French representative randomized
samples, for singleton and multiple births (after Bréart
et al.1 for 1972, 1981, 1988 and Blondel et al.3 2001
for 1995 and 1998). The preterm birth rate did
decrease significantly from 1972 to 1988 (P < 0.001);
after this year, the rate of preterm birth increased

Year 1972 1981 1988 1995 1998

< 37 weeks (%) 6.89 5.39 3.80 5.43 6.27

Spontaneous 6.38 4.66 2.80 3.51 3.86

Induced 0.51 0.73 1.00 1.92 2.31

% Induced 7.3 13.5 26.5 35.4 36.0

The rate of spontaneous preterm births was reduced from 1972 to
1988 by 45%, but began to increase after that year, but remaining at
a rate under 4% of all births, much less than the rate at 6% before
the preventive intervention. The rate of induced preterm, either after
induction of labor or after scheduled section before spontaneous
labor, shows a progressive and significant increase, with a rising
proportion of induced vs. spontaneous preterm births, describing a
major change in obstetrical practice
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Table 148.6 Preterm births in the French randomized representative samples among all births in 1995 and 1998
(Blondel et al.3)

1995 1998

Preterm births No. of No. of No. of No. of 
<37 weeks births pretem births % births preterm births % P

All live births 13,105 710 5.4 13,358 837 6.2 0.008

All single live births 12,777 577 4.5 13,073 613 4.7 n.s.

All twin live births 316 124 39.2 453 212 46.8 0.04

The increase in the rate of preterm birth is mostly related to twin pregnancies, with an increase in their incidence (from 2.41% in 1995 to 3.35%
in 1998), and an increase in the proportion of preterm births among multiples. The rate of preterm births among singleton pregnancies did not
show a significant small increase from 1995 to 1998

Table 148.7 Preterm births by country of birth of the mother (percentage and odds-ratio compared to the results
for women born in continental France) for singleton pregnancies for all pregnant women delivered in the district
of Seine-Saint-Denis, northeast of Paris in the years 1998–1999, with rates of births before 33 weeks, from 33 to
36 weeks, for spontaneous and indicated preterm births, with rates and odds ratio for the comparison of the groups
to the results for women born in France, adjusted for age and parity (after Zeitlin et al.27)

Country of birth Timing of preterm birth

< 33 weeks GA (%) Adjusted OR* (CI) 33–36 weeks GA (%) Adjusted OR* (CI)

Continental France 0.9 1 3.7 1

French Caribbean/ 2.3 2.67 (1.91–3.78) 5.5 1.52 (1.22–1.88)
Indian Ocean

Southern Europe 1.0 1.15 (0.77–1.71) 4.0 1.07 (0.88–1.32)

Northern Africa 1.0 1.12 (0.86–1.46) 3.7 0.99 (0.87–1.14)

Sub-Saharan Africa 2.1 2.43 (1.93–3.05) 5.1 1.39 (1.21–1.59)

Southeast Asia 0.8 0.94 (0.61–1.44) 4.3 1.16 (0.95–1.41)

Test of equality between P �0.0003
coefficients

Onset of preterm birth

Spontaneous GA (%) Adjusted OR* (CI) Indicated GA% Adjusted OR* (CI)

Continental France 3.5 1 1.0 1

French Caribbean/ 4.6 1.34 (0.91–1.38) 2.9 2.91 (2.14–3.95)
Indian Ocean

Southern Europe 3.9 1.12 (0.91–1.38) 1.1 1.06 (0.73–1.56)

Northern Africa 3.3 0.96 (0.83–1.11) 1.2 1.15 (0.90–1.47)

Sub-Saharan Africa 4.7 1.38 (1.19–1.58) 2.3 2.26 (1.82–2.80)

Southeast Asia 3.8 1.09 (0.89–1.35) 1.1 0.99 (0.67–1.46)

Test of equality between P �0.0003
coefficients

CI, confidence interval; GA, gestational age; OR, odds ratio
The rates of preterm birth for immigrants from southern Europe, northern Africa, and Southeast Asia are not different from those observed for
women born in continental France, but rates for women born in the French Caribbean or Indian Ocean French possessions or those born in sub
Saharan Africa are significantly higher
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births, as was determined by the EUROPOP study, and
show similar results as those observed in France. In
countries without any policy for work leave during
pregnancy, such as the United States, the proportion
of births prior to 37 weeks has increased from 9.4% in
1981 to 12.1% in 2002.48

Prevention of preterm births
in multiple pregnancies
As shown in all population based registers, the rate of
preterm birth among twins has increased; the ques-
tion then is to ask if prevention of preterm birth is at
all possible, and if yes, to define the goals that could
be reached by a prevention policy of preterm birth
for twin pregnancies. The question of prevention of
preterm births is even more important in twin preg-
nancies than for single pregnancies, as the risk of
cerebral palsy is higher for twin-born infants than for
singletons, and even higher for triplets,49 with the rate
for infants with cerebral palsy being 2.3 per 1000 sur-
vivors in singletons, 12.6 per 1000 survivors in twins,
and 44.8 per 1000 survivors in triplets. Confirmation of
these facts was given by the meta-analysis of Stanley
et al.5 showing a higher risk of cerebral palsy with an
odds ratio of 5.5 (95% CI: 4.34–12.06); this difference
is even higher for triplets with an odds ratio of 18.21
(95% CI: 8.74–31.15); the major risk factor is to be
born too early or to be born too small.

No program was able to show a reduction in the
rate of preterm births in twins and triplets. This chap-
ter will show that many programs were able to reduce
the rate of very early preterm births in twins, with a
subsequent reduction in neonatal deaths. A program
for prevention of preterm births in twin pregnancies
should focus on the extreme preterm births.50

By comparison with the problem of prevention of
preterm delivery in single pregnancies, the problem to
address in twin or triplet preterm birth prevention is
very different as the risk for preterm birth in twin

pregnancies is 50% and for triplet pregnancies, 90%.
This means that the risk of severe preterm birth before
32 weeks of gestation is eight times higher for twins
than for singletons in the United States, according to
the CDC/NHCHS data collection,51 and the risk of
birth before 32 weeks for triplets is 26 times higher
than for singletons in the same study.

Prevention should be an important point of discus-
sion as the rate of twin pregnancies continues to rise
in the USA52 and Europe,53 and the rate of preterm
births among twins also continues to rise. Prevention
should be an important focus of prenatal care as the
consequences of preterm births from multiple preg-
nancies are better measured on familial impact.54

The rate of preterm birth in twins has increased
since 20 years, due to more medical interventions
aiming at preventing fetal death or fetal disease
related to fetal growth retardation.

The rate of preterm births among twins in the United
States55 increased from 40.9% in 1981 to 55.0% in 1997.
Twin births account for an ever-increasing percentage of
all preterm births from 8.3% in 1981 to 13.0% in 1997.
The spontaneous preterm birth rate among twins did
not change for US twin births from 1989 to 1997; the
proportion of twin births after induction of preterm
delivery showed a small change, but an increase has
been measured for preterm twin births after scheduled
cesarean section for 1995/1997 by comparison with the
figures for 1989/1991 and those for 1992/1994.

During these years, the increase of preterm deliveries
in twins was contemporary to a remarkable improve-
ment in infant mortality rates55 for all twin births, for all
durations of gestation. Newborn twins have benefited
from the transformation of neonatal intensive care, and
also from the improvement of obstetrical practice.

The same observation was made in other devel-
oped countries;53 the French national figures show an
increase in preterm births among twins,53 and at the
same time an increase of twin births.

In France, this evolution of medical practice
toward more medically decided preterm births in
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Table 148.8 Evolution of the frequency of risk factors after the acceptance of the prevention policy in the Perinatal
Study of Haguenau, during three observation periods, for the risk factors of previous preterm birth among parous
women, bleeding during the second trimester, and bleeding during the third trimester (after Bouyer et al.22)

Study period 1971–1974 1975–1978 1979–1982 P

Births/period 5622 4824 5852

Previous preterm parous week 428/3418 (12.5%) 259/2604 (10.0%) 280/3357 (8.3%) < 0.001

Bleeding in the second trimester 151/2134 (7.1%) 99/2961 (3.3%) 187/5948 (2.8%) < 0.001 

Bleeding in the third trimester 143/3630 (3.9%) 71/4122 (1.7%) 88/5572 (1.6%) < 0.001

A prevention policy achieved what was expected, a reduction in the proportion of pregnant women with a major risk factor, either from their pre-
vious pregnancy (fewer parous women with a previous preterm birth) or during that index pregnancy (fewer women with an episode of bleeding,
during either the second or the third trimester)
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twin and triplet pregnancies can be measured on the
register (FIVNAT) of all pregnancies following in vitro
fertilization (IVF) and related assisted reproduction
techniques (ART).56 In this register, we studied the
reasons for preterm deliveries and the relationship
with fetal growth retardation.

The FIVNAT register shows the differences in the
rates of preterm births, comparing single to twin and
triple pregnancies. The major difference is in the rate
of early preterm births, here defined as births at less
than 33 weeks, with 2.3% in singletons, 8.4% in
twins, and 30.4% in triplets.

This register collected information about the spon-
taneous beginning of preterm birth, or after induction
of labor or scheduled cesarean section before onset of
labor. In single, twin, or triplet pregnancies, there is a
clear relationship between fetal growth restriction
and medically decided preterm birth.

The proportion of scheduled cesarean sections is not
different for single, twin, and triplet pregnancies in the
22–27-week period; between single, twin, and triplet
pregnancies at weeks 28–32; and for twin and singleton
pregnancies at weeks 32–35. But it is higher for
triplet pregnancies, P < 0.0001, at weeks 32–35, much
higher for twins compared to singletons at week 36,
and weeks 37 and above, and even higher in triplets.

This description of the progressive rise of twin
births and of prematurity among twins does not mean
that nothing can be done; the possible action varies
with gestation duration.

It is useful to distinguish three periods within the
large proportion of preterm births among twins, with
different risk status for the infants born from twin
pregnancies, with the inclusion of new knowledge
about the risk of cerebral palsy among twin infants.

The risk of cerebral palsy is not the same for differ-
ent periods of gestation among preterm twins; this
gives a strong argument for distinguishing three dif-
ferent periods in the description of preterm births in
twin pregnancies, in relation to differences in the risk
of cerebral palsy risk among twin infants.

For twins as well as singletons, the risk of neonatal
death, severe neonatal disease, long-term develop-
mental handicap, and, specifically, cerebral palsy
depends first on the severity of prematurity, measured
by the shortness of gestation duration, but the risk
might be higher for twin-born infants compared to
singletons of the same gestational age,57,5 with three
periods with varying relative risk.

In the period from 22 to 27 weeks, the risk of
cerebral palsy is higher for twin infants compared to
singletons of the same gestational age, with an odds
ratio of 1.94 (95% CI: 1.16–3.24).5 My proposed inter-
pretation of this higher rate in twins compared to
singletons is the specific contribution of monochorial
twin pregnancies with the adverse effect of twin–twin
transfusion syndrome. The aim of prevention would
be to reduce the occurrence of extreme preterm births
for cases not related to a twin–twin transfusion

syndrome. Strong arguments are in favor of effective
prevention of these very early births in twins.

In the period from 28 to 32 weeks, the risk of cerebral
palsy is the same for twin and singletons infants, with
an odds ratio in the meta-analysis of 1.03 (95% CI:
0.65–1.62). This period is the most important for the
prevention program, as it is not in competition with
the need to consider fetal growth retardation, as in the
next period.

In the period of late preterm births, from 33 to
36 weeks, the risk of cerebral palsy is higher in twins
than in singleton infants, with an odds-ratio of 2.25
(95% CI: 1.35–3.74). My interpretation of this fact is
based on the different proportion of fetal growth
restriction, much higher in twins than in singletons.5,57

During this period from 32 to 36 weeks, the aim of
prevention of preterm births is in opposition to the
action adopted in relation to possible fetal growth
restriction and the aim to reduce the potential danger
to the fetus as a consequence of fetal growth restric-
tion. This risk could be a good reason for termination
of pregnancy by induction of labor or by scheduled
cesarean section before the spontaneous onset of
labor. The prevention policy is only aimed at twin
pregnancies without fetal growth restriction of one or
both fetuses.

The risk of preterm birth is high for twin pregnan-
cies and is acknowledged as soon as the diagnosis of
twinning is made; prevention can be proposed as soon
as the first ultrasound scan is performed, and as the
mean gestation duration for twin births is 36 weeks, it
means that about 50% of all twin pregnancies will
end before 37 weeks. But the real problem is to be able
to recognize those women at risk of extreme preterm
(22–27 weeks) births and early (28–32) preterm births.

The late recognition of twin or multiple gestation is
an important risk factor for preterm delivery and peri-
natal deaths, as shown by the results of a controlled
trial with or without a systematic ultrasound scan in
the first trimester;58 the rate of preterm birth is higher
in the absence of early diagnosis. The observed differ-
ence was for extreme preterm births, with a higher
rate for the control group without scan. This differ-
ence had an impact on the final result, with neonatal
deaths at 27.8 per 1000 births for twin babies born
to women with the systematic scan, compared to a
neonatal mortality rate of 105.8 per 1000 twin births
for the group of women without the systematic scan.

It is also of importance to recognize chorionicity, as
monochorionic twin pregnancies show specific com-
plications and a higher rate of extreme preterm births
before 28 weeks, in relation to twin–twin transfusion
syndrome.59 This was measured in a population-based
study including all twins delivered in a study of peri-
natal deaths among 67,819 births in the district of
Seine-Saint-Denis,60 where 551 twin deliveries were
included beginning at 22 weeks up to the first month
of live birth (28 days). Monochorionic twin pregnancy
complications explained 50% of all fetal and neonatal
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deaths, when the proportion of monochorionic
pregnancies was not different from the rate of 30%
commonly recorded. Complications of extreme preterm
births before 28 weeks occur more frequently in
monochorionic pregnancies, mostly with the loss of
both twins, often with a direct relationship to a twin–
twin transfusion syndrome.

Nuchal translucency thickness at 10–14 weeks of
gestation is a predictor of severe twin–twin transfusion
syndrome.61 Twin–twin transfusion syndrome can be a
specific cause of neurological damage of the fetus and
the developing child.62 In twins resulting from ART,
these complications are not observed, as most of the
twin pregnancies from ART are dichorionic.

Lack of prenatal care always was and still remains
a major risk factor, measured in all twin births in the
United States for the years 1998–2000, with a signifi-
cant difference in the rate of preterm births, before
37 weeks, for twin pregnant women: 57.2% without
and 51.2% with prenatal care for Caucasian women,
70.3% vs. 61.6% for African-american women.63

Women with intensive use of prenatal care for twin
pregnancies show the lowest infant mortality rates,
compared to those with inadequate prenatal care.55

To belong to a high-level social group with good
access to information and the capacity to choose the
obstetrical team best qualified to follow a twin preg-
nancy has been shown as a predictor for a better out-
come as measured by the study of perinatal deaths for
all twin infants born from 1989 to 1991 in the district
of Hauts de Seine southwest of Paris, France.64

The social status of the mother measured in years
of education and level of income is related to impor-
tant differences in the perception of risk related to a
twin pregnancy, and to the choice by the mother of
the prenatal outpatient clinic and the maternity.65

This study was population based and included all
twin deliveries in this district of 2,000,000 inhabi-
tants, and between 250 and 300 twin pregnancies per
year, in 541 mothers delivered from October 1, 1989,
to September 30, 1991, with a direct questionnaire the
day of delivery or during the next 2 days, in the 22
maternities of this district where the delivery took
place. There were questions on the level of education
measured by years of school attendance, income from
herself and her husband or companion, the percep-
tion of specific risks for the children related to the
twin pregnancy, or for the mother herself, the reason
for the choice of the maternity. Data were collected on
gestation duration, beginning at 26 weeks (and 500 g
or more of birth weight), including fetal deaths, and
neonatal outcome up to 28 days for all infants, back at
home or admitted in a pediatric department. The per-
ception of specific risk for the children or the mother
in relation to the twin pregnancy is described in dif-
ferent terms and is less for women of low socioeco-
nomic level; the more educated women have a higher
degree of concern (P < 0.01). The difference of atti-
tude is also measured by the choice of the maternity

in which they decide to be followed; women belong-
ing to the higher socioeconomic level show a more
frequent choice of a level 3 maternity, in a perinatal
center with on-site availability of neonatal intensive
care.

An important progress in the risk assessment has
been made by the measure of cervix length by trans-
vaginal scans. A prospective study showed that
twin mothers whose cervical length at 24 weeks was
35 mm or more were at low risk of spontaneous deliv-
ery before 34 weeks.66 A meta-analysis of 46 studies
including 31,577 women confirms the importance of
this technique; cervical length shortening and cervi-
cal funneling, alone or in combination, appear to be
useful in predicting spontaneous preterm birth in
asymptomatic women.67 The change of cervical length
in repeated systematic transvaginal ultrasound scans
shows that shortening of the cervix and change of the
shape of the inner os, opening with tunneling, can be
recognized early in those women who deliver early,
before 34 weeks. The median shortening rate was
2.9 mm (0.8–5.2) per week in women who gave birth
preterm and 1.2 mm (0.8–2.4) per week in those who
gave birth at term.68

While the predictive value of cervical length mea-
surement is well established, there are no interven-
tion studies that have evaluated the importance of this
measurement in the prevention of preterm birth.

Among the clinical signs collected at the prenatal
clinic, the length and orientation of the cervix, the
height of the presenting part remain good predictors
for the risk of early preterm birth in twins. In spite of
the lack of precision, clinical cervical assessment
appears to be safe and may be effective in monitoring
twin gestation, if transvaginal ultrasound is not avail-
able or is too expensive; clinical examination is more
subjective and less reproductible.69–71

Home uterine activity monitoring can be helpful in
identifying women at increased risk of preterm labor
before cervical dilation occurs; this information has
not resulted in a reduction in the incidence of preterm
labor, of advanced cervical dilatation at presentation
or preterm birth in controlled trials.72–75

The classical risk factors are of interest, such as
height and prepregnancy short stature of the mother,
limited weight gain76,77 with a protective value of
higher body mass index and of significant weight
gain.78

Most of the techniques used for the reduction of
prematurity in twin or triplet pregnancies have not
proven their effectiveness in controlled trials.

Bed rest is the oldest proposed method for the pre-
vention of preterm deliveries in multiple pregnancies.
A meta-analysis of six controlled trials79 involved 600
women and 1400 babies. Systematic bed rest in
hospital did not reduce the risk of preterm birth or
perinatal mortality. There is a trend to decrease the
number of low birth weight babies, with an odds ratio
of 0.79 (95% CI: 0.63–0.99), but there is no difference
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in the number of very low birth weight infants or in
neonatal outcome. On the other hand, bed rest in hos-
pital for women with an uncomplicated pregnancy
did increase the rate of very preterm births, below 34
weeks, with an odds ratio of 1.84 (95% CI: 1.01–3.34).
The only positive outcome related to bed rest is the
reduced risk of pregnancy hypertension, with an odds
ratio of 0.55 (95% CI: 0.32–0.97).

Prophylactic cerclage has not been shown to be
effective in twins,80 through a meta-analysis of six ran-
domized controlled trials comparing cervical cerclage
in low- and moderate-risk women for second-trimester
pregnancy loss with expectant management during
pregnancy, describing a total of 2175 women. Four tri-
als compared prophylactic cerclage with no cerclage
and two examined the therapeutic role of cerclage
when ultrasound examination revealed a short cervix.
Pooled results failed to show a significant reduction in
pregnancy loss and preterm delivery, although a small
reduction of births at less than 33 weeks was seen in
the largest trial. Cerclage was associated with mild
pyrexia, increased use of tocolytic therapy, and more
hospital admissions, but no serious morbidity. The
conclusion of this meta-analysis was to propose that
the effectiveness of prophylactic cerclage in preventing
preterm deliveries in mothers with a low or medium
risk of second-trimester pregnancy loss was not proven.

Prophylactic betamimetics have not been shown to
be effective in twin pregnancies,81–85 but progestins
have been proven as of interest for high-risk single or
twin pregnancies, as shown by a meta-analysis by
Keirse86 with the use of 17 alpha hydroxyprogesterone
caproate, with an odds ratio of 0.50 (95% CI:
0.30–0.85), with a major confirmation for women with
a single pregnancy but at very high risk of recurrent
preterm births.87 But the only specific controlled trial
on twin pregnancies has shown a negative result.88

Treatment of the mother with systematically pre-
scribed antenatal corticosteroids was not effective for
improvement of neonatal outcome for twin neonates,89

with no reduction of respiratory distress syndrome,
with an odds ratio of 0.7 (95% CI: 0.2–2.0), but with
a reduction in mean birth weight in term babies of
129 g (95% CI: –218 to 33).

Weight gain during pregnancy might be a protec-
tive factor against preterm birth in twin pregnancies.
No controlled trial is available to measure the possi-
ble effectiveness of recommending high weight gain
for mothers of twins, but this question is of interest as
mothers with a significant weight gain early in preg-
nancy, before 24 weeks, are less at risk of preterm
births and low birth weight babies.90,91 The Higgins
Nutritional Program in Canada92 recommended a
1000-cal regimen over recommendations for singleton
pregnancies, which resulted in an 80-g increase in
twin birth weight and a 15% reduction in preterm
birth below 37 weeks. The specialized care described
by Luke et al.93 includes a nutritional intervention on
the amount of calories and vitamins as well as calcium,

magnesium, and zinc, and claims for this non-random
study a significant benefit in reduction of early preterm
deliveries, a significant difference in birth weight of
twin babies, a significant difference in neonatal hos-
pitalization days, and better results at 3 years of age.
But it is difficult in this multiproposal intervention to
decide whether this was the effect of nutritional
intervention or the effect of other proposals for better
prenatal care, or the effect of the personal choice of the
women in the program compared to those not included
in the program.

Work leave prescription on medical advice and life
style modifications by information given to the
mother are the basic techniques of a policy for pre-
vention of preterm deliveries addressed to all French
women,94 and have been effective for the reduction of
spontaneous preterm births in singleton pregnancies.
For twin pregnancies the same program has been pro-
posed, but has to be set in action early in pregnancy,
as the major goal is the prevention of extreme preterm
births. The proposal is a prescription of work leave
for employed twin pregnant women between 22 and
24 weeks. No controlled trial is available to test the
potential effectiveness of this policy.

The evaluation of this policy was to measure if its
application for all twin pregnant women of a given
population would reduce the commonly observed
social differences in preterm deliveries and in perina-
tal mortality figures. 

A specific study has measured the results of such a
policy proposed for all pregnant women with twins in
the population of a French district (Hauts de Seine) in
the years 1989–1991, 546 women for whom the mean
gestation duration at prescription of work leave was
22.6 weeks.64 The goal of the prevention policy was
that this proposal should be available for every preg-
nant woman, regardless of her social level. The effec-
tive action was measured by the mean gestation
duration at the first prenatal visit, the mean gestation
duration at the first ultrasound scan, the number of
prenatal visits, the number of ultrasound scans, the
gestation duration at prescription of work leave. It
was not the aim to measure the effect of work leave
itself, as this specific proposal was included in a
much larger prevention policy.

The reality of equal access for all women, regard-
less of their social level, to the prenatal care proposal
was measured by the fact that no difference was
observed for time at the first prenatal visit, time at
first ultrasound, time for prescription of work leave by
socioeconomic level. The observation of results by
socioeconomic level showed no difference in the
distribution of gestation duration, but there was a
higher but not significant difference in births before
28 weeks for the lowest socio-economic group. The
only difference between socioeconomic groups of
women was in the choice of the maternity,65 the the
best-informed chose more often a level 3 maternity
unit, with intensive neonatal care available on site.
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The major outcome measure was the rate of preterm
births from 26 to 32 weeks, which was 6%, when avail-
able comparisons on populations show higher figures,
such as 11% before 32 weeks for all US twin births.95

This low rate of early and extreme preterm birth
seems to explain the low rate of perinatal deaths at
22 per 1000, with a fetal death rate at 8 per 1000
(8/1082) and a low neonatal mortality rate at 15 per
1000 (16/1074) live births, with no significant differ-
ence by socioeconomic group. These figures are lower
than the perinatal mortality rates for all twin births in
United States in 1989/1991 of 28.7 per 1000.51

The twin clinic
Several programs have described special sessions
in the outpatient department devoted to mothers
with multiple pregnancies, conducted by a trained
team of doctors and midwifes or nurses offering
specific attention to these mothers, specific educa-
tion on the risk factors, on the importance of limita-
tion of physical activity and avoidance of heavy
work, nutritional advice, and specific educative ses-
sions. Such a specialized outpatient twin clinic also
gives an opportunity for twin mothers and fathers to
meet and provide mutual support. The first descrip-
tion of such a proposal and of effective results was
given in Germany.96

The first historical comparison with a demonstra-
tion of the positive effect of a twin clinic for all twin
pregnant women of a region was given in Scotland.97

In this setting, there was a reduction of extreme
preterm births below 28 weeks, and of babies of less
than 1500-g weight, in the two last historical periods,
1976/1980 and 1981/1983, compared to the four
previous historical periods from 1956 to 1975. The
improvement is in the number of neonatal deaths,
from a mean level of 60 neonatal deaths per 1000 twin
live births to figures of 18.4 per 1000 and 16.2 per
1000, since the twin clinic was made available for all
twin pregnant women in Dundee, Scotland.

This type of care has been proposed in many other
settings.98 The specialized prenatal care proposed by
Luke et al.93 is another example of a twin clinic with
several proposals, including early work leave, infor-
mation about reduction in physical effort, more visits
with a well-informed member of the team, and spe-
cific nutritional advice; this intervention claims a sig-
nificant reduction in the rate of preterm births and a
better outcome for twin newborns and twin infants
followed at 3 years of age.

A preventive proposal should be proposed not only
at the outpatient clinic of the department, but also to
all women in the population with a twin pregnancy.

The difficult task of preventing preterm birth in twin
pregnancies and the impossibility of prevention of
preterm births in triple pregnancies is a strong argu-
ment for the prevention of multiple pregnancies in

IVF and related techniques, up to the point of preventing
twins, by the transfer of a single embryo.99–102

In triplet pregnancies, no improvement of gestation
duration can be seen comparing earlier and present
publications. The mean gestation duration remains
in all publications at about 33 weeks, even if there
has been a remarkable improvement in the rates of
perinatal deaths (PND) from the earlier series to recent
ones, from Itzkovic103 on 59 mothers in 1946/1976
with 132 PND/1000 and Holcberg et al.104 on 78 mothers
in 1975/1988 with 312 PND/1000, to better results
reported by Lipitz et al.105 on 78 mothers in 1975/1988
with 93 PND/1000, Newman et al.106 on 198 mothers
in 1985/1988 with 66 PND/1000, Pons et al.107 on
91 mothers in 1975/1993 with 80 PND/1000, to the
more recent period with Ballabh et al.108 in 1993/2000
on 116 mothers with 47 PND/1000 and Barr et al.109 on
51 mothers in 1993/2002 with 40 PND/1000.

The rate of preterm birth in triplets is very different
from the rate in twins or singletons, as given, for
example, in the French register of all births following
IVF or related techniques,56 in the FIVNAT register for
the years 1986/1999. The rate of extreme preterm
births below 28 weeks is 3.3%, 1.9 times more than
for twins and 5.5 times more than for singletons. The
rate of severe preterm births at 28–32 weeks is 27.1%
of all triplet births, 3.9 times more than for a twin
pregnancy and 15.9 times more than for a singleton
pregnancy in the same register. But an improvement
in gestation distribution would have been difficult to
measure because for triplets, as for twins, a significant
proportion of preterm deliveries result from a medical
decision, after a better recognition of growth retarda-
tion of one, two, or three fetuses with the decision to
induce labor or to go in for a scheduled cesarean
section. The register FIVNAT gives a comparative
description of the decision of elective cesarean sec-
tion for triplet pregnancies, by duration of pregnancy
in six gestation periods. At 28–32 weeks, the propor-
tion of births following elective caesarean section is
57% in singletons, 49% in twins, and 58% in triplet
pregnancies, with no significant difference between
single, twin, or triplet pregnancies. A difference was
measured for the next period, 33–35 weeks, with 48%
in single or twin pregnancies and 82% in triplet preg-
nancies (P < 0.001).

Few techniques used for prevention of spontaneous
preterm births were tested by controlled trials, none of
them with proven efficacy in triplet pregnancies.

Bed rest was tested by a controlled trial,110 compar-
ing bed rest beginning at 28 weeks with conventional
care and normal physical activity at home, with a not
significant longer gestation duration for the group at
bed rest, a higher birth weight of the newborn babies,
and a shorter stay in the neonatal unit, but the meta-
analysis did not confirm this difference.111 The study
of Skrablin et al.112 comparing hospital bed rest since
the beginning of the second trimester with hospital
bed rest at 28 weeks, by choice of the mother herself,
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shows a benefit for the group of women accepting early
bed rest, for gestation duration at delivery, mean birth
weight, and perinatal mortality rates. But this is not a
controlled study, and the results of the ‘normal care’
group were very bad, with a mean gestation duration at
30.0 weeks, a mean birth weight at 1228 g, and a peri-
natal mortality rate of 430 per 1000 births, opening a
real question on the negative consequences of the per-
sonal choice of the mothers who did not accept the hos-
pital bed rest proposal in this non-randomized study.
Adams et al.113 claims a better birth weight of the new-
born in a historical comparison of women with or with-
out hospital bed rest; for women offered bed rest at
hospital, less intraventricular bleeding was observed in
the newborn babies, but no difference in gestation
duration and no difference in perinatal mortality rates.

Cerclage with a stitch on the uterine cervix, proposed
systematically and not for specific indications for a
previous second-trimester pregnancy loss, has not
proven its efficacy for triplets,105,114,115 with an improve-
ment in gestation duration but no difference in neo-
natal mortality rates.116

Systematic prescription of betamimetics has not
been proven to improve the results for triplet preg-
nancies, but has proven that accidents related to uti-
lization of betamimetics perfusion were possible,
even early in gestation.117

The only proven technique to reduce preterm
births related to triplet pregnancies or twin pregnan-
cies is to avoid multiple gestations by a better use of
ART and the transfer of only two embryos at rou-
tine99,102 and even only one embryo at a time.100,101
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Introduction
The ‘vanishing twin’ phenomenon has been well
described over the past two decades. Ultrasound
scans performed during early pregnancy have demon-
strated that the number of conceived multiple preg-
nancies exceeds the multiple birth rate. Spontaneous
first-trimester fetal loss of multifetal gestations occurs
relatively frequently.1,2 Over the years, spontaneous
pregnancy loss in multiple gestations has been con-
firmed in both animals and humans, especially after
technological advancement in sonographic tech-
niques and the introduction of assisted reproductive
technologies (ARTs).1

Diagnosis and frequency
Early pregnancy fetal disappearance likely involves
resorption and/or formation of blighted ova, though
the precise mechanisms of this phenomenon have
yet to be elucidated. Reports of the vanishing twin
from the 1970s and 1980s inaccurately suggested a
wide range of occurrence; however, technological
progress has helped to refine these numbers.1,2 In the
past, reports of high rates of multiple gestation likely
resulted from sonographic error in the misinter-
pretation of normal early embryonic structures or of
other conditions (e.g. subchorionic hematomas or
collections of subchorionic fluid).1–3 Sonographically
defined characteristics were first proposed by
Blumenfeld et al. in 1992 in order to better recognize
a true intrauterine gestational sac and minimize inter-
pretive error.4 These characteristics include: (1) a dou-
ble contour; (2) identification of a yolk sac within the
gestational sac; and (3) recognition of an embryonic
heart beat after 6 weeks of gestation.4

Transvaginal sonography, available since the late
1980s, provides detailed visual information regarding
early pregnancy. Early resorption in multiple gestations
has been well described over the last 20 years. The
figures included demonstrate the sonographic images
of pregnancies in which the vanishing twin phenome-
non has been documented (Figures 149.1–149.3).

Figure 149.1 Sonogram demonstrating one viable twin in the
right sac and a non-viable twin in the left sac. One week earlier,
two viable twins were seen.

Figure 149.2 Sonogram of the same patient as in Figure 149.1
4 weeks later demonstrating one viable twin in the left sac and
the resorbing, vanishing twin in the right sac.
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Until recently, most published data described
pregnancies with two or three gestational sacs or
embryos.4–14 One of our earlier papers cited informa-
tion based on the few quadruplet pregnancies reported
by the 1998 publication date.1 In 2003 and 2004, how-
ever, several papers included sizable numbers for preg-
nancies with four sacs and/or embryos.15–17 Despite
this, there is little information available for pregnan-
cies of higher order. Combining current data suggest
that approximately 70% of pregnancies with multiple
sacs or embryos continue with the same number
of fetuses as expected (Figure 149.4). This 70% main-
tenance rate appears to be constant for pregnancies
that began with two, three, or four sacs or embryos.
Spontaneous resorption occurred in 18.7% of twins,
25.4% of triplets, and 21.2% of quadruplet gestations
(Figure 149.4).4–15 Further stratification of these data is
seen in Figure 149.5. The growing body of literature
confirms that the prevalence of fetal disappearance in
multiple gestations is fairly constant.

Are there differences in the vanishing twin rate
in different populations? One questions the impact
of ART on this area. Answering this question is
confounded by the fact that most published data on
early pregnancy loss in multiple gestations describe
ART pregnancies rather than spontaneous concep-
tions. Figures 149.6 and 149.7 demonstrate available
data comparing spontaneous pregnancies and those
conceived using ART (in vitro fertilization, IVF; intra-
cytoplasmic sperm injection, ICSI; and ovulation
induction), evaluating loss rates after the sonographic
diagnosis of two sacs (Figure 149.6) and two embryos
(Figure 149.7). Higher loss rates are seen when only
gestational sacs are demonstrated sonographically
rather than when embryos are visualized. Data
obtained for Figures 149.6 and 149.7 have been com-
piled from different studies where very few patients
with spontaneous conceptions are reported compared

to those conceived with ART.4,5,8–13,15–18 Moreover,
many patients with spontaneous conceptions under-
went ultrasonography because of pregnancy complica-
tions such as vaginal bleeding. These data, especially
for those spontaneously conceived, therefore, should
not be extrapolated to the general population. With the
ultrasound identification of viable twins, loss of one
twin occurs in 29.7% of IVF/ICSI conceptions, 32.5%
of pregnancies conceived with ovulation induction,
and 10.2% of spontaneous conceptions (Figure 149.7).

Disappearance of gestational sacs or embryos has
been described throughout the first trimester, although
unconfirmed beyond 13 weeks.4,5 Spontaneous reduc-
tion rates are higher earlier in gestation, though pre-
cise frequencies per given gestational week cannot be
extrapolated.4–6,18

Figure 149.3 Sonogram demonstrating a third empty sac
(measuring 32.2 ×16.0 ×34.4 mm) in a previously viable triplet
gestation.

Figure 149.4 Outcome beyond the first trimester after the
sonographic diagnosis of 2–4 gestational sacs and/or embryos:
Number of fetuses after the sonographic diagnosis of 2 sacs or
embryos, 3 sacs or embryos, and 4 sacs or embryos.4–15

Figure 149.5 Outcome beyond the first trimester after the
early sonographic diagnosis of multiple sacs or embryos:
Pregnancy outcome after the sonographic diagnosis of twins
(N =2978), triplets (N =851), or quadruplets (N =226).4–15
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Complications and prognosis
Vaginal bleeding
Vaginal bleeding or spotting, commonly reported in
the first trimester by all pregnant women, appears to
be the only apparent complication associated with
disappearance of an embryo or a gestational sac. Rates
as high as 76.5% have been reported, varying with
study and patient populations.1 The finding of clini-
cal bleeding seems to coincide with the vanishing
process. Regardless of chorionicity, the prognosis for
continuing a pregnancy associated with spontaneous
resorption is good.1,18

Continued viability
Predicting continued fetal viability among sonograph-
ically identified twin gestations early in pregnancy
may be challenging. More reliable prognoses can be
made at later gestational ages and in the absence of

abnormal sonographic findings (e.g. subchorionic
hemorrhage). Disappearance rates occur more than
twice as often in monochorionic compared to dichori-
onic twin gestations (50% compared to 21%).18

Increasing maternal age is associated with higher
spontaneous resorption rates in some studies,8,17

though results are conflicting.7,15 In one study, no
association was seen between twin resorption and
maternal age, spontaneous vs. induced conception, or
indication for sonography.7 Further, La Sala et al. did
not discern a correlation between early spontaneous
loss of multiple gestations and the starting number of
embryos transferred in IVF patients.15

Though identification of an embryonic heartbeat
confirms a viable pregnancy, its initial presence can-
not guarantee continued fetal viability in multiple
gestations. Kelly et al. found a more reliable predictor
of ongoing viability to be the rate of increase of serum
human chorionic gonadotropin levels rather than
the presence of embryonic cardiac activity.10 Differ-
ences in crown–rump length measurements between
embryos may be associated with fetal aneuploidy or
congenital anomalies19 as well as a vanishing twin.13

Cerebral palsy
Worldwide data demonstrate that the prevalence of
cerebral palsy increases with plurality, being more
common with a higher number of fetuses.20 Higher
cerebral palsy rates are seen with preterm and low birth
weight infants.20 Though studies describe higher risks
of cerebral palsy in children resulting from ART,21,22

confounding issues include high frequency of multiple
gestations, low birth weight and premature deliveries.20

Higher rates of cerebral palsy are described in mono-
chorionic twin survivors after demise of a co-twin and
in cases of the twin transfusion syndrome.23,24

In 1997, Pharoah and Cooke hypothesized that
cerebral palsy of unknown etiology in singletons
could be attributable to the early loss of a previously
unrecognized monochorionic twin.25 They theorized
that the survivor’s antenatal neurological develop-
ment would be impaired, resulting in the clinical
manifestation of spastic cerebral palsy.25 A similar
line of thought was proposed in a Norwegian study
in 2000.26 Though intriguing, a follow-up report from
this same group of authors was not supportive of their
original hypothesis.27 Further, this concept is not
supported by tangential evidence, given the lack of
reported cases of cerebral palsy following multifetal
pregnancy reduction, a procedure that is not unlike
the vanishing twin phenomenon.20

Miscellaneous
Though surviving co-twins in multiple gestations
associated with a vanished twin have not been found
to have an increase in congenital anomalies, the case
series by Casale et al. proposes that blighted con-
joined twinning may result in cloacal exstrophy vari-
ants.28 The vanishing twin phenomenon perhaps may
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Figure 149.6 Outcome beyond the first trimester in assisted
vs. spontaneous conceptions after the early sonographic
diagnosis of two sacs (N =2135): Comparison of IVF/ICSI,
ovulation induction, and spontaneous conceptions.8,9,11,12,16,17

Figure 149.7 Outcome beyond the first trimester in assisted
vs. spontaneous conception after sonographic diagnosis of 2
embryos (N=595): Comparison of IVF/ICSI, ovulation induction,
and spontaneous conceptions.4,5,10,13,15,18
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explain some isoimmunization cases that develop
during gestation in which a Rh-positive twin disap-
pears in a previously unsensitized Rh-negative
mother.1,2 The emotional needs of the mother who has
experienced a vanished twin requires sensitivity and
humanistic communication.29

Pathological considerations
Pathological documentation of the resorption process
can be confirmed by histological findings from the
fetal surface of the placenta. Such findings include
sacs or cysts; placental nodules or plaques; areas of
degenerated chorionic villi; fibrin deposition or fibri-
noid degeneration; embryonic remnants; and macer-
ated embryos.1,2,30,31 The vanishing twin phenomenon
has been used to explain discordant chromosome
results, including various trisomies, triploidy,
tetraploidy, and sex chromosome discrepancies.1,2,31–33

Conclusions
In summary, the ‘vanishing twin’ phenomenon is
a common sonographic finding among multiple

pregnancies. The risk of resorption appears to be
relatively constant at approximately 20% of concep-
tions, whether the pregnancy begins with two, three,
or four sacs or embryos. Disappearance is more fre-
quently described earlier in the first trimester. Higher
resorption rates are reported in pregnancies con-
ceived using ART though the numbers of sponta-
neously conceived multiple gestation are lacking.
Better outcomes are seen with dichorionic rather
than monochorionic twin gestations. The main com-
plication associated with embryonic or fetal resorp-
tion is vaginal bleeding. Detailed sonographic
evaluation is recommended to follow the progression
of the resorption process as well as to assess viability
and evaluate growth in the remaining fetus(es).
Though conflicting data exist regarding risks of cere-
bral palsy to the surviving infants, the association
does not seem likely. Close inspection of the placenta
and membranes after delivery may confirm earlier
sonographic findings.

With continued technological advances, sonogra-
phy of early pregnancy will continue to provide a
thorough understanding of embryonic development
and the relationship of early pregnancy loss in multi-
ple gestations.
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150 Sonographic evaluation of
multiple pregnancies
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… The day will come soon
when a routine ultrasound examination
will be offered to every pregnant women …

Ian Donald, 1974

Over the last decade, perinatal mortality and morbidity
in multiple pregnancies have fallen due to advances in
fetal medicine and improvement in perinatal care.
One of the most decisive contributing factors was the
widespread use of ultrasound evaluation in early
pregnancy, defining the number of fetuses, assigning
chorionicity and screening for major aneuploidies
and malformations.

Diagnosis of chorionicity
and amnionicity
Clearly, it is chorionicity rather than zygosity that
determines several aspects of antenatal management
and perinatal outcome. Thus, the routine assignment
of chorionicity and the earliest possible diagnosis of
monochorionic twinning are highly desirable, though
seldom achieved in practice.

Zygosity refers to the type of conception whereas
chorionicity denotes the type of placentation. The
type of placentation depends on the time of splitting
of the fertilized ova: if it occurs too early, two placen-
tas will be found and a dichorionic diamniotic twin
pregnancy will be identified; if it occurs after the
third day, a single placenta, that is, a monochorionic
twin pregnancy will be established.

Caution should be taken when using the number of
chorionic sacs (Figure 150.1) and the number of yolk
sacs alone to determine the number of embryos. Shortly
after the sixth postmenstrual week, embryonic heart-
beats are visible and one can confidently count the
number of embryos by the number of beating hearts.

By that time, to determine the number of amnions in
a monochorionic twin pregnancy, in which two
embryos are seen within the chorionic sac, it is wise to
wait until the eighth postmenstrual week to ascertain

amnionicity. The amniotic membrane is so thin that it
may remain inconspicuous until 8–9 weeks, leading
to the incorrect consideration of a monochorionic–
monoamniotic gestation. After that gestational age, it
is clear that no amniotic membrane is present

Figure 150.1 (a) Early scan at 5 weeks of gestation showing a
dichorionic twin pregnancy with two chorionic sacs. (b) Early
scan at 6 weeks of gestation showing three chorionic sacs and
defining a trichorionic triamniotic twin pregnancy.
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between the embryos and only one yolk sac is visual-
ized. From then on it is important to look for sono-
graphic signs of cord entanglement, potentially
depicted as early as 12 weeks, with the help of color
Doppler.

When two embryos or fetuses assume a parallel,
head-to-head position, conjoined twins should be sus-
pected. A jerk with the probe should be inflicted to
induce movement between the two fetuses, away from
each other or close together when conjoined twins are
in question.

At 10–14 weeks, the gold standard ‘window’ for
chorionicity definition, the chorion frondosum is suf-
ficiently thick to be identified between the two layers
of amnion as a wedge-shaped structure in a dichori-
onic twin pregnancy (not obligatory dizygotic twin
pregnancy), yielding the fully diagnostic ‘twin peak’
or ‘lambda’ or ‘delta’ sign (Figure 150.2a and b).1,2

However, the number of ‘twin-peak’ signs is no secure
indication of how many chorionic sacs exist within a

given pregnancy. If two fused layers of amnion, with-
out any chorion interposed, are found in the scan cre-
ating a T-shaped ‘take-off’ (T sign), showing a very
thin membrane with strictly two layers (Figure 150.3a
and b), a monochorionic twin pregnancy can be diag-
nosed with 100% certainty.3

After 16 weeks, physiologically the chorion fron-
dosum regresses and chorionicity becomes a more
confounding issue. The delta sign disappears4 and, if
sexes are alike, monochorionicity can be wrongly
inferred. It is the conjugation of several sonographic
criteria that approaches the correct diagnosis of chori-
onicity, the most and ultimate determinant of perina-
tal prognosis. Therefore, an adequate first-trimester
scan of a multifetal pregnancy makes the subsequent
second- and third-trimester evaluation much more
meaningful, simpler and faster.

Identifying a single placenta with a paper-thin,
reflective hair-like septum without chorion between
the two amnions, with a very thin septum with less

1592 Sonographic evaluation of multiple pregnancies

Figure 150.2 (a) Lambda sign at 11 weeks of gestation,
depicting a thick layer of chorion between the two layers of
amnion, and defining a dichorionic dimaniotic twin pregnancy.
(b) Example of a dichorionic diamniotic twin pregnancy with
two differently located placentas.

Figure 150.3 (a) Example of a monochorionic twin pregnancy
at 11 weeks of gestation showing a thin dividing membrane
without chorion between the amnion layers. (b) 3D imaging of a
monochorionic diamniotic twin pregnancy at 11 weeks showing
the thin intertwin membrane with two layers of amnion.
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than 2 mm and like-sex twins, placentation will most
probably be monochorionic. If contrarily one finds
two separate placentas of different location, or two
fetuses of a different sex or a thick membrane >2 mm
with more than two layers (Figure 150.4), dichorion-
icity is strongly suggested. Note that to identify the
interfetal membranes, a right-angled orientation of the
probe in relation to the membranes should be
obtained to take advantage of the axial over the lateral
resolution. In order to count the number of layers one
must ‘zoom in’ (Figure 150.5). In contrast, a mem-
brane placed parallel to the ultrasonic beam will
appear thinner and poorly imaged, rendering it
impossible to be sure about the number of layers of
the intertwin membrane.

Down’s syndrome screening in
multiple pregnancies
Down’s syndrome is the most prevalent autosomic
chromosomal abnormality in the human race (birth
prevalence of about 1 in 800) and accounts for almost
50% of all aneuploidies.

Maternal age has been a widely accepted screening
method since it is cheap, universally available, has no
intra- or interobserver variation, is non-invasive and
is understandable by the women screened, but yields
a sensitivity dependent on the prevalence of women
with maternal age over 35 years (50% sensitivity for a
15% prevalence of women older than 35 years). In the
late 1980s, the quantification of various fetoplacental
products in the maternal circulation (biochemical
screening) was introduced.

In the 1990s, screening by a combination of mater-
nal age and fetal nuchal translucency thickness
(NT) at 11–14 weeks for a given crown–rump length

was introduced, identifying about 75% of trisomy-21-
affected fetuses for a screen-positive rate of about
5%.5 More recently, combining NT and nasal bone6

with two biochemical markers between 11 and 14
weeks of gestation [free β-human chorionic
gonadotropin (β-hCG) and pregnancy-associated
plasma protein-A (PAPP-A)],7,8 provided a detection
rate of 95% for a screen-positive rate of 2%.

Screening for chromosomal abnormalities in twin
pregnancies implies, however, a different reason-
ing.9,10 The overall probability that a multiple gesta-
tion contains an aneuploid fetus is directly related to
its zygosity. In dizygotic pregnancies, each fetus has
an independent risk of aneuploidy; thus, the risk for
chromosomal abnormalities for each twin may be the
same as in singleton pregnancies, but the chance that
at least one fetus is affected by a chromosomal defect
is twice as high as in singleton pregnancies. This
means that for dizygotic twin pregnancies, the preg-
nancy-specific risk is calculated by summing the indi-
vidual risk estimates for each fetus.

In monozygotic twins, the risk of an affected fetus
approximates the risk of a singleton pregnancy and, in
the vast majority of cases, the risk for one fetus is, in
expectation, the same as the risk for the other.

If zygosity is unknown, the risk of at least one aneu-
ploid fetus can be approximated as five-thirds (1.667)
that of the singleton risk. This is based on the assump-
tion that a third of all twin pairs are monozygotic.11

Counseling based on chorionicity, clinically more
feasible than zygosity, results that in monochorionic
twins both fetuses can be affected equally. If the preg-
nancy is dichorionic, the parents should be counseled
that the risk of discordance for a chromosomal abnor-
mality is about twice that in singleton pregnancies,
whereas the risk that both fetuses would be affected is
a much rarer event, corresponding to the singleton
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Figure 150.4 Thick intertwin membrane with chorion
interposed in a dichorionic diamniotic twin pregnancy at
11 weeks of gestation.

Figure 150.5 Thin intertwin membrane with two layers of
amnion without chorion interposed in a monochorionic
diamniotic twin pregnancy at 11 weeks of gestation, better
imaged by zooming in.
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risk squared. For example, in a 40-year-old pregnant
woman with a risk for trisomy of about 1 in 100 based
on maternal age, in a dizygotic twin pregnancy the
risk that one fetus would be affected would be 1 in 50
(1 in 100 plus 1 in 100), whereas the risk that both
fetuses would be affected is 1 in 10,000 (1 in 100 ×1
in 100). Unlike all monochorionic pregnancies that
are always monozygotic, only about 90% of dichori-
onic pregnancies are dizygotic, so these calculations
are slightly inaccurate.

When calculating the risk of higher order multi-
ples, estimates can be made multiplying the singleton
risk by the number of fetuses.12 This method assumes
unique chorionicity for each fetus, though monozy-
gosity can occur more frequently than usually thought
at higher rates in multiple gestations through assisted
reproductive techniques (Wenstrom et al., 1993;
Blickstein et al., 1999).13

In twin pregnancies, interpretation of biochemical
screening is clearly more problematic since each
serum marker necessarily relates to the pregnancy and
is not specific to the fetus, deriving solely a preg-
nancy- and not a fetus-specific risk. As biochemical

screening in twins is still investigational and far less
powerful than in singletons, it should not be recom-
mended in general practice. Even if prospective stud-
ies demonstrate that biochemical screening in twins is
effective, there is a 10% lower detection rate for an
acceptable high false-positive rate and if screening
is positive there is no distinctive feature to identify
which of the fetuses is affected.

In contrast, the availability of a more credible sono-
graphic parameter for trisomy 21 risk assessment in
the first trimester of pregnancy shifted the considera-
tion of a pregnancy-specific risk to a fetus-specific
risk. If it is proved that the distribution of NT meas-
urements in twin fetuses with trisomy 21 is similar to
that in singletons,13–16 NT can be considered the gold
standard of screening in twins.

In a monochorionic twin pregnancy, presumably,
both fetuses will be affected or both will be unaffected.
It is therefore appropriate to take the average of the two
NT measurements, so that a single risk estimate can be
calculated (averaging method). Prevalence of increased
NT was found twice as much as in monochorionic than
in singleton pregnancies, but concomitantly the likeli-
hood ratio of developing twin-to-twin transfusion syn-
drome (TTTS) in those twins with increased NT was
higher (3.5 times).17,18 In those cases, our group has
demonstrated that the combined evaluation of NT and
ductus venosus (DV) at 11–14 weeks could anticipate
which of them would develop TTTS. In those cases pre-
senting both increased NT and abnormal flow in the DV,
TTTS eventually developed (Figure 150.6). In contrast,
whenever NTs were discrepant but with normal flow in
the DV, no cases of TTTS were found (Figure 150.7).19,20

In a dichorionic twin pregnancy, the twins are dizy-
gotic in about 90% of the cases, which means that one
of the fetuses, or both fetuses could be affected. As each
fetus has an independent risk, the risks derived from
NT measurements should be summed (summing
method) (Figure 150.8). The 10% of dichorionic twin
pregnancies that are monozygotic will incorrectly have
their risks calculated by the summing rather than the
averaging method, but the effect on screening perform-
ance will be a negligible one.

For higher-order multiples more credible data have
been obtained using NT alone to assess risk in triplets
or more.20 Not only was it feasible and reproducible,
but also mean NT was similar for both groups.21

Considering that biochemical screening alone can-
not specifically identify the fetus at risk in the presence
of twins discrepant for Down’s syndrome, it seems rea-
sonable to combine NT and maternal biochemical
markers, as suggested by Spencer.22 In this modeled
study, it was demonstrated that biochemical screening
would add a further 5% to the detection rate obtained
by using NT alone and thus offering a detection rate
for Down’s syndrome of about 80% compared to the
90% in singleton pregnancies, which could be a
worthwhile addition. Interestingly, the combined test
is more discriminative in monochorionic than
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Figure 150.6 A monochorionic diamniotic twin pregnancy
was established at 12 weeks of gestation. Doppler blood flow
waveforms in both fetuses were obtained in the umbilical vein
(UV) and ductus venosus (DV) in the same scan. A nuchal
translucency (NT) discrepancy was noted (NT =3.7/1.0 mm).
The fetus with increased nuchal translucency shows an inverted
A-wave in the DV and dicrote pulsatile flow in the UV. TTTS
developed at 17 weeks and the patient was referred for laser
ablation of anastomosis.
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dichorionic twin pregnancies, since in dichorionic
pregnancies the median serum marker level in
affected pregnancies will be artificially lowered by
the unaffected twin, whereas in monochorionic preg-
nancies no dilution of the serum markers is expected
from an unaffected pregnancy.

Until more data are available from larger studies on
the distribution of markers in concordant or discor-
dant twins, NT estimated for each fetuses should be
the predominant factor by which women presenting
with increased risk should be counseled regarding
invasive testing.

Screening and diagnosis of TTTS
TTTS affects about 15% of monochorionic twin preg-
nancies (1:400 pregnancies) and it accounts for 17%
of perinatal mortality. Though clinically identifiable

and with expected ominous prognosis, this condition
is still far from being effectively anticipated and
treated. By definition, it affects structurally normal
babies, it is a placenta-based disease, it is associated
with important perinatal morbidity and mortality but
still is amenable to curative therapy.

TTTS reflects primarily a pathological form of cir-
culatory imbalance that develops chronically between
hemodynamically connected monochorionic twin
fetuses. A vicious cycle of hypervolemia–polyuria–
hyperosmolality is established and results in a mid-
trimester discordance in amniotic fluid volume and
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Figure 150.7 Doppler blood flow waveforms in the ductus
venosus (DV) obtained in a monochorionic twin pregnancy at
11 weeks of gestation. Both DV waveforms were normal and NT
were within normal range and non-discrepant. The pregnancy
was uneventful and no TTTS developed.

Figure 150.8 A dichorionic diamniotic twin pregnancy was
established at 11 weeks +5 days. The measurements of nuchal
translucency (NT) were discrepant (1.1/5.7 mm) and ductus
venosus (DV) blood flow was reversed in the fetus with
increased nuchal translucency. Amniocentesis revealed a
normal karyotype (46,XX) for the fetus with normal NT and DV
blood flow; a trisomy 21 was identified in the fetus with
increased NT and abnormal flow in the DV.
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fetal growth, with signs of hypovolemia and utero-
placental insufficiency in the donor twin and hyper-
volemia and cardiac dysfunction in the recipient twin.

In the past, diagnosis of the syndrome was made
only after delivery of the affected twin pair and care-
ful examination of the placenta. A difference in cord
hemoglobin concentrations of 5 g/dl or more and a
difference in birth weights of 20% or more established
the diagnosis, but both criteria were later found to be
inaccurate and non-specific.

Considering the inadequacy of neonatal findings in
the diagnosis of TTTS and the more consistent sono-
graphic antenatal criteria,23–26 ultrasound revealed to
be crucial in screening and diagnosing TTTS.

Determination of monochorionicity
TTTS is a syndrome expected to develop in mono-
chorionic pregnancies. Only in the first trimester of
pregnancy (10–14 weeks of gestation), type of placen-
tation can be assigned with a 100% certainty. The def-
inition of monochorionicity is based on the presence
of the T sign (one placenta with a paper-thin, reflec-
tive hair-like septum without chorion between the
two amnion) (Figure 150.3a and b).

Discordance in size
In TTTS, the recipient fetus tends to be a bigger and
more plethoric baby in contrast with the donor, defined
as a smaller and leaner fetus (Figure 150.9). A cut-off
value of 20 mm for the difference in abdominal cir-
cumference between twins indicated growth discor-
dance of more than 20%.

Discordance in amniotic fluid volume
(oligohydramnios sequence)
We understand TTTS as a manifestation of hemody-
namic imbalance. Fetal renal perfusion is asymmetric:
the congestive heart failure in the recipient will over-
perfuse the kidneys with consequent polyuria and
excess of amniotic fluid; hypovolemia in the donor
causes inadequate perfusion of the kidneys with
decrease in urinary output and oligohydramnios.

Consequently, differences in the amniotic fluid
volume are expected: oligohydramnios if the deepest
vertical pool in the donor sac is < 2 cm and polyhy-
dramnios if the deepest vertical pool is >8 cm in the
recipient’s sac. Not infrequently anhydramnios in the
donor sac results in its becoming ‘stuck’, shrouded by
the intertwin membrane, while the recipient’s sac
becomes severely polyhydramniotic (Figure 150.10).
The presence of discordant anomalies in twins that
imply differences in amniotic fluid volume, such as
one twin with esophageal atresia and consequent poly-
hydramnios, or with renal agenesis, with consequent
oligohydramnios/anhydramnios, is confounding.

Further confirmatory features include a small or non-
visible bladder in the donor, along with a distended

urinary bladder with resulting excessive micturition
in the recipient.

Abnormal Doppler findings
Alterations in cardiac hemodynamics are indirectly
put on evidence by alterations in venous blood flow
waveforms. The most striking feature is the reduced
or reversed flow during atrial contraction in the DV
commonly found in fetuses with congenital heart
defects,27,28 growth retardation (Hecher 1995) and
TTTS.19,20 (Figure 150.6). Hecher and coworkers29

found umbilical vein pulsations and absent or

1596 Sonographic evaluation of multiple pregnancies

Figure 150.9 Scan performed at 35 weeks in a dichorionic
diamniotic twin pregnancy showing discrepancy > 25% in the
abdominal circumference.

Figure 150.10 Image of a stuck twin in a monochorionic twin
pregnancy at 20 weeks with TTTS showing a fetus with severe
polyhydramnios and the other one shrouded with a thin
membrane, with anhydramnios and pushed against the uterine
wall.
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reversed flow during atrial contraction in the DV in
the recipient with fully established TTTS. Zosmer
et al.30 showed that some surviving twins of TTTS had a
persistent right ventricular hypertrophic cardiomio-
pathy with right ventricular tract obstruction (functional
pulmonary stenosis) and pulmonary hypertension in the
neonatal period.

Recently, diastolic abnormalities were described in
the right ventricle, with abnormal filling patterns,
prolonged isovolumic relaxation time and abnormal
flow patterns in the inferior vena cava and ductus
venosus. In addition to hemodynamic remodeling, the
role of increased endothelin-1 in the recipient, mainly
in the hydropic recipient, as a mitogenic factor to
smooth muscle cell in systemic and pulmonary vas-
culature and for ventricular myocyte proliferation is
well recognized.

Abnormalities of vascular distensibility were also
described in survivors of TTTS in infancy.31 The
donor fetus shows evidence of chronic hypovolemia
causing the activation of the renin–angiotensin
system and transfusion of increased concentrations of
angiotensin II with increased vascular stiffness in the
surviving donor in childhood.

Other ultrasonographic findings
Identification of cord insertion: Velamentous insertion
of the cord is more frequent in monochorionic twins.

Funipuncture: Theoretically, it may allow the ante-
natal evaluation of intertwin hemoglobin difference, the
degree of fetal anemia in the donor twin and the twin
zygosity through blood group studies. However, middle
cerebral artery Doppler studies seem promising in iden-
tifying anemia in the surviving twin of a TTTS pair.32

Signs of hydrops in the recipient twin: In an
advanced stage of TTTS, the recipient twin affected
by congestive heart failure may present signs of serosa
effusions, such as ascites, pleural effusion and subcu-
taneous edema.

Difference in color of the placentas: Due to hyper-
perfusion, the placenta of the recipient tends to be
denser in color while the donor tends to show a paler
placenta (Figure 150.11).

Monitoring of anemia in
the surviving twin
Intrauterine fetal demise of one fetus in a multiple
gestation is a rare event, complicating approximately
0.5–6.8% of twin pregnancies during the second and
third trimesters.33 Demise of both twins has been
reported rather infrequently. In higher-order multi-
ples, demise of a single fetus could be more common,
ranging from 4.3% to 17% in triplet pregnancies.34

The incidence of ominous outcome is dramatically
increased in monochorionic twins due to vascular
anastomosis. When the death of a co-twin happens,

acute hypotension most frequently occurs in the
surviving twin with the expected ischemic changes
in the spleen, kidney, gastrointestinal tract and skin.35

More dramatic are the ischemic lesions in the brain of
the co-twin, resulting in permanent adverse neurolog-
ical sequelae (multicystic encephalomalacia, poren-
cephalic cysts).36,37

In order to evaluate fetal anemia, invasive tech-
niques such as amniocentesis and cordocentesis are
currently used. More recently an alternative non-
invasive method, the measurement of middle cerebral
artery peak systolic velocity (MCA-PSV), has been
proposed to evaluate the level of fetal anemia, namely
in pregnancies complicated by rhesus isoimmuniza-
tion (Figure 150.12).38 In a study in which a compari-
son between MCA-PSV and amniotic fluid optical
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Figure 150.11 Example of a monochorionic twin pregnancy
at 32 weeks with TTTS showing a clear difference in
echogenecity between the two parts of the placenta. The
placenta from the recipient is more echogenic due to
congestion and the one from the donor is less echogenic due to
blood depletion. Image courtesy of B. Caspi and I. Blickstein,
Kaplan Medical Center.

Figure 150.12 Doppler blood flow waveform obtained in the
middle cerebral artery. Peak systolic velocity is measured to
non-invasively assess the degree of fetal anemia.
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density at 450 nm was performed, both were useful
and reliable in the prediction of fetal anemia, with the
former having the advantage of being non-invasive.39

In the case of intrauterine death of one twin, in
which the surviving twin will endure profound exsan-
guinations with consequent acute and severe anemia,
the measurement of MCA-PSV has been used as a
simple and reliable diagnostic tool and may be helpful
in counseling and planning invasive assessment.31

Besides, Senat and coworkers demonstrated that after
the correction of the anemia by intrauterine transfu-
sion, MCA-PSV decreased with good correlation
between MCA-PSV and hemoglobin concentration.32,40

Growth discrepancy in multiple
pregnancies: distinguishing
between adaptation, promotion
and restriction
Discordant growth is a common finding/complication
of twin pregnancies. It is commonly accepted regard-
ing this controversial issue that (a) not all discordant
pairs are similar; (b) discordant growth does not nec-
essarily represent growth restriction; (c) a discordance
level may have a different clinical implication in dif-
ferent gestational ages; (d) the larger the discordance
level the greater is the risk for an adverse outcome
and (e) the smaller fetuses in severely discordant pairs
are at disproportionate risk for perinatal mortality and
morbidity.

Intertwin growth discordance may represent a nor-
mal variation between sibs working as an adaptive
measure to promote gestational age at the same uter-
ine size. Nature seems to favor maturity rather than
size: data from large twin and triplet series suggest
that significant birth weight discordance result from
the inability of the uterine milieu to equally nurture
twins.43 In order to promote maturity – gestational
age – mild compensation in the form of size dis-
cordance begins after mid-gestation. When the uterine
environment competently nurtures multiples, total
birth weight increases and discordance decreases. In
fact, the entire ‘fetal mass’ of a multiple pregnancy
can exceed the 90th birth weight percentile of a sin-
gleton of the same gestational age and the individual
fetuses may exhibit growth patterns compatible
with adaptation to the limited uterine environment
rather than pathological restriction.41 Adaptation
can take the form of relative growth restriction (i.e.
discordance in weight or abdominal circumference),
whereby not all fetuses show a decelerating growth
pattern or hemodynamic compromise.43

Further away in this process, when adaptation
fails, severely discordant pairs often exhibit patterns
of growth restriction. However, even in cases with
significant discordance, about 40% of the smaller
twins, weigh above the 10th birth weight percentile.

Clinically relevant is the fact that recognizing the
transition from the physiologic adaptation into the
pathologic process of growth restriction. Therefore,
the smallest fetus should be evaluated to perceive
whether its growth is being promoted (abdominal
circumference >P50), adapted (abdominal circumfer-
ence P5–50) or restricted (abdominal circumference
<P5) in conjunction with Doppler blood flow evalu-
ation. From the large series it is recognized that about
75% of twins exhibit <15% discordance (designated
concordant), 20% are 15–25% (mildly) discordant,
and about 5% are more than 25% (severely) discor-
dant (Figure 150.9).42,43 Higher frequencies and
increased severity are observed among triplets.44

Growth curves of twins and triplets do not support
the growth restriction pattern seen in singletons. At
the same time that individual members of a twin or a
triplet set may be smaller than singletons of the same
gestational age, only a minority are indeed growth-
restricted by singleton standards.45

The evaluation of fetal growth depends on stricter
sonographic criteria to define normal or abnormal
growth. Abdominal circumference rather than head
measurements of twins was proposed as the most
reproducible and meaningful one. Besides, consider-
ing that fetal weight estimations based on singleton
growth charts may be inadequate for twins, the
abdominal circumference criterion should be defi-
nitely used for the sonographic diagnosis of divergent
twin growth. A cutoff value of 20 mm for the differ-
ence in abdominal circumference between twins
indicated growth discordance of more than 25%.

Identification of the genuinely growth-restricted
fetuses is an imperative step in the management of
birth weight discordance in twin gestations as it has
dramatic implications on perinatal morbidity and
mortality. Neonatal mortality rates among discordant
twins were compared among three groups of discor-
dant twins (> 25%), distinguished by the birth weight
of the smaller twin being < 10th, 10th to 50th or
> 50th percentile.45 Among the 10,683 pairs of twins
who were studied, the respective proportions of the
three groups were 62.4%, 32.9% and 4.7%. The
neonatal mortality rate was significantly higher
among pairs in which the smaller twin weighed
< 10th birth weight percentile (29 vs. 11.1 and 11 per
1000; odds ratio, 2.7; 95% CI, 1.3–5.7). This differ-
ence results from the higher mortality rates among the
smaller but not among the larger twins. Severely dis-
cordant twin pairs in whom the smaller twin is also
small for gestational age are at an increased risk of
neonatal death.46

In order to identify the groups at risk, complimen-
tary to abdominal circumference measurements
(Figure 150.9), Doppler blood flow evaluation of
the arterial (umbilical artery, middle cerebral artery)
and venous (umbilical vein and ductus venosus)
compartments should be the next step. Whenever
end-diastolic blood flow is absent or reversed in the
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umbilical artery, blood flow in the middle cerebral
artery should be assessed looking for adaptive cen-
tralization. Venous Doppler waveforms are affected
slightly later and depict confidently hemodynamic
deterioration and correctly predict acid–base status,
mainly when absent or reversed flow appears in the
ductus venosus (Figure 150.13).47–50 The evaluation
of amniotic fluid volume as a chronic marker of
intrauterine hypoxia may constitute a further differ-
entiating parameter between an adapted or genetically
small baby, and a restricted and suffering baby. This
hemodynamic deterioration is sequential and can be
monitored longitudinally. The timing of delivery has
most of its clues in the Doppler flowmetry sequential
evaluation both for singletons and multiples, bearing
in mind that previously known chorionicity makes a
difference when talking about growth discrepancy.

Malformations in multiple gestations
Acardiac twin/TRAP sequence
Acardiac twins were first documented in 1533 and
were first diagnosed by ultrasound in 1978.51 This is a
unique complication to monochorionic twinning. Due
to a paradoxical retrograde perfusion by a structurally
normal ‘pump’ twin there is a disruption of develop-
ment of the cardiovascular system and a cascade of dis-
ruption of organ development in the perfused twin
(TRAP sequence – twin reversed arterial perfusion).52

However, the anomalous twin may have an underlying
cytogenetic anomaly or a primary malformed cardio-
vascular system prior to anastomosis development.

It is a rare condition, occurring with a reported
incidence of 1 in 35,000 deliveries, 1% of monozy-
gotic twins and 1 in 30 monozygotic triplets.53 The
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Figure 150.13 Doppler blood flow waveforms from umbilical artery (1), inferior vena cava (2), ductus venosus (3) and umbilical
vein (4) obtained in fetuses F1 and F2 of a dichorionic diamniotic twin pregnancy. The first examination was performed at 29 weeks
with present end-diastolic flow in the umbilical artery and normal venous flow. The scan performed at 30 weeks +4 days, on the
day of the elective delivery, shows reverse end-diastolic flow in the umbilical artery, with a high velocity A-wave in the inferior vena
cava, absent flow during the atrial contraction in the ductus venosus and dicrote pulsatile flow in the umbilical vein in both fetuses.
Both babies are alive and well, but were born growth-restricted. Reproduced with permission from Journal of Perinatal Medicine.
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hemodynamically advantaged or pumping structurally
normal twin is at risk for in utero cardiac failure and
without treatment dies in more than 75% of cases. This
risk has three causes: the high cardiovascular demands
of the parasitic twin on the pump twin will cause high-
output heart failure; an important increase in uterine
volume will be caused by the continuing excessive
growth of the acardiac twin; and the deoxygenated
blood from the pump twin, that will be further deoxy-
genated by the acardiac twin, will circulate back to the
pump twin with a low content of oxygen and will pro-
voke chronic hypoxia and growth restriction.

Acardiac twins can be diagnosed antenatally on the
ultrasound by the absence of identifiable cardiac
motion. In some cases, due to a rudimentary heart or
transmitted pulsation from the pump twin, cardiac
pulsation may be suspected. In addition, there is poor
definition of the head, trunk and upper extremities,
deformed lower extremities, which may show some
movements, and usually conspicuous subcutaneous
edema and abnormal cystic areas in the upper part of

the body of the affected twin54 (Figure 150.14a and b).
In about 70% of the acardiac fetuses, there is polyhy-
dramnios with a functional urinary tract. However,
the main clue to the diagnosis seems to be the contin-
ued growth of a ‘presumed dead’ twin on subsequent
scans in a monochorionic twin pregnancy.

Color Doppler ultrasound, first used in the prenatal
detection as well as documentation of the reversed
arterial perfusion, reported by Pretorious et al.,55 is a
very useful tool in the definitive diagnosis of an acar-
diac twin. Those acardiac twins missed in an early
pregnancy were those in which color Doppler was not
used, namely to put in evidence the two vessel cord
(in more than two-thirds of the cases) and the para-
doxical direction of arterial blood flow toward rather
than away from the acardiac twin, and from caudal to
cranial in this twin’s abdominal aorta.

Intrauterine diagnosis of acardiac twin has been
achieved in some cases in the first trimester of
pregnancy,56,57 suggesting that the pathogenesis in
acardia is cardiac dysmorphogenesis secondary to
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Figure 150.14 (a) Image of an acardiac twin showing a malformed head and trunk and the normal co-twin in the first trimester of
pregnancy. (b) Two necropsic specimens of an acardiac twin and the normal co-twin. The one on the right has a rudimentary head
(‘anceps acardia’) and the one on the left represents the most common form of acardiac twin, without head and trunk, with a
plethoric appearance. Courtesy of C. Comas.
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reversal of blood flow rather than cardiac agenesis,
since cardiac beats in the malformed twin were seen
until the seventh week and stopped thereafter, along
with reversed flow through the umbilical cord into
the recipient twin via arterioarterial anastomosis of
placental vessels.

Essentially, every single organ system is affected,
but the most commonly associated anomalies are car-
diac defects: the heart may be completely absent,
reduced to tubular or a two-chamber heart. A single
umbilical artery is the rule. The lower extremities are
usually spared because the femoral arteries contain
the most oxygen and nutrients. The abdominal viscera
are hardly discernible. The external genitalia may be
normal, deficient or absent. The thoracic structures
may be present, rudimentary, severely dysplastic or
absent. Marked edema and cystic hygroma may be
massive. They are typically acephalic with absent
upper extremities. When cranial structures are pres-
ent (‘acardius anceps’), or in the rarest form when
there are cranial elements but no body structure
(‘acardius acormus’), anencephaly, holoprosen-
cephaly or facial clefts may be present.

Poor prognostic factors for the pump twin can be
assessed by ultrasound: acardiac-to-pump twin
weight ratio of > 70%, hydrops in the pump twin,
polyhydramnios, acardiac twin with presence of arms
or an anceps acardia, a small resistance index < 0.20
in the umbilical artery of both the acardiac and pump
twins.58 Fetal demise will occur unless salvage inva-
sive procedure is performed by disconnecting inter-
twin blood circulation. Therefore, TRAP sequence
should be monitored on a weekly basis by ultrasound,
including size estimation, Doppler flowmetry and
echocardiography.

Conjoined twins
Conjoined twins are defined as monochorionic and
monoamniotic twins, originating from a single fertil-
ized ovum, fused at any portion of their body as a
result of an incomplete division of the embryonic
disk, which occurs after the 13th day of conception.
The term ‘conjoined’ is actually a misnomer, since
this malformation results from failure of complete
separation and not from inadequate fusion. Conjoined
twins occur as often as 1 in every 40,000 births but
only 1 in every 200,000 live births. The overall sur-
vival rate for conjoined twins is between 5% and
25%. Conjoined twins are more likely to be female
(70–75%). There are no documented cases of con-
joined triplets or quadruplets.

Conjoined twins are usually classified by the point at
which they are joined (the Greek word pagos, meaning
‘that which is fixed’). There have been as many as three-
dozen separate types identified in the last century. The
most frequent varieties are thoracopagus (40%),
omphalopagus (33%), pygopagus (18%), ischiopagus
(6%) and craniopagus (2%). The fact of sharing the
heart or not makes an important prognostic difference.

The first-trimester scan can be very useful to detect
and to define the type of conjoined twins.59 This
situation must always be considered whenever a
monochorionic monoamniotic twin pregnancy is
suspected. Discordant presentation does not exclude
conjoined twins.

Basically, the scan must demonstrate fused portion
of the bodies of monozygotic–monoamniotic twins
(Figure 150.15a and b). Several other sonographic
signs can be looked for to avoid misdiagnosis:

• Bifid appearance of the first-trimester fetal pole
(‘V’- or ‘Y’-shaped twin pregnancy)

• Absence of interamniotic membrane between the
twins

• Inability to separate fetal bodies and permanent
position of the fetus relative to the other, even after
maternal abdomen stimulation

• Abnormal number of vessels (more than three) in
the umbilical cord
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Figure 150.15 (a) Scan of thoracopagus conjoined twins at
12 weeks of gestation. Note the parallel, mirror image, head-
to-head position of both fetuses, with a shared single heart.
(b) Necropsic specimen of the same case, confirming the
thoracopagus type of conjoined twins with a single heart.
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• The heads and bodies of both twins are seen at the
same level and a mirror-image can occasionally
be seen

• Unusual proximity of the extremities
• Unusual hyperextension of the spines
• Single heart
• Presence of other fetal anomalies.

The timely recognition of this condition enables the
parents to consider the possibility of terminating the
pregnancy. If not, one should bear in mind that con-
joined twins present a higher prevalence of congenital
anomalies other than the shared organs of about 50%.
Cardiac defects are the most common association
(20–30%), and thus echocardiography is recommended
in all cases. Neural tube defects and midline fusion
defects, orofacial clefts, imperforate anus and diaphrag-
matic hernia are also frequently seen. Polyhydramnios
is observed in more than half of the cases.

Major malformations
It is well established that congenital anomalies are
found more frequently in monozygotic twinning than
in singleton pregnancies.60 These anomalies are of
different types: some are related to the twinning
process itself, others are due to vascular factors, and
a few are structural malformations not exclusively
found in twins but observed more frequently in
monozygotic twinning.61 The largest study, combin-
ing data from nine registries based in European and
Latin American countries, analyzed 260,865 twins
and 5572 malformations were reported.61 An
expected excess of malformations in twins compared
with singletons was found, and all anatomical sites
were involved.

Here again, ultrasound has an irreplaceable role in
experienced hands and with high-quality equipments
in the screening and diagnosis of fetal malformations
as early as the first trimester of pregnancy.
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151 Genetic diagnosis in
multiple pregnancies
Z. Appelman and B. Furman

Introduction
The likelihood of finding chromosomal anomalies and
Mendelian diseases is increased in multiple gestations
compared to singletons. Prenatal diagnosis may there-
fore be indicated in multiple pregnancies to a no lesser
extent than in the singleton. The most common situa-
tions discussed in the context of multiple pregnancies
are screening and diagnostic measures to detect aneu-
ploidy, genetic counseling when a structural anomaly
is detected and in circumstances with increased risk of
specific inherited conditions. The basic rules of genetic
counseling in singletons are applicable also in multi-
ples; however, there are specific facets in multiple ges-
tations that need special attention, which makes
counseling more complex. Indeed, it is the combina-
tion of medical and ethical aspects that makes it so
complicated. The basic difference between counseling
singletons and multiples is the fact that, as opposed to
singletons, any decision in multiples should take into
consideration the implication of that decision for the
other sib(s). This includes both diagnostic and thera-
peutic measures. However, genetic counseling is often
provided by a general obstetrician, who may benefit
from a simplified approach. This chapter describes spe-
cific medical situations that require the attention of a
genetic counselor.

Prenatal genetic diagnosis – an
overview
The incidence of multifetal pregnancies has increased
exponentially during the past two decades mostly
because of assisted reproduction technologies (ART).1

Typically, pregnant women after ART are older.
Hence, the age-related risk of aneuploidy is often sig-
nificant. The likelihood of at least one twin having a
chromosomal abnormality is five-third times higher
than in singleton pregnancy.2 The decision to undergo
prenatal diagnosis in multiple gestations is complex
and must take into consideration not only the risk of

aneuploidy, but also the procedure-related complica-
tions. In addition, abnormal results sometimes require
selective termination of an affected sib, a procedure
entailing moral, ethical and medical implications.
Invasive prenatal diagnosis techniques include chori-
onic villus sampling (CVS), amniocentesis (AC), cordo-
centesis, fetal tissue sampling, embrioscopy and
fetoscopy (Table 151.1). The indications for prenatal
diagnostic genetic testing determined as routine and
applicable for singleton and twin gestations are
advanced maternal age, familial history of chromoso-
mal abnormalities, previous children with a chromo-
somal abnormality or neural tube defects (NTDs) and
suspected abnormalities identified during sono-
graphic examination.

Advanced maternal age was defined as any expec-
tant mother who will be 35 years old by the time of

Table 151.1 Characteristics of AC and CVS

AC CVS

Timing 16–18 weeks 10–12 weeks

Placement TA TA and TC

Risk of miscarriage 0.5–1% TA – 1–2%;
TC – 2–6%

Sampling success 99% 99%

Time to diagnosis 3 weeks (FISH 2–3 weeks (rapid 
available) direct technique

may be considered)

Accuracy High High

Mosaicism Rare Confined placental
1–2%

Open NTD AFP in amniotic Other test required
fluid detects 95%
of NTDs

FISH, fluorescence in situ hybridization; TA, transabdominal; TC,
transcervical
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birth. Nowadays, the age of 35 years still stands as a
turning point in prenatal supervision and is recom-
mended as the age at which aggressive screening
should be done using AC or CVS. Not everyone
accepts categorical age of 35 or even 37 years as an
absolute indication for invasive genetic diagnosis.
Some would prefer to adjust the risk individually
according to the maternal age and some non-invasive
risk assessment. In multiple pregnancies, the logical
approach would be the combination of maternal age
and nuchal translucency (NT) measurement. It is also
possible to add to the risk assessment the presence or
absence of ‘soft’ sonographic signs of aneuploidy. It
makes sense since chromosomal aneuploidy increases
with advanced maternal age. The risk of Down’s syn-
drome in 35-year-old women is 1:3653 and increases
to 1:109 at 40 years and even 1:12 at 49 years. The
overall probability that a multiple gestation contains
an aneuploid fetus is directly related to zygosity. The
risk of both twins being simultaneously abnormal in
monozygotic (MZ) twins is the same as the age-related
risk in singletons, since one oocyte was fertilized. In
contrast, for dizygotic (DZ) twins, each of the fetuses
has an independent risk of abnormal chromosomal
composition, because at least two different ova were
fertilized. Clinically, the risk of only one affected fetus
in a dizygotic pregnancy is approximately two times
the age-related risk of a singleton. Since the risk of
only one affected fetus in MZ twins is basically zero,4

the overall birth prevalence of Down’s syndrome is
only 3% greater in twin pregnancies than in single-
tons.5 The risk of both the fetuses having a chromoso-
mal abnormality is small. If zygosity is unknown, the
risk of one aneuploid fetus can be approximated as
five-thirds that of a singleton.6 This is based on the
principle that one-third of twins are MZ. However,
this is only an unfulfilled approach because rates
of MZ and DZ twins are dependent on maternal age,
ethnicity and mainly on the mode of conception.

MZ (twinning from a single egg) twins happen once
in 250 pregnancies. This is unaffected by age, race or
any other factors except mode of conception. In DZ, or
‘fraternal’, twins not only maternal age, but also the
parity increases the chances of twins. The frequency
of twins is three times higher in women over 35 years
with at least four other children than in nulliparas
under 20 years of age. When parity is considered
alone, the chance of twins doubles from the first preg-
nancy to the fourth pregnancy. African-American
women have a 1:79 probability for twins, Caucasians
1:100 and Oriental women 1:155.

Spontaneous twins occur in 1 in 80 births, but in the
era of ART and the trend toward delayed childbirth
increased dramatically and the incidence of twins is
now 1 in 40 births. The increasing use of ART proce-
dures (defined as any procedure that entails the han-
dling of both eggs and sperm or of embryos for the
purpose of establishing a pregnancy) and other non-
ART fertility treatments (i.e. intrauterine insemination

and ovulation-inducing drugs) in the past two decades
increased the multiple birth rates.7,8

Another factor that increases the twinning rate is the
concurrent shift in maternal age distribution as more
women delay childbearing into their late 30s and 40s.
The extraordinary rise in high-order multiple births
over the past two decades, especially in triplet births,
has also been associated with the above-mentioned
trends: advances in and greater access to ovulation-
inducing drugs and ART, and older age at childbirth.9

Since 1990, the twin birth rate rose 80% among women
40–44 years of age (from 24.7 to 44.5 per 1000), and
almost 600% among women aged 45–49 years (from
23.8 to 155.7 per 1000), compared to only a 6% rise for
women under age 20 years (14.3–15.2 per 1000). Data
are not available, however, for women aged 50–54 years,
but in 1999 more than one-third of births (34%) to
women in the oldest age group were twin deliveries.9

Determination of chorionicity
Determination of chorionicity is crucial in assessing
the perinatal risk as well as the risk of aneuploidity
and is probably the most important factor in genetic
counseling in multiples.10 In addition, it helps in peri-
natal risk assessment.11 The probability of both the
DZ twins being chromosomally abnormal is the prod-
uct of their separate probabilities. For example, the
age-related risk for Down’s syndrome in a woman is
1:100 for singletons as well as for each twin, thus the
probability of having the syndrome for both is
1:100 ×1:100 �1:10,000.

First-trimester ultrasound is now accepted as the
most accurate for determination of chorionicity (Figure
151.1). Identification of the twin-peak sign in the first
trimester provides 100% accuracy for the diagnosis
of dichorionic (DC) twins.12 However, accuracy is
reduced when chorionicity assessment is performed
later in pregnancy. In midtrimester, after the fusion
between the chorion and the amnion, the accuracy of
chorionicity determination is about 90%.13 Other tech-
niques for chorionicity determination like septal thick-
ness measurements and counting the number of
intertwin membranes are less popular and seem to
depend on the operator’s skills and the transducer in
use.14,15 It should be stressed that one-third of MZ twins
are DC. However, at present, it is impossible to differ-
entiate DC MZ from DC-like-sex DZ twins on clinical
grounds. It follows that assessment of both the twins is
inevitable in all DC twins irrespectively of zygosity.

From the genetic point of view, monochorionic (MC)
twins imply monozygosity and high genetic resem-
blance. On the other hand, only unlike-sexed DC twins
are 100% DZ, and zygosity is unknown in all like-sexed
DC twins. This uncertainty is even greater in iatrogenic
conceptions, because the proportion of DZ to MZ
twins (about 10:1), as well as the proportion of DC to
MC in the subpopulation of MZ twins (proportion
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unknown), is different from that of spontaneous con-
ceptions. When chorionicity is unclear and manage-
ment decisions might be altered by determination of
zygosity, prenatal DNA studies should be considered.
An example of the difficulty arising from inconclu-
sive chorionicity determination in the later parts of
pregnancy is presented in a case of twin pregnancy
discordant for hydrocephaly and oligohydramnios in
which sonographic evaluation could not exclude MC
twinning. Before considering selective feticide, blood
samples from both the fetuses were examined by DNA
‘fingerprint’ analysis. The different banding patterns
of the blood samples established dizygosity.16 Simi-
larly, DNA zygosity studies were performed on
amniocytes to guide the management of four such
pregnancies.17 In this series, DNA zygosity analyses
provided >99% likelihood of MZ twins in two cases,
a fact that altered counseling regarding selective
termination options.17 In the other two cases, DNA
studies were used to assess risk to the normal twin in
the event of the co-twin’s demise, based on the differ-
entiation of twin–twin transfusion syndrome (TTTS)
from discordant severe intrauterine growth restriction
(IUGR) and oligohydramnios.17

Should all MC twin gestations
receive genetic counseling?
MZ twins have a two- to threefold increased risk of
structural anomalies. When an MC gestation comes to
the attention of the genetic counselor, the patient
should be informed about this risk, and should be

referred for a comprehensive sonographic scan,
including detailed echocardiography. When a discor-
dant structural anomaly is found, discussion of man-
agement options should consider the vascular
anastomoses between the circulations of the twins.
This circumstance precludes termination of the
anomalous twin by intracardiac KCl injection, which
may lead to the so-called ‘embolization’ syndrome.
Selective termination of the malformed twin can be
carried out by one of the cord occlusion techniques.
Similarly, single fetal demise of a MC twin may indi-
cate appropriate counseling regarding the potential
damage to the survivor. When a case of MC twins is
referred early enough, there seems to be a clear bene-
fit of NT measurement. Although NT assessment may
be indicated in all twins in order to detect chromoso-
mal aberrations and cardiac anomalies, an increased
NT in MC twins may also be an early sign of TTTS. It
should be noted, however, that the risk of TTTS is
mainly associated with MC–diamniotic twins and is
rarely seen in MC–monoamniotic twins.

The fact that utility of biochemical screening in
twins is limited and practically not available in
higher-order multiples only underscores the impor-
tance of performing NT measurements in all multiples
(Figure 151.2a and b). Sebire et al.18 prospectively
screened 448 twins at 10–14 weeks of gestation. Fetal
NT thickness was measured by ultrasound examina-
tion at 10–14 weeks. Sensitivity and false-positive
rates of screening for trisomy 21 by a combination of
fetal NT thickness and maternal age were calculated.
In the 448 twin pregnancies, the NT thickness was
above the 95th centile of the normal range (for
crown–rump length in singletons) in 65/896 fetuses
(7.3%), including 7/8 (88%) with trisomy 21.
Increased translucency was also present in four
fetuses with other chromosomal abnormalities. In the
chromosomally normal twin pregnancies, the preva-
lence of increased NT was higher in fetuses from MC
(8.4%, 16/190) than in those with DC pregnancies
(5.4%, 37/688). The minimum estimated risk of tri-
somy 21, based on maternal age and fetal NT thick-
ness, was 1 in 300 in 19.5% (175/896) of the twins
including all eight of those with trisomy 21. They
concluded that in twin pregnancies, the sensitivity of
fetal NT thickness in screening for trisomy 21 is sim-
ilar to that in singleton pregnancies, but the speci-
ficity is lower because translucency is also increased
in chromosomally normal MC twin pregnancies. In
another study,19 67 twin pregnancies were identified
at the time of an ultrasound scan for determination
of fetal NT thickness, where the parents requested
karyotyping. The risk of chromosomal defects in each
fetus was calculated from the maternal age and the
fetal NT thickness at 10–14 weeks of gestation. If the
estimated risk of either fetus was 1 in 50 or greater,
CVS was the method of choice, whereas if the risk was
less than 1 in 50, second-trimester AC was performed.
The estimated risk of trisomies was more than 1 in

1606 Genetic diagnosis in multiple pregnancies

Figure 151.1 A single yolk sac (upper arrow) and two fetuses
were observed within a single amniotic sac (lower arrow).
This sonographic scan at 9 weeks led to the diagnosis of
monoamniotic twins. Image courtesy of B. Caspi, MD, Kaplan
Medical Center. 
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50 in 34 pregnancies and 23.5% of these fetuses were
found to be chromosomally abnormal. In contrast, in
the 33 low-risk pregnancies, chromosomal abnormal-
ities were found in only 1.5% of the fetuses. The con-
clusion was that in twin pregnancies, the technique
for fetal karyotyping may be selected by calculating
the risk of chromosomal abnormality based on mater-
nal age and fetal NT thickness.

The evaluation of screening for fetal trisomy 21 in
the first trimester of twin pregnancies by a combination
of maternal serum biochemistry and ultrasonography

was presented by Spencer et al.20 The population
included 230 twin pregnancies in women of all ages
presenting with pregnancies between 10 weeks 3 days
and 13 weeks 6 days of gestation. Screening using a
combination of maternal serum free β-human chori-
onic gonadotropin (hCG) and pregnancy-associated
plasma protein-A (PAPP-A) and fetal NT thickness
was offered. Women at increased risk of carrying a
fetus with trisomy 21 or trisomy 13/18 (≥1 in 300 at
sampling) were offered counseling and an invasive
diagnostic procedure. For women who on examina-
tion were at 14 weeks of gestation or greater, screen-
ing was performed in the same time frame using only
maternal serum free β-hCG and alpha fetoprotein
(AFP). Overall, 97.4% of the women with twins
(224/230) accepted first-trimester screening. The rate
of detection of trisomy 21 was 75% (3/4). A risk of tri-
somy 21 was calculated for each fetus based on the
individual fetal NT thickness and the maternal bio-
chemistry. The false-positive rate among those eligi-
ble for first-trimester screening was 9.0% (19/206) of
pregnancies and 6.9% of fetuses (28/412). Uptake of
invasive testing was 59% (10/17) with CVS in eight
cases and AC in two. One case of trisomy 21 was iden-
tified for every three invasive procedures. First-
trimester screening for trisomy 21 in twin pregnancies
was both theoretically possible and practically
achievable using a combination of NT thickness and
maternal serum biochemistry. However, dilemmas for
the mother and health professionals when both NT
thickness measurements are normal might suggest
that greater reliance be placed on the NT thickness
risk alone when counseling women about invasive
testing.

In a study of 180 twin pregnancies, Spencer21 has
examined the distribution of maternal serum free-
βhCG and PAPP-A, in addition to fetal NT thickness,
in twins classified as MC or DC, based on ultrasound
appearance at 10–14 weeks of gestation. In 45 MC and
135 DC twin pregnancies the multiple of the median
(MoM) of free βhCG was not significantly different
(1.00 vs. 1.01), while that for PAPP-A was lower (0.89
vs. 1.01), but with no statistical significance. Previous
reports of an increased fetal NT in MC twin pregnan-
cies were not confirmed (1.03 vs. 1.00). It was con-
cluded that the existing pseudorisk twin correction
algorithm is appropriate for both MC and DC twins in
providing accurate first-trimester risks of trisomy 21.

It is currently not definite whether the absence of
the fetal nasal bone (NB) (sign for trisomy 21) during
NT measurements will significantly increase the
screening efficacy of ultrasound in twin pregnancies
(Figure 151.2). The absence of NB has been noted in tri-
somy 21 fetuses at first-trimester ultrasound. In the
study of Zoppi et al.,22 the NB was evaluated in relation
to fetal karyotype in unselected pregnancies. The fetal
facial profile was examined at the 11–14 weeks’ scan for
screening by NT. NT screening was performed in 5532
fetuses from 5425 pregnancies (85 twins, 8 triplets,

Figure 151.2 Twins screened for NT and the absence of a NB.
(a) Image showing an increased NT and absent NB. (b) Image
showing a normal NT and presence of a NB (calipers). Images
courtesy of B. Caspi, MD, Kaplan Medical Center.
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2 quadruplets). The visualization of fetal profile was
obtained in 5525 fetuses (99.8%), and in 5491 fetuses
(99.4%) the NB was present and in 34 cases (0.6%) it
was absent. Fetal karyotype and pregnancy outcome
were available in 3503 pregnancies, and 40 chromo-
somal abnormalities were diagnosed (27 trisomies 21,
5 trisomies 18, 2 trisomies 13, 3 Turner syndromes,
1 partial trisomy 9 and 2 others). The NB was absent
in 19 (70%) trisomies 21, 4 trisomies 18 (80%), 2 Turner
syndromes (66%), in the partial trisomy 9, in 7 normal
karyotype fetuses (0.2%) and in a case with sponta-
neous first-trimester abortion before prenatal diagnosis.
A significant difference was found between NT thick-
ness, expressed as an MoM, in trisomy 21 fetuses with
NB present and absent.

Invasive diagnostic procedures
When considering an invasive diagnostic procedure,
complications, such as procedure-related fetal loss, are
weighed against the probability of an abnormal result.
The accuracy of the procedure is of importance as
well. The conventional approaches include second-
trimester AC or first-trimester CVS. The gestational
age at which the procedure is performed should be
considered because most patients favor an early diag-
nosis. Moreover, early diagnosis in multiple pregnan-
cies enables early decision making concerning
selective termination of an affected fetus or termina-
tion of the entire pregnancy.

AC was first described by Elias et al.23 The proce-
dure is routinely performed between 16 and 20 weeks’
gestation. Ultrasound is performed for appropriate fetal
measurements, number and location of each placenta
and location and characteristics of the dividing mem-
brane. A 22-gauge needle is inserted under continuous
ultrasound guidance into one sac and fluid is retrieved,
1–2 ml of inert dye (indigo carmine) is injected and the
needle is removed. In the same fashion, a second needle
is inserted into the second twin sac under ultrasound
guidance and clear, dye-free fluid is retrieved.

With improvement of ultrasound technology and
diagnostic skills, another technique for AC sampling
was proposed without using the dye.24,25 In this tech-
nique, the initial ultrasound examination visualizes
both sacs and the dividing membrane in the same
plane. The needle is inserted into the first sac, fluid is
retrieved and under direct visualization the needle is
pushed through the dividing membrane into the
second sac. Using this technique, misdiagnosis may
occur due to possible sampling twice the same sac or
due to possible cell contamination.

Sampling in MC pregnancy is an additional chal-
lenge. Because the fetuses develop from the same
zygote, the karyotypes should be exactly the same,
and, therefore, sampling of both sacs is not recom-
mended. There are rare cases in which MC twins
have discordant chromosomal results. Given that

the diagnosis of monochorionicity was accurate,
postzygotic non-disjunction can lead to such discor-
dant karyotypes. Because of the rarity of these events,
most authors do not recommend sampling of both sacs
in cases with characteristic signs of monochorionicity.

Late karyotyping
Karyotyping is possible not only in the first trimester
(by CVS) but also in the third trimester by late AC.26

Late karyotyping after viability carries certain advan-
tages in extremely high-risk pregnancies by avoiding
the risk of miscarriage following second-trimester AC.
Criteria for late AC include women over 41 years, con-
ception after prolonged infertility and systemic dis-
eases during the period of second-trimester AC.27

Undoubtedly, this practice is applicable only in coun-
tries where the law permits termination of pregnancy
after viability. This approach is based on studies of
third-trimester AC showing that fetal karyotyping in
late gestation provides accurate results with a better
fetal outcome in terms of deliveries beyond 30 weeks
of gestation.28 In addition to medicolegal considera-
tions, this practice raises significant ethical dilem-
mas: which pregnancies are of ‘extremely high-risk’,
should one perform late AC for all pregnant women
and avoid procedure-related term birth, should one
perform late AC ‘per request’.

The loss rates following AC in multiple gestations
There are no randomized control trials documenting
the safety of AC in multiple gestations. Figure 151.3
shows the pregnancy loss rates before 20 and 28 weeks
in various studies.25,29–36 Pregnancy loss rates in these
studies ranged from 0% to 6% until 20 weeks and from
0% to 8% until 28 weeks. Overall, the mean pregnancy
loss until 20 weeks is 1.9% and 3.5% until 28 weeks.
The risk of pregnancy loss before 28 weeks in unsam-
pled twins after a normal second-trimester ultrasound
is 4.5%–7.2%.28 Ghidini et al.34 reported similar preg-
nancy loss rates between twins and their gestational
age-matched unsampled controls, (3.0% vs. 2.8%,
respectively). The rate of procedure-related pregnancy
loss after AC in twin pregnancies is not different from
that of singletons and is empirically estimated to be
approximately 1%. However, Yukobowich et al.38 in a
retrospective study comparing 476 women with DC
twins undergoing AC and 477 sampled twin pregnan-
cies found a statistically significant difference between
pregnancy loss rates at 4 weeks after AC (2.7% vs.
0.6%, respectively; P �0.01). A recent study of Toth-Pal
et al.39 compared spontaneous pregnancy losses
between 175 women with twins after AC and 300 twin
pairs as controls. The authors found that spontaneous
losses in multiple pregnancies between 18 and 24 weeks
occurred in 2.39%, whereas if AC was performed, the
loss rate before the 24th week was 3.87%. Despite the
non-significant statistical difference, the investigators

1608 Genetic diagnosis in multiple pregnancies
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concluded that genetic AC in multiple pregnancies
slightly increases the fetal loss rate until the 24th week.
Moreover, patients undergoing AC for twins should be
informed that there is a greater risk of pregnancy loss
than in singletons, although most cases are not related
to the procedure.

CVS in twins
CVS has emerged as a safe and efficacious alternative to
AC for the identification of genetic abnormalities. The
standard of care is to perform CVS after 10 gestational
weeks in order to avoid limb reduction defects. A
detailed ultrasound examination should be undertaken
to determine fetal age, chorionicity, placental location
and the presence of major malformation. Performance
of CVS in multiple pregnancies demands an accurate
assessment of the site of placental implantation for
each fetus and zygosity determination. Both transcervi-
cal and transabdominal approaches are used for carry-
ing out this procedure.40 Some pitfalls exist when
performing CVS because there is no apparent way to
ensure sampling of each frondosum site. Therefore, the
same fetus can be inadvertently sampled twice. In
some studies, the intertwin villi contamination and
sampling errors occurred in about 4% of the samples.41

Another study compared the diagnostic accuracy of
second-trimester AC (n �297) and CVS (n �163) in
twins and triplets.42 Successful sampling using the
two-pass approach was achieved in 99.3% vs. 99.7%,
respectively. Uncertain results were present in seven
CVS cases (five with placental mosaicism). No uncer-
tain results were found in the AC group. Four of the
15 triplet sets were sampled by CVS and 11 underwent
AC; however, one from each group required further
AC due to abnormal results. The authors conclude
that fetal cell contamination and confined placental
mosaicism can be kept to a minimum with CVS and do
not lead to critical mistakes.

Loss rates following CVS in
multiple gestations
First-trimester CVS in multiple gestations appears to
have pregnancy loss rates comparable to that of AC.
Figure 151.4 represents pregnancy loss rates after CVS
in twins. According to these,33,40,41,43 the rate of preg-
nancy loss until 20 weeks following CVS is 2.3–3.1%,
and 1.7–3.1% until 28 weeks. In 458 twin pairs, the
overall pregnancy loss rates before 20 as well as
before 28 weeks were similar (2.8%). Wapner et al.33

compared the procedure-related loss rates between
first-trimester CVS and second-trimester AC. Fetal
loss rate following the procedure until 28 weeks’ ges-
tation was 2.9% following AC and 3.2% following
CVS. Altogether, the total fetal loss (corrected for
anomalies) was 9.3% following AC and only 4.9% fol-
lowing CVS. It was therefore concluded that CVS is at
least as safe and as reliable as AC for prenatal diagno-
sis of twin pregnancies.

Figure 151.5 shows the reported outcomes of CVS
in twin pregnancies by pregnancy losses before
22 weeks of gestation and by total fetal loss.33,40,41,43 In
614 twin pregnancies, the mean rate of pregnancy loss
before 22 weeks was 3.1%, and the mean total preg-
nancy loss was 4.6%.44

Counseling of the older patient
The increased maternal age in multiple pregnancies
observed worldwide has led to adapted approaches
to these patients. On the one hand, the risk of aneu-
ploidy is age dependent, placing the older mother at
increased risk. On the other hand, every invasive diag-
nostic test entails risks of miscarriage, and very rarely
infection and fetal injury. Many of these pregnancies
are considered ‘premium’ because of adverse prior
maternal reproductive history; the reluctance for inva-
sive testing in the older patients seems understandable.

Figure 151.3 Pregnancy loss rates after AC in twins.

Figure 151.4 Pregnancy loss rates after CVS in twins.
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Calculations suggest that the risk of aneuploidy
(mainly trisomy 21) in one of the fetuses in DZ twins
should lower the maternal age at which AC is recom-
mended in singletons (from 35 to about 32 years).
Meyers et al.45 tried to determine the maternal age at
which twin gestations have a risk of fetal aneuploidy
comparable to that of singleton pregnancies at maternal
age 35 years, accounting for variation in DZ twinning
rates by maternal age and race. Known aneuploidy
risks and rates of DZ twinning by maternal age and race
were used to calculate the risk of fetal aneuploidy at
term and in the second trimester by maternal age and
race in twin gestations. The risk of at least one aneu-
ploid twin at term was 1/193 at maternal age of 31 years
for both white and African-American women, which is
comparable to the risk of 1/192 for an aneuploid sin-
gleton-term pregnancy at maternal age 35 years. The
risk of at least one aneuploid twin at AC at maternal
age 31 was 1/190 for Caucasian and 1/187 for African-
American women, which is slightly lower than the rate
in singletons of 1/135. They concluded that invasive
prenatal diagnosis for detection of fetal aneuploidy
should be offered to all women with twin gestations at
age 31, regardless of race. This risk, however, has not
been accepted as an indication for invasive genetic
testing. A Belgian group recently collected 512 prena-
tal diagnoses (AC or CVS) from 278 twin pregnan-
cies.46 The most frequent indications were maternal
age ≥35 years (38.8%), assisted reproduction (12.3%)
and suspicious ultrasound findings (7.2%). Auto-
somal chromosome aberrations were found in eight
twin sets (2.9%): four inherited balanced rearrange-
ments (two Robertsonian translocations and two para-
centric inversions of chromosome 11) and four cases
of trisomy 18. Surprisingly, the authors did not detect
any trisomy 21 in this population.

A remarkable issue is the case of pregnancies fol-
lowing the use of donor oocytes. Naturally, one may
think that the donor’s age should be used for aneu-
ploidy risk assessment. However, the donor’s age may
not always be known or reliable. For example, in a

series of established pregnancies from oocyte donation
in women aged ≥50 years, the authors found one case
of Down’s sydrome in 23 infants.47 Although this single
case does not imply an increased risk in pregnancies
following oocyte donation, it demands the same atten-
tion as all other multiples to markers of aneuploidy.

‘Reversed’ cytogenetics
Reversed cytogenetics refers to an indication for cyto-
genetic analysis following a suspected or a pathogno-
monic ultrasonographic finding. The literature is
replete with such signs in singletons, but, regrettably,
does not discuss extensively the value of these signs in
multiples. It should be remembered that some findings,
which indicate further assessment in singletons, are
seen more frequently in twins (i.e. major anomalies,
such as cardiac malformations, or minor anomalies,
such as a single umbilical artery, IUGR, polyhydram-
nios, oligohydramnios, etc.). Regardless, the approach
in such cases should be the same as in singletons with
the same presentation.

Ethical consideration
Genetic counseling frequently involves tough ethical
issues. In the antepartum period, a conflict may arise
in the case of discordant anomalies, when any form of
treatment of the anomalous twin may endanger the
co-twin. For instance, consider the possibility of a DC
twin pregnancy with a suspected discordant chromo-
somal anomaly. Would it be ethical to perform an
invasive procedure to reach the diagnosis, and, at the
same time, put the co-twin at risk for potential
adverse outcome? Moreover, in the context of multi-
ple pregnancies, these issues are not restricted to pre-
natal diagnosis only. It may start postpartum with
parental requests for zygosity diagnosis of their
infants. In the absence of a medical indication, would
it be ethical to perform any procedure to satisfy the
curiosity of the parents to know if their twins are
‘identical’? This may go on to adulthood, when one
twin of an MZ set is diagnosed with a late-onset
genetic disease. Is there an ethical obligation to reveal
the patient’s disease state to his/her co-MZ twin?
Finally, consider the situation when one twin wishes
to know the results of her deceased mother’s tests for
BRCA1 mutations (increased risk of breast cancer)
and the second twin objects to researchers making
this information available.48 Who is in a position to
decide? Obviously, answers are not at hand, and for
many cases called into question, the lines of ethic cer-
tainty become less clear. Unfortunately, is seems that
technical advances will always precede ethical dilem-
mas, and in this respect, especially in multiple preg-
nancies, the future does not seem to facilitate the
ethical conflicts in genetic counseling.

1610 Genetic diagnosis in multiple pregnancies

Figure 151.5 Outcome of CVS in twins.
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152 Intrauterine behavior
of multiples
B. Arabin and J. van Eyck

Introduction
The phenomenon that two or more children simulta-
neously grow in utero, are borne by the same mother
and are characterized by specific similarities in
features, behavioral expression and interaction has
inspired mythological and religious stories, artists,
writers and finally also researchers since ancient
times. Hippocrates as well as further Greek and
Roman scholars discussed the twinning phenome-
non.1 Prenatal activity and communication of twins
was already anticipated in the Bible: Esau and Jacob
were supposed to struggle in the womb for the right to
breath, to cry or to be welcomed ex utero as the first.2

In his classical paper The History of Twins as a
Criterion of the Relative Powers of Nature and
Nurture dated 1876 Sir Francis Galton was the first to
argue that twins could be of value in the study of the
effects of hereditary and environmental influences.3

Still, not until the 1920s did it become obvious that
there are different kinds of twins. The breakthrough of
the ‘twin method’ relating to either mono- or dizygoc-
ity being an ‘experiment of nature’ and a challenge for
scientific exploration, dates back to observations of
the American psychologist Curtis Merriman and the
German dermatologist Hermann Siemens in 1924.4

The classic twin method is based on some assump-
tions: monozygotic (MZ) twins or higher order multi-
ples originate from splitting of the same zygote into
two or more embryos during the first 14 days after fer-
tilization and subsequent separate development. Any
difference recognized between the MZ co-multiples
necessarily is supposed to originate from environ-
mental – which means other than genetic factors –
influences. The other mechanism is polyovulation
and consequent multiple fertilization resulting in the
simultaneous development of dizygotic (DZ) or polyz-
gotic (PZ) siblings. Both, MZ and DZ twins are of the
same age and share prenatally and usually to a large
extent also postnatally the same environment. It is
assumed that the extent of any characteristics exhibit-
ing a higher within-pair similarity in MZ compared to

DZ co-twins reflects the genetic control of a specific
variable.

There have been doubts about how far results based
on the twin method represent a general population.
Bias can arise from antenatal (e.g., different forms of
twinning or specific risks of multiple pregnancy) and
postnatal (e.g., varieties in the common environment)
conditions. Also, the last decades have witnessed
tremendous progress in cytogenetics, molecular genet-
ics and chronogenetics. Still, the study of twins remains
a precious tool in behavioral genetics, developmental
studies, matched-pair designs and epidemiology.

Focusing on prenatal twins and multiples5,6 and
using more sophisticated techniques of supervision
and statistical analysis it might be possible to observe
still unknown phenomena and achieve new perspec-
tives of human development under normal and patho-
logical conditions.

Methods to describe prenatal
behavior of multiples
Brief summary of methods used
in singleton pregnancies
Despite over 100 years of interest in prenatal behavior
in the medical literature7 and over 20 years of system-
atic research initiated by the Prechtl’s group,8–10 the
examination of prenatal behavior is still not widely
accepted as a potential tool for researchers and clini-
cians. Difficulties start from its definition, which may
be characterized by ‘any observable action/reaction
towards stimuli’.11

Embryonic and fetal movements emerge during
the first trimester with ‘just discernible movements’
at around 7 completed weeks. Subsequently, more
complex movement patterns emerge, many of them
remaining recognizable throughout life. Prenatal
motility is considered to reflect the developing nerv-
ous system and involves functional and maturational
properties of hemodynamics, muscle or organ tissue.
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For the investigation of prenatal behavior various
methods have been applied: Fetal body movements
in utero were first recorded objectively with a kymo-
graph by Haled in 1905 using the displacement of an
inverted glass funnel by the distortions of the mater-
nal abdominal wall resulting from movements of the
underlying fetus.12 In 1944 Hooker observed move-
ments and reflexes after cutaneous stimulation of
embryos after therapeutic terminations of pregnancy
by hysterotomy maintaining them at body tempera-
ture in an isotonic fluid bath.13

With the introduction of real-time ultrasound, it
became possible to observe prenatal motility in utero.
Reinhold was one of the first to describe fetal activity
stressing the spontaneous character of early prenatal
movements.14 Better resolution of ultrasound equip-
ment made it possible to identify qualities of prenatal
activity.9 Cyclic changes of fetal activity accompanied
by fetal heart rate (FHR) variability were described at
the end of the 1970s15,16 but were still not linked with
sleep–wake states in neonates.17 By combining FHR-
patterns with presence or absence of fetal movements
(FMs), it became evident that bandwidth, amplitude
and accelerations of FHR are related to the type of FM.
FHR and FM patterns were used to classify behavioral
states before 36 gestational weeks.18 Subsequently,
Nijhuis et al.10 took advantage of the first prenatal
descriptions of fetal eye movements (FEM).19,20 Thus
they were able to detect four behavioral states during
the last weeks comparable to those described by
Prechtl in neonates.17 The implication of Doppler
velocimetry in addition allowed consumptions that
under normal conditions fetal hemodynamics are
related to behavioral states.21

Independently, prenatal reactions evoked by external
stimuli such as sound and vibration,22 touch,23 light24 or
merely maternal noise25 have been investigated.

All methods have meanwhile been integrated into
a cohesive whole to describe prenatal behavior in
singleton pregnancies.

In twins and higher-order multiples, the same
techniques can be applied in principle, though this
demands more sophisticated methodological and
statistical efforts because of the following reasons:

• two or more different individuals have to be
observed simultaneously,

• there might be inter-twin or inter-multiple influences.

Specific conditions of multiple pregnancy such as
zygosity, chorionicity, sex and position as well as
pathological conditions have to be systematically
defined and considered for interpretations.

Methods to document prenatal
multiple behavior at early gestation
All types of movements that develop in singleton preg-
nancies seem to be present up to 15 weeks. This is why

we regard the interval between 8 and 16 gestational
weeks as an appropriate interval for the study of early
twin behavior. In addition, this has a pragmatic back-
ground: from 16 weeks onwards it becomes more
difficult to visualize both twins completely on one
ultrasound monitor.

Though the pioneering work describing the emer-
gence of qualitative movement patterns in singletons
was performed with the aid of transabdominal sonog-
raphy,9 transvaginal sonography (TVS) has developed
as the method of choice during the first 12 weeks of
gestation.

Considering individual differences of compliance
and abdominal wall thickness of the mothers we
switch to transabdominal ultrasound observations
from around 12 completed weeks. The type and posi-
tion of the transducers are selected to optimize accu-
rate simultaneous visualization.

As a compromise between maternal compliance or
possible side effects and scientific curiosity our pro-
tocol has included weekly ultrasound examinations
until at least 30 min of good quality are documented
by video registration. Sometimes it might be difficult
to visualize two or three members of the multiple
pregnancy simultaneously in their full length. Under
such conditions it is advisable to change either the
position of the mother towards the transducer or to
move the transducer to an oblique position.

Selection of study groups
Parents with early diagnosed twin or triplet pregnancy
have taken part in our studies of early behavior of
multiples. A high percentage of twin and higher-order
multiple pregnancies results from fertility treatment
such as in vitro fertilization, artificial induction of
ovulation or artificial insemination. The criteria should
be documented and gestational age adapted.

Parents who volunteer to take part in the study,
have to be informed that there are still no follow-up
studies about bioeffects of long-term ultrasound
observations. Our own research protocol had been
submitted to the local research ethics committee and
approval had been granted. Parents are also informed
about possible advantages of the study, such as a more
careful evaluation of the development, exclusion of
early markers for chromosomal defects between 10
and 14 weeks and the possibility to witness the devel-
opment of their children. All specific variables which
might have an effect on prenatal behavior such as
maternal risks, medication or abnormal ultrasound
findings have to be documented.

Sonographic determination of
placentation and position
Precise analysis of the membranes is of primary impor-
tance not only for the classification but also for later
management decisions. Already from 5 to 6 weeks
onwards chorionicity can be defined by the number of
chorionic sacs. In dichorionic (DC) placentation the
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villous stems surround the amniotic cavity (Figure
152.1a) until chorion frondosum and chorion laeve are
further differentiated. As in singletons amnion and
chorion remain separated by the coelom cavity up to
around 12 weeks. The developing dividing membrane
consists of two chorions and two amnions and appears

echogenic. From around 12 weeks the presence of
lambda-shaped structures at the attachment to the
placenta is indicative of the dichorial nature (Figure
152.1b).26 In monochorionic (MC) placentation it is
recommended to evaluate whether each multiple is
surrounded by an amniotic membrane, so that the

1614 Intrauterine behavior of multiples

Figure 152.1 Sonographic illustration of chorionicity, impact for inter-twin contact. (a) DC twin pregnancy at 8 weeks still with
surrounding villi: no contact possible. (b) DC twin pregnancy at 12 weeks with thick dividing membrane and lambda sign: moment
of first inter-twin reaction towards touch. (c) MC DA twin pregnancy at 10 weeks with a single placenta and separate amnions:
moment of first inter-twin reaction towards touch. (d) MC MA twin pregnancy at 9 weeks illustrating two adjoining embryos in a
single sac: moment of first inter-twin reaction towards touch. (e) DC TA triplet pregnancy at 10 weeks illustrating simultaneous
differences of dividing membranes: chorion laeve (left) and thin inter-triplet amnion (right): the two right triplets demonstrated with
earlier reactions towards touch. (f) CD DA triplet pregnancy at 10 weeks with one thick inter-triplet membrane (left) and two triplets
within one amniotic cavity (right): the two right triplets demonstrated with earlier and more frequent reactions towards touch.
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dividing membrane consists of two amnions (Figure
152.1c) or whether there is only one amniotic cavity
containing both twins without any dividing membrane
(Figure 152.1d). Accordingly, there are six different
types of chorionicity in triplet pregnancies, e.g., DC
triplets can be triamniotic (TA) (Figure 152.1e) or
diamniotic (DA) (Figure 152.1f). All ultrasound find-
ings should be registered.

In utero twins and triplets can also be characterized
by their position. Therefore it is important to compare
carefully whether transvaginal and transabdominal
definitions are in agreement.

In DC twin pregnancies with different sex we have
followed the position of twins from 16 weeks onwards
and have up to now not recognized a change of position
from the primary definitions. We admit that in mono-
amniotic (MA) twins identification may be a problem.

Longitudinal examination of growth,
structure and hemodynamics
It is recommended to document biometry and presen-
tation in utero (e.g., vertex/breech) during each ses-
sion and to notify early growth differences.27 We have
designed early growth charts specific for multiples.28

The prevalence of multiple pregnancy, which is
related to maternal age and assisted reproduction tech-
niques, has increased and accordingly the number of
multiple pregnancies at risk for chromosomal abnor-
malities. Early ultrasound diagnosis of fetal nuchal
translucency thickness, which has been proven to be as
sensitive as in singletons in DC multiples, though with
a lower specificity in screening for trisomy 21 in MC
twins,29 is recommendable to help the parents to
decide for or avoid further invasive techniques. Serial
ultrasound examinations of early behavior have the
advantage of allowing a careful evaluation of nuchal
translucency without further efforts and should there-
fore be included in all early behavioral studies.

Doppler velocimetry of the umbilical vessels can be
theoretically registered from 8 weeks onwards and
may allow to detect early heart rate (Figure 152.2a).
Subsequently, Doppler velocimetry may be performed
in several vessels such as the ductus venosus, the
aorta or cerebral vessels.

Longitudinal examination of early activity
Using video documentation of early twin behavior we
have defined first qualities of activities of twins

Figure 152.2 Hemodynamics and behavioral patterns at early gestation. (a) Doppler velocity wave forms of umbilical vessels at
10 weeks illustrating pulsatile arterial and venous flow (probe directed on umbilical cord). (b) Simultaneous activities (hand–face
contacts) of twins at 12 weeks. (c) Complex contact (‘embracement’) at 14 weeks. (d) Mouth contact (‘kiss’) at 16 weeks.
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which are analyzed separately for each multiple most
of them are comparable to the definitions found by
abdominal ultrasound in singletons.9

First discernible movements are defined according
to their name. Startles are abrupt generalized move-
ments, starting in the limbs and spreading to the trunk
and neck including flexion and extension of both arms
and legs at the same time. Hiccups are jerky contrac-
tions of the diaphragm followed by an abrupt displace-
ment of thorax and abdomen. Hiccups are frequently
seen at regular intervals of 2–3 s. Hand–face contacts
are characterized by a touch between hands and face
(Figure 152.2b). Movements of single fingers and
touch of the mouth just with the thumb may be dif-
ferentiated. Mouth openings without swallowing are
differentiated from swallowing movements, which
are accompanied by a displacement of the tongue and
are often initiated by sucking. During swallowing,
fetuses are able to ‘drink’ amniotic fluid which can be
visualized by color imaging and Doppler velocimetry.
Breathing movements are paradoxical in nature,
accompanied by slow simultaneous movements of the
diaphragm (downwards), thorax movements (inwards)
and abdominal movements (outwards). They may
occur at regular or irregular intervals and may also be
accompanied by aspiration and expiration of fluid.

Head movements include retroflexion, anteflexion
or rotation of the head. Extremity movements may
involve extension, flexion, external or internal rota-
tion or abduction and adduction of arms and/or legs.
Jumping appears as a consequence of pushing off the
uterine wall with the legs and may occur incidentally
and repetitively. Twisting may be defined when the
body leans to the left and the right side repetitively.
The ‘turning point’ of the movement may be neck
and/or rump. It may appear as ‘dancing’ and may
even initiate a somersault.

Stretching is a complex motor pattern consisting
of an extreme extension of the spine, retroflexion of
the head, abduction, external rotation and elevation of
the arms. The movement may last several seconds.
Prenatal yawning is comparable to yawning after
birth. Yawning is often accompanied by a retroflexion
of the head. After a slow opening, the mouth remains
open for several seconds and then quickly closes. Like
stretching this movement pattern is nonrepetitive.

In all multiples it is interesting to compare whether
the described activities occur independently, ‘in turn’
or simultaneously (Figure 152.2b).

Longitudinal examination of early contacts
Using video documentation of early twin behavior we
have defined first qualities of contacts. ‘First reach
and touch’ is classified when multiples touch without
giving evidence of reactions. ‘First reaction’ was
defined as the first movement of the co-twin within
1 s of a touch (Figure 152.1b–d). Thereafter, the part of
the body initiating the contact and the speed of the
primary contact are classified as ‘slow’ or ‘fast’ arm,

leg, head or body contact. All short contacts following
an action/reaction model are called primary contacts.
With advancing gestational age and smaller distance
from each other, more complex contacts are observed
lasting more than 5 s. Action and reaction might be
repetitive so that initiatives cannot be exclusively cor-
related to only one twin. Thereby both bodies and
extremities may be involved (Figure 152.2c). Twins
may even touch the head or mouth of the co-twin with
the lips followed by a reaction of the co-twin which
we classify as ‘mouth contact’ (Figure 152.2d). Parents
often interpreted these contacts as ‘embraces’ and
‘kisses’. With advancing gestation, diffuse interac-
tions, characterized by initiations or reactions, which
are difficult to distinguish, are observed.

Using only the speed of initiations and reactions
other classifications of contacts can be used such as
contacts characterized by slow initiations with a slow
reaction, a fast initiative with a slow reaction, a slow
initiative followed by a fast reaction and a fast initiative
followed by a fast reaction. It is interesting to compare
whether contacts are preferably initiated by one of the
multiples or whether there are differences in the fre-
quency and sensitivity to react towards touch.

Analysis
Video tapes are retrospectively analyzed documenting
gestational age in days, time of the day and meal intake.
After a training period we recommend to determine the
intra- and interobserver variability of observed quali-
ties. For the observed activities and contacts we have
found an interobserver variation coefficient between
88% and 100%. For all activities and contacts the ges-
tational age of the first observation are documented.

The activities can be analyzed separately for each
twin or multiple, the contacts can be classified accord-
ing to described criteria. Throughout the observation
period it is possible to calculate the occurrence of
activity and contact patterns. In addition, inter-twin
variance of activities and dominance can be evaluated.
Using a short (1 min) window, rest–activity cycles are
analyzed. In our studies all data were coded, collected
and analyzed by computer programs.

Methods to document prenatal multiple
behavior at advanced gestation
Although fetal activity of twins in the third trimester
has been analyzed,30–32 there are confusing method-
ological differences relating to whether FM were
recorded by mother’s perception, real-time ultrasound
or electromagnetic devices. Ultrasound observations of
fetal activity allow the most precise analysis of the
quality of FM. In advanced pregnancy two ultrasound
equipments are necessary to document all movements
of head, body and extremities of only one child, which
then is unrealistic for twins or higher order multiples.

In singleton pregnancy, a Doppler device for simul-
taneous recording of FM and FHR (actocardiograph
MT 32033) registers slow and fast FM with a high

1616 Intrauterine behavior of multiples
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sensitivity and specificity.34–36 We have used a similar
equipment designed for multiple pregnancies (acto-
cardiograph MT 430). This portable device captures
the signals of FHR and FM with one external Doppler
transducer for each twin, the signals are simultane-
ously recorded on separate channels and designed on
one tracing. Thus, FM and FHR patterns can be easily
correlated with each other. The simultaneous record-
ing of both FM patterns in combination with FHR pat-
terns on one tracing is the method of choice for acute
supervision of advanced multiple pregnancies also in
clinical routine. We have published that this method
is also a useful tool for research purposes5,6 and pro-
posed several qualitative criteria to classify prenatal
behavior in twin pregnancies roughly summarized
as ‘concordant’ or ‘discordant’ behavior. The same
equipment is useful for simultaneous FHR monitoring
of triplets during vaginal delivery.37

Selection of study groups
We have performed systematic studies of spontaneous
and reactive FHR–FM patterns in normal twin preg-
nancies from 24 weeks onwards. Mothers who volun-
teered to take part in the study, were informed about
the protocol. For inclusion into the study protocol early
ultrasound examinations to confirm gestational age and
define chorionicity was a prerequisite. Data from risk
pregnancies such as premature labor, pre-eclampsia,
diabetes or growth retardation have to be excluded for
definition of normal values or analyzed separately.

Sonographic determination of the position,
growth and hemodynamics
At the beginning of each session the position of the pla-
centa, presentation (e.g., vertex/breech) and the size of
the twins including their estimated weight have to be
registered. Using FHR monitoring identification on the
tracing is facilitated by different thickness of the FHR-
tracings and different height of the FM tracings for each
twin. Doppler flow measurements of the umbilical
artery (at least) should be performed and the amount of
amniotic fluid should be estimated.

Longitudinal examination of spontaneous FHR
combined with FM patterns
Usually we have registered behavior of twins over a
period of at least 1 h combining spontaneous behavior
during the first 30 min and the registration of reactive
behavior during the consecutive 30 min. We have used
a paper speed of 2 cm/min. It has to be considered that
there is no signal loss or disturbances caused by
maternal movements. An example of an actocardio-
graphic tracings of spontaneous FHR/FM patterns is
presented in Figure 152.3(a).

Longitudinal examination of reactive FHR
combined with FM patterns
Studies to examine answers of peripheral sensory
receptors face the problem in how far the occurrence

of a response is causally related to the stimulus,
whether it is accurately measured and reproducible
and in how far the present behavioral state has an
influence on the occurrence, magnitude and course of
the response. Prechtl has described various patterns
of responses to external stimuli in relation to different
neonatal states.17

In contrast to the neonate, the human fetus is sur-
rounded by amniotic fluid, which diminishes techni-
cal feasibility to objectify and quantify stimuli as well
as responses.

Still various kinds of external stimulations to pro-
voke reactions of a single fetus have been reported
and are summarized in detail.38,39 For all methods of
prenatal external stimulation problems have to be
overcome due to attenuation and uncertainties of
transmission through the maternal abdomen of either
touch, sound or light. The possible effect of the
attachment alone has to be excluded by touching the
abdomen with the instrument without stimulation
(‘sham stimulation’40).

Methodological problems in multiple pregnancies
are as follows. Stimulations by light or touch have to
be performed for each multiple and still the stimulus
might vary dependent on the position of the fetus
towards the stimulus (front or back side). The first
reaction to light stimulation is often just a short move-
ment of the bulbi, which can only be observed by
ultrasound if the fetal face is visualized.

Vibroacoustic stimulations (VAS) using an elec-
tronic artificial larynx (EAL) producing a broadband
noise at a fundamental frequency of 87 Hz with multi-
ple harmonics up to 15,000 Hz was used in singleton
pregnancies.41 Coupling between the vibrating surface
of the instrument and the maternal tissue provides
optimal transmission of frequencies of up to
20,000 Hz.42 When placed between the twins it can be
suggested that the stimulus reaches both members in
a comparable way. It has been proven that the position
of the EAL in relation to the fetus is without influence
on the kind of reaction43 because it is transmitted via
the amniotic fluid and the intensity of the sound
in utero does not vary.44 It was demonstrated that a
stimulus with EAL of 3 s is sufficient to cause a reac-
tion even from quietness to an active state.45 In our
studies we tried to perform a stimulus of around 2 s.

A further problem arises if twins do not demon-
strate the same rest-activity state before stimulation.
We have only started with sham/final stimulations
till at least 10 min of quiet behavior was recorded.
Waiting for this condition can extend the duration of
the session. An example of an actocardiographic trac-
ing after VAS with various FHR/FM responses is pre-
sented in Figure 152.3(b).

Analysis of polygraphic tracings
From each session the tracings are analyzed docu-
menting gestational age in days, time of the day and
meal intake. After a training period we recommend
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the determination of the intra- and interobserver vari-
ability. For the actocardiographic tracings we have
found an interobserver variation coefficient between
80% and 90%. For all reactions towards external
stimuli gestational age of the first occurrence can be
documented.

For systematic studies we have meanwhile classified
FHR/FM patterns according to possible combinations
of variability, accelerations and FM (Table 152.1). To
classify these periods 3 min consistency is required in
a tracing of at least 30 min of good quality. The longest
and shortest periods as well as the total distribution as
percentage of the registration time can be calculated for
the whole study group, subgroups and for each twin
pair throughout the observation interval.

FHR/FM patterns after VAS were classified accord-
ing to possible combinations of FHR accelerations in
combination with FM, the duration of the reaction
and the change of states. For direct comparison of
twin pairs all described criteria can be used. The
described parameters can also be combined by semi-
quantitative scoring systems.3 Thereby the degree of
difference in FHR-variability, baseline, number and
synchronicity of FHR accelerations and FM can be
compared. The latter are classified as simultaneous if
there are less than 10 s difference.46

Postnatal assessment

Postnatal assessment of placenta and zygosity
Placentation of multiple pregnancies is influenced by
the number of zygotes, blastocysts and the division of
the inner cell mass. When two placentas are present,
they are always DC, most are dizygotic (DZ), but some
are monozygotic (MZ), when division occurs before
implantation. Single placentas can be present in DC
and MC as well as in DZ and MZ pregnancies.

A proper examination of the membranes allows
definite statements concerning the zygosity, which
are summarized for twins and triplets.47

(1) DZ twins are DC; (2) MZ twins are either DC or
MC; (3) MC placenta proves MZ twins 

(1) TZ triplets are TC; (2) DZ triplets are either DC
or TC; (3) MZ triplets are either TC, DC or MC; (4) DC
triplets are MZ or DZ; (5) MC triplets are MZ.

The following placental features should be exam-
ined still in the delivery room and used for proto-
cols47: the structure of fetal membranes, the unity of
the placenta, the site of umbilical cord insertions and
the extent of vascular anastomoses in MC placentas.
Placental weight, surface area, insertion of the umbil-
ical cord, disturbances of maturation or circulation
and signs of infection should be examined.

1618 Intrauterine behavior of multiples

Figure 152.3 Hemodynamics and behavioral patterns at advanced gestation. (a) Actocardiographic patterns demonstrating
spontaneous ‘discordant’. FHR-FM patterns: spontaneous increase of FHR of twin A (above), spontaneous onset of hiccup of twin B
(below). (b) Actocardiographic patterns demonstrating reactive ‘concordant’ and ‘discordant’ FHR-FM patterns: both twins react with
a FHR-acceleration combined with FM (above), only one twin reacts with a short FM and an increase of FHR-baseline (below).
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Examination of placentation and gender determines
zygosity in around 50% of cases.48 This ratio varies
worldwide. Zygosity remains unclear in cases with
the same sex and DC/TC placentation. In these cases
sequential blood group testing can be performed con-
sidering ABO, Rh, MNSs, Kell and Duffy subgroups.
DC twins can be correctly identified if only one (or
more) of the subgroups vary. If all subgroups are iden-
tical, the probability of MZ twins is around 97%,
still 3% are DZ.49 In uncertain cases, the use of DNA
methods to analyze variable numbers of ‘tandem’
repeat sequences dispersed in the human genome has
become the most powerful tool for accurate diagnosis
of zygosity. DNA fingerprint can be performed of each
twin’s leukocytes, umbilical cord tissue or even pla-
cental tissue even after being frozen at −20◦C.50,51

Statistical methods
All data of subgroups of MC vs. DC twin pregnancy or
of different gender combinations can be calculated. Our
datasets are shown as box–whisker plots using SPSS
(Statistical Package for Social Sciences). Thereby the
mean, the 75th and 25th centile and the limits of
extreme values are plotted so that 50% of the values are
collected within the ‘box’; the ‘whisker’ represents all
values up to the 1.5-fold distance of the given centiles.
Significant differences can be calculated for two or
three variables by the Mann–Whitney–Wilcoxon and
the Kruskal–Wallis test or by chi-square tests. Multi-
variate analysis can be used to find parameters with an
impact on behavior of multiples.

Possible discussions relating
towards long time ultrasonography
Bioeffects of ultrasound have been studied for sixty
years now and can be classified as nonthermal and
thermal effects. Nonthermal processes are enhanced
by gas-body activation occurring when gas filled
structures become biologically active when exposed
to megahertz frequencies.52 The ‘spatial peak pulse
average’ (SPPA) represents the average intensity of a
pulse. At SPPA values of 10–100 W/cm2 signs of cavi-
tations were never seen.53

Thermal effects of ultrasound depend on the
intensity of the ultrasound waves, the duration of
exposition and the absorption coefficient of the tissue.
Ultrasound waves cause oscillation and heat produc-
tion. Temperature elevation of less than 1◦C is consid-
ered to be without any effect for the fetus;54,55 thermal
effects have not been reported in mammals below
39◦C.56 The critical temperature for fetal tissue is 41◦C
and its exposition limit at this temperature is 16 min.54

However, in animal experiments a temperature of
41◦C is only reached with intensities of > 300 mW/cm2

and an exposure duration of > 60 min.57 The SPTA
(spatial peak temporal average) values have to be
considered.

Mutagenic effects of ultrasound are only described
in in vitro cell lines.58,59 Epidemiological research has
been performed in children, who were exposed to
ultrasound during pregnancy and no increased risk
for malignancy was found.60,61

Recently, it has been suggested that there is an
association between routine ultrasonography and sub-
sequent non-right-handedness62 and growth restric-
tion if ultrasound is performed frequently.63 However,
no other differences in intelligence, neuromuscular
or psychological development were found. However,
there were critics on methodological aspects of these
studies.64 Side-effects of long-term ultrasound have
not yet been noticed. In any case, it is important to
discuss these subjects with parents openly and not to
use ultrasound in an unreflected way.

Development of activities,
hemodynamics, reactions towards
touch and external stimuli
Onset of twin activities
The first increase in axodendritic and axosomatic
synapses occurs between 8 and 10 weeks.65 In this
period movement patterns differentiate rapidly. Another
striking increase in the number of axosomatic
synapses is described between 12 and 15 weeks.66 In
these weeks simple general movements of body, head
and extremities as well as more complex activity pat-
terns such as swallowing, stretching and yawning
emerge. Besides the study of Samueloff et al.67 and
our own reports, prenatal twin behavior has not been
studied in early pregnancy.

First appearance of the described activities can be
correlated to the gestational age; however, it has to be
considered that all phenomena could have emerged
already during the interval of the sessions. During the
first weeks of gestation movements become more fre-
quent and appear faster. The cascade of developing
activities in twins is demonstrated in Figure 152.4(a).

The clinical importance of qualitative observations
was stressed from replays of video recordings of neona-
tal movements. It was possible to distinguish between

FHR-FM Variability Fetal 
pattern (amplitude/bpm) movements Accelerations 

I < 10 bpm NO NO 
II < 10 bpm YES NO 
III > 10 bpm NO NO 
IV > 10 bpm NO YES 
V > 10 bpm YES NO 
VI > 10 bpm YES YES 

Table 152.1 Classification of fetal heart rate (FHR) and
fetal movement (FM) patterns in twins obtained by the
Actocardiograph MT 420
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infants with intact nervous system and brain lesions,
though there was no difference in the quantity of move-
ments. Neonates with brain lesions seemed to demon-
strate with abnormal movements lacking elegance,
fluency and rotations superimposed to limb move-
ments.68 These ‘subjective’ observations had a high
interobserver agreement of around 90%,69 which is
comparable to our own correlation coefficients.

Onset of intertwin contacts
To study reactions of singletons towards touch in utero
would be combined with ethical and practical
restraints. However, twins are naturally exposed to
sensory stimulations of the co-twin and thus ideal
models to study the onset of reactions towards touch

in vivo. As it was supposed for motor activities of
singletons70 the primacy of contact patterns may also
indicate that contacts develop before being ‘useful’
responses to biological or psychological relevant
sensory input.

Studying movements in twins in the last trimester
Sadovsky stated31: ‘The possibility that movements of
one twin stimulate the other to move was rejected by
the fact that in no instant did one fetus move imme-
diately after the second started to move’. Looking at
our video tapes we arrived at different conclusions.71

Similarly, inter-twin contacts have been supposed to
cause increased rates of simultaneous twin activities
in early pregnancy.68

As described for activities, primary contacts can
be correlated to the gestational age, still it has to be

1620 Intrauterine behavior of multiples

Figure 152.4 Onset of behavioral patterns in box–whisker plots, ultrasound observations at 1-week intervals, n =25 (20 DC and
5 MC) twin pairs. (a) Onset of activities. (b) Onset of inter-twin contacts.
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considered, that all phenomena could have emerged
during the interval before the session. Both, the first
interhuman contacts without and with reaction were
primarily observed in a MC MA twin pair of two boys
at 57 and 65 postmenstrual days, respectively. The
cascade of developing contacts from simple to more
complicated patterns in twins is demonstrated in
Figure 152.4(b).

Prenatal contacts start with slow initiatives followed
by slow reactions, giving the appearance of a ‘tender’
contact. This may be due to the still poorly developed
muscular and sensory system. As described in vitro3

we found in vivo that embryos respond to tactile stim-
ulation as early as at 8–9 weeks. Yet at this age the
receptors to perceive tactile stimuli have not yet pen-
etrated the basement layer of the skin.72 It is specu-
lated that the developing neural system is responsive
prior to the formation of specific receptor cells.73 In
MC twins contacts occur earlier, which might be inter-
preted with the smaller distance and the thinner inter-
twin membranes.

Continuity of early twin activities
A change in motility has been reported from ‘rather
jerky’ around 12 weeks to ‘slow and harmonious’ at 16
weeks74 for singletons. Interindividual differences in
the quantity of FM have been described for singletons.75

In twin pregnancies the question is whether they
depend on systematic variables such as gender, zygos-
ity, position in utero or possibly on ‘early individuality’,
so that activity in utero might already be an early
expression of temperament. Particular movements, for
example, twisting and jumping, showing large ranges
and unsystematic differences might be representative of
individual differences. In contrast, some movements
might be considered merely as reflexes (startles, hic-
cups) or seem to be essential for fetal development of
organs (breathing movements and swallowing). These
activity patterns show smaller inter-twin differences.

The number of most exhibited patterns increases
throughout early gestation, except for twisting, which
seems to be an early pattern that disappears after
13 weeks. Startles and hiccups decline after 13 weeks.
Breathing and swallowing display a constant rise up to
16 weeks. Frequencies of hand–face contacts remain
stable throughout. In Figure 152.5(a), the course of
breathing movements, given as number per hour is
plotted separately for twin A and B. In Figure 152.5(b),
the course of twisting is demonstrated. There are large
unsystematic differences between the two twins
reflecting the incidental and possibly individual
character, after 14 weeks twisting movements seem to
disappear.

Continuity of early inter-twin contacts
The described change from ‘rather jerky’ activity
around 12 weeks to ‘slow and harmonious’ activity at
16 weeks74 correlates with our observations of the

development of diffuse contact patterns during these
weeks. Contacts may be explained by the onset of
movements whereby incidental touches cannot be
avoided in utero or are responded by early reflexes.
Both, the part of the body that initiates the contacts as
well as the reacting part may be randomly involved.
Some reactions may be just incidental endogenously
evoked movements or passive answers towards touch.
Early contacts of MC twins are also more in number.
Our classification of early contacts might be a subjec-
tive one. We tried to establish ‘normal values’ of the
described qualities which cannot be demonstrated in
detail. We just show two examples of our normal val-
ues classified according to the speed of either initia-
tive or reaction (Figure 152.5c and d).

Hemodynamics during early multiple gestation
It is well known that normal values of FHR fall during
the first 10 weeks of pregnancy.76,77 This also holds
true for twins and triplets. Due to the decrease of vas-
cular resistance within the placental bed there is also
a fall in pulsatility index (PI) of the umbilical artery in
twins and triplets.

As an example we demonstrate our normal PI
values and the FHR of twins in Figure 152.6(a) and
(b) possibly of use for further research of the influence
between early activity and hemodynamics.

Spontaneous FHR/FM patterns after 26 weeks
Observations of spontaneous FHR–FM patterns have
been published in twin pregnancies before,30,31,32,46,78

however, no normal values were established which
is a prerequisite for further scientific and clinical
evaluation.

As described we have tried to classify periods
according to FM and FHR patterns (Table 152.1). If a
3 min window was used, the distribution of all peri-
ods varied per week, but there were no systematic
changes throughout the observation period of 26–36
weeks. The distribution of periods with or without
FM demonstrates the high percentage of active peri-
ods (mean around 80%) compared with singletons,6

which might be caused by intertwin stimulations.
Accordingly periods with a variability of >10 bpm
were present in around 80% of the registration time
(Figure 152.7a).

The question of whether or how often spontaneous
FHR–FM patterns of co-twins are comparable, has
been investigated in small samples. Sadovsky
observed 10 normal twin pregnancies between 33 and
39 weeks looking whether the twins moved simulta-
neously or independently. Of all observed fetal
movements around 75% were independent of the
movements of the co-twin.31 Similarly completely
similar patterns were found in 26% of the observation
time.32 Still it could be demonstrated that FHR accel-
erations are more often associated (in 57%) than
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statistically expected within the members of a twin
pair.78 Whether this proves the similarity of endoge-
neous behavioral patterns or just ‘inter-twin stimula-
tions’ must remain open.

In our group of longitudinally investigated twins we
have analyzed how far oscillation amplitude and fetal
activity can be compared. Two members of a twin pair
showed the same pattern of either FHR-variability
< 10 bpm (patterns I and II), respectively, > 10 bpm
(pattern III–IV) in around 50%. Similarly two members
of a twin pair demonstrated simultaneously with an
inactive pattern (I, II, IV) in 49% and with comparable
active patterns in 43%.

Onset of reactions towards external stimuli
A measurable response of the fetus towards external
stimuli depends on developmental differentiation of
sensory receptors, adequate stimulation and fetal
state. Emphasis in this section is put on two further
sensory routes through which the fetus may be stimu-
lated: vision and hearing.

Vision
After 18 weeks synapses appear on the eye rods.
Between 20 and 24 weeks fetal eyelids may open,
later followed by the development of the maculae

1622 Intrauterine behavior of multiples

Figure 152.5 Continuity of early behavioral patterns in box–whisker plots, ultrasound observations at 1-week intervals, n =25
(20 DC and 5 MC) twin pairs. (a) Breathing movements (number per hour) separate for twin A and B. (b) Twisting movements (number
per hour) separate for twin A and B. (c) Slow initiations with slow reactions between corresponding twins. (d) Fast initiations with
fast reactions between corresponding twins.
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and photoreceptors.38 There are only few studies of
stimulations in singletons and up to now none in
multiples.

As explained we have incidentally observed move-
ments of the bulbi (‘twinkling’) by ultrasound towards
stimulation with flash light from 28 weeks onwards.
Reactions of FHR and FM in twins were observed by
our team from 28 weeks onwards, at 30 weeks we
even observed simultaneous reactions of two twins.
However, probably due to the described methodological
problems reactions of FHR–FM patterns were only reg-
istered in 29/390 light stimulations (around 8%) in our
series. Therefore, we did not collect further systematic
data for normal values or inter-twin comparison.

Audition
In the 4–5-week-old embryo the otocyst divides into two
parts for cochlea and labyrinth. At 6 months, peripheral
vibration-sensitive endings include Meissner’s and
Pacinian corpuscles, which transmit vibrotactile stim-
uli. The cochlea and peripheral sensory end organs
have reached normal development at around 24–25
weeks.39 Still, auditory brain stem response in the pre-
mature newborn have not been registered before 26
completed weeks.79

Auditory stimuli are the most documented and are
even used clinically. External stimuli have to overrule
intrauterine background noise in utero as well as atten-
uation by the maternal tissue. After the first suggestion
to use FHR-monitoring in combination with external
pure tone stimulation80 a wide variety of acoustic stim-
uli have been introduced. The most ‘reliable’ responses
were registered after stimulation with the EAL.39

Whether the FHR-response is a direct one or
concomitant with muscular activity cannot always
be differentiated. In singletons, first reactions to
acoustic stimulations were observed as a ‘aurepalpe-
bral reflex’ at 28 weeks81 on a regular basis. Using

FHR–FM monitoring responses in the form of FM
and/or FHR-accelerations, reactions were observed as
early as from 26 gestational weeks.82,83

Up to now, there are only a few studies on reactive
behavioral patterns in multiples.6,31,84,85 We have
studied reactions of twins, though we still withheld
it from clinical routine. Only by using the actocardio-
graph, we could observe a first fetal reaction in twins
at a gestational age of 26 weeks +4 days characterized
by a short FM in combination with a change from
FHR–FM pattern I to II. First simultaneous reactions
of two members of a twin pair were observed at
27 weeks and 2 days.

Reactive FHR/FM patterns after 26 weeks
After stimulation with the EAL we have investigated
twin reactions throughout pregnancy. The distribu-
tion of the number and type of reactions changes
significantly during the observation period.

After VAS short reactions describing a rapid FM
possibly combined with FHR accelerations and reac-
tions with a longer duration of more than 60 s can
be differentiated in singletons and twins. Throughout
the observation period we have observed significant
increases of short reactions consisting predominantly
of FM and FHR-accelerations (Figure 152.7b) as well as
in the number of reactions of longer durations of more
than 60 s characterized by changes of the baseline
and/or FHR-variability (Figure 152.7c). In addition,
we have investigated changes of the described
FHR–FM patterns after VAS.

Before 30 weeks, the mean duration of a long reac-
tion of twins is 184 (1–990) s and after 34 weeks it is
237 (3–690) s. Before 30 weeks the mean increase of
the baseline after VAS is 3.5 bpm, after 34 weeks the
mean increase is 11.9 bpm, the mean increase of the
oscillation amplitude is 1.3 and 2.4 bpm, respectively,
in a group of 32 longitudinally investigated twins.

Figure 152.6 Development of early hemodynamics (box–whisker plots, ultrasound observations at 1-week intervals, n =31 twin
pairs). (a) Course of fetal heart rate (p < 0.001, Kruskal–Wallis test). (b) Course of pulsatility index in the umbilical artery (p < 0.001,
Kruskal–Wallis test).

Kurjak-152.qxd  5/10/2006  11:53 AM  Page 1623



Multivariate analysis demonstrates that the influence
of gestational age on both variables is significant with
even a higher impact on the baseline in all twins
independent of their sex, zygosity or position.
Stimulations without any alteration of either baseline
or oscillation amplitude decrease in the group of
twins from 98% at 27 weeks to around 55% at 36 gesta-
tional weeks. The described phenomena were observed
in all twin groups independent of their zygosity, their

sex and their presentation, though the degree of alter-
ations shows significant differences.

Simultaneous FHR and FM-alterations after VAS
were already described.81 Investigating variables such
as the duration of the reaction, the kind of the com-
bined reaction and change of combined FHR–FM
pattern synchronous reactions are demonstrated in
around 70–80% of ‘normal’ co-twins. This again is a
model for proving the effect of a stimulus.

1624 Intrauterine behavior of multiples

Figure 152.7 Continuity of behavioral patterns at advanced gestation (actocardiographic monitoring, n =32 twin pairs). (a)
Distribution of spontaneous FHR-FM patterns (mean, n =320 tracings, ns). (b) Distribution of combinations of short reactive FHR-FM
patterns (mean, n =320 tracings, p < 0.001, Kruskal–Wallis test). (c) Distribution of combinations of short reactive FHR-FM patterns
(mean, n =320 tracings, p < 0.001, Kruskal–Wallis test).
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Influences on prenatal behavior
under normal conditions
Prenatal twin studies offer the opportunity to observe
two fetuses developing in the same environment.
Apart from spontaneous activities and functions,
inter-twin reactions towards touch as well as reac-
tions towards external stimuli have a developmental
aspect. One of the challenges is to examine inter-twin
differences in specific subgroups relating to onset,
qualities and quantities of behavioral variables.

Some simple questions are: Is there a difference in
subgroups with different zygosity, gender, chorionic-
ity and position? What is the influence of gestational
age? Is there a dominant twin in utero? If the hypoth-
esis holds true, that the character and incidence of
activities, contacts and reactions is determined by
individual genetics or by gender-specific variances,
intermultiple differences are expected to be smaller
within MZ or sex-alike compared to DZ or sex-unlike
multiples. If the hypothesis holds true, that activities,
reactions towards touch or external stimuli are deter-
mined by what we call ‘environmental influences
in utero’, behavioral differences would be smaller in
MC compared to DC multiples or in multiples lying in
the same position.

It has to be considered that all these models are
simplifications since there are interactions between
intrinsic and extrinsic variables.

Influences on behavioral variables
in early multiple pregnancy

From adult life we know that there are individual
characteristics of behavioral patterns – also in the way
how people move and communicate. In our series we
up to now found a trend that the onset of activities is
more similar between MZ than between DZ twins.
The frequency of activities did not reveal significant
inter-twin differences with a few exceptions: MZ and
MC twins demonstrate with a higher incidence of
‘jumping’ compared to DZ or DC twins. No significant

differences were found between pairs with different
gender combinations except for yawning and mouth
opening; however, the results may be biased by the
low incidence of these patterns.

Contact patterns offer more obvious differences in
their onset and incidence depending on chorionicity,
zygosity and sex.

Analyzing the onset of early contacts we found that
in the total group of MC twins (n=5), including one
MC MA twin, mean and minimum of nearly all forms
of contacts are observed significantly earlier than in
the 20 DC twins (Table 152.2). This might be inter-
preted with the smaller distance and the thinner inter-
twin membranes.

Analyzing the subgroups according to different
gender combinations we did not yet detect systematic
differences in the onset of primary contacts except for
complex contacts which seem to occur significantly
earlier in the group of only female twins (Table 152.2).

Analyzing the course of early contacts we found
that within the first 16 gestational weeks all contacts
in MC twins are more numerous (Table 152.3). It is not
surprising and even known from adult life, that long
interhuman distances and interhuman ‘walls’ make
physical contacts impossible. The question of how far
the observed contacts only occur because – here the
multiples – are forced to move in a limited space
remains open.

Surprisingly, we found significant differences in
the speed of initiatives and reactions within sub-
groups of different gender combination as early as
during the observation period of 8–16 weeks. In the
group of only male twins, fast initiatives combined
with fast or slow reactions were significantly
increased compared to only female or mixed twin
pairs (Table 152.3). Also the number of complex con-
tacts within same-sex male pairs were significantly
increased. It is suggested from animal experiments
that differences of testosterone levels, being recogniz-
able from around 12–14 weeks might even have an
impact on early development in utero. Sex differences
in adult human behavior have been reported for a

Different gender Different chorionicity 
First contact (male vs. female vs. mixed) (MC vs. DC) 

First reaction p =0.29 (NS) p =0.005
Slow body contact p =0.29 (NS) p =0.001 
Fast body contact p =79 (NS) p =0.02
Complex contacts p =0.01 p =0.009
Mouth contact p =0.46 (NS) p =0.79 (NS)

Table 152.2 Comparison of the onset of contacts 8–16 weeks: Male vs. female vs. mixed pairs and monochorionic
(MC) vs. dichorionic (DC) pairs: earlier onset in male and MC pairs (n=340 video tracings/25 twin pairs,
Kruskal–Wallis & Mann–Whitney test)
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number of dimensions of cognition, aggression, sensa-
tion seeking, affiliation and sociability and biological
explanations have focused on the organizational or
sensitizing influences of pre- and perinatal exposure
to steroid hormones as well as neuroanatomic differ-
ences. The fact that hormones may have an impact on
the anatomical development in utero leaves us with the
following question. How far either females or males
will be influenced by their opposite-sex co-twin?

Influences on behavioral variables in
advanced normal pregnancy
Investigation of spontaneous FHR–FM patterns up to
now have not shown a ‘dominant’ twin.78 Gallagher
et al. compared FHR patterns of five MC pairs with
10 DC pairs and found that simultaneous patterns
occurred in 100% of all MC but only 92% of all DC
pairs. The group found a 98% vs. 92% rate of simul-
taneous patterns in twin pairs with the same sex com-
pared to twin pairs of different sex.46 The differences
were calculated as significant. As opposed to these
results, Zimmer et al. did not find an influence of gen-
der on FHR patterns of twins, however he could prove
that twins who were lying on the right side of the
uterus were significantly more active.32

In twin pairs with a DC fused placenta it was
described that the rate of similar FHR-patterns regard-
ing the amplitude of accelerations or the baseline was
significantly higher (70%) as compared to twins with
DC-separate placenta (30%).86

Accordingly, we have used the described distribu-
tion of active and passive periods as well as periods
with variability of above or below 10 bpm to investi-
gate whether different subgroups of twins demon-
strate with more or less comparable patterns. Using
chi-square tests, we could prove that female twin
pairs demonstrate significantly more often with peri-
ods of the same variability (60%) as compared to
mixed and male groups (50% and 38%, respectively).
No influence could be proven by zygosity or position.
MZ twins demonstrated more often with active peri-
ods compared to DZ twins, which might be attributed
to the thinner inter-twin membrane.

FHR–FM patterns after VAS were examined
between different subgroups. The mean increase of
the baseline was found to be higher in twin pairs with
vertex compared to breech position (p < 0.01,
Kruskal–Wallis test). Multivariate analysis demon-
strated a dominant influence of the gestational age,
the presentation, and gender. Before 30 weeks, the
state before VAS had an influence. An increase of
the oscillation amplitude was more frequent in
male as compared to female or mixed pairs (p < 0.01,
Kruskal–Wallis test) and in pairs with both in vertex
position (p < 0.05, Kruskal–Wallis test). No differ-
ences were found in MZ vs. DZ or left compared to
right twins. Multivariate analysis demonstrated a sig-
nificant influence of the state before the stimulation,
presentation, gender and gestational age on the oscil-
lation amplitude.

The kind of the first short reaction characterized
by either no reaction, only FM or FM with FHR-
accelerations is more frequently comparable among
twins of the same sex (79% vs. 61%, p< 0.05, chi-square
test), multivariate analysis demonstrates in addition a
significant influence of zygosity after 30 weeks and of
the presentation before 34 weeks.

The distribution of reactions of either short or long
duration mainly depends, as expected, on the gesta-
tional age, the state before VAS and the chorionicity.
The presentation only had an influence after 33 weeks.
No differences could be found between right and left
twins by multivariate analysis. By direct combination,
81% of twins with the same sex demonstrated with
reactions of the same duration compared to only 68%
of twins with different sex (p < 0.05, chi-square test).

The degree of changes of FHR–FM patterns is signif-
icantly more similar in MZ than in DZ twin couples
(72% vs. 59%, p < 0.05, chi-square test). Multivariate
analysis demonstrates that the state before VAS, gesta-
tional age, presentation and zygosity have significant
influences on the degree of state changes between
26 and 36 weeks.

Also, the score by which we considered several
FHR–FM variables was significantly more ‘similar’ in
twins with the same presentation, with the same sex
and between 31 and 33 weeks in MZ twins.

1626 Intrauterine behavior of multiples

Different gender Different chorionicity 
First contact (male vs. female vs. mixed) (MC vs. DC) 

Extremity contact p =0.01 p =0.00001 
Fast initiative/slow reaction p =0.0007 p =0.00001 
Fast initiative/fast reaction p =0.0058 p =0.00001 
Complex contact p =0.01 p =0.0014 
Mouth contact p =0.45 (NS) p =0.001 

Table 152.3 Comparison of the number of contacts 8-16 weeks: Male vs. female vs. mixed pairs and monochorionic
(MC) vs. dichorionic (DC) pairs: higher incidence in male and MC pairs (n=340 video tracings/25 twin pairs,
Kruskal–Wallis & Mann–Whitney test)
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To summarize results from multivariate analysis
we list the significant variables according to tracings
of age intervals (Table 152.4). With more sophisticated
variables and advancing gestational age the influence
of gender, zygosity and position increases.

Influences on prenatal behavior
under pathologic conditions
The rate of malformations is increased in MZ twins,
concordance of malformations is only seen in around
10–20% even within MZ twin pairs.87 Postulated theo-
ries explaining the increased rate of malformations are
‘crowding’ causing mostly concordant musculoskeletal
malformations, early defects in the splitting process
with the ultimate example of conjoined twins and vas-
cular compromise secondary to a shared placenta lead-
ing to early organ embolization (e.g., disruption).88

Differences in the location of the nidation, connec-
tive mechanisms between embryonic and trophoblast
circulation resulting in variances of umbilical inser-
tion and differences in vasculatory support from the
uterine vessels may be a reason for the development
of circulative inter-twin differences and A–B asym-
metry. Twins represent a unique model to study
adaptive changes resulting from unequal placental
nourishment. Hereditary difference in growth poten-
tial for each infant could be proposed as an alternative
mechanism in DZ but not in MZ twins. Differences of
fetal behavior in cases with A–B asymmetry – mainly
if also detected by Doppler examinations – might be
classified as ‘environmental’ (‘nurture’).

It is interesting that twins exposed in utero to the
same ‘environmental’ influences may react with dif-
ferent degree of abnormality. This indicates that dif-
ferences in fetal susceptibility or in the speed of their
development may be of importance for the expression
of syndromes caused by ‘environmental’ or terato-
genic influences (‘nature and nurture’).

Influences on behavioral variables in early gestation
Individual growth of multiples is comparable with
growth of singletons during the first and second

trimester. Early growth differences between twins
demand further evaluation. Weissman et al. reported
retrospectively on five cases with discordant growth
of > 5 days’ difference during the first trimester. In all
cases major anomalies were identified.89

Up to now in 3/80 multiple pregnancies with inter-
multiple growth differences of > 7days between 8 and
10 gestational weeks we prospectively performed
early behavioral studies including Doppler examina-
tions at 1-week intervals. Behavioral parameters were
analyzed from the video tapes and karyotyping was
performed.

In the first case (Figure 152.8a), a DC twin preg-
nancy, a triploidy xxx was diagnosed in the smaller
twin next to a healthy boy. The sick twin demonstrated
a significantly later onset of activities and contact initi-
ations; some complex patterns such as swallowing and
yawning were not observed at all. This twin died
in utero at a gestational age of 26 weeks. Pregnancy
continued until 35 weeks.

In the second case, a TC TA triplet pregnancy, one
embryo appeared as a ‘vanishing triplet’ at 11 weeks.
The most striking behavioral difference was a reduced
number of movements and lower heart rate until
intrauterine death.

In the third case, a TC TA triplet pregnancy after
ovulation stimulation, a normal karyotype in all
triplets (3x xy) was diagnosed and superfecundation
was suspected. Behavioral patterns did not differ
throughout the observation period. The mother devel-
oped premature rupture of membranes (PROM) 1
week after amniocentesis. All triplets died due to
amnioninfection and prematurity.

The analysis of these cases might suggest that
detailed analysis of early behavioral patterns includ-
ing early Doppler parameters as suggested recently90

might improve non-invasive diagnosis mainly in
cases when other symptoms of risk are present.

Twin-to-twin transfusion syndrome (TTTS) may
also develop as early as from 10 weeks onwards. The
earliest case we have observed presented with extreme
hydops of the recipient with tricuspid and mitral valve
regurgitation of the recipient at 16 weeks. Laser treat-
ment was performed at Kings College Hospital in
London.91 Though the condition of the twins stayed

Kind of reaction < 30 weeks 30–33 weeks 33–36 weeks 

First reaction state/zygosity position 
Change of state state state/sex state 
Kind of reaction state state/sex/position state/position 
Duration of reaction state position position 
Score of concordance position zygosity sex

Table 152.4 Comparison of possibilities to describe fetal reactions towards vibroacoustic stimulation (left column):
The parameters listed according to gestational age groups have a significant influence on the corresponding reactive
behavioral pattern (n=390 video tracings/32 twin pairs, multivariate analysis)
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stable, the hydrops did not disappear until we started
with digitalization of the mother. Before treatment the
ductus venosus velocity waveforms of the recipient
showed a significant reverse flow as described92 and
umbilical flow demonstrated with venous pulsations
(Figure 152.8c, left). Only some days after digitaliza-
tion the hydrops disappeared and behavioral patterns
of both twins switched towards more active periods
(Figure 152.9a). The donor twin presented with
increased activity (Figure 152.9b). Doppler velocity
waveforms improved (Figure 152.8d, left). Placental
evaluation by computer-angiography revealed that
there were no communications between the two pla-
cental parts.

Doppler examination is regarded as an important
tool in the diagnosis of MA twinning visualizing com-
mon tangle at the cord insertion93 or later in gestation
the occurrence of notches.94 In the two cases with MC
MA placentations (Figure 152.1c and f) that we have

followed up to now we observed two arterial patterns
with different heart rhythm reflected from the entan-
gled umbilical cords already at 10 weeks. Though we
were skeptical about the prognosis we could continue
even the DC DA triplet pregnancy until lung maturity
was proven at 34 weeks. Growth and FHR–FM pat-
terns were not at all affected during the whole course
of pregnancy, though excessive entanglement was
diagnosed during caesarean section. Close monitoring
including behavioral patterns and circulation helps
clinical decision making, but can also give confidence
to parents and doctors in charge.

Influences on behavioral variables
in advanced gestation
Interesting aspects of behavioral studies can be drawn
from twin gestations discordant for fetal anomalies
also in advanced gestation. In a case report of a DC

1628 Intrauterine behavior of multiples

Figure 152.8 Ultrasound pictures of pathologic early twin gestation. (a) Early growth difference in a dichorionic twin pregnancy at
10 weeks (triploidy xxx). (b) Early TTTS at 16 weeks with hydrops of the recipient twin (left), there is evident inter-twin difference in
cardiac dilatation. (c) Doppler flow velocity wave forms of the ductus venosus (above) and the umbilical vessels (below) of recipient
(left) and donor twin (right) before treatment. (d) Doppler flow velocity wave forms of the ductus venosus (above) and the umbilical
vessels (below) of recipient (left) and donor twin (right) after treatment.
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twin pregnancy discordant for anencephaly significant
inter-twin differences could be found.95 Data analysis
of ultrasound observations revealed that the incidence
of startles and jumping, decreasing in the normal
fetus, remained high in the anencephalic one. It is
suggested that these movements are due to spinal cord
stimulations and their elimination is usually con-
trolled by the brain above the medulla oblongata. In
contrast, breathing movements and hiccups were lim-
ited or nearly absent in the anencephalic twin indi-
cating that at least an intact medulla oblongata and
pons are required for preparatory movements.

In a similar case that we have documented from
30 to 34 weeks of gestation, we have additionally
observed that FHR-variability was significantly
decreased in the anencephalic fetus whereas FMs
were increased, maybe due to the polyhydramnios.
Reactions towards VAS did not occur in the
anecaphalic fetus (unpublished).

The clinical significance of FHR–FM patterns in
advanced pregnancy of twins or higher-order multi-
ples, in general, does not differ significantly from
those in singleton pregnancy. Still, probably due to

inter-twin stimulation or difficulties in interpretations
of two simultaneous FHR tracings, FHR–FM patterns
might not be as an early indicator of threatening fetal
hypoxia as in singletons.

As already known from singleton pregnancy,
Doppler flow velocity wave forms of umbilical, arte-
rial cerebral and venous vessels are now prerequisite
for the control of pathologic multiple pregnancies to
differentiate the underlying pathologic processes. In
TTTS umbilical arterial Doppler is of no obvious
value and is meanwhile replaced by venous Doppler
measurements92 as already described at early gesta-
tion. Predictive sensitivity of Doppler examination in
the internal carotid and the umbilical artery preceded
diagnosis of growth retardation in twins by a mean of
3.7 weeks, combining ultrasound improves the sensi-
tivity to 84%96 and interpair differences also improve
prediction of discordant growth of twins96 and
triplets.97 It would be interesting to examine, whether
intrauterine stress may cause accelerated maturation
measurable by behavioral variables.

It has to be considered that with advancing gesta-
tional age behavioral states might have an influence

Figure 152.9 Behavioral patterns before and after treatment of early TTTS between 16 and 20 gestational weeks. (a) Activities given
as active (fast FM), medium (slow FM) and passive (no FM). (b) Contacts with reactions of the co-twin.

Kurjak-152.qxd  5/10/2006  11:53 AM  Page 1629



on Doppler velocity waveforms as proven for single-
tons.21,98,99 We have up to now not yet repeated these
studies for twins, since the simultaneous registration
of FEM would demand to use two Doppler equip-
ments and separate ultrasound equipments. To inves-
tigate multiple behavior during advanced gestation
under pathologic conditions is awaited for, but would
definitely imply, that all data from Doppler examina-
tions have to be included in the protocols.

Though we have used VAS as a tool for research
under described conditions, we have up to now con-
sciously withheld it from clinical routine and therefore
no experience with systematic clinical testing besides
from controlled trials. Warning hints from the literature
not to use VAS in cases with low variability and possi-
ble hypoxia to avoid unnecessary stresses for the
fetus100 may be taken even more seriously in twins.

An interesting aspect of multiple gestation are
pregnancies in which both twins are exposed to the
same pathologic influences such as drugs, alcohol or
nicotine. In a set of DC twins of a frankly alcoholic
mother, one twin presented with the stigmata of fetal
alcohol syndrome, whereas the other just displayed
mild fetal alcohol effects.101 Whether different sus-
ceptibility to ethanol dysmorphogenesis or exposure
to different concentrations due to different circulation
of the corresponding placenta is of primary etiology
remains an open question. At present we are investi-
gating the influence of nicotine and caffeine on behav-
ior and hemodynamics of multiples.

Implications for future research
Methodological improvements
Realizing that skepticism often arises toward pioneer-
ing work, we are aware that many readers will have
doubts on the described phenomena at early gestational
age. This might hopefully stimulate them to improve
the methods by more intense research efforts.

Methodological self-criticism is realized: Proposing
time-intervals and durations of ultrasound sessions we

have to compromise with the patients compliance, e.g.,
discomfort when proposing longer or more frequent
ultrasound sessions or anxieties about bioeffects of
serial ultrasound studies. Still we realize that within
30–60 min of documentation the whole pattern of pos-
sible contacts may not be reflected and that within a
week new contacts may emerge without being realized.
We still do not know the impact of the time of the day,
health or emotion of the mother, food intake or even of
ethnic differences on the onset and early development
of activities and contacts. Though we have documented
these data, larger series are needed.

Methodological criticism also relates to the present
form of presentation of this article. Books are being
replaced or accompanied by database systems com-
bined with addresses of researchers in charge of the
most recent information or meta-analysis.102 Processes
by which moving images are predominant can be pre-
sented on CD-ROM and thus improve our understand-
ing tremendously.103 For several ultrasound features
including behavioral patterns and hemodynamics, as
well as for delivery management, ‘multimedia docu-
mentations’ would be of enormous advantage.

Computer analysis of behavioral FHR and FM
patterns has been described, mostly for singleton
pregnancies.104 In twins, the advantage is that the high
number of data can be compromised. There are still a
lot of disadvantages: most computer programs only
concentrate on just one of two parameters such as
FHR-variability and incidence of movements. The
tremendous advantage of behavioral observations are,
however, primarily to describe and analyze qualities
of activities or phenomena that have to be carefully
described in order not to lose precious information.

Reaction of the family toward ultrasound
visualization of multiples’ ‘bonding’
The first steps in utero are observed with enthusiasm
by parents and siblings. Visualization of prenatal twin
life seems to evoke even more surprising reactions
than in singletons. The existence of inter-twin contacts

1630 Intrauterine behavior of multiples

Figure 152.10 Future aspects of twin behavior: ‘the self examining twin’. (a) Funneling with spiriting amnion and chorion.
(b) Examining hand of the first twin.
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in utero is perceived with great amazement. The early
tender touches are moving, the more forceful hitting
and kicking at a later stage may sometimes cause
laughter. It is impressive that the fetuses are touching
and reacting without seeing each other. Following the
expression of parents, they ‘embrace’ and ‘kiss’ with-
out having had teachers. Questions arise about the
inborn aspect of contacts in humans.

Parent–infant bonding is defined as a one-way con-
cern and affection of adults towards children they
care for during the first days of life was systematically
described only as late as 1972.105 As soon as the con-
tact is reciprocal, even if it is only by crying or smil-
ing, we speak of attachment. In mothers who
experience extra contact with their infants at the time
of delivery and during the first days of life, mater-
nal–infant bonding is facilitated.106 It is also suggested
that emotional attachment to the fetus starts shortly
after conception and deepens as pregnancy pro-
gresses. This is also true in high-risk pregnancies106 –
as multiple pregnancies often are. Early affectionate
relationships may also develop towards two new-
borns107 though initial bonding difficulties were seen
more frequently due to medical problems, prematu-
rity and maternal feelings of inadequacy. Early ultra-
sound examination might prepare parents of their
future task and allow space for talks and dreams.

The impact of ultrasound on expectant parents in
singletons has been found to be a reassuring experi-
ence107 inducing a positive attitude towards the grow-
ing baby.108 After a single ultrasound examination
between 12 and 20 weeks109 the baby was perceived as
being more active, more beautiful and familiar as well
as the woman’s own body as more pleasant, relaxed
and less fearful. Integrating other family members
might facilitate that all members of the new family
will be welcomed more easily. We always ask that
besides the husbands, older young brothers and sis-
ters also take part in the ultrasound sessions and stim-
ulate them to paint the future family in order to avoid
later jealousy.

Prospective studies of the effect of frequent and early
ultrasound examinations on bonding or attachment
in multiple pregnancy have not yet been performed.
Unfortunately, it is only recently that we became
increasingly aware of the impact of our examinations
on bonding and on the doctor–patient relationship and
therefore have only performed retrospective question-
naires. Prospective research and sampling procedures
might demand professional efforts of psychologists and
large sample sizes.

Follow-up
Follow-up examinations are the best control – yet this is
far from reality. Many perinatologiosts only hear inci-
dentally of the further development of their prenatal
patients and are sometimes surprised to hear of either
positive or negative outcomes. Unfortunately, health
systems do not care sufficiently to promote direct
‘bonding’ between pediatricians and perinatologists

which makes it difficult to get systematic data on
specific risk groups. This also holds true for twins
and higher-order multiples and even more, if compar-
ison of prenatal and postnatal behavior is concerned.
We admit that prospective studies would be time-
consuming for both sides.

Activity itself promotes growth and dendritic
branching of individual neurons. Sensation from
receptor cells promotes the development of the neural
system.110 The fact that twins experience more tactile
stimuli than singletons might improve their develop-
ment. This was speculated by early follow-up exami-
nations,111 showing accelerated functional maturation
in multiples born between 32 and 37 weeks112 and by
long-term follow-up studies at the age of 6 where mul-
tiples scored better than singletons.113 It can be spec-
ulated that intrauterine neurological development is
accelerated by increased rates of intrauterine stress of
multiples as proven for lung maturation processes.114

Simultaneous assessment of functional and metabolic
maturation of the central nervous system and the
lungs at birth of growth-discordant MZ (ideally DC)
multiples not due to TTTS or of MZ multiples discor-
dant for PROM would be an interesting topic for a
multicenter trial.

Prenatal learning, habituation or adaptation toward
touch of the co-twin, as described for repetitive auditory
stimuli,110,115,116 deserves further evaluation. Yet in early
gestation nothing is known about the phenomenon of
habituation. Again, twin pregnancies would be a perfect
model to study eventual ‘learning’ which is defined as
any change resulting from past experience.117

Follow-up studies in opposite-sex twins are fasci-
nating: We found a study118 based on the findings of
Zuckerman et al.119 that aspects of sensation seeking
are consistently increased in males relative to females.
In comparing age-adjusted data for opposite- and same-
sex twins, it was shown that there is a predicted
increase of sensation seeking in female members of
opposite-sex pairs. Though psychosocial explanations
cannot be excluded, the findings are consistent with
hypothesized in utero hormonal influences of prenatal
androgen exposure on later behavioral development of
females. Influences of estrogen in opposite-sex males
could not be proved. This might suggest that it is not
sufficient to just analyze all females or all males of all
twin pregnancies, but to differentiate as it was per-
formed in our studies, between mixed or pure male and
pure female twin pairs. Further comparisons of prena-
tal and postnatal series are required.

Similarly surprising are follow-up studies in MZ
DC vs. MZ MC twins. Intrapair differences in person-
ality and cognitive ability among MZ distinguished by
MC or DC placentation were calculated. Absolute dif-
ferences of individualized personality inventory
scores for children between MC MZ co-twins were
smaller than between DC MZ twins.120 The findings
are interpreted as follows. Variation in timing of
embryological division and possible effects on MZ
twins’ placental vasculature may have consequences
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for some dimensions of their behavioral development
as well. 

Controlled follow-up studies concentrating on side
effects of frequent early ultrasound examinations
should be recommended. These studies could be com-
bined with other study proposals and be collected in
an international ‘behavioral register’. Still, manpower,
limited international communication and statistical
evaluation play a limiting role.

How far increased intelligence scoring of postnatal
twins as compared to singletons,113 matched for gesta-
tional age and birth weight, suits the intrauterine mul-
tiples is an open question. In a prospective study to
detect the diagnostic value to predict prematurity, we
could describe that separation of amnion and chorion
included in funneling of the cervix was diagnosed as
a new risk factor (Figure 152.10a and b).121

Conclusions
Multiple pregnancies do not only represent sorrows
and problems as indicated in the obstetric literature.

They also represent challenges mainly for their parents
and perinatologists. Therefore, we would like to add
the statement supported by more than 1000 publica-
tions during the last decade: ‘It is tough to be a twin:
The risk of disorder, disease and death are greater for
all members of a plural set from the moment of con-
ception to the end of their life span and encompass
physical, psychological and social threats’122 …by a
new statement: ‘It is also great to be a twin: The stim-
ulating pleasure of close company, contact, competi-
tive challenges and interaction are unique for all
members of a plural set from the moment of concep-
tion to the end of their life span and encompass phys-
ical, psychological and research chances’. Do not
forget: No pleasure without risk!
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153 Invasive antenatal
interventions in complicated
multiple pregnancies
L. Lewi, E. Gratacos and J. Deprest

Abstract
Multiple pregnancies still pose challenging problems
in modern obstetrics. Monochorionic (MC) multiple
pregnancies have received much interest recently as
they indeed are at much higher risk than dichorionic
multiplets. Some complications can be treated today
by sonoendoscopic interventions on the placenta and
umbilical cord. Fetoscopic laser coagulation of vascu-
lar anastomoses has recently been shown to be the
best first-line treatment for severe twin-to-twin trans-
fusion syndrome. In selected indications, fetoscopic
or ultrasound-guided cord coagulation can be offered
and is an effective technique for selective feticide in
MC twins, albeit with still considerably higher fetal
loss rates as compared to selective feticide by KCl
injection in dichorionic twins. Long-term outcome of
these procedures seems good. The place of surgical
interventions for other indications, such as some
forms of selective intrauterine growth restrictions in
MC twins, has not been established yet.

Twins have a more complicated in utero stay than
singletons. Also, management is complicated by the
fact that more than one fetus has to be taken into
account and varies according to chorionicity. About
30% of twins are monozygotic and 70% dizygotic.
Dizygotic twins result from the fertilization of two dif-
ferent eggs. By definition, dizygotic twins are there-
fore dichorionic and diamniotic (Figure 153.1).
Monozygotic twins result from the fertilization of a
single egg followed by early division into two cell
masses, which further develop separately. In 30%,
cleavage occurs prior to the third day postfertilization
resulting in dichorionic diamniotic twins, whereas in
70% splitting takes place after the third day, resulting
in MC twins in its different manifestations.

Correct and timely determination of chorionicity is
paramount to appreciate the risks and correctly manage

multiple pregnancies. Ultrasound is highly accurate
when performed in the first trimester (Figure 153.2).1

MC multiplets run the highest risk of complications
and the well-being of one fetus crucially depends on
that of the other(s) because of the almost ever-present
vascular anastomoses in the common placenta
(Figure 153.3).2 These vascular anastomoses can cause
significant blood volume shifts between the fetuses,
leading to complications such as twin-to-twin transfu-
sion syndrome (TTTS), acute exsanguination of the sur-
vivor in the fetoplacental unit at the time of demise of
its co-twin, as well as in the presence of large intertwin
arterio-arterial (AA) anastomoses, for instance, in case
of selective intrauterine growth restriction (sIUGR), or
in its extreme form, the twin reversed arterial perfusion
(TRAP). Sonoendoscopic surgery on the placenta and
the umbilical cord today plays an important role in the
treatment of certain complicated MC multiple pregnan-
cies and has acquired an established place in modern
fetal medicine.3 TTTS affects about 10–15% of MC
twins and fetoscopic laser treatment of the vascular
anastomoses is currently the best treatment available.4

For selective feticide in MC multiple pregnancies, the
conventional method of potassium chloride injection
into the target fetus’ circulation is unsuitable because
the toxic drug may embolize to the healthy fetus(es).
Furthermore, patent anastomoses can trigger acute
exsanguination of the surviving fetus into the demised
fetus’ circulation5 Therefore, minimally invasive tech-
niques have been developed to separate and occlude the
sacrificed fetus’ circulation completely and perma-
nently.6 The presence of vascular anastomoses in the
single placenta seems to be the basis of many complica-
tions, and it seems logical to apply experience with the
above techniques in other complicated MC twins. At
this moment, however, such therapies remain experi-
mental and should be restricted to expert centers and
within strict protocols.
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Fetoscopic laser treatment for
twin-to-twin transfusion syndrome
Introduction
In most MC multiple pregnancies, interfetal transfu-
sion is a constant but usually balanced phenomenon.
However, in about 10–15%, a chronic imbalance in
net flow develops, resulting in TTTS. The donor twin
becomes hypovolemic, resulting in oliguria and oligo-
hydramnios, which leads to the typical ‘stuck twin’
sequence on ultrasound. Hypervolemia, polyuria and
polyhydramnios evolve in the recipient twin, who
can develop circulatory overload and hydrops. TTTS
typically occurs between 15 and 26 weeks and is a
sonographic diagnosis based on the following criteria
(www.eurofoetus.org): 

• Polyhydramnios in the sac of the recipient twin
(defined as the deepest vertical pocket of ≥8 cm
prior to 20 weeks and ≥10 cm between 20 and 26
weeks) with signs of polyuria (distended bladder).

Figure 153.1 Zygosity and chorionicity in twin
pregnancies.

Figure 153.2 Chorionicity determina-
tion in the first-trimester ultrasound scan.
(a) Monochorionic diamniotic twins: only
two thin amniotic membranes (arrows)
separate the two fetuses. (b) Dichorionic
diamniotic twins: the fetuses are separa-
ted by three layers (amnion, chorion–
chorion, amnion; arrows).

Figure 153.3 3D reconstruction of a CT angiogram of a
monochorionic placenta at term, showing an equal distribution
of the injected placental mass and a large arterio-arterial
and veno-venous superficial anastomosis (arrows). Photo in
collaboration with the Department of Radiology, M. Cannie, UZ
Leuven, Belgium.
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• Oligohydramnios in the donor’s sac (the deepest
vertical pocket ≤2 cm) with signs of oliguria
(small or empty bladder) (Figure 153.4).

The diagnosis is made by ultrasound only; discordant
growth may be present, but is not a prerequisite.

The pathophysiology of TTTS is usually explained
on an angioarchitectural basis. Placental anastomoses
can be AA, arterio-venous (AV or VA) and veno-
venous (VV) or a combination of these types.7 AA and
VV anastomoses are typically superficial, bidirec-
tional anastomoses on the surface of the chorionic
plate, forming direct communications between the
arteries and veins of the two fetal circulations. AV
anastomoses occur at the capillary level, deep within
a shared cotyledon, receiving arterial supply from
one twin and providing venous drainage to the other
twin. The supplying artery and draining vein of the
AV anastomosis can be visualized on the placental

surface, piercing the chorionic plate at close proxim-
ity to each other to supply the shared cotyledon,
which may receive other vessels too (Figure 153.5).
AV anastomoses allow flow in one direction only, and
hence can create an imbalance in the interfetal trans-
fusion leading to TTTS, unless balanced by an oppo-
sitely directed transfusion through other (superficial
or deep) anastomoses.

Untreated, severe mid-gestational TTTS has a mor-
tality rate of nearly 100%. Polyhydramnios may lead
to spontaneous abortion, rupture of the membranes
and/or extreme preterm delivery. It may also have a
direct effect on fetal hemodynamics and placental
function. In utero fetal death (IUFD) may result from
cardiac failure in the recipient or poor perfusion in
the donor, which may lead to acute, agonal or post-
morten intertwin transfusion into the dead fetus.
Additionally, there are substantial risks of cerebral
and cardiac sequelae in survivors due to the chronic
or acute hemodynamic imbalance. Initially, only
serial amnioreduction was available as a treatment
option to reduce the polyhydramnios and intrauterine
pressure, thus alleviating symptoms and prolonging
pregnancy. Repeated amnioreduction is a simple and
widely available technique, but it does not address
the vascular basis of TTTS. The anastomoses remain
patent maintaining the pathologic chronic transfusion
process or, in the event of single IUFD, allow acute
interfetal transfusion, putting the surviving twin at
high risk of IUFD, anemia and neurological damage.
Vascular anastomoses can in most cases be visualized
on the chorionic surface during fetoscopy, and their
coagulation would therefore be a causative treatment.
A recent randomized trial set up by the Eurofoetus
research consortium comparing serial amnioreduc-
tion vs. laser coagulation for severe TTTS prior to 26
weeks showed that laser had significantly better out-
come in terms of survival of at least one twin (76% vs.
51%), gestational age (GA) at delivery (33.3 vs. 29.0
weeks) and neurological damage (6% vs. 14%),).4

Laser, therefore, appears to be a better first-line treat-
ment than amnioreduction.

Figure 153.4 Ultrasound image of TTTS. (a) The donor is stuck to the uterine wall without bladder filling. (b) There is poly-
hydramnios in the sac of the recipient, who has a distended bladder.

Figure 153.5 Macroscopic image after dye injection of a
monochorionic placenta. (a) Superficial AA and deep AV
anastomosis. (b) AV and oppositely directed VA anastomosis.

Fetoscopic laser treatment for twin-to-twin transfusion syndrome 1637
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Technique of laser coagulation

Hardware
Today good-quality videoendoscopic hardware is a
given, including a high-quality light fountain, light-
weight video camera and monitor. For fetoscopic oper-
ations, some extra investments are needed, such as
a range of purpose-designed fetoscopes and adapted
sheaths, long light cables and a twin camera system
mixing ultrasound and endoscopic images may be
helpful. Further, appropriate energy sources are needed
to coagulate the vessels of interest. Laser energy
sources with specific absorbance in the red are pre-
ferred, such as Nd:YAG (minimal power requirements
60–100 W) or diode (minimal power requirements
30–60 W), which typically comes with bare fibers of
400–600 µm. For intrafetal or cord electro-coagulation,
a conventional electrosurgical generator can be used.

Fetoscopic endoscopes differ from their hystero-
scopic or laparoscopic counterparts but are delivered
by the same suppliers. At present, there is no evidence
that one particular brand or even type of endoscope
performs better than another. Intuitively, one strives
for a combination of minimal diameter, appropriate
length and maximal light transmission and resolution.
Personal preference, local factors such as after sales-
service and compatibility with other operation room
equipment will influence the choice of the manufac-
turer. In Europe, considerable investments have been
made by the European Commission in its ‘Biomed 2
Programme’ for instrument development by a partner
of the Eurofoetus research consortium (Karl Storz
Endoskope).8 Thanks to this project, a range of
20–30 cm fetoscopes with diameters of 1.0–2.3 mm are
now available (Figure 153.6).9 The majority are semi-
flexible 0◦ fiberoptic scopes, which can be curved,
e.g. to direct the scope toward an anterior located pla-
centa.10 Rod lens telescopes have also been fabricated,
with angles of inclination up to 30◦, with an associated
deflecting mechanism for the laser fiber. Steerable
fiberscopes have also been used for an anterior
placenta;11,12 however, image quality is not optimal
because of poor light transmission (unpublished
observations). A double-access method with side
firing fibers has also been reported in that case. All
scopes are used within a sheath, housing the endo-
scope and any additional instrument such as a laser
fiber or other. Fibers are usually inserted through an
additional working channel, which keep the fiber in a
stable position. Luer lock connections allow irrigation
or drainage of fluid.

To gain entry, the sheath can either be introduced
directly or through a cannula. For direct introduction,
the sheath is loaded with its accompanying trocar. The
sheath is inserted into the amniotic cavity under ultra-
sound guidance and once inside, the trocar is removed
and replaced by the fetoscope. During the procedure,
the sheath can be moved back and forward – causing
friction at the membrane–myometrium interface, but

cannot be withdrawn without losing access to the
amniotic cavity. The use of formal cannulas obviates
this problem, as the port remains during the entire
procedure and instruments and scopes can be inter-
changed numerous times. We ourselves use teflon
cannulas, which are thin-walled and therefore add
only 0.3 mm to the external diameter of the sheath, are
semiflexible to accommodate curved instruments and
come in a variety of diameters with purpose-developed
fitting trocars.9 There are currently no data available
to support either the direct or cannula access method
to the amniotic cavity. Further technical details on
endoscopes and ancillary equipment are available in
more recent handbooks on fetal therapy.13–15

Procedure
Preoperatively, in our institution, all patients receive
2 g cefazolin i.v. and 20 mg slow release nifedipin
postoperatively (PO), which will be continued for
48 h. Laser coagulation is performed by percutaneous
approach (Figure 153.7) through a 3-mm incision
under local or locoregional anesthesia and under
strict aseptic conditions. The position of the fetuses,
umbilical cord insertions and placenta is mapped by
ultrasound scan. A skin incision is made the size of
the sheath, and under ultrasound guidance the can-
nula or fetoscopic sheath is inserted into the hydram-
niotic sac (Figure 153.8). At all times, the placenta,
fetal parts, maternal vessels and bowel are avoided.
We personally use, in addition, transplacental seda-
tion of the fetus while administering remifentanyl to
the mother, which is a short-acting agent.16

Figure 153.6 Example of fetoscopic instruments as used
for laser coagulation of the vascular anastomoses in TTTS.
(a) Straight forward telescope, diameter 2 mm, length 30 cm,
with remote eyepiece (Karl Storz, Tuttlingen, Germany).
(b) Fetoscopic sheath with channel for laser fibers up to 600 µm
with one stopcock and one luer-lock adaptor (Karl Storz).
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In TTTS, fetoscopic detection of the anastomoses is
improved by the presence of polyhydramnios. The
amniotic fluid is normally clear by dilution and its
volume flattens the placenta. Occasionally though
vision may be hampered by blood (from previous
procedures or bleeding) or debris. In these instances,
amnioexchange with warmed Hartmann’s solution
heated by a blood warmer or a special amnioirrigator17

can improve visibility. Three fixed landmarks are used
to identify any anastomosing vessels: the intertwin
membrane, the recipient’s and the donor’s cord inser-
tion. The intertwin septum and its placental insertion
are easily identified as a white line (Figure 153.9).
From there, blood vessels leaving the donor usually
cross under the septum in the direction of the

recipient. These blood vessels are followed to identify
any anastomosing vessels. Importantly, the vascular
equator does usually not coincide with the intertwin
septum and cannot be predicted by simple determi-
nation of the cord insertions. Alternatively, vessels
can also be followed starting from the recipient’s or
donor’s cord insertion. The purpose of the procedure
is to visualize the entire vascular equator and to coag-
ulate all anastomoses. A ‘hyperselective’ approach, as
discussed by Machin et al.18 – coagulating only the
causative AV anastomosis – is probably wishful think-
ing and not at all used in the European centers prac-
ticing laser coagulation. Any residual anastomoses
put the remaining fetuses at risk of hypovolemic
events in case of single IUFD and may even lead to
persistence or reversal of transfusion. Arteries are dis-
tinguishable from veins, as they have a darker color
due to the deoxygenated blood. Also, arteries usually
cross over the veins.

Occasionally, it may be impossible to determine
whether vessels anastomose or not, due to the posi-
tion of the intertwin septum, placenta, fetus or other
physical limitations. In these instances, the vessels
with uncertain course are coagulated as well. Also,
with an anterior placenta, the amniotic sac as well as
the vessels on the placenta may be more difficult to
access. As mentioned above, instruments for anterior
placentas have been purpose-developed, but it is yet
unclear whether this improves performance. So far,
similar outcomes have been reported for anterior and
posterior located placentas.

Coagulation is performed at a distance of approxi-
mately 1 cm and ideally at a 90◦ angle, using a non-
touch technique (Figure 153.10). Sections of about
1 cm are coagulated with shots of about 3–4 s, accord-
ing to tissue response. Laser energy is adapted to the
source used, the diameter of the vessels and the tissue
response. Typically, a Nd:YAG laser is set at 50–70 W

Figure 153.7 Image of the operative setup and percutaneous
access used for fetoscopic interventions.

Figure 153.8 (a) Fetoscopic image of the face of the recipient, who moves freely in the hydramniotic sac. (b) Fetoscopic image
of the feet of the donor, who is stuck behind the intertwin septum.

Fetoscopic laser treatment for twin-to-twin transfusion syndrome 1639
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and a diode laser at 30–40 W. Large vessels can be
coagulated from various angles to obtain progressive
narrowing and eventual coagulation. The use of
excessive laser power levels should be avoided, as
this may cause vessel perforation and fetal hemorrhage.

Once all vessels are coagulated, the vascular equator
is followed once more to ascertain that all anasto-
moses have indeed been fully coagulated and that
flow has not resumed.

The procedure is completed by amnioreduction
until normal amniotic fluid pockets are seen on ultra-
sound scan. The cannula or sheath is removed under
ultrasound guidance to detect any significant bleed-
ing from the uterine wall. In continental Europe, the
patient remains as an in-patient for 48 h. Blood pres-
sure, pulse, temperature and fluid balance are moni-
tored. Ultrasound scan is repeated the first and
second days to document fetal viability, Dopplers,
amniotic fluid volume and bladder filling. Cefazolin
is repeated every 8 h for 24 h and the patient stays on
nifedepin PO 12-hourly for 48 h.

Hecher et al. demonstrated a learning curve, with
improving results in terms of survival as well as neu-
rologic outcome over time. We have seen the number
of patients developing preterm prelabor rupture of the
membranes (PPROM), a strong predictor of preterm
delivery, and hence morbidity, dropping with experi-
ence. This argues against scattering the experience
over too many centers.19

Risks and outcome of the procedure
In contrast to amnioreduction, where IUFD of one or
both fetuses often occurs remotely from the procedure,
most IUFD with laser are diagnosed within 48 h. In our
experience with our first 100 cases, this happens in
18% and affects the donor as often as the recipient.
The cause of these deaths remains largely unex-
plained, although it is generally assumed that too little
placental mass may remain after laser for both fetuses
to survive.20 However, preliminary data suggest that
preoperative MRI accurately predicts placental distri-
bution in TTTS and that postoperative IUFD is not
restricted to the fetus with the smallest placental
mass.21 Further research is therefore needed into the
exact cause of these losses yet attempting to prevent
these. Nonetheless, the surviving twin appears far less
likely to be anemic after laser22 or to sustain neurolog-
ical sequelae23,24 compared to survivors after amniore-
duction where the anastomoses remain patent.

Another important fetal risk is preterm delivery. In
the Eurofoetus research consortium trial (RCT),
median GA at delivery was higher in the laser than in
the amnioreduction group (33.3 vs. 29.0 weeks’ gesta-
tion), with 42% and 69% women, respectively, deliv-
ering prior to 32 weeks. However, PPROM remains
the most important complication of invasive antenatal
procedures, accounting for a high morbidity and
mortality if the membranes rupture prior to viability.
In our own experience of the first 100 cases, PPROM
within 5 weeks of the procedure occurred in 16%.
The overall incidence of PPROM (<37 weeks) was
45% with median GA at delivery of 30 weeks in

Figure 153.9 Fetoscopic image of the intertwin septum
inserting on the chorionic surface with the donor’s vessels
crossing underneath.

Figure 153.10 (a) Fetoscopic image of a coagulated AV
anastosomosis. 
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cases with PPROM as compared to 35 weeks in those
without PPROM group. Amniotic fluid volume
drained, cervical shortening or prior procedures may
be contributing to that risk. The intra-amniotic injec-
tion of platelets and clotting factors may be a success-
ful technique to treat cases of early postoperative
PPROM.25,26 Other rare fetal complications include
congenital skin loss, gangrenous limb lesions,
microphthalmia and intestinal atresia.27,28 These
anomalies have been described in TTTS not treated
by laser29 and can therefore also originate from the
disease process itself.

The neurological infant outcome in laser for TTTS
may be determined by the severity of the disease, the
GA at delivery and the procedure. In the Eurofoetus
RCT, infants in the amnioreduction group had higher
incidences of cystic periventricular leukomalacia
(laser: 6% vs. amniodrainage: 14%), in particular the
recipients. Presently, the children are being followed
until 2 years of age and these results are eagerly
awaited. A recent long-term follow-up study of chil-
dren surviving an uncontrolled series managed by
laser (age between 14 and 44 months of age) observed
major neurological problems in 11% of survivors.30

Maternal safety remains a priority, and serious
maternal complications should be registered carefully
in a registry, such as the one set up by Eurofoetus.3

Transient maternal mirror or Ballantyne syndrome
with pulmonary edema, placental abruption, chorio-
amnionitis and bleeding requiring transfusion are
reported, but none yet leading to maternal death. In
the Eurofoetus RCT, there was no severe maternal
morbidity (no woman required ICU admission or
blood transfusion), although three placental abrup-
tions occurred at the end of the amnioreduction (two
in the drainage and one in the laser group); all requir-
ing immediate delivery. Infection is another potential
problem. In our study on fertility and pregnancy out-
come in a consecutive series of 100 patients, feto-
scopic interventions did not appear to influence
future fertility and pregnancy outcome.31

Selective feticide in multiple
pregnancies
Introduction
The indications, technique and outcome of selective
feticide in complicated multiple pregnancies crucially
depend on an exact chorionicity determination in the
first trimester. In MC multiple pregnancies, selective
feticide may be contemplated for several indications:
(1) a severe discordant structural or chromosomal
anomaly, (2) severe discordant growth with high risk
of IUFD, (3) TRAP and (4) severe TTTS with associ-
ated discordant anomaly or where inspection of the
chorionic plate was precluded by the position of the

fetus and placenta. In contrast, in dichorionic twins,
selective feticide is restricted to the management of
discordant structural or chromosomal anomalies.

Structural anomalies are more common in twins.
Unfortunately, most studies have not related their
incidence to zygosity or chorionicity. Nonetheless, it
seems that in dizygotic twins the rate per fetus is the
same as in singletons, whereas in the monozygotic
twins the rate is two to three times higher.32 Even in
MC twins, in more than 80% of cases, only one fetus
is affected.33 The exact mechanism of this increased
prevalence remains unknown.

In dizygotic twins, the age-related risk of chromo-
somal abnormalities for one twin is independent of
the risk for the other and should be the same as in
singletons. Therefore, the risk of at least one fetus,
e.g. having Down’s syndrome should theoretically be
double that in singletons. In contrast, all MC twins are
monozygotic and the risk for chromosomal abnormal-
ities should therefore be the same as for singletons
and in the vast majority both fetuses are equally
affected. Nonetheless, discordance in MC twins for
nearly all common human aneuploidies (trisomy 13,34

trisomy 21,35 monosomy 45,X35) has been reported,
most cases involving one twin with Turner syndrome
and the other with either a female or male phenotype
but usually a mozaic karyotype. This rare phenome-
non is called heterokaryotypic monozygotism; going
into its exact genetics mechanisms would lead us to
far. Our series of selective feticide includes five such
cases of discordant chromosomes in MC twins
(46,XY/47,XY, +21; 46,XX/47,XX, +13; 46,XY/45,X;
two cases of 46,XX/45,X).36 Heterokaryotic MC twins
can only be diagnosed prenatally if an amniocentesis
is performed of both amniotic sacs, which is recom-
mended in the event of discordant anomalies in MC
twins.35

There are essentially three management options for
discordant structural and chromosomal anomalies:
conservative management, selective feticide or termi-
nation of the entire pregnancy. For anomalies that are
non-lethal but may well result in serious handicap,
parents must thus decide whether the burden of a
handicapped child is enough to risk the loss of the
healthy twin from feticide-related complications. For
lethal anomalies in dichorionic twins, it may be best
to avoid such risk and conservative management is
preferable, unless the condition threatens the well-
being of the healthy co-twin. Such a dilemma is illus-
trated by twins discordant for anencephaly, which is
always lethal but due to associated polyhydramnios
places the healthy co-twin at risk of severe preterm
delivery. While in dichorionic twins expectant man-
agement may be preferable for anomalies with a high
risk of in utero demise, in MC twins this specifically
warrants selective feticide. In dichorionic twins, single
IUFD is associated with perinatal death or handicap
of the surviving twin in 5–10%, and that is largely
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due to extreme preterm delivery. In contrast, single
IUFD in MC twins has a co-twin IUFD rate of 10–25%
and antenatal cerebral lesions in 25–45% of surviving
twins, due to acute exsanguination in the fetoplacen-
tal unit of the dead twin, which adds to the effects of
extreme preterm delivery.37,38

An extreme manifestation of TTTS is TRAP, which
complicates about 1% of MC twin pregnancies. In
TRAP, blood flows from an umbilical artery of the
pump twin in a reverse direction into the umbilical
artery of the perfused twin, via an AA anastomosis.
The perfused twin’s blood supply is by definition
deoxygenated and results in variable degrees of defi-
cient development of the head, heart and upper limb
structures. Two criteria seem to be necessary for the
development of a TRAP sequence. The first is an AA
anastomosis and the second a discordant develop-
ment39 or an IUFD40 in one of the MC twins, allowing
for reversal of blood flow. The increased burden to
perfuse the parasitic twin puts the pump twin at risk
for congestive heart failure and hydrops.41 Because of
the rarity of the disorder, the natural history of ante-
natally diagnosed cases is still poorly documented
with reported survival rates for the pump twin vary-
ing between 14%42 and 90%.43 Data on long-term out-
come are not available, although the risk of cardiac
and neurodevelopmental sequelae may be high due to
hemodynamic imbalances in utero.44,45 Prediction of
outcome of TRAP diagnosed is challenging, parti-
cularly early in pregnancy. Several parameters have
been suggested to indicate poor prognosis such as a
high acardiac/pump weight ratio,46 a rapid increase in
the acardiac mass47 and small differences in the
umbilical artery Doppler values.48,49 These parameters
were mostly studied in late second and third
trimesters, and do not necessary apply in the early
second trimester, where spontaneous resolution as
well as sudden, yet unpredictable death of the pump
twin have been observed. Early intervention is an
issue, as the diagnosis is now usually made at an early
stage in pregnancy and the techniques are available.
Early prophylactic intervention may preclude the
technical difficulties of achieving arrest of flow in
larger and often hydropic acardiac masses, as well as
cardiac failure. Some may therefore prefer to offer
prophylactic, minimally invasive intervention if no
spontaneous arrest of flow has occurred by 16 weeks,
recognizing the pump twin may survive without any
intervention in at least half of cases. It is unlikely
whether a more expectant rather than an aggressive
prophylactic attitude will ever be shown to be supe-
rior, given the rarity of the condition.

For the treatment of TTTS, selective feticide has
been proposed, merely to try to salvage one twin.50,51

The rationale is that laser coagulation has such a high
risk of IUFD of one twin that it acts as a selective
feticide. Therefore, cord occlusion may appear an
alternative, as it is technically easier to perform and
may better protect the surviving twin. This approach

is at least open for debate, as this will by definition at
best yield a 50% survival rate, given no complications
occur. It necessarily leads to some difficult decisions.
Not only does it pose a tremendous strain on the par-
ents to give up a structurally normal fetus, but also it
may not always be easy to determine which fetus will
have the worst prognosis. Initially, it was thought to
be the donor, especially if abnormal umbilical artery
Dopplers were present, but these can normalize after
occlusion of the recipient’s cord. Access to the donor
is also technically more challenging and recipients
appear to be at higher risk of neurological4 and car-
diac sequelae.52 As laser can salvage fetuses at all
stages of the disease, advanced disease is not an indi-
cation.20 In our opinion therefore, fetoscopic laser
coagulation remains the preferred first-line treatment
available in Europe, and selective feticide should be
restricted to highly selected and exceptional cases.
The place of selective feticide in sIUGR will be dis-
cussed further on.

Technique and outcome of
selective feticide in dichorionic twins
Selective feticide in dichorionic twins is performed
by intracardiac or intrafunicular injection of potas-
sium chloride under ultrasound guidance. It is of
utmost importance to ascertain that the correct fetus
is terminated by identification of gender differences,
obvious structural anomalies, placental localizations
and cord insertions. The risks of selective termination
are loss of the entire pregnancy and premature deliv-
ery. The overall loss rate reported by the international
selective feticide registry of 402 multiple pregnancies
including some higher-order multiple pregnancies is
7.5%. Preterm delivery before 33 weeks occurred in
22%, with 6% delivering between 25 and 28 weeks.53

One center with 200 selective feticides reported an
overall loss rate of only 4%, with 16% of patients
delivering before 32 weeks.54 This underscores the
importance of the procedure being performed by
experienced hands, just as for any other invasive pro-
cedure. In order to reduce loss rates, it has also been
proposed to defer selective feticide to 28–32 weeks,
which is obviously only an option in countries where
late termination is legal and may be emotionally more
difficult to accept for both parents and doctors. In a
series on 23 dichorionic twins with non-lethal anomaly,
there were no fetal losses and all patients delivered
beyond 35 weeks.55

Technique and outcome of selective
feticide in MC twins
As mentioned above, for selective feticide in MC
multiple pregnancies, the conventional techniques of
potassium chloride injection cannot be used. There-
fore, minimally invasive techniques have been pro-
posed to arrest and isolate the target twin’s circulation
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completely and permanently,6 although all have
considerably higher risks for fetal loss as compared to
the injection of potassium chloride.

Currently, the preferred method for selective
feticide in MC multiple pregnancies is cord occlusion
by either laser/bipolar coagulation. The initially
reported method of umbilical cord embolization using
a variety of agents is no longer recommended because
of failure rates of > 60%,6,56 probably due to incom-
plete vascular obliteration or migration of the toxic
products to the co-twin. Fetoscopic cord ligation is
already a historical technique, although it does cause
immediate, complete and permanent interruption of
both arterial and venous flow. Despite the fact that co-
twin survival rates are over 70% when done fetoscop-
ically, it is a quite cumbersome technique with a high
risk for PPROM.57 In contrast, fetoscopic laser coagu-
lation of the umbilical cord is a simple technique,
which is similar to fetoscopic coagulation of the vas-
cular anastomoses in TTTS. It has been performed as
early as 16 weeks, using a double-needle loaded with
a 1 millimeter fetoscope and a 400 µm laser fiber.58

The procedure allows optimal visual control but may
fail beyond 20 weeks because of increasing size of
the umbilical cord vessels.59 Ultrasound-guided bipo-
lar cord coagulation was therefore introduced for
selective feticide at later gestational ages. In our
institution, we primarily use laser coagulation prior to
21 weeks GA. Later on, we may attempt laser coagu-
lation, but in over 75% of bipolar cases will be needed
between 21 and 26 weeks, which can be used even
later on.60

The pre- and postoperative care and access method
are similar to those described for laser coagulation of
the vascular anastomoses in TTTS. At all times, a
double setup for fetoscopic laser and ultrasound-
guided bipolar coagulation is prepared. The site of
port insertion is chosen according to the position of
the placenta, the amniotic sac of the target fetus and
its umbilical cord. Preferentially, entry is in the sac of
the target fetus to avoid direct interference with the
other sac in case of PPROM. Whenever necessary,
amniodrainage or amnioinfusion with warmed
Hartmann’s solution at 38◦C is performed to reduce or
expand the working space around the target cord
and/or to improve endoscopic vision.

Laser coagulation is performed by an Nd:YAG laser
or diode laser with bare fibers of 600 µm. The cord is
coagulated over a distance of 5–10 cm, using a non-
touch technique in continuous mode (Figure 153.11).
Absence of flow is interrogated by color Doppler.
Septostomy can be performed by laser when direct
access to the target sac is not possible and laser coag-
ulation through the intertwin septum fails (Figure
153.12). Bipolar coagulation is performed with a 3.0
or 2.4 mm forceps, according to the cord diameter
(Karl Storz). Under ultrasound guidance, a portion of
the umbilical cord is grasped at the abdominal wall, at
its placental insertion or any other appropriate place

as to ensure correct identification and enhance stabil-
ity (Figure 153.13). Direct contact with the placenta,
fetus or membranes is avoided. To improve visual
control, a new ‘optical’ forceps is being evaluated
within the Eurofoetus project that combines the
advantages of bipolar coagulation and fetoscopy.
Coagulation starts at power settings of 15 W applied
for approximately 15 s with progressive increments
of 2–5 W until the appearance of turbulence and
steam bubbles indicative of local heat production and
hence eventual tissue coagulation between the for-
ceps’ blades (usually between 25 and 45 W). Higher
initial energy settings are avoided to prevent tissue

Figure 153.11 Fetoscopic image of laser cord coagulation.

Figure 153.12 Fetoscopic image of the hole in the intertwin
septum after septostomy by laser.
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Figure 153.13 (a) Reusable 2.4-mm bipolar forceps (Karl Storz). (b) Ultrasound image of the bipolar forceps grasping the umbilical
cord at its placental inertion.

carbonization, which may lead to the cord becoming
stuck to the forceps’ blades and eventual cord perfo-
ration. Confirmation of arrest of flow is performed
after the forceps is freed from the umbilical cord by
gentle manipulation. Even if there is no longer any
visible flow, two additional cord segments (preferen-
tially at a site more proximal toward the target fetus)
are coagulated. This is an additional safety precau-
tion, because absence of Doppler flow may be caused
by temporary vasospasm rather than by true vascular
obliteration. In monoamniotic twins, to avoid later
cord entanglement, the cord is first coagulated and
then transected with laser in contact mode (Figure
153.14). After completion of the procedure, amnio-
drainage of excessive fluid is carried out before
removal of the cannula. Middle cerebral artery

Dopplers are performed postoperatively to detect
fetal anemia.

In our initial 10 cases, two patients had PPROM
and underwent a termination. The other eight
patients delivered at a mean gestation age of 35
weeks, i.e. more than 15 weeks after the procedure.56

Later Nicolini et al. reported their experience with 17
cases.61 The survival rate was 81% (13/16 survivors;
one patient had TOP because of an abnormality diag-
nosed later on). There was one fetal hemorrhage
caused by cord perforation, which may be avoided
by not applying too much energy. We reported the
outcome of 50 consecutive cord coagulations in com-
plicated MC multiplets (including four triplets) by
laser and/or bipolar coagulation performed between
16 and 28 weeks (mean 21 weeks).62 Indications were
TRAP (38%), discordant anomaly (38%), severe
TTTS (20%) and selective IUGR (4%). In 75%, laser
was used as the primary energy, but additional bipo-
lar was necessary in about half of the cases. Overall
survival was 75% with normal outcome (range: 1–36
months, 63% follow-up), except for one child with
mild developmental delay born after PPROM < 28
weeks GA. Persistent PPROM < 30 weeks occurred in
25%, and if < 25 weeks, was associated with a mor-
tality of 80%. There were no serious maternal com-
plications, except for one mild transient mirror or
Ballantyne syndrome. To avoid the risks of early
PPROM for the healthy co-twin, there is a strong argu-
ment to defer selective feticide until after 24 weeks in
highly selected cases of discordant anomaly where
the risk of IUFD is small (such as in severe discor-
dant central nervous system, genitourinary, skeletal
anomaly), at least in countries where this is legally
possible, and when ethically acceptable. Bipolar
coagulation can then be performed using the 3.0-mm
forceps by overstretching the blades whereupon the
forceps opens more widely to accommodate for the
larger cord diameter, as we showed in a consecutive
series of five cases performed between 26 and 30 weeks

Figure 153.14 Fetoscopic image of a cord transection by laser
in contact mode after selective feticide in monoamniotic twins.
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GA. All deliveries occurred beyond 31 weeks (range:
31–37 weeks). All infants survived, except for one
unrelated neonatal death of a child born at 36 weeks
due to a complication of balloon dilatation for pul-
monary stenosis.63

Selective growth
retardation in MC twins
sIUGR complicates approximately 7% of all MC twin
pregnancies.64 sIUGR is usually defined as fetal
growth below the P10 for GA together with an inter-
twin weight discordance of > 25%, calculated as
[(larger twin – smaller twin)/larger twin]. It is usually
associated with an unequal distribution of the placen-
tal vascular territory. While the incidence is similar in
dichorionic and MC twins, the nature and incidence
of risks is not. Neurological damage is much more fre-
quent in MC with sIUGR, mainly due to the existence
of intertwin placental anastomoses.65 Intrauterine
demise of the IUGR twin may result in agonal post-
mortem acute feto-fetal transfusion, with concomitant
death of the larger twin (occurring in 25–30% of
cases) and neurological damage in 30% of survivors.66

Recent clinical studies indicate a substantial risk for
neurological damage in the absence of single IUFD of
the small twin.67,68 In one series (n �13),67 abnormal
neurodevelopment was observed in 42% of children
and cerebral palsy rates were 19%. There were four
instances of IUFD; three children survived and all had
cerebral palsy. The other series (n �42)68† showed an
IUFD rate of 10% with 12% parenchymal brain

damage in surviving infants. This clearly demon-
strates that MC twins with discordant growth are at
especially high risk of adverse outcome.

Up to 50% of MC twins with sIUGR present with
a pattern of intermittent absent or reversed end-
diastolic flow (iA/REDF) on umbilical artery Doppler
velocimetry.66,69 iA/REDF, a sign unique to MC twins,
is characterized by the presence of absent and/or
reversed end-diastolic flow in the umbilical artery,
alternating over seconds or minutes with positive
diastolic flow (Figure 153.15). This pattern reflects
retrograde transmission of an AA waveform in the
umbilical artery. It is strongly associated with sIUGR
coexisting with the presence of large-diameter inter-
twin placental AA anastomoses.70 The presence or
absence of this sign predisposes to a different preg-
nancy course and outcome, and therefore the clinical
management will be discussed separately.

MC twins with sIUGR and
iA/REDF in the umbilical artery
Twins with iA/REDF have an atypical clinical course
and do not show the Doppler and biophysical profile
changes observed in most fetuses with severe IUGR
secondary to placental restriction. Umbilical artery
waveform patterns indeed reflect downstream vascu-
lar resistance, but in MC twins this is determined not
only by the adequacy of spiral artery invasion but also
by the direction and degree of shunting across the
anastomoses. This makes interpretation of Doppler
findings problematic, since absent end-diastolic flow
and reversed flow in the sIUGR twin, a sign known to

† Small, but important case series on the finding of cyclic changes in umbilical artery waveforms in the smaller of growth discordant MC
twins

Figure 153.15 iA/REDF: Abnormal Doppler findings in umbilical artery with intermittently a positive, and negative flow (right) and
reversed flow (left), a sign of retrograde transmission of an AA wave from in the umbilical artery.
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be associated with fetal distress in singletons, may
rather indicate the presence of (a) large AA anasto-
mose(s). Despite the apparently benign nature of this
situation, sudden intrauterine death in the small twin
occurs in up to 25% of the cases66 and neurological
damage of the appropriately grown twin may develop
in up to 30% of the cases.71 This clinical course is
thought to be caused by acute intertwin blood transfer
episodes through the large AA anastomoses, neces-
sary to allow this pattern and which might interfere
with the natural history of the growth-retarded twin.

The clinical management of these cases constitutes
at present a dilemma. The smaller twin will not show
any sign of fetal deterioration, but conservative man-
agement may result in serious complications as dis-
cussed above, without typical alarm signs. In theory,
laser coagulation of placental anastomoses, including
the predisposing AA anastomosis, would be a poten-
tial and causative therapy. Delinking the two fetal cir-
culations would protect the appropriately grown fetus
in the event of IUFD of the growth-retarded fetus and
may render the use of Doppler for fetal well-being the-
oretically more reliable. Quintero et al.71 reported his
early experience in a small and more heterogeneous
series and compared it to 17 cases managed expec-
tantly. However, there was no significant difference in
survival or neurological morbidity70 between treated
and expectantly managed patients. In our own experi-
ence in a small clinical series of MC with growth dis-
crepancy and iA/REDF in the umbilical artery, we
observed more and different technical limitations as
compared to laser therapy for TTTS (unpublished data).

Selective termination does not appear as an imme-
diate option, as it implies selective termination of a
fetus, which in up to 75% of cases would survive in
good conditions. Finally, considering that in our clin-
ical series neurological damage occurred in most
pregnancies beyond 32 weeks, a policy of elective
delivery at 30–31 weeks could reduce, in part, the
incidence of complications. The best management
option for sIUGR with iA/REDF remains to be for-
mally evaluated in future clinical trials, their nature
and design still being undefined.

MC twins with IUGR and
without iA/REDF
In these cases, the IUGR twin may have a normal or
pathologic umbilical blood flow pattern, but it is ‘con-
stant’ or unchanged during the course of the Doppler

interrogation. As opposite to those with iA/REDF, MC
sIUGR fetuses with absent or reverse ‘constant’ dias-
tolic flow will show a clinical evolution similar to
what has been described for single fetuses or dichori-
onic twins with growth restriction, and the typical
cascade of fetal hypoxic deterioration can be assessed
by means of Doppler and/or fetal heart rate patterns.4

The observation of significant fetal deterioration indi-
cating a high risk of intrauterine demise of the IUGR
twin is a clear indication for active management in
order to prevent the typical risks of monochorionicity
to the normally grown fetus. Selective termination is
considered as a first option in previable cases. Later
in pregnancy, and particularly before 32 weeks, the
decision whether to perform selective termination
vs. elective delivery must be carefully discussed with
parents, certainly between 24 and 28 weeks, where
complications of cord occlusion, such as PPROM,
may compromise the outcome of the appropriately
grown twin.62 This is ethically a very challenging
dilemma.72

Conclusion
Complications unique to MC twins and the shared cir-
culation have stimulated a revival of fetoscopy as
a means to operate on the placenta and umbilical cord.
At present, fetoscopic laser coagulation of the vascular
anastomoses is the preferred first-line treatment for
TTTS, complicating 10–15% of MC multiple pregnan-
cies. Minimally invasive cord coagulation appears to be
an effective technique for selective feticide in MC twins
complicated with discordant anomaly, severe early dis-
cordant growth, TRAP and selected cases of TTTS.
However, these procedures still have considerably
higher fetal loss rates (20%) as compared to selective
feticide in dichorionic twins (7.5%).
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154 Route of delivery
J. W. Dudenhausen and J. A. S. Dimer

The principal issues for neonatal morbidity and
mortality in multiples are intrauterine growth restric-
tion and prematurity.1 Nevertheless, the route of deliv-
ery of multiples affects the perinatal morbidity and
mortality rates.2 There is no general consensus regard-
ing the optimal route of delivery in multiple gestations.
We must clearly separate the mode of delivery of
higher-order gestations and triplets from that of twins.

Triplets and higher-order pregnancies
The route of delivery of triplets and higher-order
gestations is widely variable and is controversial.
In North America, the planned cesarean section is
widely accepted as standard care; in South Africa, on
the other hand, a cesarean section rate of 14% was
reported by Pheiffer and Golan in 19793 as well as by
Deale and Cronje in 1984.4 In the African experience,
the majority of cases that were described are those
where a higher-order gestation was first discovered
during the birth. Thus, few conclusions should be
made from isolated birth statistics without regard to
the obstetrical environment in which those statistics
were gleaned.

In 1989, Lipitz et al.5 reported the outcome of
78 sets of triplets; the cesarean section rate was 78%
in this collective. Triplets born vaginally had a higher
rate of low Apgar scores and respiratory distress. In
1988, Feingold et al.6 published their experience with
a group of 15 triplet pregnancies undergoing vaginal
birth; the mortality and morbidity of the initial infant
was 21%, of the second infant 31% and of the third
infant 43%. These observations were not seen by Ron-
El et al.7 In comparison, in 1990, Olofsson8 reported
the experience of 14 triplets and quadruplets. In this
group, vaginal birth was initiated in the 34th week of
gestation, even when the presenting fetus was breech.
In three cases, the vaginal birth was interrupted and
an emergency cesarean section was performed for
intrapartum fetal indications. During 1989, the obstet-
rical experience in a large group of 198 triplet preg-
nancies delivered at 24 different hospitals was
reported by Newman et al.,9 where 94% of the infants
were delivered abdominally and 12% were delivered

solely vaginally. In 2004, Alran et al.10 investigated
a series of 93 triplet pregnancies in a single perinatal
department. Of these, 66 (84%) had a successful vagi-
nal delivery, 12 delivered by emergency cesarean sec-
tion and 15 by elective cesarean section. The perinatal
mortality was 48/1000.

In a review of the literature in 1989, Petrikovsky and
Vintzileos11 evaluated the route of delivery of higher-
order gestations. Although malpresentations were com-
mon, a broad spectrum of complications were seen
such as placental abruption, intrauterine oxygen depri-
vation, umbilical cord prolapse and vaginal bleeding.
An elective cesarean section avoided the majority of
these complications and allowed for the antepartum
organization of the obstetric and neonatology person-
nel. The importance of this interdisciplinary coopera-
tion and the availability of neonatal beds should not
be underestimated. When the decision has been made
to proceed with a vaginal trial of labor, the attending
obstetrician should plan to have the assistance of
another well-trained obstetrician who is capable of
diagnosing an anomalous fetal presentation with ultra-
sound, and who is able to be a competent operative
assistant if a malpresentation is seen. Furthermore,
during the second stage of labor, there must be ade-
quate obstetric personnel at hand, who are able to
monitor the fetal movement ultrasonographically.

The potential safety of the vaginal delivery of triplets
has been studied in recent years in a few European cen-
ters. In 1995, Dommergues et al.12 reported for a group
in Paris about a case–control study of 69 consecutive
triplet pregnancies delivered at the same institution.
He found the neonatal mortality was not significantly
increased by vaginal birth and concluded that vaginal
delivery of triplets may be safe in carefully selected
cases. Also, in 1995, Wildschut et al.13 in the
Netherlands reported the results of a retrospective
study comparing planned abdominal with planned
vaginal birth in triplet pregnancies. He found two cen-
ters in the Netherlands with two distinctly different
primary modes of delivery: in Leiden 80% of women
were delivered by cesarean section and in Amsterdam
87% favored vaginal birth. Similar reports of planned
vaginal delivery of triplets have emphasized that the
greater maturity of the infants delivered vaginally
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appeared to be the major factor for the lower neonatal
morbidity and mortality seen in such a review.14

Multifetal reduction of triplets to twins yields an
improved perinatal outcome compared with non-
reduced triplets and a similar outcome compared
with non-reduced twins.15 Probably, the best means of
reducing the perinatal morbidity of higher-order mul-
tiple gestations is to prevent multiple pregnancies in
in vitro fertilization programs by reducing the number
of embryos transferred per cycle.16

As a rule, today, obstetricians choose to deliver
triplets and higher-order multiples with a planned
cesarean section. This operative procedure should be
performed by obstetricians who are experienced in
the delivery of multiple gestations from malpresenta-
tions and who are also experienced in the treatment
of intractable postpartum hemorrhage and possible
hysterectomy. A comparison of the maternal and
neonatal outcomes in patients following transverse
and longitudinal uterine incisions has concluded that
a transverse lower segment uterine incision should
be used to increase the chances of a normal vaginal
delivery in the future.17 The anesthesia team should
also be well experienced and prepared to manage a
potentially life-threatening circulatory collapse. It
deserves to be emphasized that a generous dose of
oxytocin should be given following the delivery of the
infants to prevent the development of uterine atony.

In a study from the USA in 1995, the total cost
involved in the delivery, prenatal and neonatal care
for triplet pregnancies was estimated to be $64,347
per family. Neonates averaged 13.7 hospital days
and mothers averaged 16.7 in-patient hospital days.18

Improvement in the neonatal resuscitation and care
as well as delivery by cesarean section are felt to be
responsible for lower mortality rates and overall better
outcomes.19

Antepartum intrauterine death of one fetus in a
multiple gestation may be associated with significant
morbidity and mortality in the surviving infants,
and it may be a factor in deciding the time and route
of delivery. Neurological damage is recognized to be
higher in the surviving infants, especially when intra-
uterine fetal death is associated with monochorionic
placentation.20

Delayed interval delivery in triplet pregnancies
has been reported in the literature.21,22 In the rare
circumstance that the presenting fetus is expelled,
conservative management of the remaining viable
fetuses has resulted in 34 and 49 days of interval time
before the birth of the remaining three or two infants,
respectively.

Twins
The prerequisites involved in the decision of the opti-
mal mode of delivery in twins are manifold because
one must always consider the different fetal presenta-
tion constellations. Chervenak23 reported the follow-
ing fetal presentations: vertex/vertex 42.5%, vertex/
non-vertex 38.4%, non-vertex/vertex or non-vertex
19.1%. These findings take into consideration the
clinically important factors necessary to make a deci-
sion regarding mode of delivery.

In the case of monoamniotic twins, regardless of
fetal lie and presentation, the literature frequently
recommends primary cesarean section to reduce the
risks of umbilical cord complications and locked fetal
heads24 (Figure 154.1). Umbilical cord entanglement
is the most common complication and often results in
intrauterine fetal demise. These umbilical cord com-
plications may be seen when one twin suddenly
descends in labor.

Locked twins is a rare intrapartum complication; it
is seen once in 1000 twins births.25 The risk of locked
twins is clearly higher in monochorionic–monoamni-
otic twins than in dichorionic–diamniotic twins. Both
oligohydramnios and low birth weight increase the
risk of locked twins.

Conjoined twins are a uniquely demanding situa-
tion for the obstetrician. The twins should be system-
atically evaluated ultrasonographically antepartum to
determine if the anatomical findings are compatible
with extrauterine life. To avoid the maternal risks
resulting from an obstruction of labor, an elective
cesarean section should be recommended.

Vertex/vertex
Vaginal delivery is appropriate for vertex/vertex
twins. A thorough review of the literature on this con-
stellation supports an attempt at vaginal birth.26 Some
authoritative sources have reported that 75% of all
vertex/vertex twins may be delivered vaginally with-
out difficulty.27 On the other hand, other authors pro-
pose that cesarean delivery should be indicated for
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Figure 154.1 Complex umbilical cord knot from monoamniotic
twins. Courtesy of Dr D. Berg, Amberg/Germany. 
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preterm birth or estimated fetal weight under a given
value.28 The weight cutoff and gestational age restric-
tion are variable. In a consensus article,29 this estimated
fetal weight cutoff was recommended to be 1800 g.

There are exceptions to this rule that only vertex/
vertex twins estimated to weigh over 1800 g should be
encouraged to attempt a vaginal trial of labor. If there
is an estimated fetal weight on ultrasound indicating
that the weight of the second twin is 15–25% higher30

than the first, an elective cesarean section is indi-
cated to avoid complications during the birth of the
second twin.

Course of labor following the birth
of the first vertex twin
Following the birth of the first twin, a brief physiologic
pause between uterine contractions usually ensues. An
intravenous oxytocin infusion is appropriate to shorten
this pause. Before initiating the oxytocin infusion,
ultrasound and/or external abdominal palpation to
discern the fetal lie should be performed. Further-
more, the heart rate of the second twin (just as was
indicated before the birth of the presenting twin)
should be continuously monitored. A vaginal exami-
nation will determine if the amniotic membranes are
intact and what fetal part is presenting. Following the
return of uterine contractions and the descent of the
fetal presenting part, an amniotomy may be performed
and the fetal heart rate can be obtained via the direct
mode.31 The fetal heart pattern should remain reas-
suring throughout this procedure. In the presence of
a non-reassuring fetal heart rate tracing, an operative
delivery is indicated.

The time interval between deliveries has been a
topic of discussion in the literature for decades.
During the 1960s in Europe, the approach was rather
conservative and non-interventional for adopting
strict norms regarding this time interval. In compari-
son, the Anglo-Saxon language literature of the times
seemed to support a 30-min cutoff to avoid the risk of
intrapartum hypoxia of the second twin that could
result from umbilical cord prolapse, placental abrup-
tion and the clamping down of the cervix. There was
no controversy, however, on the fact that there is a
clear correlation between the difference in the umbil-
ical artery pH values (twin I minus twin II) and the
time interval between deliveries regardless of the fetal
heart tracings.32 Current obstetrical practice mandates
that the fetal heart rate be continuously monitored
and taken into consideration in the management
scheme. A relationship exists between the frequency
of fetal hypoxia in the second twin and the time inter-
val between deliveries, especially in those where
a fetal heart rate pattern is non-reassuring. In these
cases, it is recommended that a timely completion of
the delivery be accomplished; this frequently requires
an operative delivery of the second twin.

When the fetal heart pattern of the second twin is
within normal limits following the birth of the first

twin, this correlation with time interval between
deliveries does not apply. Although expectant manage-
ment in view of reassuring fetal heart pattern may be
indicated, this should not imply that the attending
obstetrician should wait until the cervix has clamped
down.33

There are three modes of delivery of twins: both are
delivered by cesarean section (C–C), both are deliv-
ered vaginally (V–V) and the first twin is delivered
vaginally but the second one is delivered by cesarean
section (V–C). The higher neonatal morbidity of the
V–C-mode is caused by labor and delivery complica-
tions after the delivery of the first twin.34,35 The
increase of neonatal morbidity and mortality in the
second twin is more evident in term births than in
preterm births.36

Vertex/non-vertex
Intrapartum management of vertex/non-vertex and
vertex/transverse twins has been debated in the litera-
ture. In the American literature, support can be found
for a general indication for elective cesarean section in
such cases.37 This opinion is not generally seen by
European authors and practicing obstetricians.38

In the case of a malpresentation of the second twin,
intrapartum management includes an attempt at exter-
nal cephalic version of the second twin. An internal
version combined with extraction from a non-vertex
presentation should be handled the same way as a vagi-
nal breech delivery.

External version of the second twin
Reports of external version of the second twin conflict
markedly. Although a few authors recommend the
external cephalic version of the second twin and have
analyzed their own extensive experience,39 other
authors criticize this maneuver because it increases the
risk of umbilical cord compromise and wastes time.

Alternatively, the breech presentation of the second
twin is less controversial. There is no increased rate
of neonatal compromise following the unremarkable
vaginal breech birth.40,41 One report presented experi-
ence with 39 vertex/breech twins following vaginal
birth. The author found no difference in the outcome
of the study and control groups when the second
twin had converted to a vertex presentation. Another
prospective study compared elective cesarean sec-
tion, external version and breech extraction.42 This
study included only fetuses with an ultrasound esti-
mating fetal weight over 1500 g. The best outcome
was present following vaginal delivery; there was no
increased neonatal or maternal morbidity. An external
version was successful in 20 of 41 cases. An emer-
gency cesarean section was necessary in a single case.
Manual breech extraction of the second twin is a
rather uncomplicated procedure, as cited in the liter-
ature on twins over 1800 g in weight. The combina-
tion of the version of a second twin in transverse lie
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to breech and delivery via total breech extraction is
usually possible for the experienced obstetrician. With
certain risk factors such as oligohydramnios, dorsopos-
terior transverse lie and macrosomia, this version–
extraction combination may be difficult. In these cases,
a cesarean section may be indicated instead of the
difficult operative vaginal manipulations.

Non-vertex/vertex or non-vertex/non-vertex
It is generally accepted that an elective cesarean
section is indicated in these cases.43 The locking of
the fetal heads is a potentially lethal complication of
the vaginal birth when the first twin is breech. It must
be said that these statements have not been exten-
sively validated by clinical studies in this area.
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155 Delayed interval delivery
in multiple pregnancy
J. van Eyck, B. Arabin and R. A. van Lingen

Introduction
In the recent decades, the number of multiple pregnan-
cies has increased rapidly, primarily due to the use of
assisted reproduction techniques (ART) and increased
maternal age. Multiple pregnancy is frequently compli-
cated by premature delivery, which is a major cause
of perinatal mortality and morbidity. Luke et al.
reported relative risks of mortality in twin pregnancies
and triplet pregnancies of 6.6 and 19.4, respectively,
whereas among survivors the relative risks of severe
handicap were 1.7 for twins and 2.9 for triplets.1 After
premature vaginal delivery of the first baby of a multi-
ple pregnancy, arrest of labor may occur. Traditionally,
only a few attempts were undertaken to postpone
delivery of the remaining fetus(es), and thus increase
their chance of survival. Since 1957, several case
reports and small series have been published reporting
on delayed interval delivery in multiple pregnancies.
In 1998, we published the largest series (n �17) of that
moment on delayed interval delivery in twins originat-
ing from one single center.2 In our series, a fixed treat-
ment protocol was used and the ‘success rate’ was
53%. This was in contrast to a review of the literature,
which showed a large variation in the treatment proto-
cols and a very high success rate (93%), suggesting that
mainly cases with successful outcomes were reported.
Because of this selection bias, it was only possible to
speculate on both prognosis and recommendations
concerning treatment protocols. In this chapter, we
report on data from our department, which provides
again the largest series of delayed interval deliveries in
twins and triplets originating from one single center,
including neonatal follow-up.

In our chapter published in 1998, we reviewed the
literature between 1957 and 1996.2 In this chapter, a
review of the literature between 1996 and 2004 is
performed and compared with the former review.

Population and techniques
Between 1991 and 2004, a total of 78 twin pregnan-
cies and 21 triplet pregnancies were complicated by

vaginal delivery of the first fetus between 16 and 31
weeks of gestation. After exclusion of pregnancies in
which a cesarean section had to be performed for the
second twin, labor progressed or patients with spe-
cific contraindications to postpone delivery, such as
ongoing infection, 33 women with twin pregnancy
and 8 women with triplet pregnancy could be
included in our final study. Mean maternal age in the
group with twins was 30.8 years (range: 23–39 years)
and in the group with triplets 33 years (range: 25–41
years). In twin pregnancies, 67% of women con-
ceived spontaneously, whereas all women with
triplets conceived after ART. When preterm delivery
was anticipated, women were asked to give informed
consent and were treated according to a fixed proto-
col, in which four phases can be distinguished: phase
1: preparation, phase 2: delivery of the first baby,
phase 3: period between the birth of the first and the
remaining fetus(es) and phase 4: delivery of the last
multiple including the evaluation of the placenta.
Each phase is characterized by specific measures that
have to be taken.

Phase 1
The procedure starts with ruling out contraindica-
tions and obtaining informed consent. Contraindica-
tions include fetal distress or severe congenital
abnormalities of the remaining fetus, chorioamnioni-
tis, severe vaginal blood loss and other situations in
which the maternal condition is compromised (e.g.
preeclampsia, suspicion of placental abruption, infec-
tion). Membranes of the remaining fetus(es) must be
intact, since early-onset long-term oligohydramnios is
associated with pulmonary hypoplasia.3 Considering
the potential risks of the procedure vs. the risks of
perinatal mortality and morbidity, it is not appropri-
ate to pursue delayed interval delivery after 31 weeks
of gestation, especially when corticosteroids have
been administered to stimulate fetal lung maturation.

Informed consent consists of thorough explanation
of the procedure to both future parents, its limited
success rate and the potential risks for mother and her
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unborn child(ren), such as chorioamnionitis, placental
abruption and, although rare, maternal coagulation
disorder. Side effects of anticipated medication, such
as tocolytics, should also be discussed.

In the Netherlands, immature delivery before
25 weeks is practically always associated with neo-
natal death. However, parents should be made aware
that if delivery of the remaining fetus takes place
between 25 and 28 weeks, neonatal mortality may be
reduced, but neonatal morbidity remains high. The
latter may be considered an even greater and costly
burden for the future parents and society. Motivation
of the parents is an absolute prerequisite for starting
a delayed interval delivery procedure.

For tocolytic treatment, we administered ritodrine
and more recently atosiban intravenously or nifedip-
ine orally and, if necessary, indometacin suppos-
itories. Fetal lung maturation is stimulated by giving
two doses of 12 mg betametasone intramuscularly
with an interval of 24 h to the patient between 25 and
32 weeks of gestation. After cervical and urinary cul-
ture was obtained, antibiotics are administered intra-
venously for at least 1 week.

Phase 2
The birth of the first baby deserves special considera-
tion. Expulsion forces should be kept limited. During
delivery of the first baby, administration of tocolytics
and antibiotics are usually continued. As episiotomy
is a source of infection; it should be avoided mainly
since there is no proof of better outcome after epi-
siotomy. After delivery of the first baby, no efforts
should be undertaken to deliver the placenta. A
culture is taken from the cervix and the vagina
is intensively disinfected. The umbilical cord has to
be ligated as high as possible near the cervix. We do
not recommend cervical cerclage. In rhesus-negative
women, 1000 IU of anti-D globulin is injected intra-
muscularly immediately after the first delivery.

Phase 3
After delivery of the first baby, digital examination
is avoided. Cervical length, dilatation and funneling
are monitored, preferably by transvaginal sonography,
applying the transducer only into the proximal part
of the vagina. Monitoring the maternal condition
focuses on (early) detection of chorioamnionitis,
recurrent preterm labor, placental abruption and coag-
ulation disorders. Body temperature is measured
four times daily. Cervical cultures are taken weekly
and antibiotics are administered according to their
results. Laboratory tests (infection and coagulation)
are performed periodically. Fetal monitoring consisted
of very frequent biophysical assessment, including
cardiotocography, Doppler flow velocimetry and
real-time ultrasound. Fetal biometry and the amount

of amniotic fluid are examined by ultrasound at regu-
lar intervals. The patient remains hospitalized as long
as contractions and/or cervical dilatations are present.
Peridural analgesia is frequently given during the first
three phases of the procedure and offers good relief of
pain and discomfort.

Phase 4
After delivery of the remaining fetus(es), the placenta
must be carefully examined in order to prevent
retention of the placenta, and also of the first baby. All
placentas were histologically examined for signs of
infection and chorionicity. During the whole proce-
dure, parents are counseled regularly by our social
worker and special attention is paid to their emotional
state, which is frequently ambiguous in the situation
when one baby is dead and the other may survive.

Results
Within our series of 99 multiple pregnancies with
vaginal delivery of the first baby before 32 gestational
weeks, we have treated 33 twin and 8 triplet pregnan-
cies according to our protocol.

Data of all 33 twin pregnancies are shown in
Table 155.1. The mean gestational age at delivery of
the first baby was 24.8 weeks (range: 16–31 weeks).
The mean birth weight was 751 g (range: 140–1660 g).
Perinatal mortality of all first-born twins was 70%.
All 18 first babies born before 26 weeks died and had
a mean birth weight of 481 g (range 140–1000 g).
Survival rate of 10 first-born babies, born between 26
and 29 weeks, was 50%. From 29 weeks onward, all
five first-born babies survived, but needed artificial
ventilation in contrast to their later-born sibs. On
average, delivery of the remaining fetus could be post-
poned for 20.6 days (range: 0.5–106 days). Mean birth
weight of the 33 remaining second-born fetuses was
1163 g (range: 250–2995 g). Perinatal mortality of
these children was 30%. Six of the remaining fetuses
were delivered by cesarean section because of partial
placental abruption (n �1), cord prolaps (n �1), fetal
distress (n �1) and in three women because of
chorioamnionitis, in one case associated with pro-
lapse of the umbilical cord. One woman had a rela-
parotomy because of a postoperative intra-abdominal
hemorrhage. This woman developed pulmonary
embolism postpartum despite prophylactic use of
anticoagulants. In 18 twin pregnancies, in which the
first baby was born before 26 weeks, it was possible to
delay the second delivery until at least 26 weeks in 9
of 18 cases (50%), resulting in a perinatal mortality of
the second baby of only one of nine cases (13%). In
80% of all women, it was possible to administer com-
plete betamethasone treatment. Histological examina-
tion of the placenta showed 29 dichorionic (DC) and
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4 monochorionic–diamniotic (MC–DA) placentas.
Twenty placentas (5%) showed histological signs of
chorioamnionitis. In eight women, the placenta had to
be removed manually. Four of these women had
a postpartum hemorrhage of more than 1 L. Nine

women had clinical signs of chorioamnionitis. In
three women, cesarean section had to be performed.
Prolapse of the umbilical cord occurred in 4 out of
33 pregnancies and in two of them it was necessary to
perform a cesarean section. In the other two, a breech

Table 155.1 Twin pregnancies (N �33): maternal age, gestational age at delivery, interval, birth weight and sex,
mode of delivery, outcome, placenta and mode of conception

Maternal Delivery Weight and sex
age Interval Mode of Mode of

N (years) 1 2 (days) 1 2 delivery Outcome Placenta conception

1 25 16 +2 20 +2 28 140 m 490 m V/V D/D DC Spontaneous

2 26 19 +0 19 +5 5 250 f 300 f V/V SB/D DC ICSI

3 33 19 +1 20 +4 10 235 m 250 f V/V D/D DC Spontaneous

4 31 20 +1 20 +2 1 320 f 360 m V/V D/D DC Spontaneous

5 37 20 +1 21 +6 12 300 m 390 m V/V D/D DC IVF

6 34 20 +1 27 +4 52 330 m 1000 f V/CS D/A DC Spontaneous

7 32 21 +1 31 +4 73 350 f 1890 m V/V D/A DC IVF

8 31 22 +0 37 +1 106 465 f 2995 f V/V D/A DC ICSI

9 36 22 +4 26 +6 30 410 f 795 f V/CS SB/A DC Spontaneous

10 29 22 +5 24 +3 12 550 f 620 f V/V D/D MC/DA IVF

11 27 22 +5 26 +3 25 310 f 710 m V/V D/D DC Stimulation

12 31 23 +1 25 +6 19 550 f 740 m V/V D/SB DC IVF

13 39 24 +0 26 +2 16 795 m 860 m V/V D/A MC/DA ICSI

14 23 24 +2 26 +2 14 615 f 805 f V/V D/SB DC Spontaneous

15 27 24 +4 25 +1 4 680 m 765 m V/V D/A DC ICSI

16 26 24 +6 25 +4 5 670 m 750 f V/V D/A DC IVF

17 28 24 +6 27 +3 18 690 m 1250 m V/V D/A DC Spontaneous

18 29 24 +6 30 +0 36 1000 m 1530 f V/V D/A DC Spontaneous

19 29 26 +1 26 +4 3 875 m 715 m V/V D/D MCDA Spontaneous

20 29 26 +2 26 +5 3 780 f 870 f V/V D/A DC Stimulation

21 35 26 +2 29 +6 25 940 f 1470 f V/CS D/A DC IVF

22 35 26 +3 26 +4 1 850 f 855 m V/V A/A DC Spontaneous

23 39 26 +3 28 +1 12 835 f 1340 f V/CS A/A DC Spontaneous

24 33 26 +3 32 +3 42 850 m 1690 m V/CS A/A DC Spontaneous

25 32 26 +3 34 +0 53 840 m 2310 f V/V A/A DC Stimulation

26 28 28 +1 30 +3 16 865 m 1470 m V/V D/A DC Spontaneous

27 35 28 +5 31 +3 19 1220 m 1645 m V/CS SB/A DC ICSI

28 32 28 +6 29 +1 2 1150 f 1040 f V/V A/A DC Spontaneous

29 31 29 +3 29 +3 0.5 1305 m 1580 m V/V A/A DC Spontaneous

30 26 30 +1 32 +1 14 1450 m 1550 f V/V A/A DC Spontaneous

31 34 30 +2 31 +4 9 1220 m 1945 m V/V A/A DC Spontaneous

32 26 30 +5 31 +2 4 1660 m 1770 m V/V A/A MCDA Spontaneous

33 28 31 +0 32 +2 9 1271 f 1625 m V/V A/A DC Stimulation

m, male; f, female; V, vaginal; CS, cesarean section; D, perinatal death; SB, stillborn; A, alive; MC, monochorionic; DA, diamniotic; DC, dichorionic
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extraction was performed because there was full
dilatation and gestational age was below 25 weeks.
Two women had a partial placental abruption, one of
them delivered by breech extraction because there
was fully dilatation. One woman had an isolated tran-
sient elevation of liver enzymes, but serological tests
for viral infections were negative. One woman had a
transient atrium fibrillation, which was successfully
treated with digitalis and heparin. In one woman,
appendectomy was performed in the puerperium.

Data of all eight triplet pregnancies are shown in
Table 155.2. The mean gestational age at delivery of
the first baby was 23.8 weeks (range: 18–26 weeks).
The mean birth weight was 513 g (range: 220–830 g).
Perinatal mortality of all first-born triplets was
75%. All five first-born babies born before 26 weeks
died and had a mean birth weight of 355 g (range:
220–645 g). Mean interval between delivery of the
first baby and the second baby was 9.6 days (range:
1–34 days). Three women delivered on three separate
days. Mean interval between the second and the
third delivery was 1.3 days (range: 1–2 days).
Perinatal mortality of all 16 remaining fetuses was
81%. Perinatal mortality of the eight remaining
fetuses that were delivered after 26 weeks was 63%.
In two women a cesarean section was performed on
a remaining multiplet because of fetal distress and
chorioamnionitis, respectively. The latter had a rela-
parotomy because of a hemorrhage in the abdominal
wall and she also developed urosepsis. She recov-
ered completely. In one woman, the placenta that
had to be removed manually, postpartum hemorrhage
was more than 1 L. Two women developed clinical
signs of chorioamnionitis. Histological examination
of the placenta showed that all placentas were

trichorionic. Four placentas showed histological signs
of chorioamnionitis.

Short- and long-term neonatal follow-up was
evaluated in our series.4 Long-term follow-up at the
corrected age of 1 and/or 2 years is not yet known in
children born after 2002 and was not available for
those born before 1997, and was therefore only ana-
lyzed in 17 sets of twins and 3 sets of triplets. As
expected, mean birth weight and gestational age was
significantly higher in the second born infants. Nine of
11 surviving first-born infants and 16 of 23 second-
born infants needed assisted ventilation for an average
period of 17 days and 14 days, respectively. This dif-
ference in the need for and duration of assisted venti-
lation was not significantly different. Idiopathic
respiratory distress syndrome (RDS) and patent ductus
arteriosus were more prevalent in first-borns, whereas
second-born infants developed sepsis and bron-
chopulmonary disease more often. However, these
differences are not significant either. For long-term
outcome, we evaluated neuromotor development at
the corrected age of 9 months, the developmental out-
come at the ages of 1 and 2 years post-term using a
Bayley score and adverse outcomes, defined as either
mortality or a suspect (score between –1 SD and –2 SD)
or an abnormal Bayley test (score < – 2SD), at the cor-
rected age of 2 years. At the corrected age of 9 months,
neuromotor development of seven first-borns was nor-
mal in 71%, suspect in 14% and abnormal in 14%. In
the group of infants (n �17) born after delayed interval
delivery, neuromotor development was normal in
76%, suspect in 18% and abnormal in 6%, which was
comparable to a reference group. One first-born and
four children who were born later were lost to long-
term follow-up. We obtained a Bayley score on four

Table 155.2 Triplet pregnancies (N �8): maternal age, gestational age at delivery, interval, birth weight and sex,
mode of delivery, outcome, placenta and mode of conception

Interval
Maternal Delivery days Weight and sex

age Mode of Mode of
N (years) 1 2 3 1–2 2–3 1 2 3 delivery Outcome Placenta conception

1 33 18 +6 19 +0 19 +1 1 1 250 m 250 m 280 m V/V/V D/D/D TC ICSI

2 34 18 +6 23 +5 23 +5 34 0 220 m 520 f 580 m V/V/V D/D/D TC Stimulation

3 35 24 +4 25 +3 25 +3 6 1 332 f 570 f 670 m V/V/V SB/D/D TC Stimulation

4 31 24 +5 25 +2 25 +2 4 0 329 f 660 m 580 f V/V/V D/D/D TC IVF

5 34 25 +4 27 +1 27 +3 11 2 645 m 900 m 810 m V/V/CS D/D/D TC Stimulation

6 25 26 +0 26 +6 26 +6 6 0 830 f 900 f 850 f V/V/V A/A/A TC IVF

7 33 26 +0 27 +6 27 +6 13 0 820 f 1000 m 1200 m V/CS/CS A/A/D TC ICSI

8 34 26 +1 26 +3 26 +3 2 0 675 m 870 f 900 f V/V/V D/D/D TC IVF

M, male; f, female; V, vaginal; CS, cesarean section; D, perinatal death; SB, stillborn; A, alive; TC, trichorionic
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first-borns (group 1) and nine infants (group 2) who
were born after delayed interval delivery. The dif-
ferences were not statistically significant. In group 1,
the results after 1 year were that two children had
normal developmental outcome, whereas one child
was scored abnormal. At the age of 2 years, the score
of these children had not changed. In group 2, after 1
year there were three children with normal develop-
mental outcome, whereas two children were scored as
having a suspect developmental outcome. At the age of
2 years, of the latter two children, one appeared to
have a normal developmental outcome and the other
an abnormal outcome. Adverse outcome was 74% in
group 1 and 30% in group 2.

Review of the literature
In 1957, Abrams was the first to report on a woman
with uterus simplex and twin pregnancy, who gave
birth to two children with an interval of 35 days
between the deliveries and were both alive at time of
birth.5 At 23.3 weeks of gestation, the mother deliv-
ered a girl of 396 g, who died 3 h after birth at home.
Five weeks later, she delivered a living boy weighing
1033 g. Unfortunately, neonatal outcome and further
development were not stated. Since 1957, several
well-documented case reports were published on
delayed interval delivery from women, in which the
first baby was born before 32 weeks of gestation. In
1998, we reviewed data published between 1957 and
1996, consisting of 21 small series including 30 cases
with delayed interval deliveries in twins, 11 single
case reports in triplets and 3 single case reports in
quadruplets.2 At that moment, there were only two
larger series: Arias et al. had presented a series of
delayed interval procedures in eight twin and three
triplet pregnancies,6 whereas Van Eyck et al. had
reported a series of 13 twin and 4 triplet pregnancies.2

As already mentioned, the success rate of the smaller
series was almost twice as high as in the two larger
series, suggesting that in the smaller series mainly
cases with successful outcomes were reported.
Furthermore, in the smaller series and case reports
there was a great variety in the treatment protocols
and a lack of neonatal follow-up.

Since 1996, several small studies have been pub-
lished on delayed interval delivery in twins (12),
triplets (10), two studies on quadruplets and quintu-
plets and one study on very high-order multiplets
(more than five fetuses). Furthermore, three larger
series of more than six cases were published originat-
ing from a single center and three studies reporting on
results of multicenter databases.

Small series (six or fewer cases) on twin pregnancies
originating from a single center
Table 155.3 shows 12 studies including 30 cases of
delayed interval delivery in twins published in the

period between 1996 and 2004.7–18 The most impor-
tant variation in treatment protocols implied the use
of cervical cerclage, which was performed in 53% of
the cases. Tocolytics were administered in 93%,
antibiotics in 100%, whereas corticosteroids were
administered in 100% of the cases when a gestational
age of more than 24 weeks was reached. Mean gesta-
tional age at delivery of the first-born baby was 22
weeks (range: 15–27 weeks). Mean interval between
the two deliveries was 55 days (range: 1–153 days).
The survival rate of the first-borns was 23%. Survival
rate of the second twins was 87%. Neonatal follow-up
was reported in six studies. Maternal complications
consisted of placental abruptions (n �2), sepsis
(n �2), chorioamnionitis (n �7) and thrombophlebitis
of the left ovarian vein (n �1).

Small series (six or fewer cases) on
triplet pregnancies originating from a single center
Table 155.4 summarizes 10 studies reporting on 12
cases of delayed interval delivery in triplets, which
were published in the period between 1996 and
2004.8,9,11,14,16,19,20–23 Besides the use of antibiotics
(100%), treatment protocols varied largely with
respect to the use of cervical cerclage (25%) and
administration of tocolytics (58%). Corticosteroids
were given in 75% of pregnancies in which a gesta-
tional age of more than 24 weeks was reached.

Mean gestational age at delivery of the first-born
was 22 weeks (range: 17–31 weeks). Mean interval
between the birth of the first and the remaining
fetuses was 30 days (range: 3–70 days). Only one
delivery took place on three separate days. The sur-
vival rate for 12 first-borns was 25% and that of the 24
remaining fetuses was 67%. Neonatal follow-up was
reported in one study. Maternal complications con-
sisted of placental abruption (n �1), chorioamnionitis
(n �2) and sepsis with multiorgan failure (n �1).

Quadruplet pregnancies
originating from a single center
Table 155.5 shows two studies reporting on two
cases of delayed interval delivery in quadruplets,
which were published in the period between 1996
and 2004.24,25 In both series, tocolytics, antibiotics and
corticosteroids were given and no cervical cerclage
was performed. Gestational age at delivery of the first-
born was 19 and 26 weeks, respectively. The interval
between the birth of the first and the remaining
fetuses was 92 and 12 days. Only one of the two first-
borns survived, whereas five out of six (�83%) of the
remaining fetuses survived. In both series deliveries
took place on two separate dates.

Quintuplet pregnancies originating from a single center
Table 155.6 shows two studies reporting on two cases
of delayed interval delivery in quintuplets, which
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were published in the period between 1996 and
2004.26,27 In both studies, no cervical cerclage was
performed. In both studies antibiotics were given.
When a gestational age of 24 weeks was reached
tocolytics and corticosteroids were administered.
Gestational age at delivery of the first-born was 19 and
24 weeks. The interval between the birth of the first
fetus and the last fetuses was 14 and 61 days. No first-
borns and only one of the remaining fetuses survived.
This infant had normal development after 1 year. No
maternal complications were reported.

Very high-order (more than five fetuses) multiple
pregnancies originating from a single center
Table 155.7 shows one study of two cases of delayed
interval delivery in very high-order (more than five
fetuses) multiple pregnancies.25 Kirshon reported on
delayed interval delivery in a woman with a sextuplet
pregnancy, who already had a cerclage placed at the
end of the first trimester.25 Despite tocolytics, the first
baby was born at 22 weeks and 4 days through the
anterior cervix. At 26 weeks, she had vaginal blood
loss and full dilatation. A cesarean section was per-
formed. Five neonates were born with birth weights
between 580 and 760 g. One of the five surviving
infants had intraventricular hemorrhage grade III,
with resultant hydrocephalus. The other four had no
significant long-term sequelae. Kirshon also reported
on delayed interval delivery in a woman with octu-
plet pregnancy. Despite tocolytics, the first baby was

born at 25 weeks after removal of the cervical
cerclage. A girl of 690-g weight was born and devel-
oped uneventfully. At 26 weeks and 5 days a cesarean
section was performed because of fetal distress of one
multiplet. Seven neonates were born with birth
weights between 320 and 810 g. Postoperative course
was complicated by intra-abdominal bleeding, rela-
parotomy and the necessity to apply a large amount of
blood products. At the age of 1 year, all seven surviv-
ing infants were neurologically intact and met all
their milestones.

Larger series (more than six cases)
originating from a single center
Since 1996, a total of three larger series originating
from a single center were reported. In 1998, Porreco
et al. reported on nine cases (six twin and three
triplet pregnancies).28 Monochorionicity was consid-
ered as an exclusion criterion. The treatment protocol
consisted of cervical cerclage and administration of
tocolytics and antibiotics. Mean gestational age at
delivery of the first baby was 23.9 weeks (range:
19.4–27.9 weeks). Mean latency interval was 34 days
(range: 3–76 days). Perinatal mortality was 70%
for first-borns and 18% for the neonates born
after delayed interval. No information is given
on birth weights, neonatal follow-up or maternal
complications.

Van Doorn et al. reported in 1999 on 15 cases
(10 twins and 5 triplets).29 The treatment protocol

Table 155.6 Quintuplet pregnancies (N �2): reference, year of publication, gestational age at delivery, interval,
birth weight and sex, mode of delivery, outcome, placenta, treatment and neonatal follow-up

Gestational Treatment
Reference age at Interval Birth weight Mode of Neonatal

Year Neonate delivery (days) and sex delivery Outcome Placenta T A C Cortico follow-up

Rosa et al.261995 1 19 +2 0 n.s. V D n.s. − + − − −
2 19 +2 0 n.s. V D n.s. − + − − −
3 19 +3 1 n.s. V D n.s. − + − − −
4 21 +3 14 n.s. V D n.s. − − − − −
5 21 +3 � n.s. V D n.s. − − − − −

Elias et al.271998 1 24 0 400 f V D QC/QA + + − − −
2 26 21 700 m V D � + + − − −
3 27 23 700 m V D � + + − − −
4 32 61 1000 m CS A � + + − + 1 year

5 32 � 850 f CS D � + + − + −
m, male; f, female; V, vaginal; CS, cesarean section; D, perinatal death; A, alive; QC, quinchorionic; QA, quinamnionic; T, tocolysis; A, antibiotics;
C, cerclage; cortico, corticosteroids; n.s., not stated
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consisted of administration of tocolytics and antibi-
otics. In one case, a cervical cerclage was performed.
Mean gestational age at delivery of the first baby was
26 weeks (range: 19.7–30.4 weeks). In five women,
the attempted interval delivery resulted in a delay of
less than 3 h between separate deliveries. The mean
latency interval within the 10 remaining pregnancies
was 12 days (range: 1–53 days). Five of 15 first-borns
survived. Survival rate of the 20 neonates born
after delayed interval was 50%. In all triplet pregnan-
cies, the second and the third child were born on
the same day. Long-term follow-up revealed one child
with axial hypotonia and strabismus and one child
with rachitis. Maternal morbidity consisted of
chorioamnionitis in three women and one woman
with postpartum hemorrhage necessitating blood cell
transfusion.

Farkouh et al. reported in 2000 on 24 cases (20 twin
and 4 triplet pregnancies).30 The treatment protocol
consisted of cerclage and administration of tocolytics
and antibiotics. Administration of corticosteroids
was not mentioned. Mean gestational age at delivery
of the first baby was 22.7 weeks (range: 16.4–28.6
weeks). Mean latency interval was 36 days (range:
3–123 days). Patients with a previous cervical cer-
clage during the index pregnancy had significantly
shorter mean latency intervals than patients without
previous cerclage. There were no survivors among
first-born infants when the gestational age at presen-
tation was 24 weeks or less. Perinatal mortality of the
first-born infants was 84%, whereas perinatal mortal-
ity of the infants who were retained after the birth of
the first-borns was 37%. The duration of hospital stay
of the survivors was used to express the short-term

neonatal morbidity. Hospitalization of the surviving
first-born infants (n �4) lasted on average 86 days
(range: 72–106 days). In the surviving siblings who
were retained after delayed interval delivery (n �17),
hospitalization lasted on average 47 days (range:
2–126 days). The duration of hospitalization was sig-
nificantly shorter for the ‘retained’ group. Long-term
neonatal morbidity was not studied. Seven women
developed postpartum endometritis and one woman,
septic pelvic endometritis.

Multicenter studies
Three larger series originating from a multicenter
database were published.31–33 Zhang et al. studied the
US 1995–1998 Matched Multiple Birth File.31 Two
hundred twin pregnancies were identified in which
the first twin was delivered between 17 and 29 weeks
and the second twin two ore more days later. These
200 delayed interval deliveries were individually
matched with 347 twin pregnancies in which the
second twin was delivered on the same or the next
calendar day. Among the 200 pregnancies with
delayed delivery, the mean gestational age at first
delivery was 23 weeks and the median duration of
delay was 6 days (range: 2–107 days). One week of
delay in delivery was associated with a mean increase
in infant birth weight of 131 g. Furthermore, 56% of
the delayed second twins survived to 1 year of age,
whereas only 24% of the non-delayed second twins
survived to 1 year of age (P < 0.001). However, 11%
of the second twins in delayed delivery (95% CI:
6–16%) experienced fetal death before 24 weeks.
There was no information on treatment protocols,
maternal and neonatal morbidity.

Fayad et al. published a series of 35 cases (28 twin
and 7 triplet pregnancies) of delayed interval delivery
originating from 12 tertiary care centers over 10
years.32 Treatment protocols varied and consisted of a
high ligation of the cord (in 78%), cervical cerclage
(in 32%), administration of antibiotics (in 100%),
tocolytics (in 82%) and hospitalization (in 93%). In
relation to the ‘success’ expressed by the duration of
the interval, there was no statistical difference whether
or not a cerclage was performed; antibiotics or tocolyt-
ics were administered or whether the patient was
admitted or not. Mean gestational age of the first twin
deliveries was 20.8 ±5.5 weeks and the mean birth
weight of first twins was 497 ±239 g. Only 7% of the
first-borns survived. The mean interval between
deliveries was 47 days (range: 3–140 days). The mean
birth weight of the second twin was 1217 ±602 g. The
survival rate of these second twins was 79%. In each
of the seven triplet pregnancies, only one delayed
interval delivery procedure was performed. The mean
interval between deliveries was 23 days. Survival rate
of the first, second and third triplets was 9.5%, 19%
and 14.2%, respectively. No data were presented with

Figure 155.1 Ultrasonic image of a cervix 2 days after
delivery of the first baby, showing the umbilical cord of the first
baby in the cervical canal, which regained a length of 2.6 cm. 
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respect to maternal and neonatal morbidity or neonatal
follow-up.

Livingston et al. published a series of 14 cases
(nine twin and five triplet pregnancies) of delayed
interval delivery originating from two tertiary care
centers over 12 years.33 The mean gestational age of
delivery of the first multiplets was 21 weeks. All
women received tocolytics and intravenous antibi-
otics. Two of three attempts to place a cerclage were
successful. The mean latency was 2 days (range: 1–70
days). There was one survival of a first-born multiplet.
Of the 19 retained fetuses, 2 died in utero, 10 died
between birth and day 57 of life and 7 (37%) survived
until hospital discharge. Six of he seven survivors had
major sequelae from prematurity. One of 19 fetuses
(5%) was discharged without major sequelae.
Maternal morbidity included two pregnancies with
placental abruption and eight pregnancies with infec-
tious morbidity including one septic shock.

Discussion
Even the review of the recent literature shows a large
variety of treatment protocols and relatively higher
success rates in smaller compared to larger series.
However, compared to our review of the literature,
which was published in 1998,2 a larger number of
studies were published reporting also on procedures
that were not favorable. Only few studies include
long-term neonatal follow-up. With respect to treat-
ment protocols, the use of cervical cerclage for
delayed interval delivery is still controversial. In the
smaller series, there is no consistency with respect to
performing a cervical cerclage. Even if this were the
case, it would be impossible to draw conclusions
because of the selection bias. Retrospective multi-
center studies report on large series, but have the
disadvantage that there is a large variety in treatment
protocols, especially with respect to the use of cer-
vical cerclage. Zhang et al. examined whether cervical
cerclage after the first delivery prolonged the interde-
livery interval in reports on delayed interval delivery
published between 1880 and 2002.34 Seven larger
series (81 cases) were selected that identified all cases
of delayed interval delivery in their institutions
during a specified period. Studies in which a cerclage
was infrequently used reported a shorter interdeliv-
ery interval compared to studies where cerclage was
used (median: 9 vs. 26 days, respectively, P < 0.001)
despite similar gestational age at the first delivery,
similar use of antibiotics, tocolytics and incidence
of infection. After controlling for other factors, the use
of cerclage did not significantly increase the risk of
intrauterine infection. Zhang et al. suggest that cervi-
cal cerclage after the first delivery is associated with a
longer interdelivery interval without increasing the
risk of intrauterine infection. In contrast, we never

performed cervical cerclage in our series of 41 cases,
which resulted in a mean interval of 21 days (range:
0.5–106 days) in twin and 10 days (range: 1–34 days)
in triplet pregnancies. There is still a debate not only
on whether to perform but also on when to perform a
cerclage. Some authors perform a cervical cerclage
immediately after delivery of the first twin,6,35–37 and
others perform a cerclage only if cervical dilatation
persists.32,38,39

There is meanwhile more information on maternal
complications and morbidity in relation to cervical
cerclage.9,23,30,33,34 Hoffman et al.23 reported on a pro-
cedure in a triplet pregnancy, resulting in chorio-
amnionitis, septic shock, multiorgan failure and
artificial ventilation because of RDS and even dialysis
for the treatment of acute renal tubular necrosis.
Kalchbrenner et al.9 reported on four cases of chorio-
amnionitis, including two cases of sepsis and one of
placental abruption. In a series of 24 cases, Farkouh
et al.30 observed eight cases of endometritis, including
one case of septic pelvic thrombophlebitis. In a series
of 14 cases, Livingston et al.33 reported on two preg-
nancies with placental abruption, eight cases of infec-
tious morbidity, including one case of septic shock. In
a review of 66 case reports and case series published
between 1880 and 2002, Zhang et al.34 stated that
despite prophylactic routine use of broad-spectrum
antibiotics, the average incidence of clinical intrauter-
ine infection after the first delivery was 36% and the
incidence of maternal sepsis was 4.9%. A remarkable
complication in a special kind of interval delivery was
reported by Porreco et al.40 At 28 weeks and 4 days
of gestation a cesarean section was performed in a
woman with twin pregnancy because of growth retar-
dation of one fetus. A neonate of 619 g was born and
the other fetus was kept in utero, which was closed in
two layers with fibrin glue interposed. The woman
was discharged on home uterine activity monitoring
and modified bed rest. The mother complained of left
lower uterine pain and increasing uterine activity at
31 weeks and 6 days of gestation. Ultrasonic evalua-
tion showed anhydramnios and the fetal heart tracing
showed variable and prolonged decelerations. The
retained sibling (a boy of 1738 g) was delivered by
laparotomy and had normal Apgar scores and umbili-
cal cord blood gases. A complete uterine scar dehis-
cence was noted with prolapse of a loop of umbilical
cord into the peritoneal cavity. The infant was deliv-
ered through the dehiscence, the edges were debrided
and the uterus was closed in layers. The mother was
discharged on her fourth postoperative day.

Our study describes a large series originating from
a single center. In this series, the survival rate of at
least one remaining baby is comparable with other
large series.28–30 In contrast to these series, we never
performed cervical cerclage. Success rate depends on
numerous criteria, including the length of postpone-
ment or merely whether time was obtained to give
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corticosteroids for lung maturation of the remaining
fetus or whether there was a reduction of mortality
or morbidity. With respect to viability of the remain-
ing baby, the goal of our series was to postpone the
second delivery until a gestational age of at least
26 weeks, resulting in a reduction of perinatal mortal-
ity to 13%. All remaining babies born after at least
29 weeks survived. Due to the small number of infants
available for follow-up, we could not find a signifi-
cant difference between the two groups. If, however,
we bear in mind that the reason for postponing
the delivery of the second sib is the birth of a viable
baby and adverse outcome is defined as death or
abnormal development, there was a significant differ-
ence. Nonetheless, it is important to recognize that
delayed interval delivery may be associated with a
relatively high degree of maternal morbidity. Besides
the technical aspects of this procedure, it is important
to consider psychosocial and emotional support to
the patient and her partner.

Conclusion
If twin pregnancies are complicated by immature or
very premature delivery of the first baby, delayed inter-
val delivery results in a significant reduction of perina-
tal mortality of the second infant. Single case reports
and small series have a higher success rate than larger
series, suggesting selection bias, based on the fact that
only successful results were published. The significant
reduction of adverse neonatal outcome has to be con-
sidered in relation to the degree of complications and
maternal morbidity. For further recommendations, ran-
domized studies performed for all multiple pregnan-
cies with a vaginal delivery of the first multiplet before
26 weeks might be an option to differentiate whether
a cervical cerclage improves the outcome. In any case,
for an adequate counseling of future parents about
the described procedure including pros and cons, it is
important to document protocols and outcome of all
cases (also the failures) of each single center.
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156 Cerebral palsy in multiple
pregnancy
P. O. D. Pharoah

Introduction
Cerebral palsy (CP) is not a single disease entity, rather
it is a syndrome, the manifestations of which vary in
severity and topographical involvement of the extremi-
ties and the site, type and timing of cerebral impairment.

The earliest clinical description is usually attributed
to Little and the syndrome eponymously bears his
name.1 Inherent in the title of Little’s paper is that diffi-
culties in labor, preterm delivery and neonatal asphyxia
placed the child at risk for cerebral impairment.

Variation in the manner by which CP is manifested
and the overlap of presenting symptoms and signs
with many other conditions has promulgated several
attempts to classify and to formulate a definition of the
syndrome. Suggested classifications have been based
on timing of the impairment (intrauterine, birth or
intrapartum palsies and postnatal or acquired palsies),2

limb topography (hemiplegia, paraplegia – now
regarded as diplegia to distinguish it from a paralysis
attributable to a spinal cord lesion that is not consid-
ered to be CP, quadriplegia and disordered move-
ments without rigidity),1,3 muscle tonicity and clinical
features (spasticity, hypotonia, dystonia, ataxia
choreoathetosis and mixed forms).4 Epidemiological
description demands a definition of the syndrome that
is being studied and there have been several definitions
of CP.4–10 Such plurality of definition is testament to the
variability of what is or is not CP. Common to these def-
initions is that CP is a disorder of movement or posture
due to a cerebral impairment that is non-progressive
though not unchanging, i.e. it is not due to progressive
lesions such as cerebral tumors or the lipoidoses but
the symptoms and signs may alter as the child devel-
ops. It is also mentioned in the definition that the tim-
ing of the impairment is during early development
although this begs the question as to what is meant by
‘early’ development.

Epidemiology of CP
The descriptive epidemiology of CP has been dependent
on special surveys or on specific CP disease registers.

Early studies reported population prevalence rates that
ranged from 0.76 to 5.8 per 1000.11 The development of
specific CP disease registers, with an emphasis on the
definition of the syndrome and efforts to ensure com-
plete ascertainment of cases, has narrowed the range of
CP prevalence to 2–2.5 per 1000 live births.12–14

It has been customary in the past to distinguish CP
as those that are ‘congenital’, i.e. infants whose cere-
bral impairment occurred before birth, and those that
are ‘acquired’, i.e. cerebral impairment that occurred
postnatally. However, this distinction is unsatisfac-
tory because of the difficulty, particularly in very
preterm infants, of determining the precise timing of
the cerebral insult. The alternative classification of
‘early’ impairment that has been sustained during
fetal development or in the perinatal period and ‘late’
impairment sustained after the seventh postnatal day
has been suggested.15,16

Late impairment (acquired) CP
Late impairment CP is usually attributable to head
injury, both accidental and non-accidental and infec-
tions of the central nervous system such as encephali-
tis and meningitis.17 These contribute about 10% of
all CP,11 are of marginal relevance to perinatal medi-
cine and will not be considered further.

Early impairment (congenital) CP
Two risk factors dominate the epidemiology of early
impairment CP. These are preterm delivery or low
birth weight and multiple births. There is also the
confounding of these risk factors in that an inverse
association exists between the degree of plurality at
birth and birth weight.

Prevalence and incidence in CP
It is essential, when examining the epidemiology of
CP, to acknowledge the difference between incidence
and prevalence of the condition. The incidence is a
measure of the number of new cases entering a popu-
lation and a changing incidence is primarily a pointer
to what may be of etiological significance. The point
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prevalence is a measure of the number of cases in a
population at a point in time and is affected by both
the incidence and the duration of the disease. The
arithmetic relationship is:

Prevalence ∝ Incidence ×Duration

and, at a given point in time, Prevalence �
Incidence ×Duration, if the incidence and the mean
duration of the disease are unchanging. This relation-
ship merits emphasis in perinatal medicine and, in par-
ticular, in conditions such as CP and the congenital
anomalies when the impairment may occur prepartum.
There are two caveats that must be borne in mind when
examining population prevalence of CP:

(1) It is unusual to make a firm diagnosis of CP before
the age of 3 months and often it is not made until
much later. In early impairment CP, the impair-
ment may be of such severity that the child suc-
cumbs before a diagnosis can be made. The true
incidence cannot be established and only the
prevalence at a point in time is possible. If the
cerebral impairment occurs during fetal develop-
ment, contrary to expectation, improvements in
fetal and neonatal medicine will lead to an
increasing prevalence of CP. The impaired infant
that would otherwise have died now survives with
an increase in duration leading to an increase in
prevalence. The corollary to this is that, when the
impairment occurs during the perinatal period as
may occur with hypoxic-ischemic injury in very
preterm infants, improvements in medical man-
agement thereby preventing such injury will be
associated with a decrease in the prevalence of CP.

(2) The population denominator for the prevalence
must be stated. This assumes significance when
birth weight specific prevalence of CP is consid-
ered. Very low birth weight infants have a much-
increased neonatal mortality and the denominator
used in calculating the CP prevalence will reflect
this. The CP prevalence per 1000 live births may
differ significantly from that per 1000 neonatal
survivors.

Risk factors in CP
Birth weight and gestational age show a strong inverse
association with the prevalence of CP. Indeed, Little’s
seminal description of CP in 1862 noted the relevance
of prematurity.1 Table 156.1, compiled from different
population registers of CP, illustrates the inverse asso-
ciation of birth weight with CP prevalence.

Birth asphyxia and CP
Birth or perinatal asphyxia is usually taken to mean
asphyxia sustained intrapartum or in the immediate
postpartum period. Particularly in very preterm
infants, the difficulty in maintaining normality of
physiological variables, with the attendant risks of
hypoxic-ischemic cerebral impairment manifest as
periventricular leucomalacia or hemorrhage, is well
recognized. Undoubtedly, peripartum asphyxia may
lead to CP, usually of the dyskinetic hypertonic type.
Also, CP in some very preterm infants, irrespective of
whether they are multiple or singleton births, is attrib-
utable to hypoxic-ischemic damage sustained soon
after birth, i.e. postnatal asphyxial damage.

Particularly in very preterm infants, distinguishing
between intrapartum and immediate postpartum
asphyxial damage is fraught with uncertainty.
Abnormal ultrasound appearances, not present at
birth but appearing shortly thereafter, are discrimi-
nant for CP.20 Nevertheless, there is an increasingly
prevalent view that this is less of a problem than had
been previously assumed.21 White matter damage in
preterm infants shown by neonatal echoencephalog-
raphy, even in those of birth weight < 1000 g, was
more likely to have been sustained antenatally.22

The contribution of intrapartum asphyxia to the
genesis of CP has also been downgraded in impor-
tance.23 In a case–control study, although an associa-
tion was observed between clinical signs of birth
asphyxia and subsequent CP, it was estimated that in
only about 8% was intrapartum asphyxia the possible
cause of the brain damage.24 In one cohort study, the
proportion of CP in infants with complicated deliveries,

Table 156.1 Birth weight specific prevalence of CP

Sweden* Western Australia** Oxford* Mersey** 
Birth weight group 1991–199413 1990–199418 1984–199717 1984–198919

< 1000 g 48.5 92.5
48.2

87.3

1000–1499 g 81.0 48.3 86.2

1500–2499 g 11.4 7.9 9.4 11.8

≥2500 g 1.3 1.6 1.2 1.4

All birth weights 2.1 2.3 2.1 2.6

*Prevalence per 1000 live births
**Prevalence per 1000 neonatal survivors
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low Apgar scores and neonatal hypoxemic-ischemic
encephalopathy was only 13%.25,26 In another cohort
study, 10% of CP was attributable to birth asphyxia.27

Thus, CP of perinatal or postperinatal origin
accounts for about 20% of all CP, and the remaining
80% is considered attributable to an insult occurring
during fetal development.

Multiple births and CP
Over a century ago, Freud recognized that multiple
births are at increased risk of CP compared with sin-
gleton births.3 Several studies have confirmed this
observation28–34 with twins having about a fivefold
increase in risk compared to singletons. Table 156.2,
compiled from two population-based CP registers,
shows birth weight specific CP prevalence per 1000
neonatal survivors.18,33 From Table 156.2, compared
with singletons, the relative risk for twins is 5.2 and
for triplet and higher-order multiple births it is 12.6.
Both values are highly statistically significant.

However, the inverse association of birth weight
and CP prevalence means that birth weight is an
important confounding variable when comparing
crude relative risks. In Table 156.2, the prevalence of
CP in twins and higher-order multiple births com-
pared to singletons is not significantly different for
the birth weight groups < 1500 and 1500–2499 g.
Therefore, there are two components to the increased
crude relative risk of CP associated with multiple
births. One component is attributable to the high pro-
portion of very low birth weight infants. The second
component, evident as a striking feature of Table
156.2, is that for normal birth weight infants, i.e.
≥2500 g, the relative risk for twins compared to
singletons is 2.5 (95% confidence interval 2.2–4.8;
P < 0.00001). The increased risk in normal birth
weight infants must be attributable to something other
than problems of neonatal management of very imma-
ture infants. (The number of triplet and higher-order
multiple births weighing ≥2500 g is too small for a
meaningful estimation of relative risk.)

The higher the order of multiplicity at birth, the
greater is the proportion that is preterm or of low birth
weight. The birth weight frequency distributions for
singleton and multiple births shown in Figure 156.1,
have been compiled from the national birth registra-
tion statistics for England and Wales, 1993–2000.
Applying Weinberg’s rule to the data, the birth weight
frequency distribution of twins was subdivided into
dizygous (DZ) and monozygous (MZ) components.35

The rule assumes that opposite-sex twins are DZ and
that an equal number of same-sex twins are DZ. The
remainder, obtained by subtracting twice the number
of opposite-sex from the total, gives the number of MZ
twins.

Of particular note, the birth weight frequency dis-
tribution of MZ is shifted to the left of DZ twins. The
lower the birth weight of twins, the greater is the like-
lihood that they are MZ. Among Caucasian popula-
tions, MZ comprise about one-third of all twins.
However, among twins of birth weight < 1000 g, 40%

Table 156.2 Birth weight specific cerebral palsy prevalence in singleton and multiple births (from the National
Perinatal Epidemiology Unit17, Williams et al.31 and Pharoah and Cooke33)

BW Singletons Twins Triplets

No. CP prev No. CP prev No. CP prev
CP/neonatal per1000 CP/neonatal per 1000 CP/neonatal per 1000 

survivors survivors survivors survivors survivors survivors

< 1500 g 379/5,533 68.4 84/1,388 60.5 13/276 47.1

1500–2499 g 441/42,414 10.4 92/9,714 9.5 6/582 10.3

≥2500 g 1227/905,347 1.4 38/11,074 3.4 0/61 0

All BW 2047/953,294 2.1 214/22,176 9.7 19/919 20.7

Figure 156.1 BW frequency distribution of singletons and
multiples. Reprinted from Pharoah POD. Obstet Gynecol Clin
North Am 2005;32(1):55–67 with permission from Elsevier. 
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are MZ, but in those of birth weight ≥3000 g, about
25% are MZ. This difference in birth weight distribu-
tion will place MZ at greater risk of CP than DZ twins.

Mortality and CP risk associated with zygosity
CP, whether in singleton or multiple births, needs to
be considered as part of a spectrum of severity of cere-
bral impairment. This spectrum may range from early
or late fetal death through a live birth that results in
death in infancy to a survivor that presents with CP.
The severity of the disabilities that comprise CP also
varies extensively from a child with severe motor,
cognitive and sensory abnormalities to one having
minimal cerebral dysfunction.

In the context of multiple births, zygosity is a major
determinant of fetal death and subsequent morbidity,
particularly CP. In national birth and death registra-
tions, zygosity in multiple gestations is not recorded,
nevertheless, as a partial substitute, same-sex and
opposite-sex comparisons may be used as an indicator
for DZ and MZ risks.

There is a significantly greater risk for same-sex
compared with opposite-sex at all points of the spec-
trum of severity as shown in Figure 156.2.

When both twins suffer fetal death, the same-
sex:opposite-sex relative risk is 8.1. When one twin
dies in utero, infant mortality in the surviving co-twin
is very high irrespective of zygosity, but within this
group, it is significantly higher at 144 per 1000 in

same-sex compared with 96 per 1000 live births in
opposite-sex twins. An analysis of multiple births in
the United States found that same-sex twins were two
times more likely than opposite-sex twins to die after
intrauterine demise of one fetus at 25–32 weeks and
more than three times more likely to die after a death
at 33 +weeks.36

When both twins are live births, same-sex com-
pared with opposite-sex twins are at a 40% increased
risk for both to die in infancy. There is a high prepon-
derance of very preterm infants when both twins die
in infancy. Therefore, in part the excess risk is attrib-
utable to the shift to the left in the birth weight 
frequency distribution of same-sex twins. However,
even after adjusting for birth weight in 500 g groups,
the same-sex:opposite-sex relative risk is 1.21 (95% CI
1.12–1.32; P < 0.00001). The excess fetal and infant
mortality in same-sex compared with opposite-sex
twins is associated with the zygosity of the pregnancy.

Further along the spectrum of severity, not only is
there an increased risk of fetal and infant death in
same-sex compared with opposite-sex twins, but there
is also a significantly increased risk of CP in a survivor
whose co-twin died in utero (Figure 156.2). There
are numerous case reports of a variety of congenital
anomalies in the surviving co-twin. Predominantly,
cerebral impairments such as multicystic encephalopa-
thy, ventriculomegaly, porencephaly, polymicrogyria,
cerebral atrophy and hydranencephaly have been
described. These impairments are frequently, though

Figure 156.2 Mortality and CP risks in same- and opposite-sex twins.
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not necessarily, clinically manifest as CP, and almost
invariably with MZ and, specifically, monochorionic
twinning.37–43 Population registers of CP confirm the
high risk associated with fetal demise of a co-twin. The
Californian Registry noted that, in children who sur-
vived fetal death of a co-twin, CP was 108 times more
prevalent than in singletons and 13 times more preva-
lent than in twins whose co-twin was born alive.44 The
Mersey registry observed a 1 in 10 probability of CP in
the surviving twin whose co-twin died in utero.33

Further evidence of the vulnerability of the surviving
co-twin to serious morbidity has been reported in
cohort studies. The CP prevalence data shown in Figure
156.2 are from a national45,46 and a regional47 survey
and confirms the very high risk of CP in the surviving
co-twin of a fetal death. The risk is significantly greater
in same-sex than in opposite-sex twins. However, it is
pertinent that, when both twins are live born and one
dies in infancy, the risk of CP in the surviving twin also
is extremely high with the risk being greater in same-
sex compared with opposite-sex twins.

Because birth weight is an important confounding
variable, birth weight specific comparison of CP
prevalence between same- and opposite-sex twins
should be examined (Table 156.3).

The weighted relative risk of CP in same-sex
compared with opposite-sex twins is significant for the
surviving twin whose co-twin either died in utero or
was liveborn but died in infancy (Table 156.3a and b).
This observation is confirmed in a collaborative study
combining the data from five population-based regis-
ters and the difference in the prevalence of CP persists
after adjusting for birth weight and gestational age.49

When both twins survive infancy (Table 156.3c),
the relative risk, though not statistically significant, is
nevertheless greater in same-sex than in opposite-sex
twins. In the collaborative study, only a marginal dif-
ference in CP prevalence was observed between same-
and opposite-sex twins.

Problems associated with birth
registration in multiple births
When determining the prevalence of CP, population
denominators are obtained from birth registrations.
The very high prevalence of CP associated with fetal
or infant death of a co-twin emphasizes the impor-
tance that should be given to ensure that birth regis-
trations in multiple gestations, particularly of fetal

Table 156.3 Birth weight specific cerebral palsy prevalence in twins (from Pharoah and Adi45, Pharoah46,48 and
Glinianaia et al.47) (reprinted from Multiple Pregnancy)

Birth weight Same-sex Opposite-sex

Cerebral Cerebral palsy Cerebral Cerebral palsy 
palsy/number prevalence/1000 palsy/number prevalence/1000 
responders infant survivors responders infant survivors

(a) Cerebral palsy in surviving twin of co-twin fetal death*

< 1500 g 15/91 164.8 3/29 103.4

≥1500 g 20/246 81.3 2/104 19.2

All 35/337 103.9 5/133 37.6

(b) Cerebral palsy in surviving twin of co-twin infant death**

< 1500 g 44/207 212.6 12/87 137.9

≥1500 g 8/187 42.8 0/75 0

All 52/394 132.0 12/162 74.1

(c) Cerebral palsy: both twins survive infancy***

< 1500 g 52/984 52.8 17/393 43.3

≥1500 g 54/12037 4.5 13/5841 2.2

All 106/13021 8.1 30/6234 4.8

(a ++b ++c) Combined cerebral palsy birth-weight-specific prevalence****

< 1500 g 111/1282 86.6 32/509 62.9

≥1500 g 82/12470 4.5 15/6020 2.5

All 193/13752 14.0 47/6529 7.2

*Same-sex vs. opposite-sex, Mantel–Haenszel weighted relative risk 2.60 (95% CI 1.06–6.39); **same-sex vs. opposite-sex, Mantel–Haenszel
weighted relative risk 1.77 (95% CI 1.01–3.25); ***same-sex vs. opposite-sex, Mantel–Haenszel weighted relative risk 1.29 (95% CI 0.71–2.21);
****same-sex vs. opposite-sex, Mantel–Haenszel weighted relative risk 1.76 (95% CI 1.29–2.41)
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deaths, are complete and, for the purpose of comparison
of same- with opposite-sex, the correct sex of the fetus
is registered.

The World Health Organization defines a fetal death
for registration purposes as ‘death prior to the complete
expulsion or extraction from its mother of a product of
conception, irrespective of the duration of the preg-
nancy’. It is inherent in this definition that it is the ges-
tational age at expulsion or extraction from the mother
and not the gestational age at death of the fetus that
determines whether such a fetus from a multiple preg-
nancy is registered. This applies particularly to a fetal
death in the midtrimester that is clinically manifest as
a fetus papyraceous at birth. Usually, it is the legal
requirement of the parents to register a birth. However,
obstetricians differ as to whether or not the parents
should be informed that a fetus papyraceous has been
delivered or, if the parents are informed, that the fetus
should be registered.50 Furthermore, the sex of a fetus
papyraceous is not usually known but, in England and
Wales, the parents who register the fetus papyraceous
may be allowed the choice as to whether the fetus is
registered as male or female. As fetal death is more
common in MZ gestations, arbitrary allocation of sex to
a fetal death, comparisons of same- and opposite-sex
will underestimate the contribution of monozygosity to
the prevalence of CP.

In the United States, the 1992 Revision of the
Model State Vital Statistics Act and Regulations rec-
ommends reporting of fetal deaths of 350 g or more, or
if the weight is unknown, of 20 completed weeks ges-
tation or more. However, there are regional variations,
some using birth weight or gestational age as the
primary determinant, while others require all fetal
deaths to be reported. There is, therefore, variation in
the registration of those fetal deaths weighing less
than 350 g or of gestational age less than 20 weeks.

In an analysis of 18 cases of CP in the twin survivor
of a fetal death and where the fetal death had been
recorded in the obstetric case records, in only 12
instances had both twins been registered and six cases
of CP had been registered as singletons.51 This accen-
tuates the importance of completeness of registration
of all births not only for elucidating the pathogenesis
of CP but also in counseling and advising parents who
have suffered fetal loss in a multiple pregnancy.

Initially, it was considered that only late fetal death
was associated with neurological impairment in the
surviving co-twin.52–54 Subsequently, second-trimester
demise of one fetus was also reported to have neuro-
logical consequences for the survivor.40,55

Since the initial report of the loss of one fetus
early in a multiple gestation,56 the phenomenon of the
‘vanishing’ twin is now well recognized.57 Such first-
trimester loss of a twin has been reported in association
with neurological polymicrogyria in the surviving
co-twin37 and report of a further four cases of CP in
the surviving co-twin led to the hypothesis that CP in
an apparently singleton child may be attributable to

first-trimester loss of a fetus as the vanishing twin.58

Fetal death of one twin may be associated with cere-
bral impairment in the surviving co-twin irrespective
of the gestational age at which the fetal death occurs.

Mechanisms of neurological
impairment in multiple births
Hypoxic-ischemic impairment sustained peripartum
in a vulnerable preterm infant may occur irrespective
of the multiplicity or zygosity of the gestation. In
addition to the increased risk associated with preterm
delivery of multiple gestations, there is the risk asso-
ciated with monozygosity and, specifically, mono-
chorionicity. While MZ gestations are of the same
genotype, they may differ significantly in their phe-
notype and these differences hinge predominantly on
the placentation that the fetuses share and the vascu-
lar anastomoses within the placenta. The chorionicity
of MZ gestations is dependent on the stage of splitting
of the fertilized ovum as depicted in Figure 156.3.
Fertilization of two ova produces dichorionic, dizy-
gotic twins with either separate placentas or a fused
placenta but without vascular anastomoses. Early
splitting of a single fertilized ovum may also lead to
dichorionic placentation without vascular anasto-
moses. Later splitting produces monochorionic MZ
twins with intraplacental anastomoses and late
incomplete splitting presents as conjoint twins.

Case reports that have observed cerebral impair-
ment in association with fetal death of a co-twin note
that monochorionicity is invariably present. The cru-
cial role of monochorionicity lies in the vascular anas-
tomoses within the placenta that provide a shared
circulation between the fetuses.

Initially, it was hypothesized that thromboplastin
or thromboemboli from the dead fetus passing to the
co-twin led to cerebral damage from disseminated
intravascular coagulation or embolization.42,59–61 This
proposed mechanism considered the dead fetus to be
the donor and the surviving fetus to be the receptor.
However, in the majority of cases neither dissemi-
nated intravascular coagulation nor thromboli has
been demonstrated in the surviving twin.

Subsequently an alternative explanation proposed
that the dead fetus acted as the receptor with the sur-
viving fetus as the donor. Ischemic damage to the sur-
viving fetus was attributed to an acute twin–twin
transfusion with exsanguination into the dead fetus
that acted as a low-resistance vascular sump.41,62

In both mechanisms the dead fetus, either the
donor or the receptor, is the cause of the cerebral
impairment in the surviving co-twin. However, fetal
death of a twin is not a necessary component as the
prevalence of CP is significantly in excess among
same-sex compared with opposite-sex twin when
both twins are live births and one dies in infancy or
when both survive (Table 156.3).
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A third proposed mechanism is that the fetal death
of one twin and the cerebral impairment in the co-twin
are both the result of vascular instability with acute
episodes of bidirectional shunting and that either twin
may be donor or receptor.63–66 This mechanism is suffi-
cient to account for the extreme range of mortality and
morbidity that may be observed in both fetuses of a
monochorionic gestation. Early fetal death of both
fetuses will present as a spontaneous abortion, an out-
come recognized as being more common in monochori-
onic than dichorionic gestations.67,68 Later fetal death
will present as two stillbirths also significantly more
common in monochorionic than dichorionic gestations
(Figure 156.2). When both twins are live births, same-
sex compared with opposite-sex twins are at greater risk
of infant death and CP (Figure 156.2 and Table 156.3).

If monochorionicity with acute episodes of feto-
fetal transfusion leading to cerebral impairment is an
important cause of CP of antenatal origin, explanation
is needed for those cases of CP observed in the twins
of opposite sex. The hypothesis that CP in a singleton
infant may be attributable to loss of a twin, either as a
‘vanishing’ twin or as a recognized but non-registered
twin such as a fetus papyraceus58 is applicable to
higher-order multiple gestations. Loss of one of an MZ
pair within a triplet gestation may result in twin
births of opposite sex. Therefore, it cannot be
assumed that twin births of opposite sex are both from
a DZ gestation. Also, placental vascular communica-
tions, albeit rarely, have been observed in dichorionic
placentas.69,70 Additionally, the arbitrary allocation of
gender to a fetus papyraceus at the time of registration
of the births will introduce further misclassification
over whether twins are of the same or opposite sex.

Assisted reproductive technology
(ART) and CP
The increased prevalence of CP among multiple gesta-
tions has inevitably posed questions over the possible

effect of ART on CP prevalence. Over the past quarter
century, there has been a striking increase in rates of
multiple births, predominantly as a result of ART.71–73

The possible effect of this increase in multiple births on
the prevalence of CP needs to consider the two major
components that affect CP prevalence, low birth weight
or immaturity and chorionicity.

Multiple births, whether spontaneously conceived
or by ART, are at increased risk of low birth weight.
However, cohort and matched control studies have
shown that ART singleton births are at increased risk of
being born preterm or of very low birth weight.74,75 An
adverse birth weight distribution will predispose to a
higher prevalence of CP in ART conceptions. Based on
published data, CP prevalence was estimated at 2.7,
8.8, 10.3 and 16.9 per 1000 neonates in spontaneous
conceptions, two transferred embryos, three transferred
embryos reduced to twins and three transferred
embryos, respectively.76 The estimates suggest that
iatrogenic reduction from three to two embryos can be
expected to decrease the prevalence of CP. In a study of
trichorionic triplet pregnancies, iatrogenic reduction to
twins increased the gestational age at delivery and
there were three cases of CP among 183 survivors, a
prevalence of 16.4 per 1000. As the gestations were tri-
chorionic, monochorionicity was not a risk factor and
all three cases of CP were of birth weight < 1500 g.77

The increased risk of CP attributable to monochori-
onicity may be relevant because MZ division occurs
more commonly in ART than in spontaneous concep-
tions.78,79 About 1 in 10–15 ART gestations undergo
MZ division.80 It is not known why MZ division is
more frequent than expected in ART conceptions but
the specific method of assisted reproduction may be
important. Embryos from intracytoplasmic sperm
injection were found to be at lesser risk of MZ division
than those from other techniques of in vitro fertiliza-
tion81 and there was no difference in neurodevelop-
mental scores in children conceived following in vitro
fertilization by intracytoplasmic sperm injection and
their matched controls.82 The extent to which ART

Figure 156.3 Zygosity and chorionicity in twin gestations. Reprinted from: Pharoah POD. Semin Neonatol 2002;7:223–30 with
permission from Elsevier.
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1674 Cerebral palsy in multiple pregnancy

gestations may be at risk of CP will depend on the
proportion that are of very low birth weight, the pro-
portion that undergo MZ division and within the latter
group, the number that are monochorionic.

Summary
CP is 5–10 times more common in multiple compared
with singleton gestations. There are two components
to this increased risk. The shift to the left in the birth-
weight-frequency distribution of multiple compared
with singleton births places them at risk of cerebral
impairment of peripartum origin. The second compo-
nent is MC placentation when the risk of CP is very
high in a surviving twin if the co-twin dies in utero or
is a liveborn who dies in infancy.

The increased risk associated with MC placentation
has been variously ascribed to transfer of thrompo-
plastin or thromboemboli from the dead to the surviv-
ing fetus, exsanguination of the surviving fetus into
the low-pressure reservoir of the dead fetus or hemo-
dynamic instability with bidirectional shunting of
blood between the two fetuses.

The risk of CP in multiple gestations may be con-
siderably underestimated owing to failure to register
or record early loss of a vanishing twin or later fetal
demise as a fetus papyraceus.

An increase in risk of CP in ART gestations is likely
because of the higher proportion of very preterm
births. Because ART gestations are predominantly
DZ, the risk of CP attributable to MC placentation
will be limited to the minority that undergoes MZ
division.
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157 Infectious disease in
pregnancy
J. G. Schenker

Introduction
Infection may be defined as multiplication of microbes
(viruses, bacteria, fungi and protozoa) or multicellular
parasites in the tissue. The host may or may not be
symptomatic. In the evolution of any infectious
disease, the virulence of the organism, the suscepti-
bility of the host as well as the inoculums of the
infectious agent are determinants of the clinical course.
Infection during pregnancy poses a unique situation,
since two patients become potentially involved – the
mother and the fetus. Fetal and neonatal infections can
occur at different stages of gestation from conception
to birth. The mother is at risk because of certain
changes induced by pregnancy, such as depression of
immunity, urinary tract infection, genital tract infection
due to premature rupture of membranes or prolonged
labor, injuries to the genital tract during birth or
retained products of conception.

Infections that occur at fertilization or during the
early stages of conception often destroy the zygote or
pre-embryo, and only rarely leave definite evidence.
The inability of most agents to infect the pre-embryo
probably depends largely on the local barriers to the
infectious agent. Some viruses can infect only embryos
of certain developmental stages. After implantation,
most infectious agents reach the fetus hematogenously
by transplacental infection. The fetus is at risk as a
result of ascending infection from the birth canal or
during passage down the birth canal. Viruses can infect
the embryo and the fetus, and this kind of infection,
which is often trivial in the adult, can be devastating to
the newborn. Fetal infections during the organogenetic
period can cause major malformations, and the most
serious are those affecting the central nervous system.
Bacterial infections increase perinatal wastage, mainly
due to premature labor. Postnatal infections may be
acquired from the mother via secretions, blood, milk or
from attending medical personnel or the hospital
environment.

Major advances have been made in the later part of
the present century in the development of new

antibiotic preparations. In spite of this, infections
continue to be of great concern in obstetric practice.

We have tried in this section on infectious diseases
to introduce the various clinical aspects of infections
that affect the mother and her fetus. Sexually
transmitted diseases (STD) are a special threat to
population. They may adversely affect pregnancy,
causing pregnancy losses, and the disease may be
transmitted to the offspring in utero or during
delivery. Because STD in women is often asympto-
matic, screening for the most common infections is
an important component of prenatal care, particularly
in highly predisposed women. Although more than
20 infectious diseases may be sexually acquired,
the chapter on STD deals with syphilis, gonorrhea,
chlamydia, herpes, trichomoniasis, human papilloma
virus, chancroid and donovanosis. Since human
immunodeficiency virus (HIV) infection is a global
threat in the developed and developing world, and
poses a special threat to pregnant women and their
fetuses, special attention is given to acquired
immunodeficiency syndrome (AIDS).

The traditional bacterial infection by Group A
β-hemolytic streptococcus is at present a minor
clinical problem, but infections by β-hemolytic
streptococcus can cause a serious or even fatal
infection in the newborn infant.

Group B streptococcus (GBS) is an extremely impor-
tant human pathogen causing thousands of maternal
and neonatal infections yearly. In the last 5 years
clinical research has put much effort into under-
standing the risk factors for GBS and strategies for its
early detection and prevention. Future studies will
determine whether GBS infections can be prevented by
administration of vaccine in high-risk women. Pregnant
women who are in an immunodeficient state are at risk
for pneumonia infection due to agents such as Pneumo-
cystis carinii, Mycobacterium avium and Mycobac-
terium tuberculosis. Recently, pneumococcal infections
have become partly or completely resistant to penicillin
or its synthetic components. Varicella pneumonia
requires special attention in pregnant women.
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Obstetrical interventions are associated with
increased incidence of infectious morbidity, especially
the common procedure of cesarean section. The
prevention of infection may be accomplished by
applying aseptic techniques, but is mainly achieved
today by prophylactic antibiotics.

Septicemia and septic shock are dramatic clinical
syndromes that result from acute invasion of the
bloodstream by certain microorganisms or their toxic
products. Even with the appropriate antimicrobial and
supportive care, many patients die of septic shock,
making strategies for prevention and more effective
treatment of this critical condition of primary
importance.

Infections of the gastrointestinal tract may have an
impact on the course of pregnancy and its outcome.
Several pathogens such as Salmonella and Campylo-
bacter cause bacteremia with secondary infection of
the placenta and the fetus. Other microorganisms
cause severe circulatory compromise due to dehydra-
tion and electrolyte imbalance, and may bring about
fetal hypoxia. Several aspects of gastrointestinal
infections during pregnancy and the neonatal period
are discussed.

Central nervous system (CNS) infections in
pregnant women are divided into different clinical
syndromes according to the principle site of the
infection within the CNS (meningitis, encephalitis
and myelitis). CNS infections may be caused by a
wide variety of infectious agents: bacteria (including
rickettiae, spirochets and mycobacteria), viruses,
fungi and protozoa. The clinical course of CNS
systemic infections in pregnancy, the diagnostic tools
and the effects of the disease and the therapy on the
fetus and the newborn are reported.

Puerperal pelvic infections are usually caused by
anaerobic flora resistant to common antibacterial
drugs. There is increasing evidence that infections
ascending from the lower genital tract, which may be
caused by an anaerobic organism, are risk factors for
chorioamnionitis, postabortion septicemia, and septic
shock and postcesarean infection. The treatment of
anaerobic infections in pregnancy follows the usual
rule of antimicrobial treatment, which includes the
following agents: metronidazole, clindamycin, some
penicillins, chloramphenicol and impipenem–
cilistatin. By applying these treatment modalities one
should balance the benefits of the treatment with their
potential side effects.

Parasitic infections are common throughout the
world, but most clinicians have no experience in the
diagnosis and treatment of these diseases. Clinicians are
increasingly confronted with parasitic infections such
as malaria, schistosomiasis and leishmaniasis because
of the increase in international travel and emigrations.
Malaria is one of the most prevalent and serious
infectious disease problems throughout the tropical and
subtropical areas of the world. Intrauterine transmission
of malaria from mother to fetus frequently occurs,
although the mechanism of transplacental passage of
the parasite is unknown. In the endemic areas,
prophylaxis for pregnant women is recommended.

Pregnant women are more prone than non-pregnant
women to have vaginal colonization with fungal
infectious agents such as candida. Rarely, the infection
can ascend and involve the uterine content, producing
chorioamnionitis and congenital candidiasis. Viral
infections can cause damage to the fetus through
passage across the placenta. Approximately 5% of
pregnancies will be complicated by one or more viral
infections, excluding the common cold. Vaccines are at
present being successfully developed in order to
prevent these viral infections. Measles can be severe
during pregnancy and has been associated with
spontaneous abortion and premature delivery. How-
ever, in contrast to rubella, the measles virus is not
known to cause congenital anomalies of the fetus.
Mumps is generally a benign condition during preg-
nancy, but it affects the fetus by increasing the rate of
abortion, prematurity and congenital malformations.
Vaccination against mumps is available, but it should
not be administered to pregnant women. The treatment
of the disease is only symptomatic, and there is no
antiviral agent available yet.

Only a few antimicrobial agents have been shown to
be completely non-toxic when given to pregnant
women, and some of them have teratogenic potential.
Thus, the administration of an antimicrobial drug
during pregnancy should always be a carefully con-
sidered action in which a balance between the need of
the mother and the possible adverse effect of the drug
on the fetus should be taken into consideration. The
Food and Drug Administration of the United States has
established a fetal risk summary, which divides drugs
into categories, based on accumulated safety data from
animal and human studies. Therefore, a physician,
when administering any antimicrobial or antiviral agent,
should find out to which category the drug belongs.
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158 Sexually transmitted
infections in women with
special reference to
pregnancy
M. Dan
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Introduction
Sexually transmitted infections (STIs) represent a
special threat to the feminine population. Many STIs
are transmitted more efficiently from men to women
than from women to men. STIs are often asymptomatic
in women; thus, treatment is not sought, and the disease
remains uncontrolled, often leading to pelvic inflam-
matory disease, which in turn can damage the fallopian
tubes irreversibly. Tubal scarring is a major cause of
mechanical sterility and ectopic pregnancy. STIs may
adversely affect pregnancy, causing spontaneous abor-
tion, stillbirth and premature delivery. The infected
pregnant women can transmit the disease to her off-
spring in utero or at delivery. Venereal infection present
on delivery can be responsible for postpartum endo-
metritis. Risk factors identified for most STIs include
young age, multiple sex partners, early onset of sexual
activity, being single, substance abuse and Black race.
Consequently, when all STIs are considered together,
they may represent one of the most common medical
complications in pregnancy, especially in high-risk
groups, such as indigent urban populations plagued
with drug abuse and promiscuity. Because STIs in
women are often asymptomatic, screening for the most
common infections is considered by some authors as an
important component of prenatal care, particularly in
highly predisposed women. Although more than 20
infectious diseases may be sexually acquired, only
those transmitted primarily by sexual contact and caus-
ing genital disease will be discussed in this chapter. 

Syphilis
Syphilis is a chronic spirochetal infection with many
diverse clinical manifestations that occur in distinct

stages. It holds a special place in the history of medi-
cine as the ‘great imitator’ or ‘great imposter’.

The Pathogen
Treponema pallidum subspecies pallidum, the causa-
tive agent of syphilis, is a slender, tightly coiled, motile
organism. Belonging to the family Sperochaetaceae, the
genus Treponema includes several other members,
some of which are human pathogens; T. pallidum
subsp. pallidum is the only one that can be transmitted
by sexual contact. The pathogenic treponemes cannot
be cultivated in vitro, and the distinction between them
is based primarily on the clinical presentation.

Pathogenesis
Syphilis is most often acquired through sexual con-
tact. Venereal transmission of T. pallidum is possible
only when mucocutaneous syphilitic lesions are pres-
ent. Immediately after T. pallidum penetrates the
intact mucosa or gains access through disrupted skin,
it enters the lymphatic and blood stream and dissem-
inates throughout the body. Virtually any organ can be
invaded including the central nervous system. Once
established, the natural history of the disease is
divided into several stages: primary, secondary, latent
and tertiary (late) syphilis. The primary stage is char-
acterized by the development of a chancre at the site
of inoculation, which consists of an intense infiltra-
tion of plasma cells, scattered histocytes and the
typical obliterative endarteritis. The secondary stage
reflects the dissemination of the infection to the entire
body and is characterized by a variety of diffuse
mucocutaneous lesions and constitutional symptoms.
Secondary syphilis can recur up to 4 years after acqui-
sition of infection in about 25% of the patients, the
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risk of recurrence being higher in patients with
suppressed cellular immunity, e.g., third-trimester
pregnancy; most relapses (90%) occur within the first
year. During the latent period, the only evidence for the
presence of infection is the positive serologic response
after the lesions of primary and secondary disease have
vanished. The Centers for Disease Control and
Prevention (CDC) define an infection of less than 1 year
as early latent syphilis (recurrence of secondary disease
possible, high infectivity), and infection of more than
1 year as late latent syphilis (recurrence unlikely).
Tertiary syphilis develops in about one-third of
untreated patients after a variable interval of latency.
Two types of lesions can develop during this stage of
the disease: the most common variety is the obliterative
endarteritis of the vasa vasorum of the aorta and the
arteries of the central nervous system as seen in
cardiovascular syphilis and meningovascular neuro-
syphilis and where T. pallidum can be demonstrated
by appropriate staining. The other type is the gumma
which is a granulomatous-like lesion consisting of a
necrotic, coagulated center surrounded by an inflam-
matory zone and fibrosis. The lesions, which may con-
tain spirochetes, can be found anywhere in the body,
most often in the liver, skin, bones and spleen.1

In the infected woman, syphilis is not associated
with impairment of subsequent ability to conceive.1

The pathologic consequences of T. pallidum infection
are less prominent during pregnancy.2 Since many of
the manifestations of adult and congenital syphilis are
thought to have an immunologic basis, the milder
form of syphilis in the pregnant female is consistent
with the relative state of immunosuppression which
accompanies pregnancy. At least two-thirds of fetuses
of women with early (infectious) syphilis during preg-
nancy are affected. Once the infection reaches the pla-
centa during maternal spirochetemia, fetal infection
usually follows. The infected placenta becomes large
and pale. Microscopically, the villi appear to have lost
their characteristic arborescent appearance and to
have become thicker and club shaped. The blood ves-
sels may decrease in number or almost disappear as a
result of endarteritis. Vascular resistance in uterine
and umbilical arteries may be increased.3 Evidence of
fetal involvement is more likely to be documented
after the 18th gestational week, although spirochetes
were detected as early as 9 weeks’ gestation.2 Thus,
syphilis is not associated with early abortion. It has
been proposed that the lesions of congenital syphilis
do not become evident until the fetus becomes
immunologically competent at about the 16th gesta-
tional week.2 The consequences of congenital syphilis
depend on the severity of the infection: late abortion,
stillbirth, neonatal death, premature labor, delayed
intrauterine growth, neonatal disease, or latent infec-
tion may be seen. These appear to be largely due to
the dysfunction of the maternal–fetal endocrine axis,
resulting from decreased levels of dehydroepiandros-
terone produced by the fetal adrenal glands.4

Epidemiology
Although the vast majority of cases of syphilis result
from transmission by sexual intercourse, the infection
can also be acquired by passage of the organism
through the placenta (congenital syphilis), by kissing
or touching a person who has active lesions, by trans-
fusion of fresh blood (T. pallidum cannot survive
longer than 24–48 h in stored blood units), or by acci-
dental direct inoculation (syphilis of the fingers in
medical personnel). Sexual transmission is highest
during the primary and secondary stages: one-third of
contacts will acquire the infection.

In the United States, the incidence of syphilis
declined sharply after the introduction of penicillin
therapy and broad based public health programs,
attaining its lowest levels in the 1950s (annual rate of
primary and secondary syphilis, ~5 cases per 100,000
population).5 An increase in the rate of primary and
secondary syphilis was observed during the late
1980s with an incidence of 20 cases per 100,000 pop-
ulation in 1990. More recently, the rate decreased
again, and in 2000 it was the lowest (2.1 cases per
100,000) since reporting began, although a slight
increase was observed thereafter (2.5 cases per
100,000 in 2003). This increase was due to the rise of
the rate of primary and secondary syphilis among
men (4.2 cases per 100,000 in 2003), while in women
the incidence continued to decline (0.8 cases per
100,000 in 2003).6 In 2003, almost 40% of cases of pri-
mary and secondary syphilis reported to the CDC
occurred among African-Americans, with a rate 5.2
times higher than the rate among Whites.6

Women usually have had lower rates of disease than
men although most recently the male-to-female rate
ration in White Americans was 1.0. Women cycled
at low levels until the epidemic of the 1980s, when
rates, primarily in Black women, increased rapidly
(Figure 158.1), a trend that also led to a dramatic
increase in congenital syphilis. This change is proba-
bly related to the development of a new highly promis-
cuous life style which is marked by exchange of sexual
favors for drugs, especially crack cocaine.7 A sharp
decrease of primary and secondary syphilis among
women was observed during the 1990s and the early
2000s, with an incidence of 0.8 case per 100,000 in
2003.6 The vast majority of cases occur as expected in
the most sexually active age group (15–29-year-olds).

In other industrialized countries, the incidence of
syphilis has generally been lower than in the United
States even before the recent epidemic. In Western
Europe and Canada, a sharp decline in the rates had
been observed after the advent of penicillin. A further
decrease in incidence has occurred in the 1980s with
rates of ≤2 cases per 100,000 since 1983, probably as
a consequence of changes in sexual behavior imposed
by the AIDS epidemic.5 During the 1990s, until 1998,
the number of cases of infectious syphilis diagnosed
in England remained stable among both sexes, but
then more than doubled between 1998 and 2000 in
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men and rose by 53% in women. In 2000, 48% of
syphilis infections in men were homosexually
acquired, rates being highest in London (men
2.9/100,000; women 0.8/100,000) and in northwest
England (men 2.0/100,000; women 0.2/100,000)
regions.8 A similar trend has been observed in Israel
with a significant decline in the incidence of syphilis
since the 1970s (less than 0.5 per 100,000 in 1990).
Since the mid-1990s, however, an increase in the inci-
dence was documented (3 cases of primary and sec-
ondary syphilis per 100,000 in 2001), mostly due to
morbidity among newly arrived immigrants.9 In
Eastern Europe, on the other hand, a brisk increase in
the incidence of primary and secondary syphilis was
observed in countries formerly belonging to the USSR
(32 cases per 100,000 in Russia).10 Very limited infor-
mation is available on the prevalence of syphilis in
non-industrialized countries. The estimates for parts
of Africa are 360 cases per 100,000 in 1990.11

In pregnant women, the prevalence of positive sero-
logic tests for syphilis in the penicillin era in Northern
Europe and the United States has been roughly
0.1–0.6%.1 More recently, 1.5% of women who deliv-
ered in a large tertiary care urban hospital in Detroit,
Michigan, USA, had reactive serologic tests. Seroposi-
tive mothers were primarily Black, multigravida with
a mean age of 25 years and had a history of crack hero-
ine use.12 Women with untreated syphilis apparently
may remain infectious to their fetuses for many years,
although the proportion of affected fetuses and the
severity of fetal disease decrease with longer duration
of untreated maternal infection. According to World
Health Organization (WHO) estimates, a million preg-
nancies each year are adversely affected by syphilis
due to maternal infection, and about 270,000 infants
are born with congenital diseases. Primary or secondary
syphilis during pregnancy affects virtually 100% of
fetuses with 50% of such pregnancies resulting in pre-
mature delivery or perinatal death. Pregnancy during
early latent syphilis results in a 40% rate of prematu-
rity or perinatal death, whereas late syphilis causes
congenital infection in 10% of infants and 10-fold risk
of perinatal death.2 According to the 1988 Centers of

Disease Control Surveillance case definition, a pre-
sumptive case of congenital syphilis includes any
infant whose mother had untreated of inadequately
treated syphilis at delivery, regardless of findings in
the infant, as well as symptomatic infants.13 Trends in
congenital syphilis occurrence closely parallel trends
in rates of primary and secondary syphilis in women
in the peak childbearing age group (15–29 years)
which is also the peak age group in which early
syphilis occurs. Peaks in congenital syphilis usually
occur 1 year after peaks in primary and secondary
syphilis among women. At present, syphilis is an
uncommon cause of stillbirth in industrialized coun-
tries: the incidence of congenital syphilis has steadily
declined in recent decades reaching an all time low of
2–3 cases per 100,000 births in the late 1970s.1

However, since the early 1980s, an increase in con-
genital syphilis was noted in the United States.1,6 In
1987, the incidence of reported congenital syphilis in
infants less than 1 year of age was about 12 cases per
100,000 live births, and it continued to increase
steeply until 1991 when 107 cases per 100,000 live
births were reported. A sharp decline was observed
thereafter with 10.3 cases per 100,000 live births in
2003.6 In 2003, Blacks accounted for the majority of
congenital syphilis cases with a rate of 33.9 cases per
100,000 live births, followed by Hispanics (18.1 per
100,000 live births) and non-Hispanic Whites (1.3 cases
per 100,000 live births).6 In the United Kingdom, each
year around two infants are born with congenital
syphilis. Similar low rates are reported in other West
European countries such as France and Switzerland.14

In Israel, congenital syphilis is also rare: during the
period 1991–2000, a mean of 2.4 cases were reported
annually to the Ministry of Health (range, 0–4 cases per
year). The annual incidence during this period was
≤0.08 cases per 100,000 live births.9 On the other
hand, a 50-fold increase in the incidence of congenital
syphilis was documented in the former Soviet Union
during the decade 1990–1999.14

Maternal and congenital syphilis still remain a major
problem in developing countries, especially in sub-
Saharan Africa. Prevalences of syphilis seropositivity
in pregnant women attending antenatal clinics in
Africa range from 10% to 15% in most reports.1 In
Zambia, congenital syphilis was documented in 1% of
the babies delivered at a Lusaka hospital, and seropos-
itivity rates ranging from 2.9% to 6.5% was noted
among infants under 6 months of age.1 In another study
from Zambia, serologic tests for syphilis were positive
in 43% of women who delivered stillborn babies, 19%
of those who aborted and in 13% of women attending
their first antenatal visit; 19% of miscarriages in this
country were attributed to syphilis.1 In Durban, South
Africa, congenital syphilis is the fourth, and in Addis
Ababa, Ethiopia, the fifth leading cause of perinatal
death.2 Also, in the latter city, syphilis is responsible
for as many as 10% of all perinatal deaths.15 Accord-
ing to other sources the impact of congenital syphilis
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Figure 158.1 Primary and secondary syphilis. Rates among 15-
to 19-year-old females by race and ethnicity: United States,
1981–2004 (from Centers for Disease Control and Prevention6).
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on perinatal mortality in sub-Saharan Africa is even
higher.14 In most of the North African, Latin American
and Asian countries the rates of syphilis among preg-
nant women range between 2% and 5%.14

Clinical manifestations
Treponema pallidum infection may remain asympto-
matic in many cases: 11% of infected women develop
signs of primary syphilis, 41% develop signs of
secondary disease, and 48% remain asymptomatic.
The classical primary chancre appears at the site of
inoculation (labia, the posterior fourchette, cervix,
vagina, anus, etc.) as a single painless papule after an
average 21-day incubation period (range, 3–90 days).
It quickly erodes to form an indurated ulcer with a
smooth, clean base, and firm, raised borders. Multiple
chancres can occur, however, especially in the person
infected with HIV. Other variations in presentation
are possible; thus any genital lesion should raise the
suspicion of syphilis (‘any anogenital ulcer is syphilis
until proven otherwise’). The cervical location is
more common in pregnant women, probably because
of inoculation of the friable cervix.3 In some
instances, the lesion may be somewhat larger than
usual, presumably because of increased genital vascu-
larity. On other occasions, it may be of such a small
size or be located as to go unnoticed.3 The chancre is
often accompanies by non-tender, non-suppurative
enlarged inguinal lymph nodes. Primary syphilis
must be differentiated principally from herpes virus
infections, chancroid and traumatic superinfected
genital lesions. The chancre heals spontaneously
within 3–6 weeks (range, 1–12 weeks), while the lym-
phadenopathy usually persists for a longer duration.

Secondary syphilis usually appears approximately
6 weeks (range, 2–8 weeks) after the appearance of the
chancre, and up to 6 months after exposure, in the
form of highly variable mucocutaneous lesions and
constitutional symptoms. In about 15% of women, the
chancre may still be present. Skin lesions occur in
80% of patients in form of macular, papular, macul-
papular and/or pustular rash that may persist from a
few days to 8 weeks. Any surface area of the body can
be affected with all of the different rashes being pres-
ent at one time; the involvement of palms and soles
strongly suggests the diagnosis. Temporary patchy
alopecia and loss of eyebrow may be seen. In warm,
moist intertriginous areas (perianal area, vulva, etc.)
highly infectious plaques, called condyloma lata, may
develop. Mucous patches, in form of silvery gray
superficial erosions, may also be noted on the mucous
membranes of the vagina, cervix, mouth, pharynx, etc.
The constitutional symptoms include low-grade fever,
malaise, anorexia, weight loss and generalized painless
lymphadenopathy. The cerebrospinal fluid may be
inflamed in up to 40% of the patients, but most of them
do not develop neurosyphilis after treatment with one

of the currently recommended regimens. Virtually any
organ can be affected: kidney (glomerulonephritis,
nephrotic syndrome), liver (high serum alkaline phos-
phatase levels), spleen (splenomegaly), eyes (iritis,
uveitis), the osteoarticular system (synovitis, osteitis)
and cranial nerves (palsies). 

Tertiary syphilis is a slowly progressive inflamma-
tory disease that can touch any organ in the body and
can produce clinical illness years after the initial
infection. It is generally referred to as cardiovascular
syphilis (syphilitic aortitis), gummatous syphilis (can
affect any organ), or neurosyphilis (asymptomatic,
meningovascular or parenchymatous). Neurosyphilis
encompasses a heterogeneous collection of neurologic
syndromes and psychiatric manifestations with tabes
dorsalis and Argyll Robertson pupil being the most
specific for syphilis. The parenchymatous neurologic
lesions are usually irreversible and respond only
slightly to therapy.

Most syphilitic infants lack manifestations at
birth.1 Neonates who are born with manifest syphilis
are usually severely affected and carry a worse prog-
nosis. In symptomatic patients the earliest sign
(appearing usually on the third to eighth week of life)
is a rhinitis (snuffles) followed by a diffuse macu-
lopapular desquamative rash with skin sloughing par-
ticularly on the palms, soles and about the anus and
mouth. In contrast to acquired syphilis, a vesicular
rash and bullae may be seen. Necrotizing funisitis
(swollen and discolored umbilical cord) is pathogno-
monic. Osteochondritis and perichondritis can affect
all bones of the osteoarticular system, most promi-
nently the nose (saddle nose) and the metaphyses of
the lower extremities (‘saber shin’). The liver is often
heavily involved with accompanying splenomegaly,
anemia, thrombocytopenia and jaundice. Immune-
complex glomerulonephritis can develop at about the
fourth month of life. Neonatal congenital syphilis
must be differentiated from other generalized congen-
ital infections (TORCH). Late congenital syphilis
(beyond 24 months of life) is characterized by the fre-
quency of interstitial keratitis and neurosyphilis,
while cardiovascular syphilis is rare. Other typical
lesions include recurrent arthropathy, deformed
upper central incisors (Hutchinson’s teeth), frontal
bossing and other craniofacial malformations.1

Laboratory diagnosis

Demonstration of the pathogen
Since T. pallidum is not culturable on artificial
medium, the organism can be diagnosed only by
direct demonstration in an appropriate specimen.
Dark-field examination of a serous exudate from a
moist lesion is the quickest and most productive tech-
nique. Treponema pallidum will have a corkscrew
appearance and will move in a characteristic spiraling
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motion which is not seen in non-pathogenic
treponemes. An alternative technique, which can be
used also in biopsy specimens, is the direct or indi-
rect immunofluorescence or immunoperoxydase
staining.16 Promising results were recently obtained
with the polymerase chain reaction (PCR) technique
which can be applied also on paraffin-embedded
tissue. The PCR technique could be extremely valu-
able in diagnosing infection in congenital syphilis (in
amniotic fluid, neonate’s serum and cerebrospinal
fluid, CSF) and neurosyphilis.17

Serologic tests
Serology remains the most useful diagnostic tool in
women. These tests cannot distinguish, however,
between syphilis and other treponemal infections.
Hence, the interpretation of reactive serologic tests
can be difficult in patients who live in or come from
areas where non-venereal treponematoses are com-
mon. Two different types of tests are used in concert.1

The non-treponemal tests: inexpensive, rapid and
convenient means for screening large numbers of sera,
and when used quantitatively, can give an indication
of disease activity. Limitations of the non-treponemal
tests include their lack of sensitivity in early primary
cases (less than 5 weeks) and in late syphilis (negative
in up to 30% of cases); the possibility of prozone reac-
tion (false-negative reaction in undiluted serum
because of antibody excess); or false-positive results
which can occur in association with advanced age,
pregnancy, drug addiction, connective tissue diseases,
chronic liver disease, cancer, multiple myeloma and a
variety of infectious diseases including early HIV
infection.11 These tests detect antibodies directed
against a lipoidal antigen that is the result of the inter-
action of host tissue with T. pallidum. The standard
antitreponemal test is the VDRL (Venereal Diseases
Research Laboratory). The rapid plasma reagin (RPR)
card test and the automated reagin test (ART) are two
modifications of the standard test used for routine
screening. A positive screening test should be further
evaluated with a confirmatory treponemal test and a
non-treponemal quantitative test. Following adequate
therapy early syphilis, the titers of the quantitative
test should decline until little or no reaction is
detected after the first year.18 A persisting positive test
with insufficient decline of the titer in a treated
patient suggests: (a) persistent infection, (b) reinfec-
tion, or (c) biologically false-positive reaction.
However, after an appropriate clinical response to
treatment, non-treponemal titers persist at low levels
in some individuals for a long time (sometimes for
life), a response referred to as a ‘serofast’ state. Up to
15% of HIV-negative patients with early syphilis who
received therapy at recommended or greater dosages
do not demonstrate a 2-dilution decline in RPR/VDRL
titers at 12 months following therapy, without evidence
of clinically defined treatment failure. No further

therapy is required in serofast states if titers are not
increasing, clinical disease resolves (primary and
secondary syphilis), clinical disease does not recur
(primary and secondary disease) or develop (early
latent syphilis), and the patient is HIV-negative. HIV-
positive patients with a serofast reaction to treatment
of latent syphilis may need a lumbar puncture for
further evaluation.19

Treponemal tests
Treponemal tests are used primarily to verify the reac-
tivity of the non-treponemal tests. In primary syphilis,
they may become reactive before the non-treponemal
tests.17 Three tests are currently considered the stan-
dard: the fluorescent traponemal antibody absorption
test (FTA-ABS), the T. pallidum hemagglutination
(TPHA), and the microhemagglutination assay for
antibodies to T. pallidum (MHA-TP). All these tests
use T. pallidum as the antigen to detect antibodies.
The treponemal tests are technically more difficult
and costly to perform than the non-treponemal tests
and cannot be used to monitor therapy. For most
infected persons, test results may remain positive for
life-time even after successful therapy. About 1% of
the general population have false-positive results:
these are also associated with systemic lupus erythe-
matosus and some other spirochetal and non-spirochetal
infections.2,11 A reactive treponemal test result on a
sample that is also reactive in a non-treponemal test
is, however, highly specific.17 If late latent syphilis is
suspected, serologic testing of the CSF should be con-
sidered to rule out neurosyphilis. A definitive diag-
nosis is made on the basis of a reactive VDRL-CSF
test17 or the intrathecal T. pallidum antibody (ITPA)
index.16 All patients with diagnosed syphilis should
be tested for HIV.

Treatment
Experience has shown that a single benzathine peni-
cillin G dose had a success of 95% or higher in early
syphilis in patients with intact immune system. In
late syphilis, because spirochetes are thought to
divide more slowly, the suggested duration of therapy
is longer.11 Recommended choice and dosages of
antimicrobial agents for the various clinical forms of
syphilis are shown in Table 158.1. During pregnancy,
syphilis therapy must be guided not only by its abil-
ity to cure the mother, but also by its ability to prevent
or cure fetal infection. Treatment in the pregnant
woman is generally the same as that of the non-pregnant
patient and depends on the duration of infection, the
presence or absence of central nervous system
involvement and the competence of the patient’s
immune system. Some experts recommend, however,
additional therapy (e.g., a second dose of benzathine
penicillin G 2.4 million units IM) 1 week after the
initial dose, particularly for those women in the third
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trimester and for women who have secondary syphilis
during pregnancy.

In patients with a history of penicillin allergy, skin
testing with penicillin G minor determinant mixture
and penicylloyl polylysine is recommended. If skin
tests are reactive, penicillin desensitization should be
performed using the technique described by Wendel
et al.20 Alternative therapy during pregnancy with one
of the non-penicillin regimens is discouraged by the
CDC because of reported treatment failures in pre-
venting congenital syphilis, especially with erythro-
mycin, and potential adverse effects on the mother
and the fetus.16 Initial reports on treatment of early
syphilis with cefriaxone are promising.21,22

The Jarisch–Herxheimer reaction is a well described
phenomenon often occurring in pregnant patients
treated for primary or (more particularly) secondary
syphilis. Symptoms usually occur within 24 h after
any therapy for syphilis. Approximately 1–2 h after
therapy has been initiated, systemic manifestations of

fever, rigors, tachycardia, hyperventilation, vasodilata-
tion, hypotension, profuse sweating headache, myal-
gia and arthralgia. Uterine contractions frequently
develop during the reaction, and they may be followed
by evidence for fetal distress manifested as late fetal
heart decelerations.3 The reaction is self limited and
can be treated with aspirin or prednisone if manifes-
tations are severe.

All patients treated for early syphilis should have
repeat quantitative non-treponemal tests at 3, 6 and 12
months post-therapy. In pregnant women, serologic
tests should be performed monthly until adequacy of
treatment has been assured. All patients with syphilis
of more than 1 year duration should also be tested
24 months after treatment. Patients with documented
neurosyphilis should be carefully followed serologi-
cally and have a CSF examination for at least 5 years
unless all abnormal parameters normalize before.

The risk of infection for the infant is minimal
(less than 2%) if the mother has received adequate
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Table 158.1 Recommended therapeutic regimens for syphilis20

Stage Treatment of choice Alternative regimens*

Primary, secondary Benzathine penicillin G, 2.4 million units IM Doxycycline 100 mg po bid ×14 days
early latent (≤1 year) in a single dose

or

Tetracycline 500 mg po qid ×14 days

or

Erythromycin 500 mg po qid ×14 days

or

Cefriaxone (dosage not established;
see Schafer et al.22)

Late (or of unknown Benzathine penicillin G, 3 doses of Doxycycline 100 mg po bid ×14 days
duration) latent tertiary 2.4 million units, IM each at 1 week intervals
(cardiovascular, gummatous)

or

Tetracycline 500 mg po qid ×14 days

Neurosyphilis Aqueous crystalline penicillin G, 2–4 million units
IV every 4 h for 10–14 days

or

Procaine penicillin 2.4 million units IM daily, plus 
probenecid 500 mg po qid, both for 10–14 days

Congenital Aqueous crystalline penicillin G, 50,000 units/kg
IV every 12 h during the first 7 days, and every 8 h 
thereafter, for 10–14 days

or

Procaine penicillin G, 50,000 units/kg IM daily
for 10–14 days

*For patients allergic to penicillin; not recommended for use in pregnant women
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penicillin therapy during pregnancy. However, the
child must be examined monthly after delivery and
until the non-treponemal test or PCR analysis become
negative. Treatment of the infant should be consid-
ered in the following circumstances: (a) mother had
received inadequate penicillin therapy or was treated
with antibiotics other than penicillin, (b) the treat-
ment status of the mother is not well documented,
(c) the mother was treated appropriately, but a signifi-
cant decrease in non-treponemal antibody (≥fourfold)
has not been achieved or documented after therapy to
indicate adequate response, and (d) the infant could
be difficult to follow. Additionally, any infant with
physical, radiologic or serologic (quantitative
titer ≥fourfold greater than the mother’s titer) evi-
dence of active diseases should be fully treated.23

Since neurosyphilis is difficult to exclude in newborns,
treatment regimens similar to those recommended for
neurosyphilis should be used in infants. If the mother
was appropriately treated during pregnancy (more than
4 weeks before delivery), mother’s titers decreased
fourfold, and the infant was normal on physical exam
and serologically (titers <fourfold the maternal’s), no
evaluation is required; yet, it is recommended to give
the infant a single dose of IM benzathine penicillin G
50,000 units/kg.23

Syphilis in HIV-infected patients often presents
with a more protracted and malignant course, greater
constitutional symptoms, organ involvement, atypical
and florid skin rashes and a significant predisposition
to develop neurosyphilis.16 HIV-infected patients are
more likely to show an aberrant serologic response.16

Therapeutic recommendations vary: some authors
recommend more vigorous and prolonged regimens,
while others suggest that regimens used for non-HIV
patients are satisfactory.23 Failure of even high dose
intravenous therapy to cure symptomatic neuro-
syphilis in HIV infected patient has been reported.24

Penicillin should always be administered and careful
follow-up is essential. Since syphilis increases the
risk for the acquisition and transmission of HIV,11 test-
ing for HIV is recommended for all persons in whom
syphilis is diagnosed.23

Case detection and prevention
Any person sexually exposed to a patient with
syphilis in any stage should be evaluated clinically
and serologically.23

Congenital syphilis is entirely preventable in an
appropriate case detection program. Most congenital
syphilis today is the result of failure to detect and treat
syphilis in pregnant women. In the recent epidemic of
congenital syphilis in the United States, half of the
infected infants were born to women who received pre-
natal care, but in whom serological screening was not
done and thus maternal syphilis was not treated.

Prenatal first-trimester serologic screen is cost-
beneficial even in countries with prevalence of mater-
nal syphilis as low as 1:20,000.2,14 The CDC recommend

serologic testing at the beginning of prenatal care and,
for high-risk women, at the beginning of the third
trimester and at delivery. Any woman who delivers a
stillborn infant after 20 weeks’ gestation should also
be tested.23 To improve early detection in pregnant
women, particularly in developing countries and in
poor and minority women in industrialized countries,
the following practical measures are suggested: on-site
pregnancy testing of women in STI clinics and drug
addiction programs whose menstrual periods are late;
routine PRP testing whenever a positive pregnancy test
is reported in all pregnancy testing programs; and early
testing by prenatal programs before the regularly sched-
uled prenatal visit when the waiting time for their first
scheduled visit is long.2 No infant or mother should
leave the hospital unless the maternal serologic status
has been documented at least once during pregnancy
and preferably again at delivery.23 All infants born to
mothers seropositive to syphilis should have a quanti-
tative non-treponemal serologic test performed on
infant serum (treponemal tests are not necessary). These
infants should also be examined for signs of congenital
syphilis: non-immune hydrops, jaundice, hepato-
splenomegaly, rhinitis, skin rash and/or pseudoparaly-
sis of an extremity. Pathologic examination of the
placenta or the umbilical cord is suggested, and micro-
scopic examination of suspicious lesions or body fluids
for tremonema is recommended. Laboratory tests
should include CSF analysis for VDRL, cell count and
protein, complete blood count and differential, platelet
count. Other tests if clinically indicated: radiographs,
liver function tests, ophthalmologic examination, etc.23

Gonorrhea
Gonorrhea may present as a localized infection of the
lower genital tract, an invasive infection of the upper
genital tract or disseminated disease with systemic
manifestations. Ascending genital infection in women
is responsible for salpingitis, one of the leading causes
of infertility in the world.

The Pathogen and pathogenesis
Neisseria gonorrhoeae is a non-motile, non spore-form-
ing, gram-negative coccus that typically grows in pairs
(diplococci). The bacterial cell surface is an important
determinant in the pathogenesis of the gonococcal
infection, and specific surface components have been
related to adhesion, tissue and intracellular penetra-
tion, cytotoxicity and invasion of host defenses both
systemically and at the mucosal level. These include
protein structures such as pili, porins and opacity
proteins, lipoligosaccharids and phospholipids. Some
of the gonococcal serovars are associated with resist-
ance to the bactericidal effect of normal human serum
and with enhanced propensity to cause bacteremia.25

Gonococci primarily infect columnar and cuboidal
epithelium. Attachment to mucosal epithelium,
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mediated in part by pili and opacity proteins, is
followed within 24–48 h by penetration of the bac-
terium into the submucosal tissue.25 The primary site
of gonococcal infection in women is the endocervix,
although the organism can also invade the urethra and
occasionally the periurethral and Bartholin’s glands.
In 10–20% of women with gonorrhea, the infection
can extend to the upper genital organs and involve
the endometrium, fallopian tubes and the ovaries.
Neisseria gonorrhoeae can invade the upper genital
tract as a solitary pathogen or as part of a polymicro-
bial infection. From the fallopian tubes the infection
can extend further to the liver capsule and the overly-
ing peritoneum to give acute perihepatitis. However,
the most serious complications of pelvic inflamma-
tory disease (PID) are infertility and ectopic preg-
nancy due to fallopian tube scarring.26 Infertility occurs
in 15–20% of women after a single episode and up to
80% of those with three or more episodes. Evidence
for prior salpingitis can be found in 50–80% of women
with ectopic pregnancies.27

Extragenital sites of infection include the rectum,
the pharynx (following anogenital and orogenital sexual
exposure, respectively), the conjunctiva (resulting from
autoinoculation in the adult, or acquired through con-
tact with the infected birth canal in the newborn), or
disseminated gonococcal infection. Gonococcal dis-
semination is associated with some host factors, such
as complement deficiency, female sex, menstruation
and perhaps pharyngeal gonococcal infection and
pregnancy.25 Disseminated gonococcal infection, occur-
ring in 0.5–3% of patients with gonorrhea, results from
bacteremic spread of N. gonorrhoeae to the skin and
articular or periarticular tissues; various immunologic
mechanisms are also involved in some cases.25

In most pregnant women, gonococcal infection is
limited to the lower genital tract. Acute salpingitis is
rare, but can develop if cervical infection ascends
before obliteration of uterine cavity through fusion of
the chorion and decidua at 12 weeks. Rarely, preexist-
ing infection can cause a tubo-ovarian abscess. Local
cervical factors also decrease the risk for ascending
gonococcal infection. Serum progesterone concentra-
tions are greatly increased in pregnancy; high concen-
trations of this hormone are known to inhibit the
growth of N. gonorrhoeae in vitro. Cervical mucus
becomes impermeable to motile sperm and perhaps to
microorganisms under the influence of progesterone.2

Although PID during pregnancy is quite rare, it can be
particularly virulent resulting in severe morbidity and
in higher rates of pregnancy loss. The prevalence of
pharyngitis as the sole gonococcal infection may be
higher during pregnancy (15–30% of infected women)
reflecting perhaps an increase in the frequency of fella-
tio as pregnancy progresses.2 There are conflicting
reports as to whether pregnancy is a risk factor for dis-
seminated gonococcal infection.25

Gonococcal infection may have a deleterious effect
on the pregnancy outcome at any stage, although the

consequences on late pregnancy have been better
studied. Antenatal gonorrhea is associated with
increased risks of chorioamnionitis, spontaneous
abortions, premature labor, early rupture of mem-
branes, perinatal infant mortality and postpartum
upper genital tract infections.28–35 It is not clear, how-
ever, whether gonococcal infection is always directly
responsible for all of these complications or is merely
a marker for high risk due to concomitant pathogens.
A threefold increased relative risk for endometritis
was observed in patients who had untreated gonococ-
cal infection when compared with uninfected control
subjects.31 Elliot et al. found that the attributable risk
for preterm birth was 14%.33 Stoll and colleagues
showed that treatment of gonococcal carriage reduced
the increased risk for adverse pregnancy outcome.34

Infected mothers can transmit N. gonorrhoeae to the
newborn in utero, during delivery or in the postpartum
period.25 Conjunctivitis (ophthalmia neonatarum) is
the most common postnatal complication, occurring in
30–42% of infants born to infected women,35 although
septicemia and arthritis can also be rarely seen.
Gonococcal conjunctivitis of the newborn is still a com-
mon cause of blindness in some developing countries.

Epidemiology
The risk of transmission of gonorrhea from an infected
male to a female partner is approximately 50% per
contact. The risk of female to male transmission is
approximately 20% per intercourse.25,36 Transmission
by rectal intercourse appears to be similarly efficient,
while spread by oral–genital contact is believed to be
lower.25 Gonorrhea is usually a short-lived infection,
even when not treated. Therefore, high rates of partner
change are required to maintain the spread of infection.
Individuals at high risk of acquiring and transmitting
gonorrhea – the core transmitters – are characterized by
young age (20–24 years), low educational and socioe-
conomic level, urban residence, being single, prostitu-
tion activity, illicit drug use and reduced access to
health care.25,36 The role of anovulary contraceptives as
a predisposing factor for contracting gonorrhea has
remained controversial. High rates of gonorrhea have
recently been observed also in rural communities in the
southeastern United States, surpassing those in urban
counties.37 Risk factors are generally similar in preg-
nancy as in the non-pregnant state. More cases of gon-
orrhea are reported in men than in women, reflecting a
greater ease of diagnosis in men; in the United States
the male:female case ratio was 1.3:1 in 1992.25

Gonorrhea is most common in developing coun-
tries. In a survey conducted by the WHO in Senegal
and Uganda in 1990–1991, the prevalence of gonor-
rhea was 0.6% among military men and 13.1% among
commercial sex workers.38 The prevalence of gonor-
rhea in unselected populations of pregnant women
has been estimated to be 10% in Africa, 5% in Latin
America and 4% in Asia.39 Gonococcal conjunctivitis
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of the newborn was diagnosed in about 4% of all live
births in Kenya in 1987.39 According to a survey per-
formed in 1990–199138 the prevalence of gonorrhea
among pregnant women in Senegal and Uganda was
1.4%. The prevalence rates in the United States have
been generally higher than those in other industrialized
countries. The annual incidence in the United States
had reached a peak in 1975 with 468 cases per 100,000.
It declined thereafter, attaining a rate of 116 cases per
100,000 in 2003.6 Since 1997, the rates of gonorrhea
among men and women are almost identical. The high-
est rates of gonorrhea among women in the United
States are in the age group of 15–29 years. When ana-
lyzed by ethnic groups, incidence rates (in 2003) were
highest among the Black population (655.8 per
100,000), followed by Native Americans and Hispanics
(103.5 and 71.7 cases per 100,000, respectively), and
was lowest in the White population (32.7 cases per
100,000).6 Not unexpectedly, the difference between
the Black and White populations in the prevalence of
gonorrhea was also documented among pregnant
women.40 The incidence of gonorrhea has been sub-
stantially lower in most European countries, and
indigenous gonorrhea was virtually eliminated in
Sweden. More recently, however, a trend toward the
resurgence of gonorrhea is being observed in several
West European countries, such as Sweden, Denmark,
United Kingdom and France.41 In Israel, following a
period very low reported rates during most of the 1990s
(0.7 cases per 100,000 in 1994–1995),9,42,43 a sharp
increase in the incidence of the disease was docu-
mented in the late 1990s and early 2000s (13.8 cases per
100,000 in 2001).44 The reasons for this change in the
epidemiology of gonorrhea are not evident, however,
the role of sex tourism and immigration of sex workers
originating from countries with high gonorrhea preva-
lence (eastern Europe) was evoked.41,44 After attaining a
peak incidence of 16/100,000 in 2002, a trend toward a
decrease in the incidence was observed more recently
(8.5/100,000 in 2004) (Department of Epidemiology,
Ministry of Health, Israel; unpublished data). In a sur-
vey conducted among young female soldiers, gonococ-
cal infection was detected by PCR in 1.0%.45

Risk factors for PID include teenage, use of intrauter-
ine device, prior PID and vaginal douching.25 In the
United States 20–40% of PID  in most urban areas were
associated in the 1980s with N. gonorrhoeae, whereas
in Sweden and Israel, where gonorrhea has become
very rare, the organism is seldom isolated from patients
with PID.43 It has been estimated that in a cohort of 100
women with gonorrhea, of whom 25 were pregnant,
effective treatment would prevent 25 cases of PID, one
of ectopic pregnancy, six instances of infertility, and
seven cases of neonatal ophthalmia.

Clinical manifestations
Many infected women remain asymptomatic or
develop only minor symptoms. In surveys in which

infections are detected through screening, up to 90% of
women with gonorrhea may be asymptomatic. The
incubation period is variable: symptoms appear within
10 days in most cases. The dominant symptoms of
lower genital tract infection include increased vaginal
discharge, dysuria, usually without urgency or fre-
quency, and intermenstrual bleeding.25 Abdominal
pain usually indicates infection of the upper genital
tract. On examination, purulent or mucopurulent cer-
vical exudate, cervical edema and bleeding, and puru-
lent urethritis can be seen. Gonococcal Bartholin’s
abscesses associated with gonorrhea most often are uni-
lateral, acutely suppurative and painful.

Rectal infection, seen in up to 40% of women with
gonorrhea, is most often asymptomatic, although
acute proctitis can develop in some patients, mani-
fested by anal pruritus, tenesmus, purulent discharge
or rectal bleeding.25 Pharyngeal gonorrhea can be
found in 10–25% of heterosexual women with genital
infection. The infection is most often asymptomatic
and resolves spontaneously.25

Gonococcal PID often follows the onset of menses by
a few days. It usually presents acutely: abdominal pain
usually bilateral and often associated with manifesta-
tions of cervicitis, is the most common symptom. High
fever, chills, nausea and vomiting can be seen in a
minority of the patients.25 On examination, pelvic
adnexal and uterine fundal tenderness is often noted
and pain can be produced on moving the cervix;
mucopurulent cervicitis is usually present. The lower
abdomen is tender on palpation and signs of peritoneal
inflammation are common in severe cases. Abscess for-
mation is uncommon. Leukocytosis, accelerated ery-
throcyte sedimentation and elevated C-reactive protein
levels are present in about two-thirds of patients with
PID. The minimal criteria for diagnosis of PID include
uterine-adnexal tenderness or cervical-motion tender-
ness.23 The differential diagnosis includes appendicitis,
septic abortion, adnexal torsion, and ectopic pregnancy.
Chronic pelvic pain that may be very disabling can be
a complication in up to 20% of women with PID and
is often difficult to distinguish from recurrent PID.
Perihepatitis (Fitz–Hugh–Curtis syndrome) manifests
with abdominal pain and hepatic tenderness; in many
cases pelvic symptoms and signs are lacking. The defini-
tive diagnosis is made by laporoscopy which can visu-
alize the ‘violin string’ adhesions between the liver
capsule and the parietal peritoneum.25

Disseminated gonococcal infection is characterized
by the ‘arthritis–dermatitis syndrome’. The initial man-
ifestations consist of additive and sometimes migra-
tory polyarthritis; physical signs of arthritis and
synovitis are present.25 Typically, a few joints are
involved in an asymmetric manner. A characteristic
dermatitis can be seen in about 75% of patients and
consists of lightly scattered discrete papular and pus-
tular lesions (occasionally hemorrhagic, bullous or
necrotic), localized predominantly on the extremities.
Subsequently, septic arthritis develops in one or two
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joints and can occasionally be the sole manifestation
of disseminated gonococcal infection. Fever, systemic
toxicity and leukocytosis are usually mild when pres-
ent. Infective endocarditis, meningitis, osteomyelitis
and fulminant septicemia are rare yet severe manifes-
tations of disseminated gonococcal infection.3

Gonococcal conjunctivitis in the adult is usually
severe and can be complicated by corneal ulcerations.
In the newborn, purulent conjunctivitis develops
within 1 week of delivery. It can result in perforation
of the globe and blindness if inadequately treated.

Laboratory diagnosis
Isolation of N. gonorrhoeae by culture is the preferred
method for diagnosing gonococcal infection. Endo-
cervical specimens are obtained after wiping exudate
from the endocervix, while avoiding contact with the
vaginal mucosa or secretions.25 Rectal specimens are
best obtained by collecting purulent secretions or
swabbing in an inflamed area under direct visualiza-
tion by anoscopy.

For direct identification of diplococci with their typ-
ical morphology, smears of discharge are stained with
Gram stain or methylene blue. This technique is very
specific (95–100%) when performed by highly trained
personnel, although its sensitivity is low when used
for endocervical or rectal specimens (40–60%).25 A
definitively positive urethral or cervical smear (show-
ing intracellular gram-negative of blue stained diplo-
cocci within neutrophils) is diagnostic.

Specimens should be transferred to the laboratory in
a non-nutrient transport medium without refrigera-
tion and inoculated onto growth medium within 6 h.25

Immediate inoculation onto growth medium (e.g.,
Thayer–Martin medium or New York City medium) at
room temperature with prompt incubation is preferable.

All gonococcal isolates should undergo antimicro-
bial susceptibility testing and be tested for β-lactamase
(penicillinase) production. Penicillinase producing
strains were first discovered almost simultaneously in
1975–1976 in the United States, western Europe, The
Philippines and western Africa.25 In 1990, penicilli-
nase producing strains accounted for about 10% of
isolates in the United States and western Europe and
30–60% in most developing countries. More recently,
strains of N. gonorrhoeae with high level resistance to
tetracycline have been detected and increasingly noted,
particularly in Africa.46 Resistance to quinolones is
now being reported from several areas around the
world.47 Resistance to third generation cephalosporins
has been rarely reported.

Nucleic acid amplification tests (NAATs) such as
polymerase chain reaction (PCR) or ligase chain reac-
tion (LCR), are highly specific and sensitive tech-
niques,25 and often perform better than culture. These
tests, which are designed to amplify nucleic acid
sequences that are specific for the pathogen being
detected, do not require viable organisms. Another
advantage consists of the possibility to use urine

samples for the testing. On the other hand, if diagnosis
is based on these tests solely, antimicrobial suscepti-
bility tests cannot be done. All other non-culture tests
are less sensitive than culture, especially for endocer-
vical specimens, and are little better than Gram stain.

The possibility of concurrent sexually transmitted
infections should be taken into consideration when
diagnosing and treating gonorrhea. Up to 35–50%
of women with gonorrhea are also infected with
C. trachomatis.25

Treatment
Because of public health implications, an acceptable
regimen for the treatment of gonorrhea should have
efficacies that approach 100% and not less than 95%.
Antibiotic treatment of gonorrhea is most often
empiric, and should follow local guidelines which take
into consideration the local antimicrobial resistance
patterns. Thus, penicillin and tetracyclines should not
be used any more in most cases for the empiric treat-
ment of gonococcal infections. More recently, resist-
ance to fluroquinolones has emerged and is spreading
worldwide, particularly in the Far East, Australia,
Hawaii, California, Israel, and in some countries in
Europe.47 Fluoroquinolones should not be used empir-
ically anymore in patients infected in these areas.

Uncomplicated gonorrhea in adults
The regimens recommended by the U.S. Public Health
Services23 are presented in Table 158.2. Ceftriaxone
cures genital, pharyngeal, rectal and conjunctival gono-
coccal infection, probably aborts incubatory syphilis,
and is safe and effective in pregnant women.
Ceftriaxone in a single dose of 125–150 mg IM is in fact
the only regimen recommended for pregnant women.
However, in areas where penicillin resistant strains rep-
resent less than 1% of all isolates, an acceptable alter-
native is aqueous procaine penicillin 2.8 million units
injected IM at two sites with 1.0 g probenecid given by
mouth. The efficacy of cefixime against incubating
syphilis is uncertain. Quinolones should be avoided in
pregnant women, and they will not abort incubatory
syphilis. Spectinomycin 2 g IM is highly effective for
genital and rectal, but not for pharyngeal gonorrhea,
and it does not affect T. pallidum. Its main indication is
the treatment of pregnant women with history of imme-
diate allergy to penicillin or documented cephalosporin
allergy. Cephalosporins can be given to patients with
history of delayed reaction to penicillins.

The treatment of gonorrhea should be accompanied
with a regimen active against C. trachomatis if co-
infection by this organism has not been ruled out,
and serologic testing for HIV and syphilis should be
done. Since tetracyclines are contraindicated during
pregnancy, most authorities recommend following
ceftriaxone administration with 7–10-day course of
erythromycin.23,25 Azithromycin, 1 g orally, single dose
is an acceptable alternative to erythromycin, although
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it should be used with caution in pregnant women.
HIV carriers with gonococcal infection should receive
the same treatment as patients not carrying the
virus.23 Retesting to document cure is not recom-
mended by most authorities if one of the suggested
treatment regimens is used, unless therapeutic com-
pliance is in question or symptoms persist.23,25

Disseminated gonococcal infection
Hospitalization is recommended for initial therapy
which consists of ceftriaxone 1.0 g once daily IM or IV.
Other third generation cephalosporins and spectino-
mycin 2.0 g IM twice daily are probably as effective.
After clinical improvement, and in absence of compli-
cations, such as septic arthritis, treatment may be
switched to oral cefixime 400 mg twice daily (or a
quinolone in a non-pregnant patient) to complete 7–10
days of total therapy.23 Meningitis should be treated
with a 10–14-day course of ceftriaxone 1–2 g IV every
12 h, and patients with gonococcal endocarditis should
receive at least 4 weeks of parenteral therapy.

Neonates and children
The advised regimen for neonates and children,
weighing 45 kg or less, is ceftriaxone 25–30 mg per kg

body weight, not to exceed 125 mg. It should be given
as single dose for uncomplicated gonorrhea and con-
junctivitis, or as a daily dose for 7 days in dissemi-
nated infection, and for 10–14 days if meningitis is
documented. For conjunctivitis, topical antibiotic
therapy alone is inadequate and is unnecessary if sys-
temic treatment is administered; local care of the eyes
by an expert is also important. Test for chlamydial
infection should be done, and specific therapy should
be withheld unless infection is diagnosed.23

PID
Close observation and aggressive antibiotic therapy
are advised. Therapeutic regimens must provide
empiric, broad spectrum coverage of likely pathogens
because the specific organisms responsible for the
infection usually are not known. Antimicrobial cover-
age should include N. gonorrhoeae, C. trachomatis,
gram-negative facultative bacteria, anaerobes and strep-
tococci.23 For outpatients, the recommended regimen
consists of ofloxacin, 400 mg orally twice a day for
14 days, or levofloxacin, once a day for 14 days, with or
without metronidazole, 500 mg orally twice a day for
14 days; this regimen is not suitable for infections
caused by quinolone-resistant gonococci. An alterna-
tive regimen, effective against quinolone-resistant
gonococci, consists of ceftriaxone 250 mg intramuscu-
larly as a single dose, or cefoxitin 2 g intramuscularly
as a single dose, plus probenecid, 1 g orally, plus
doxycycline, 100 mg twice a day for 14 days, with or
without metronidazole, 500 mg twice a day for 14 days.
The inpatient regimen includes cefotetan, 2 g intra-
venously every 12 h, or cefoxitin, 2 g intravenously
every 6 h, plus doxycycline 100 mg orally or intra-
venously every 12 h. An alternative inpatient regimen
includes clindamycin, 900 mg intravenously every
8 h, plus gentamicin 2 mg per kg of body weight (load-
ing dose), followed by 1.5 mg per kg every 8 h (this
regimen is less suitable for gonococcal infections).
The parenteral therapy for PID should be continued
for 24–48 h after clinical improvement occurs and
should be followed by oral therapy with doxycycline,
100 mg twice a day, or clindamycin, 450 mg four times
a day, for a total of 14 days.23 For the management of
PID during pregnancy the recommendations of the
CDC are very brief and consist of the suggestion that
‘pregnant women with suspected PID should be hos-
pitalized and treated with parenteral antibiotics’.23

Some of the regimens recommended for the treatment
of PID in non-pregnant women include agents such as
doxycycline, ofloxacin, levofloxacin or gentamicin,
which should be avoided during pregnancy (these
agents belong to categories C and D of the Food and
Drug Administration Fetal Risk Drug Classification48).
The following empirical regimens probably provide
an effective and safe coverage of salpingitis in preg-
nant women: cefoxitin 1–2 g IV every 6 h or cefotetan
1–2 g IV every 12 h, plus erythromycin 500 mg IV or
orally every 6 h. Ceftriaxone 1 g IV or IM every 24 h is
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Table 158.2 Recommended regimens for the
empiric treatment of uncomplicated gonococcal
urethritis/cervicitis/proctitis (from Centers for
Disease Control and Prevention23)

Target Agent Dosage

Gonorrhea Cefixime 400 mg orally, single dose

or

Ceftriaxone 125–250 mg intramuscularly,
single dose

or

Ciprofloxacin* 500 mg orally, single dose

or

Ofloxacin* 400 mg orally, single dose

or

Levofloxacin* 250 mg orally, single dose

or

Spectinomycin 2.0 g intramuscularly,
single dose

plus

Chlamydia** Azithromycin 1.0 g orally, single dose

or

Doxycycline 100 mg orally twice a day
for 7 days

*Quinolones should not be used for infections acquired in areas with
increased prevalence of quinolone resitance
**If chlamydia infection is not ruled out
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probably also effective, although it is less active than
the former cephalosporins against anaerobic bacteria.
The alternative regimen recommended by the CDC for
non-pregnant patients, clindamycin 900 mg IV every
8 h, plus gentamicin 1.5 mg/kg every 8 h (following a
loading dose of 2 mg/kg), should be avoided in preg-
nancy because of the aminoglycoside component, and
should be used only when essential. Therapy should
continue for a total of 14 days. Recommendations for
continued oral therapy are difficult to formulate, par-
ticularly for an adequate coverage of gram-negative
facultative bacteria.

Prevention and control
Use of a condom provides a high degree of protection
for the non-infected partner. Because gonococcal
infection, which is often subclinical in women, may
have deleterious effects on pregnancy outcome, a
screening cervical culture is recommended by most
authorities at the first prenatal visit or prior to an
induced abortion. In high-risk populations (young,
non-White, single, primigravada, low socioeconomic
status, IV drug use, current or past STI), some author-
ities recommend that a repeat culture be obtained
during the third trimester.23 Sexual partners of
infected patients and parents of infected infants
should be examined and treated for N. gonorrhoeae
and C. trachomatis infection regardless of whether
clinical evidence of gonorrhea is found. Patients
should be instructed to avoid intercourse until patient
and partner(s) are cured.

An endocervical swab for Gram stain and culture
for N. gonorrhoeae should also be obtained in women
with premature rupture of membranes, intrapartum
fever or septic abortion.2

Treatment of gonococcal and chlamydial infection in
pregnant women is the method for preventing neonatal
infection. However, ocular prophylaxis in newborn
infants is useful in areas where the prevalence of mater-
nal gonococcal infection is greater than 1% and is
required by law in many countries. Infants should
receive ocular prophylaxis as soon as possible after
delivery whether delivery is vaginal or cesarean. The
preparations recommended by the CDC are: silver
nitrate (1%) aqueous solution in a single application; or
erythromycin (0.5%) ophthalmic ointment in a single
application; or tetracycline ophthalmic ointment
(1%) in a single application.23 Silver nitrate aqueous
solution and tetracycline ointment were found equally
efficient in reducing the incidence of gonococcal con-
junctivitis when compared with a historical control
group who did not receive prophylaxis.2 It should be
noted that prophylaxis with 1% silver nitrate is not
effective against C. trachomatis. Recently, povidone-
iodine administered as a 2.5% solution was found to be
as effective as silver nitrate or erythromycin against
N. gonorrhoeae and more effective than the two other
agents against C. trachomatis49; its use has not been
approved yet by the CDC. Some authorities recommend

that neonates born to mothers with documented
untreated antepartum or intrapartum gonococcal infec-
tion should receive parenteral antibiotics in the
standard curative dosage in addition to topical ocular
prophylaxis.2

Chlamydial infections
Chlamydia trachomatis is responsible for two distinct
genital infections which are caused by different
serovars and differ in their clinical presentation and
potential sequelae: the urethritis–cervicitis entity
which is by far the most common form, especially in
developed countries, and lymphogranuloma venereum
which is endemic in the tropics and will be discussed
separately. The most important impact of genital
chlamydial infection concerns the reproductive
health sequelae of upper genital tract infections in
women: ectopic pregnancy and tubal infertility.50

The Pathogen
Chlamydia trachomatis is a true parasite closely
resembling gram-negative bacteria with a biphasic life
cycle. The extracellular infectious form, the elemen-
tary body, attaches to a susceptible epithelial cell,
penetrates it by endocytosis and transforms to a retic-
ulate body which is the replicative form. The reticu-
late body uses the host cell energy resources and
amino acids to replicate and retransform to elemen-
tary bodies which are released to reinfect new cells.
Of the 15 serovars, serovars A–C are associated with
ocular trachoma, D–K with genital tract infection and
inclusion conjunctivitis, and serovars L1–L3 cause
lymphogranuloma venereum.51

Pathogenesis
The genital serovars of C. trachomatis (D–K) attack the
squamocolumnar epithelial cells of the endocervix and
upper genital tract in women, and the urethra, rectum
and conjunctiva in both men and women. In infants,
the pathogen can infect the columnar epithelium of the
respiratory tract.51 The acute inflammatory stage is suc-
ceeded by formation of lymphoid follicles which con-
sist of aggregates of lymphocytes and macrophages
in the submucosa, seen in both ocular and genital
disease.51 Papillae can form as result of epithelial pro-
liferation. Finally, fibrosis and scarring occur as inflam-
mation resolves. The inflammatory and fibrotic process
intensifies with each additional episode of recurrent
infection, leading to the development of substantial
scarring and deformation of the fallopian tubes when
the upper genital tract is involved. It has been sug-
gested that the pathogenesis of chlamydial disease is
due at least partly to the host immune response to a
chlamydial sensitizing antigen (the 60-kDa heat shock
protein). The presence of serum antibodies reactive
with the chlamydial heat-shock protein was associated
with ectopic pregnancy and infertility.51
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The immune response to chlamydial genital infection
is only partially protective. Although recurrent
chlamydial infections are quite common in sexually
active individuals with genital tract infections,
patients with a prior history of a sexually transmitted
disease are at lower risk for acquiring a new chlamy-
dial infection than those without such history.51

Little is known about the natural history of endo-
cervical infection with C. trachomatis. Some data sug-
gest that chlamydial can persist for a prolonged
period of time in the female genital tract.51 Thus,
untreated infections among women often persist for
months; during this period complications may
develop and infection transmitted to others.

Chlamydia trachomatis is an important cause of PID
with sequelae including infertility, ectopic pregnancy
and chronic pelvic pain. Up to two-thirds of cases of
tubal infertility and one-third of cases of ectopic preg-
nancy have been attributed to C. trachomatis infection.
These conclusions derive mainly from studies that
have demonstrated higher rates of antibodies to
C. trachomatis in women with the above complications
than in normally pregnant women.2,52,53 Moreover, col-
onization of the fallopian tubes by C. trachomatis has
been demonstrated in infertile women without symp-
toms and in the absence of laparoscopic signs of active
pelvic infection.50 The mechanism that accounts for
tubal occlusion after chlamydial infection is not fully
known, although an immune-mediated process might
be involved. Chlamydia apparently causes more severe
subclinical tubal inflammation and tubal damage than
other pathogens despite its more benign appearing
symptomatology.52

It has been suggested that pregnancy may influence
shedding of C. trachomatis from the cervix since the
rate of isolation of the organism was found to be higher
during the third than the first or second trimester.2

Shedding of chlamydia in pregnancy may be influ-
enced by the development of ectopy which is posi-
tively correlated with C. trachomatis isolation and/or
by the depressed cellular immunity observed during
pregnancy.

Endocrinologic changes associated with pregnancy
may increase the virulence of both symptomatic and
asymptomatic chlamydial infection. Animal studies
have demonstrated that treatment with estradiol
resulted in florid endometritis, salpingitis and cystitis
while in control animals infection was limited to
vagina and the cervix. Moreover, direct C. trachomatis
infection may occur more commonly in trophoblastic
tissue and the conceptus than is generally recognized.54

Chlamydial infection during pregnancy has been
incriminated in causing ectopic pregnancy, pregnancy
loss, inadequate fetal development, bleeding, prema-
ture labor or premature rupture of membranes.
Whether C. trachomatis infection can cause abortion
is unknown. It is though, however, that chlamydial
infection of endometrial or decidual cells or fetal tro-
phoblast cells may alter maternal–fetal tolerance

mechanisms that are integral to successful pregnancy.
The increased local production of cytokines caused
by chlamydial infection may decrease cell-mediated
tolerance at maternal fetus interfaces.54

Studies on the role of genital C. trachomatis infec-
tion in prematurity and perinatal mortality have given
conflicting results. While a series of studies have all
shown a correlation of antenatal chlamydial infection
with prematurity, no such association could be found
by others.54 Some of the ‘negative’ studies have sug-
gested, however, that women with either recent or
more extensive and invasive chlamydial infection
(associated with the presence of IgM antibodies) are at
increased risk for premature rupture of membranes,
premature birth and low birth weight.54 In two studies,
but not in a third, women successfully treated for
chlamydial infection and uninfected control women
had significantly less adverse pregnancy outcomes
compared with untreated women.55 Correlation of
antenatal C. trachomatis infection with perinatal
mortality was observed in only one study and has not
been confirmed in others.2 Antepartum chlamydial
infection may also have a role in amnionitis and post-
partum infection. Studies have found that intrapartum
fever and/or postpartum endometritis were signifi-
cantly associated with antepartum C. trachomatis
infection. Other studies, however, have failed to docu-
ment a significant association between cervical
chlamydial infection and postpartum or postcesarean
endometritis.2,54 A delayed postpartum uterine infec-
tion with C. trachomatis 2–3 weeks after delivery,
causing vaginal bleeding or discharge, low-grade fever,
lower abdominal pain and uterine tenderness, has been
described.3 An excess rate of postabortal PID has been
observed among women with chlamydial infection at
the time of the procedure.55

Vertical transmission of C. trachomatis during vagi-
nal delivery occurs in about two-thirds of infants born
to infected women54; however, not all infected infants
develop clinically overt disease. Colonization or
infection may take weeks to months to become
detectable and can involve multiple sites including
the conjunctiva, nasopharynx, rectum and vagina.
The nasopharynx is the most common site of organ-
ism recovery after birth.54 Although chlamydial pneu-
monia is usually not progressive, affected infants may
be subjected to a prolonged respiratory disease, with
impaired lung function tests later in childhood and
perhaps chronic lung disease.50 Perinatally acquired
C. trachomatis infection may persist in the nasophar-
ynx, urogenital tract or rectum for more than 2 years.51

Epidemiology
Chlamydia seems to be more difficult to transmit than
N. gonorrhoeae. Among couples, men apparently
transmit the organism to their female partners 40% of
the time, while women transmit the infection to their
male partners, 32% of the time.50 Transmission during
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a single coitus is probably much lower. Symptomatic
individuals are more infectious than asymptomatic car-
riers of the pathogen.51 Among the risk markers for
chlamydial genital infection (Table 158.3), young age
(less than 25 years and, in particular less than 20 years)
has been the factor most strongly and consistently
associated with the infection. This association is
largely due to the more intense sexual activity among
younger women, and the larger area of ectopic colum-
nar epithelium surrounding the ectocervix; this ectopy
provides a larger target area for chlamydial infection
than is present in older women. Although barrier
contraception (condom, diaphragm) protects from
chlamydial infection, evidence that oral contraception
increases the risk for infection is inconsistent.46,50

Genital chlamydial infection is not a reportable
disease in most countries, and the actual incidence
of the entity is not known. However, a large number of
studies have examined its prevalence. In the United
States, surveys published in the 1980s and 1990s have
reported a prevalence of 6–13% among sexually
active women attending family planning clinics,
15–19% among female patients of STI clinics, 5–10%
among women attending university clinics and 2–4%
among female patients seen in private clinics.50

In North America, genital infections caused by
C. trachomatis were probably three times more fre-
quent than those caused by N. gonorrhoeae during the
same period.52 Chlamydia infection is more common
than gonorrhea among Whites, pregnant women, oral
contraceptive users and asymptomatic individuals.52

Recently, a decline in the prevalence of chlamydial
infection has been noted among girls (age 13–19 years)
attending adolescent health clinics in Indianapolis,
Indiana, between 1985 (rate 25.9%) and 1994 (rate

9.7%). Behavioral data showed decreases in the
frequency of sexual intercourse and in lifetime years
of sexual activity, as well as an increase in condom
use.56 Reporting of chlamydia infection became manda-
tory in all U.S. states in 2000. In 2003, the incidence of
reported infections was 304.3 cases per 100,000 popu-
lation, which constitutes a slight increase compared
with the preceding year. The incidence in women
(466.9/100,000) was over three times higher than the
rate among men, and seven times higher among
African-American women (1633.1/100,000) than
among White females.6

In Sweden (Uppsala county), the prevalence of gen-
ital chlamydial infection among women had been 6%
in the 1980s, and it has declined to 3.2% in the early
1990s.57 However, an increase in the incidence of the
infection was noted in the Nordic countries in the
second half of the 1990s.58 In the United Kingdom,
recent data suggest that the rate of infection among
young women exceeds 10%. In a survey conducted
in Israel in 1995, endocervical cultures yielded
C. trachomatis in 2.0% of sexually active women pre-
senting to a gynecologic clinic; none had evidence of
mucopurulent cervicitis.59 More recently C. trachomatis
infection was detected by PCR in urine samples of
3.2% of young Israeli female soldiers.45 These rates
are markedly lower from those reported by surveys
conducted in the 1970s and 1980s.60

In contrast with other STIs, chlamydial infection
rates in developing countries often have been compara-
ble to or even lower than rates in Western countries.
Prevalence of chlamydial antigen has been reported to
be between 8% and 14% in most studies conducted in
Africa.61–65 It has been suggested that the low rates of
chlamydial infection among highly exposed women in
Africa may be caused by relative immunity, although
other factors such as technical diagnostic problems or
indiscriminate use of tetracycline cannot be excluded.46

The prevalence of genital chlamydial infections in
pregnant women is generally similar to that of non-
pregnant women with comparable demographic and
epidemiologic characteristics. Chlamydia trachomatis
was isolated or its antigen detected in genital specimens
in 5–10% of low income Hispanic and White women in
the United States,66,67 15% of unmarried and 5.6% mar-
ried women in Japan,68 15–24% of young inner-city
women attending public clinics in the United States23,67

and 26.7% of pregnant women in Martinique.69 In
Africa, on the other hand, the prevalence of genital
chlamydial infection among pregnant women varies
between 2% and 15% in most studies.46,62,70

It is estimated that about 8% of women with endo-
cervical C. trachomatis infection develop acute salp-
ingitis.52 The proportion of women with PID from
whom chlamydia can be isolated from the urogenital
tract ranges between 5% and 51% depending on the
population studied and the techniques of detection
used.44,52 Up to two-thirds of cases of tubal-factor
infertility and one-third of cases of ectopic pregnancy
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Table 158.3 Risk factors for chlamydial genital
infection (from Cates and Wasserheit52 and Centers
for Disease Control and Prevention55)

Less than 20 years of age

Intercourse at an early age

Unmarried status

Lower socioeconomic status

Living in the inner-city

Nulliparity

Black race

Cervical ectopy

Multiple sexual partners/more than one sexual partner

New sexual partner

Concomitant or past other STIs

Oral contraception

Inconsistent use of barrier contraception
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may be attributable to C. trachomatis infection.71

Among pregnant women, endometritis may develop
during late postpartum period in 19–34% of infected
women who deliver vaginally and at term.2 Similarly,
endometritis, and possibly salpingitis, developed
among 10–28% of pregnant women who underwent
induced abortion.55

Approximately two-thirds of infants born to
infected women have serologic evidence of chlamy-
dial infection.54,55 Chlamydia trachomatis is the most
common cause of neonatal conjunctivitis and is one
of the most common causes of pneumonia during
the first few months of life.48 Chlamydial conjunctivi-
tis is seen in 22–44% of infants born to women with
infected cervix, while 11–22% of such infants
develop chlamydial pneumonia.55

Clinical manifestations
The vast majority of chlamydial genital infections in
women (and men) do not cause symptoms: as many as
85–90% of women harboring C. trachomatis are
symptomless, and asymptomatic infections can per-
sist for several months.50,71 The spectrum of clinical
manifestations of C. trachomatis infections includes
cervicitis, urethritis, bartholinitis, endometritis, salp-
ingo-oophoritis, PID, perihepatitis and reactive arthri-
tis. The endocervix is the organ most often infected.
Infection of the cervix and urethra may cause dysuria,
abnormal vaginal discharge, and postcoital bleeding.
The most frequent symptoms are vaginal discharge
and dysuria. Despite the frequent absence of symp-
toms, at least one-third of infected women have local
signs of infection.71 On examination, the cervix may
appear normal or exhibit signs of mucopurulent cer-
vicitis: edema, erythema and hypertrophy with
mucopurulent discharge. The presence of green or
yellow mucus in the cervical os, or cervical friability
(bleeding upon introduction of a cotton swab), or ≥10
polymorphonuclear leukocytes per oil immersion
field of a gram-stained smear of cervical secretions,
have been strongly associated with chlamydial infec-
tion.50 The specificity and sensitivity of these param-
eters are, however, poor in predicting C. trachomatis
infection in pregnant women.72 Chlamydial urethritis
should be considered in women with acute urethral
syndrome and ‘culture negative’ pyuria.72 Chlamydia
trachomatis has been isolated from the Bartholin’s
gland in women with bartholinitis.

Endometritis and salpinigitis may cause lower
abdominal pain, which may be constant or intermit-
tent, irregular uterine bleeding and menstrual abnor-
malities. Increased vaginal discharge or fever may or
may not be present. Commonly symptoms begin at the
time of menstruation. On examination, uterine tender-
ness or cervical pain on motion can be noted. Women
with chlamydial salpingitis are more likely to experi-
ence a chronic, subacute course with longer duration
of abdominal pain insidious onset and prolonged

course than those with gonocococcal PID. Yet they
have as much or more tubal inflammation at
laparoscopy.49

Rectal infection with the genital serovars of
C. trachomatis, resulting usually from anal inter-
course, generally produces a mild disease ranging
from asymptomatic carriage to variable degree of acute
proctitis with rectal pain, mucopurulent discharge,
abdominal pain, diarrhea and rectal bleeding.49

Inclusion conjunctivitis in the adult results from
autoinoculation with infected genital secretions or
direct inoculation from an infected partner during
oral–genital sexual contact. The presentation is that of
an acute follicular conjunctivitis often with a foreign
body sensation in the eye. Untreated the condition
can persist for many months and scarring may occur.
Chlamydial infection appears to be the most common
triggering event for sexually reactive arthritis, which
is seen less often in women than in men.49

An infant born to a mother with active chlamydial
infection has a risk of acquiring infection at any
anatomical site of 50–75%. Approximately 30–50% of
infants born to chlamydia-positive mothers will have
conjunctivitis, and at least 50% of infants with
chlamydial conjunctivitis will also have nasopharyn-
geal infection. Chlamydia pneumonia develops in
about 30% of infants with nasopharyngeal infection.71

Neonatal chlamydial conjunctivitis usually develops
within 5–14 days of delivery and presents with ocular
discharge, swollen eyelids and erythematous con-
junctiva.2 Significant corneal scarring develops in a
minority of cases. A mucopurulent rhinitis and vul-
vovaginitis are often associated with conjunctivitis.51

Infant chlamydial pneumonia usually develops
4–17 weeks following delivery. Onset is usually mild
and subacute, although the initial respiratory mani-
festations may, especially in very young infants, be
more severe and include prolonged spells of apnea
or respiratory failure. Physical findings are often non-
specific, and the infant is often afebrile. The chest radi-
ograph shows diffuse interstitial or patchy alveolar
infiltrates with hyperinflation. Peripheral eosinophilia,
arterial hypoxemia and elevated serum immunoglobu-
lins are characteristic. Untreated, the course is
prolonged, lasting weeks to months.51

Laboratory diagnosis
Because most genital chlamydial infections are
asymptomatic or have mild and non-specific presen-
tation, they require laboratory confirmation for defin-
itive diagnosis. Although typical intracytoplasmic
inclusion can be identified in conjunctival or endo-
cervical scrapings, this finding is not sensitive enough
for diagnostic purposes, especially in adult infection.

Isolation of the pathogen
Cell culture has remained the gold standard for the
diagnosis of chlamydial infection. It is particularly
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preferred for specimens with low numbers of organisms
which is often the case in low-prevalence population
and asymptomatic infection. Although C. trachomatis
grows well in a variety of cell lines, the most com-
monly used are the cycloheximide-treated McCoy
cells. Three to seven days are required to obtain a
result. The sensitivity of culture is between 70% and
90%, while the specificity is 100%.51 For best results
the specimen should contain columnar epithelial
cells from the endocervix or the urethra. Culturing
both the endocervix and the urethra can increase the
rate of positive culture by 23%.51 Secretions and dis-
charge should be removed from the cervical os before
obtaining a specimen. The swab should be inserted
1–2 cm into the endocervical canal and rotated against
its wall for 10–30 s. The swab should then be with-
drawn without touching any vaginal surface and be
placed in an appropriate transport medium. Urethral
swabs should be obtained 2 h after the patient has
voided. The swab should be inserted 1–2 cm into the
urethra and rotated for 5 s.55 Swabs used for specimen
collection (Dacron or rayon material is preferred)
should be free from substances that may be toxic to
the organism; wooden shafts should not be used. The
specimen must be kept refrigerated, but for no longer
than 24 h before inoculation. Alternatively, the sam-
ple can be stored at –80◦C until it is processed at a
later date, but this may result in loss of some organ-
isms. Specimens should never be stored at –20◦C.

Non-culture tests
These tests are based on the detection of the chlamy-
dial antigen or its nucleic acids. In general, non-
culture tests are more reliable in symptomatic
patients who shed large numbers of organisms, than
in asymptomatic individuals who usually shed fewer
organisms.55 The presence of the chlamydial antigen
in the clinical specimen can be demonstrated by
direct fluorescent antibody (DFA) staining which
detects the elementary bodies using a fluorescent-
labeled monoclonal antibody. This test allows also
assessment of the quality of the specimen, but
requires a highly skilled microscopist for proper inter-
pretation.51 Another technique, the enzyme-linked
immunosorbent assay (EIA), employs polyclonal or
monoclonal antibodies conjugated with an enzyme
that reacts with the substrate which produces a col-
ored product if chlamydial organisms are present. The
EIA requires less skilled personnel but generally takes
longer to perform. Nucleic and hybridization tests
use a chemiluminescent-type DNA probe that is com-
plementary to a sequence of ribosomal RNA in the
chlamydial genome of the patient’s sample. The assay
is relatively easy to perform and interpret, is species
specific for C. trachomatis and does not cross-react
with other bacteria. Specimens can be stored at room
temperature in a special transport material up to 7 days
before being processed. The accuracy of the three
diagnostic techniques is similar, with sensitivities

greater than 70% and specificities of 97–99% in
populations of men and women with a prevalence of
infection of ≥5%.55 In low-prevalence populations
(< 5%), a significant proportion of positive test will
be falsely positive. Verification of a positive test is
therefore desirable by culture (which should be pre-
ferred in medicolegal situations) or a second non-
culture test targeting a different antigen or nucleic
acid.55 The most newly developed nucleic acid assays
are the amplification tests based on the detection of
chlamydial DNA using polymerase or ligase chain
reactions. These tests are species specific and appear
to be more sensitive and as specific as cultures.51,73

Moreover, they can be performed on urine specimens
from both symptomatic and asymptomatic men and
women; however, their sensitivity is slightly lower
compared with endocervical specimens.51,73 Recently,
specimens obtained form the vaginal introitus were
found highly effective for C. trachomatis testing by
polymerase chain reaction.74,75

Serology
Serologic tests have little value in routine clinical
evaluation of patients suspected of having chlamydial
genital infection.55 The specificity of serology is low
because antibodies generated against chlamydiae can
persist for years. The microimmunofluorescence test
is highly sensitive and detects antichlamydial IgG in
≥99% of women with cervicitis, adults with inclu-
sion conjunctivitis and infants with pneumonia.
Antichlamydial IgM is present in 100% of infants
with pneumonia, but is uncommon in adults with
genital tract infection.51 The complement fixation test
measures antibodies against genus-specific antigens.
It is less specific and less sensitive than the micro-
immunofluorescence test.

Treatment
The main purpose of treating chlamydial infection
would be to decrease the likelihood of sequelae in
women with cervical infection, to prevent transmis-
sion to infants during delivery, and to prevent trans-
mission to sexual partners. Several studies have
provided evidence that treatment of C. trachomatis in
the antenatal period decreases the incidence of poor
pregnancy.76 The active antichlamydial agents are
tetracyclines, macrolides, rifampin and some fluoro-
quinolones. Penicillin has limited activity because its
intracellular concentration is low and chlamydiae
lack peptidoglycan.

Doxycycline, 100 mg orally, twice daily for 7 days,
has been the standard regimen used for the treatment
of uncomplicated urethral, cervical or rectal
C. trachomatis infections in non-pregnant women.55

Failure rates have ranged from 0% to 8% among
women with cervicitis.50 However, tetracyclines,
including doxycycline, are contraindicated in preg-
nant women because of possible adverse effects on the
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fetus such as discoloration of deciduous teeth.
Erythromycin base, 500 mg orally four times a day for
7 days, has been the first alternative and the drug of
choice in pregnant women and infants (Table 158.4).
Women unable to tolerate erythromycin at the stan-
dard dose can be treated with 250 mg four times a day
for 14 days. Erythromycin estolate should be avoided
in pregnant women since 10% of those receiving the
drug develop liver enzyme impairment. Other alterna-
tive regimens include amoxycillin and clindamycin.
Eradication rates of 86–98% were reported in studies
of amoxycillin treatment for C. trachomatis infection
in pregnant women.77 Clindamycin appears to be as
efficacious as erythromycin in both pregnant (92.7%
vs. 83.8% cure rate) and non-pregnant women.78 It is
recommended by the American College of Obstetri-
cians and gynecologists, but not by the CDC, as an
alternative regimen in pregnancy.76 However, caution
is advised because of the possible occurrence of
pseudomembranous celitis. Recently, azithromycin
given as a single 1 g dose has been found to be as
effective as a seven day course of doxycycline.79

This is the only antimicrobial agent effective against
C. trachomatis infection as a single dose therapy.
Moreover, azithromycin is well tolerated and is asso-
ciated with significantly lower rate of gastrointestinal
adverse effects than erythromycin. It is now consid-
ered by the CDC as an equivalent regimen to doxycy-
cline for the treatment of chlamydial infections in
non-pregnant women.55 In pregnant women the suc-
cess rates with the same regimen of azithromycin
were between 91% and 100%.80,81 Azithromycin is
classified as a pregnancy category B agent, and its use
in pregnancy is indicated only if clearly needed.78

Although comparable to doxycycline in the treatment
of uncomplicated chlamydial genital tract infection,
ofloxacin at a dose of 300 mg twice daily for 7–10 days,
offers no advantage over the standard regimen and is
contraindicated in patients under the age of 18 years,
pregnant women and lactating mothers.50 Retesting
for chlamydia may be considered 3 weeks after com-
pletion of treatment with erythromycin (because of low
compliance), amoxycillin or clindamycin (because of
limited clinical experience). This is usually unneces-
sary if the patient was treated with doxycycline,
azithromycin or ofloxacin, unless symptoms persist
or reinfection is suspected.55

Because of the risks of infertility and other sequelae
of PID, clinicians should have a low threshold for the
prompt institution of treatment in women who are at
risk for chlamydial infection. The delay of antibiotic
therapy is associated with an increased risk of adverse
outcome (The regimens recommended for the therapy
of PID are detailed in the section on gonorrhea.)

The timely treatment of the patient’s sexual part-
ner is also essential in order to reduce the risk of
reinfection. The sexual partners should be evaluated,
tested, and treated if they have had sexual contact
with the patient during the 60 days preceding the
diagnosis.71

For the treatment of infant chlamydial infection,
oral erythromycin 50 mg/kg of body weight per day in
four divided doses for 10–14 days, is the treatment of
choice for both inclusion conjunctivitis and pneumo-
nia. The efficacy of this regimen in both indications is
approximately 80%, and a second course may be
required.23 Topical treatment of inclusion conjunctivi-
tis is not recommended. Mothers of infants with
chlamydial infection should be evaluated and treated.

Case detection and prevention
The main objective of chlamydial prevention strate-
gies is to prevent chlamydial salpingitis and its seque-
lae, as well as perinatal and postpartum infection. For
this purpose, both primary and secondary prevention
strategies should be applied.55

Primary prevention of chlamydial infection consists
of two approaches: (1) behavioral changes that reduce
the risk of acquiring or transmitting chlamydial
infection as well as other STDs: delaying age at first
intercourse, decreasing the number of sex partners,
partner selection and use of barrier contraception; and
(2) identifying and treating persons with genital
chlamydial infection before they infect their sex part-
ners, and for pregnant women, before they infect their
babies. Because chlamydial infections are usually
asymptomatic, active screening and referral of sex part-
ners of infected persons are required. A recent study
that sought to identify criteria for selective screening
concluded that a combination of young age and
attending an urban clinic was highly predictive of
chlamydial infection and identified a minimum of 85%
of infected women in all public clinic settings.82 In

Chlamydial infections 1697

Table 158.4 Regimens recommended by Centers for
Disease Control and Prevention55 for the treatment of
chlamydial infections during pregnancy

Regimen Options

First choice Erythromycin base, 500 mg orally
4 times a day for 7 days

or

Amoxicillin, 500 mg orally 3 times
a day for 7–10 days

Alternatives Erythromycin base, 250 mg orally
4 times a day for 14 days

or

Erythromycin ethylsuccinate, 800 mg
orally 4 times a day for 7 days

or

Erythromycin ethylsuccinate, 400 mg
orally 4 times a day for 14 days

or

Azithromycin, 1 g orally, single dose
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countries where an extensive educational and
control program has been applied, there has been a
dramatic decline in chlamydial infection over the last
decade.58,79

Secondary prevalence strategies include efforts to
prevent complications (such as salpingitis and its
sequelae) among persons infected with chlamydial:
(1) screening women, mainly sexually active adoles-
cent and young females, to identify and treat asymp-
tomatic infections; (2) treating sex partners of infected
men; and (3) recognizing clinical conditions, such as
mucopurulent cervicitis or urethral syndrome, which
are often caused by chlamydia and applying appro-
priate diagnostic tests and treatment.55 In a large ran-
domized trial of screening and treatment of women at
high risk of chlamydial infection,  the incidence of
PID was significantly lower in the screened group
compared with the usual care group.83 However, it is
not clear yet who should be screened and how often.
Screening on the basis of age (less than 25 years)
appears to be effective in areas where the prevalence
of chlamydial infection is low to moderate (3–6%);
women with other risk factors for chlamydial infec-
tion (Table 158.3) should also be considered for
screening. In high-risk women screening should be
done every 6 months; otherwise, annual screening is
reasonable.71

There is some evidence that screening high-risk
women for C. trachomatis during pregnancy can
reduce the rate of adverse outcomes of pregnancy.71

The American College of Obstetricians and Gynecolo-
gists recommends screening high risk pregnant
women in their first prenatal visit and again in the
third trimester. The CDC recommends screening
high-risk pregnant women preferably during the third
trimester.55 High-risk factors for chlamydial infection
in pregnant women are the same as in non-pregnant
women (Table 158.3).

Prevention of neonatal C. trachomatis infection
should consist of detection and treatment of chlamy-
dial infection during pregnancy together with ocular
prophylaxis. Recently, povidone-iodine administered
as a 2.5% solution was found more effective than sil-
ver nitrate solution or erythromycin ointment in pre-
venting ocular C. trachomatis infection.49 It should be
borne in mind that topical prophylaxis of conjunc-
tivitis does not prevent pneumonia.

Lymphogranuloma venereum
Lymphogranuloma venereum (LGV) is a sexually
transmitted disease caused by L1, L2 and L3, serovars
of C. trachomatis and characterized by acute inguinal
lymphadenitis (bubo) and other local and systemic
manifestations. We are not aware of any report on the
adverse effect of LGV on pregnancy or the newborn.

The LVG strains are more virulent and more inva-
sive than the A–K serovars, and may cause dissemi-
nated infection. The pathogen gains entrance into the

body through breaks in the skin or infects epithelial
cells of the genital tract and rectal mucosa.84 It is then
carried by lymphatic drainage to the regional lymph
nodes where it multiplies inside mononuclear phago-
cytes. Histologically, granuloma are formed, and
small abscesses develop that may coalesce to form
diamond-shaped suppurative foci which are progres-
sively replaced by fibrosis. This histopathologic
picture is suggestive although not specific to LGV.

The infection is endemic in tropical and subtropical
countries: areas of Africa (Ethiopia, Nigeria, Swaziland),
India, Southeast Asia, South America and the
Caribbean.85 Clinic-based series of patients with geni-
tal ulcers suggest that LVG is an uncommon cause of
genital ulceration in Africa.86 It occurs only sporadi-
cally in developed countries, where it is usually
found in promiscuous persons (homosexual men and
prostitutes) and individuals returning from endemic
areas (sailors, travelers, military personnel). Clinical
disease is sixfold more common in men than in women.

The clinical course of LGV can be divided into
three stages: the primary stage involves the site of
inoculation; the secondary stage involves the regional
lymph nodes and sometimes the anorectum; the terti-
ary stage consists of late sequelae affecting the geni-
tals and/or the rectum. A total of 3–30 days after
infection occurs, a primary lesion appears in the form
of a small papule, vesicle or ulcer on the genital
mucosa or the adjacent skin.51 The lesion may not
always occur, and when present it is often not noticed
because symptoms are few or absent and healing is
rapid without leaving a scar. Symptomatic urethritis
can occur if the lesion develops in the urethra. Days
to weeks later and up to 6 months after exposure,
regional lymphadenopathy and systemic symptoms
develop. Inguinal lymphadenopathy is less common
in women than in men, since lymphatic drainage of
the vagina and the cervix is to the retroperitoneal rather
than the inguinal lymph nodes. Lymphadenopathy is
initially discrete and tender, and is unilateral in two-
thirds of the cases.84 The localization of enlarged
lymph nodes above and below the groin gives a
groove appearance (‘groove sign’) which is regarded
as pathognomonic for LGV although it is seen in only
10–20% of cases. The inflammatory process spreads
from the affected lymph nodes into the surrounding
tissue forming an inflammatory mass consisting of
abscesses that coalesce to give a bubo. The bubo can
rupture spontaneously in one-third of the cases, with
development of fistulae or a sinus tract. Otherwise
the bubo hardens and forms an inguinal mass which
gradually evolves over time. The untreated lesion
may, however, persist in an active form for years.87

Proctitis, characterized by a bloody mucopurulent anal
discharge and tenesmus, is seen mainly in women and
homosexual men, and is often accompanied by pro-
nounced systemic symptoms. Cervical lymphadenopa-
thy has been reported following inoculation during
oral sex, while ocular inoculation can give rise to
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follicular conjunctivitis accompanied by preauricular
lymphadenopathy.86 Systemic symptoms, noted
during the acute stage of lymphadenitis, include
fever, chills, sweats, malaise, headache, myalgia,
anorexia, nausea and vomiting. A variety of skin man-
ifestations, such as erythema nodosum and erythema
multiforme, can be seen. Other rare manifestations
include conjunctivitis, arthritis, hepatitis and menin-
gitis. Lymphatic obstruction, secondary to fibrotic
changes, may lead to elephantiasis of the genitalia.
Other local complications consist of fistulae forma-
tion involving the rectum, perineum, vulva and vagina;
esthiomene, a chronic, granulomatous enlargement
with ulcerations of the external genitalia; and rectal
strictures resulting from the replacement of inflamed
muscle layer by fibrous tissue.51 Mild leukocytosis
with an increase in monocyte and eosinophil counts is
frequent in the early bubonic stage.

Diagnosis is based on serology or isolation of the
pathogen. Complement fixing antibodies usually
appear within 4 weeks after infection starts. The test is
genus specific, and therefore does not distinguish
between infections with different chlamydiae (tra-
chomatis, psittaci, pneumoniae). Because of its
increased invasiveness, LGV is associated with higher
serum antibody titers than is C. trachomatis infection.86

Virtually 100% of individuals with LGV will have com-
plement fixing antibody titers greater than 1:16.51 In
an appropriate clinical setting a complement fixation
titer of ≥1:256 is strongly supportive of a diagnosis of
LGV, although confirmation requires a fourfold titer
rise between acute and convalescent sera.51 The micro-
immunofluorescence test is invariably positive, the titer
being usually higher than 1:512 during the acute phase.
The test can distinguish between infections with dif-
ferent chlamydial species, but its use in clinical prac-
tice has been limited because it requires a fluorescent
microscope and a skilled technologist.86 Isolation of
C. trachomatis from bubo aspirates, genital or rectal
tissue is possible in only about one-third of cases.84 The
organism can also be identified by direct fluorescent
microscope using a commercially available conjugated
monoclonal antibody on a smear of bubo or ulcer mate-
rial. Histopathology, although non-specific, can lead to
a presumptive diagnosis when combined with sero-
logic tests in an appropriate clinical setting. A skin test
(Frei test) has been used in the past, but is not currently
available. The differential diagnosis includes genital
herpes, chancroid, donovanosis, syphilis and occasion-
ally, lymphoma.

Treatment of LVG consists of doxycycline, 100 mg
twice daily for 14–21 days. Alternatively, erythromy-
cin, 500 mg four times daily, or sulfisoxazole can be
used.23 Fluctuant bubos should be aspirated to pre-
vent rupture, using a lateral approach through normal
skin. Antibiotic therapy results in rapid decline of
systemic symptoms, but has limited effect on bubo
resolution. The general rules of STI prevention are
also applicable to the management of LGV patients.

Herpes simplex infections
Herpes simplex infection is life long and is character-
ized by recurrences that are either symptomatic or
not. Genital herpes is caused by herpes simplex virus
type 1 (HSV-1) or herpes simplex virus type 2 (HSV-2).
While usually annoying and troublesome for the
infected woman,88 the virus can have devastating
effect on the newborn.89 Women with genital herpes
who are pregnant should be identified so that preven-
tive measures can be applied.

The pathogen
Herpes simplex virus (HSV) has an internal core con-
taining double-stranded DNA, an icosahedral capsid
composed of 162 polypeptide capsomers and a lipid
containing envelope. HSV can be distinguished from
other members of the herpes virus group by its
cytopathogenic affects and by its antigenic and DNA
base composition. The two subtypes of HSV differ
primarily by their clinical and epidemiologic charac-
teristics and can also be separated by a variety of
biochemical and biologic properties. HSV type 1 is
transmitted essentially by a non-genital route and
causes mainly non-genital infections, such as labial
blisters, keratitis and adult encephalitis; however, in
many developed countries it has become the leading
cause of genital herpes. HSV type 2 is transmitted
by genital contact and is responsible for most of the
herpetic genital and neonatal infections.88

Pathogenesis
Inoculation occurs following exposure of mucosal sur-
faces or abraded skin to secretions or mucosa contain-
ing the virus. After penetration, HSV replicates locally
in parabasal and intermediate epithelial cells. Virus
replication results in lysis of infected cells and devel-
opment of local inflammatory reaction. In individuals
with depressed immune mechanisms (particularly cell-
mediated immunity), infection can disseminate result-
ing in viremia and visceral involvement (liver, lungs,
central nervous system). From the primary site of
infection, HSV is transported along the axon to the
nerve cell bodies in the sensory and autonomic gan-
glia, where the virus becomes latent. During latency,
viral replication almost ceases, and the viral genome
is maintained in a repressed state. Several non-
specific stimuli, e.g., bacterial or other viral infection,
ultraviolet radiation, nervous stimuli, or hormonal
changes can trigger reactivation of HSV. Reactivation
and replication of the virus in the ganglia does not
result in cell lysis. The virus then migrates back to
the skin by peripheral sensory nerve fibers that share
the infected ganglia. Viral reactivations occur period-
ically, characterized by viral shedding that may be
symptomatic or subclinical. The vast majority of
recurrent episodes are due to viral reactivation not
reinfection.90 Most recurrences of genital herpes
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infection are caused by HSV-2 which readily estab-
lishes latency in the sacral ganglia, while HSV-1 is
less prone to do so. Autoinoculation from genital
areas to other sites, including hands, thighs and
buttocks, is not uncommon.

A complex immune response is involved in the nat-
ural history of HSV infection. Cell-mediated immunity
is essential for recovery from both primary infection
and recurrences. The presence of high titers of neu-
tralizing HSV antibodies may limit recurrences. High
levels of antibodies transferred by the mother to the
fetus may have a protective effect on the neonate from
contracting the virus during passage through an
infected birth canal.

Primary genital herpes infection occurring in a
pregnant woman before 20–23 weeks of gestation may
cause spontaneous abortion in up to a half of the cases
and low birth weight in one-third.91,92 Primary infec-
tion during pregnancy may also lead to premature
labor and congenital infection causing microence-
phaly, chorioretinitis and large skin scars.92,93

Infection of the neonate during passage through the
birth canal is common and can have devastating
effects including encephalitis with high rates of mor-
tality and residual morbidity.88 On the other hand,
recurrent episodes of genital herpes during pregnancy
are no worse than recurrences in non-pregnant
women, and they are not associated with prematurity
or other obstetrical adverse events. Neonatal infection
is uncommon and less devastating, not only because
of the protective effect of transplacentally acquired
maternal antibodies, but also due to a smaller viral
inoculum and lower rates of cervical virus shedding
associated with recurrent infection.94,95 The increased
neonatal susceptibility to HSV infection which per-
sists for several months following delivery is presum-
ably related to the poor cellular immune response
during this period of life.2

Genital ulcer disease, including that caused by HSV-2,
is a well-recognized risk factor for the transmission of
human immunodeficiency virus (HIV). High titers of
HIV are found in genital herpes ulcerations, and the
plasma HIV viral load increases when HSV-2 infection
is reactivated in HIV-infected persons.96

Epidemiology
Humans appear to be the only natural reservoir of
HSV.88 Direct contact, most often sexual, with infected
genital secretions or mucosa is the principal mode of
transmission of HSV. Direct contact other than sexual
intercourse can result in viral spread if an area of viral
shedding comes into contact with the skin or mucous
membranes of a susceptible person. Because of virus
fragility, transmission by fomites is rare. HSV can be
acquired both from persons with symptomatic infec-
tion and from asymptomatic excretors, although
transmissibility is greater from the former. However,
asymptomatic viral shedding accounts for much of
the transmission of HSV. Herpes simplex virus DNA

can be detected by PCR in genital specimens from
HSV-2-seropositive women on 28% of days, and the
virus may be transmitted to a sexual partner during
such periods of subclinical shedding. Although the
risk of transmission of HSV-2 from an infected person
to a susceptible sexual partner is higher when genital
lesions are present, because individuals with sympto-
matic genital herpes usually abstain from sexual
activity during this period of time and asymptomatic
shedding occurs much more frequently than sympto-
matic disease, most experts believe that transmission
results from asymptomatic shedding in most cases.97

The risk of heterosexual acquisition of HSV is greater
in women than in men.88,98 In a study of HSV-2 trans-
mission between monogamous couples in which only
one member of each couple had a history of genital
herpes, the annual rate of acquisition was 9.7%, being
higher in women and in those who lacked HSV-1 anti-
bodies.98 Infection with HSV-2 occurs mainly follow-
ing puberty and corresponds to the period of intense
sexual activity between 14 and 44 years. Rates of
infection with HSV-2 are higher in unmarried indi-
viduals, in females, in those with increased numbers
of sexual partners, in individuals with history of STI
and in those of lower socioeconomic status,90,99,100

although the association with the last factor has been
inconsistent90,99; in the United States the infection
is more common among Blacks and Hispanics.
Recurrences are less common in women than in men;
overall, approximately 60–90% of those with an ini-
tial episode will have recurrences.88

The prevalence of genital HSV-1 infection, which is
usually acquired through oral–genital contact, has
also increased dramatically and has replaced HSV-2 as
the principal causative pathogen of genital herpes in
several developed countries.101 In Israel, for example,
a retrospective analysis of positive herpes isolates
found that HSV-1 accounted for 66% of isolates.102

In neonates, most infections result from the retro-
grade spread of HSV-2 secondary to maternal genital
infection or via passage of the infant through an
infected birth canal. The risk of transmission of HSV
to the neonate is 10 times greater if delivery occurs
during an episode of primary genital infection
(33–50%) than if it occurs during a recurrence
(~3%).88,90,95 Up to one-half of neonates acquiring
HSV infection have been exposed to mothers with pri-
mary disease occurring in late pregnancy.2 In most of
the remaining cases, the newborn is infected from an
asymptomatic mother shedding the virus.103 The risk
of neonatal infection correlates directly with the
amount of virus present in the birth canal at delivery,
and with the duration of ruptured membranes.
Cesarean section significantly reduces this risk if per-
formed within 4 h of rupture of membranes; whereas
if membranes are ruptured for more than 4 h, infants
acquire the infection irrespective of the route of deliv-
ery.92 Use of fetal scalp electrodes also predisposes
for neonatal infection.104 Transplacental transmission
can also occur, although rarely: a recent study has
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documented congenital infection in 9 out of 192 (4.7%)
cases of neonatal HSV.93 Also rarely, neonatal herpes
can be acquired postnatally from an infected family
member. The occurrence of neonatal HSV-1 associated
genital herpes (including fatal cases) after Jewish ritual
circumcision has been reported.105

Herpes simplex virus has a global distribution. The
worldwide prevalence of genital herpes infection con-
tinues to increase despite the increased public aware-
ness of STIs, and seroprevalence of HSV-2 has reached
unprecedented rates.98 Much of this may be related to
the chronicity of the infection and the high rate of
unrecognized cases. In Western countries HSV is by far
the most prevalent genital ulcer disease, well ahead of
syphilis and chancroid.98 The estimated annual inci-
dence of clinically apparent infection in the United
States is 50 cases per 100,000 adults, and this rate has
been increasing constantly. The highest annual inci-
dence among women occurs at 20–24 years of age and
is estimated to be 210 per 100,000.83 Using HSV-2 spe-
cific antibody assays, it was estimated that 16–33% of
the general population in the United States have anti-
bodies to this HSV type.90 Up to 46% of women attend-
ing a STD clinic and 9% of college students were
reported to have serologic evidence of genital herpes.
In adults ≥30 years of age, HSV-2 antibody was found
in approximately 25% of White women and over 60%
of Black women; seropositivity rate was associated
with increasing age.100 Similar rates of seroprevalence
(10–40%) were found in other Western countries.98

In developing countries, the serologic prevalence
of HSV-2 is generally higher, ranging from 40% to
80%. In Kinshasa, the seroprevalence was found to be
higher among HIV positive prostitutes (95%) than
among HIV negative prostitutes (75%).98

The prevalence of genital herpes in pregnant women
depends on the population studies. In an inner city
cohort, serologic evidence of HSV-2 infection was
detected in 36% of women attending an obstetric
clinic in the 1970s.91 More recently, 32% of pregnant
women followed by private obstetricians in Stanford,
California, were seropositive.99 In three studies of
asymptomatic pregnant women, cervical isolation
rates of 0.2–0.65% were reported.91,100,104 Pregnancy
had no influence on the frequency of asymptomatic
virus shedding.100

The increasing incidence of genital HSV infection
in women has been accompanied by an increase in
neonatal HSV in some areas of the United States. In
King County, Washington, the incidence increased
from 1.6 to 11.9 cases per 1,000,000 live births.100

More recently, the incidence of neonatal HSV has
been estimated to be between 1 in 2000 to 1 in 10,000
live births and was higher in premature than in full-
term infants.92,93,104

Clinical manifestations
The manifestations of genital herpes vary widely, not
only among individuals, but also between episodes of

the same patient. It has been estimated that at least
two-thirds (and up to 90%) of HSV-2 seropositive
women did not have histories compatible with genital
herpes – they were infected asymptomatically.92,100

Corey has suggested that asymptomatic genital herpes
often is unrecognized symptomatic infection.98

The clinical episodes are classified as follows: gen-
ital herpes in the absence of antibodies to HSV-1 and
HSV-2 is called primary infection; a first episode
infection in the presence of antibodies to either HSV-1
or HSV-2 is termed first episode non-primary infec-
tion; and a recurrent infection is one caused by the
same virus (usually HSV-2) that previously infected
the patient and has reactivated after a latent period.

Primary herpes genitalis
The average incubation period after the genital acquisi-
tion of HSV-1 or HSV-2 is approximately 4 days (range
2–12), although the incubation period can reach
20 days. Local and systemic symptoms associated with
primary HSV-1 infection are generally of the same
intensity as those associated with primary HSV-2 infec-
tion. Local prodromal symptoms, including itching,
erythema, paresthesia, burning sensation and pain,
usually precede genital lesions by 1–2 days. Vulvar
involvement is common, and the cervix is affected in
almost 90% of the patients, while vaginal lesions are
present in less than 5% of infected women. The initial
lesions are small painful vesicles or pustules; the mean
duration of local pain and virus shedding is 12 days.
Vaginal discharge is present in approximately 75%.
The cervix is friable, a mucopurulent discharge is often
noted. In general, new lesions continue to appear over
4–10 days. After a few days, the individual lesions coa-
lesce into large wet ulcers that persist for 1–2 weeks,
and eventually heal without scars, usually within
3 weeks of onset of lesions. Tender inguinal adenopathy
appears in most patients and is the last sign to resolve.
Dysuria is present in most cases.

Systemic symptoms occur in more than two-thirds
of women with primary infection and usually last for
3–7 days. They include fever, malaise, myalgia,
headache, abdominal pain and backache. Self-limited
neurologic signs, such as stiff neck, photophobia, and
inflammatory cerebrospinal fluid, can be seen.
Approximately one-third of women and 10% of men
with primary infection have meningeal signs, whereas
such signs are rare among patients with non-primary
infection. Autonomic nervous system dysfunction
can also occur, manifesting as urinary retention, con-
stipation, lower extremity weakness, due to sacral
radiculopathy or transverse myelitis. Benign recur-
rent lymphocytic meningitis (Mollaret’s meningitis)
can also complicate genital herpes. Herpetic ence-
phalitis with poor prognosis can rarely complicate
primary infection. Viral dissemination to the lungs,
liver and kidneys is rare in the normal host.

Pharyngitis can accompany primary genital herpes
in approximately 10% of cases. Primary infection of
the perianal and anal area may be responsible for
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severe rectal pain, discharge and tenesmus. Systemic
symptoms are prominent in patients with herpatic
proctitis.

First episode non-primary infection
About one-half of all patients with first attack genital
herpes have preexisting antibodies to HSV-1 or HSV-2.
Compared with primary infection, women with non-
primary first episode have less often (~16%) and fewer
systemic symptoms, fewer lesions and shorter dura-
tion of pain (~9 days) and shedding of virus (~7 days).
The lesions heal within a mean of 16 days. Extragenital
manifestations and complications are uncommon.98

Recurrent infection
The clinical course is usually mild. At least one-half of
the patients have prodromal symptoms ranging from
mild tingling sensations occurring 0.5–48 h before
the eruption, to shooting pains in the buttocks, legs or
hips occurring as long as 5 days before the eruption.
Uncommonly, systemic symptoms can occur. Genital
lesions involve mainly the labia and perineum; the
cervix is affected in only 12% of the episodes. There
are fewer lesions present than in primary infection;
they shed the virus during approximately 5 days and
heal completely within 7–10 days. Other manifesta-
tions, such as dysuria, vaginal discharge and tender
lymphadenopathy, occur less often and extragenital
lesions and systemic complications are very rare.
Most patients (90%) with a documented first episode
of genital HSV-2 infection have at least one recurrence
within 12 months after diagnosis, 38% have six or
more recurrences, and 20% have 10 or more recur-
rences. Genital HSV-1 infections recur less frequently
than do genital HSV-2 infections, explaining why
most cases of symptomatic HSV-1 genital disease are
primary cases. Irrespective of viral type and whether
or not suppressive therapy is used, recurrence rates
decrease over time.

Pregnancy does not appear to modify the clinical
course of primary or recurrent infection, although cases
of severe gestational primary infection with dissemina-
tion and high death rate have been reported.91,106

Among young women with recently acquired genital
herpes infection, approximately 80% will have an
average of two to four symptomatic recurrences
during pregnancy.107,109 Concomitant cervical shedding
is identified in 15–30% of women with symptomatic
vulvar recurrences.107 The prevalence of positive cul-
tures at any time during pregnancy or delivery is 1–2%.

Congenital infection may be recognized at birth
along with jaundice, hepatosplenomegaly, a bleeding
diathesis, microcephaly, microphthalmia, seizures,
chorioretinitis and skin vesicles. In the newborn clin-
ical presentation can range from a mild localized
infection to a fatal disseminated one. Onset of disease
usually occurs in the first week after birth, but it has
been described up to one month after delivery. The
herpetic lesions can involve the central nervous

system (cranial nerve palsy, seizures, coma), the skin,
and less often, the eye. If the central nervous system
is affected the mortality is high, and survivors usually
suffer from profound neurologic dysfunction.
Disseminated infection, with or without central nerv-
ous system involvement, can affect the liver, the lungs
or the hematopoietic system, leading to respiratory
failure and disseminated intravascular coagulation.110

In order to avoid unnecessary tension in couples, it
should be explained that many first clinical episodes
of symptomatic genital herpes may represent infec-
tion that was acquired years before, and that a new
diagnosis of genital herpes in a member of a monoga-
mous couple does not necessarily imply recent acqui-
sition of infection from another partner.

Diagnosis
The clinical spectrum of genital herpes being diverse,
the clinical diagnosis has reasonable specificity but
poor sensitivity113; it is prudent to seek laboratory
confirmation of the diagnosis. The Tzanck smear and
the Papanicolaou smear may detect cellular changes
suggestive of HSV infection, but both tests have low
sensitivity.

Culture
Viral culture represents the most sensitive method for
diagnosing HSV infection.90 Vesicles should be unroo-
fed with sterile needle, and the base of the lesion
should be rubbed vigorously with a cotton or a Dacron-
tipped swab (calcium alginate swabs may inactivate
herpes virus). The swab should be placed immediately
into a suitable transport medium and maintained at
4◦C, where it can stay no longer than 3 days before
being processed. Samples can be stored for longer peri-
ods of time at –70◦C, but should not be kept at –20◦C
because the virus will be destroyed immediately. The
older the lesion the lower the chance to detect the
virus: it can be isolated from 90% of vesicles, from 70%
of ulcerative lesions, and from only 30% of crusted
lesions. The yield of virus recovery is also low (~50%)
in lesions of recurrent episodes because recurrent dis-
ease is associated with a lower viral load than primary
infection.100 Cultures of amniotic fluid for HSV have
given both false-positive and false-negative results for
congenital infection, making such tests of question-
able usefulness.112 Cytopathic effects appear rapidly,
usually within 24–48 h if the virus inoculum is high.

Rapid diagnostic tests
The most sensitive tests for antigen detection use
labeled monoclonal antibodies that bind to HSV pro-
teins. The sensitivity of these tests for specimens
obtained from visible lesions ranges between 65%
and 90% compared with virus isolation, and the
results are available within 1–2 h. These methods
should not be used to detect viral shedding in asymp-
tomatic women because of the low virus titers.
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Serology
Serology may be helpful in diagnosing primary HSV
infection by demonstration of seroconvertions or a
fourfold rise in antibody titers. Detection of IgM is less
accurate by the presently available methods; however,
it can be used in infants for the diagnosis of neonatal
infection.88 Such antibodies usually appear within the
first 4 weeks of life and may persist for many months.
Recently, type-specific serologic testing for HSV, using
enzyme-linked immunosorbent assays or immunoblot
tests based on HSV-specific glycoproteins G1 and G2,
have been commercially available for clinical use.
Type-specific serologic tests may be useful for diagno-
sis in patients with symptomatic genital disease who
have healing lesions (in whom culture is likely to be
negative). Testing should be performed at the time of
an initial episode and, if negative, repeated 3 months
later. Because almost all HSV-2 infections are sexually
acquired, type-specific HSV-2 antibody indicates
anogenital infection, but the presence of HSV-1 anti-
body does not distinguish anogenital from orolabial
infection.23 Type-specific serologic analysis can aid in
the classification of infection as primary, non-primary,
or recurrent, and thus may guide counseling. It may
help to manage sex partners of persons with genital
herpes, and may also be used in screening.

The differential diagnosis of labial ulcerations seen
in  genital herpes includes primary syphilis (one or
more painless, indurated ulcers occurring at the site of
inoculation), and chancroid (painful, tender, non-
indurated ulcerationss characterized by a serpiginous
border surrounding a friable base covered with gray or
yellow, necrotic, purulent exudates). Noninfectious
conditions that can mimic genital herpes include
Crohn’s disease, Behçet’s syndrome, trauma, contact
dermatitis, erythema multiforme, Reiter’s syndrome,
psoriasis, and lichen planus.

Treatment
Although herpes infections enjoy the most efficacious
antiviral therapy, the available agents neither eradicate
latent virus nor affect subsequent risk, frequency or
severity of recurrences after administration of the drug
is discontinued. The mainstay of herpes antiviral ther-
apy is acyclovir. It has demonstrated the ability to alle-
viate symptoms of both primary and recurrent herpes
infection. Acyclovir is available in both oral and intra-
venous forms for systemic treatment and in ointment
for topical use. Recently, two new derivatives, famcy-
clovir and valacyclovir (an acyclovir prodrug) have
been approved for the treatment of herpes infections.
Their main advantage resides in their favorable phar-
macokinetic profile, allowing administration of fewer
doses per day compared to acyclovir. HSV infections
that are resistant to acyclovir, valacyclovir, or famci-
clovir are rare, and when they occur, they are usually in
immunocompromised persons.

The CDC recommendations for the use of acyclovir,
valacyclovir and famciclovir in sexually acquired

herpes infections are listed in Table 158.5. Systemic
acyclovir provides partial control of the symptoms and
signs when given to patients with first clinical episode
or when used as suppressive therapy. Topical acyclovir
provides no benefit in the episodic treatment of genital
herpes and is not recommended.23 In recurrent
episodes the effect of acyclovir therapy can be achieved
only if the treatment is instituted during the prodrom
or at the first sign of a recurrence; even then the bene-
fit of the treatment is quite limited, and the impact on
pain and itching is minimal.88 Consequently, its use in
immunocompetent patients with recurrent disease is
not generally recommended.23

Daily suppressive therapy with oral acyclovir in
patients with frequent recurrences of HSV (i.e., six or
more episodes per year), reduces the frequency of
episodes by at least 75%. Suppressive treatment will
also significantly reduce although not totally elimi-
nate viral shedding and the potential for its transmis-
sion.91,113 Safety and efficacy have been documented
for as long as 5 years of daily administration. Patients
should be advised yearly to discontinue the suppres-
sive therapy; since frequency of genital recurrences
decreases over time for both patients who receive sup-
pressive therapy and those who do not, withholding
the drug periodically allows for reassessment of
whether suppression is still needed.

Symptomatic sex partners should be managed in
the same manner as any patient with genital lesions.

The safety of systemic acyclovir therapy among
pregnant women has not been established, although
current registry data do not indicate an increase in the
number of birth defects.114 There is no information
on the effectiveness of preterm acyclovir treatment of
mothers with recurrence of genital herpes at time of
delivery. Acyclovir administration to pregnant women
is indicated only for life-threatening maternal HSV
infection. All infants with evidence of neonatal herpes
should be treated with systemic acyclovir.115

Case detection and prevention
During symptomatic episodes of genital herpes,
patients should abstain from sexual contact until the
lesions are healed completely. Because most instances
of transmission result from exposure to an asympto-
matic carrier, the use of a condom is recommended for
any person who has evidence of prior HSV-2 infec-
tion. When condoms are used during more than 70%
of sexual encounters between an HSV-2-positive man
and an HSV-2–negative woman, the risk of transmis-
sion is reduced by more than 60%. Another approach
is the use of antiviral suppressive therapy in the
seropositive partner. Neither approach, however,
completely eliminates the risk of transmission.97

During the initial antenatal visit, the pregnant
women should be questioned carefully about a history
of genital herpes in herself or her partner. The devel-
opment of signs and symptoms of genital herpes at
any time during pregnancy requires that samples from
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the patient be cultured to confirm the diagnosis.
Weekly cultures should be obtained if a positive cul-
ture is documented and should be repeated until a
negative result is obtained.23 Although primary genital

HSV in early pregnancy may cause spontaneous
abortion, congenital infection is uncommon. Hence,
therapeutic abortion is not recommended for pregnan-
cies complicated by primary infection.2 Because pri-
mary genital herpes contracted late in pregnancy
usually is associated with prolonged shedding and fre-
quent reactivation, it has been suggested that weekly
viral cultures should be obtained from these women.90

If viral shedding ceases before labor ensues and there is
no clinical evidence of disease activity, vaginal deliv-
ery should be permitted. However, if viral shedding
continues until delivery, a cesarean section is recom-
mended.90 Since infants born vaginally to mothers with
primary infection are at particular risk of invasive dis-
ease, consideration should be given to the early empiric
use of acyclovir in this circumstance.2

Although many infants with perinatal HSV infec-
tion are born to mothers with asymptomatic genital
infection, the risk of transmission of the virus to the
newborn remains very low (1/5000 live births to mothers
with history of recurrent genital herpes). Weekly sur-
veillance for asymptomatic HSV shedding in mothers
near term is extremely expensive.2 Moreover, asymp-
tomatic intrapartum shedding of HSV is not pre-
dictable from antepartum cultures for HSV.2 Based on
these considerations, the following approach is now
recommended by most authorities.112 Any woman
with a history or recurrent genital herpes should have
a careful genital examination conducted during
admission for delivery. If lesions consistent with her-
pes are present, abdominal delivery should be under-
taken. Cesarean section should be done ideally before
membranes rupture or as soon thereafter as possible;
however, abdominal delivery does not prevent all
cases of neonatal herpes, even when done before the
membranes rupture. In a recent surveillance study, 10
of 184 infants with neonatal herpes were delivered by
cesarean section before the membranes ruptured.116 If
no maternal lesions are present at delivery, vaginal
delivery is recommended.

Several small randomized studies have suggested
that suppressive acyclovir therapy during the last four
weeks or so of pregnancy in women with a history of
genital herpes decreases the occurrence of clinically
apparent genital HSV disease at the time of delivery,
with an associated decrease in the rate of cesarean
sections performed because of genital HSV. However,
because viral shedding still occurs (albeit with
reduced frequency), neonatal infection is still possi-
ble. There are currently insufficient data to justify the
routine use of suppressive therapy in pregnant
women who have had genital herpes.97

The infected mother and any other infected family
members must be instructed in proper hygienic tech-
niques to prevent postnatal transmission of infection
to the newborn. Breast feeding is allowed unless
lesions of the breast are present.

An HSV-2 glycoprotein-D-subunit vaccine was
recently demonstrated to be safe and, in women
who were seronegative for HSV-1 and HSV-2 before

1704 Sexually transmitted infections in women with special reference to pregnancy

Table 158.5 Centers for Disease Control and
Prevention recommended regimens for treatment of
sexually acquired herpes infection23

Condition Regimen

First clinical episode

Genital herpes Acyclovir 200 mg orally 5 times 
a day for 7–10 days

or

Acyclovir 400 mg orally 3 times 
a day for 7–10 days

or

Valacyclovir 1 g orally
twice a day for 7–10 days

or

Famciclovir 250 mg orally
3 times a day for 7–10 days

Herpes proctitis Acyclovir 400 mg orally 
5 times a day for 10 days

Recurrent episodes Acyclovir 200 mg orally
5 times a day for 5 days

or

Acyclovir 800 mg orally
2 times a day for 5 days*

or

Valacyclovir 500 mg orally
2 times a day for 3–5 days

or

Valacyclovir 1.0 g orally
once a day for 5 days

or

Famciclovir 125 mg orally
2 times a day for 5 days

Suppressive therapy Acyclovir 400 mg orally
2 times a day

or

Valacyclovir 500 mg orally once a day

or

Valacyclovir 1.0 g orally once a day

or

Famciclovir 250 mg orally
2 times a day

Severe disease Acyclovir 5–10 mg/kg body weight
IV every 8 h for 5–7 days or until
clinical resolution is attained

Perinatal infection Acyclovir 30 mg/kg body weight 
IV per day for 10–14 days

*An even shorter regimen of acyclovir for the treatment of recurrent
episodes (800 mg orally 3 times a day for 2 days) was found to be
significantly superior to placebo (Wald A, et al. Clin Infect Dis
2002;34:944)
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vaccination, reasonably effective in preventing clini-
cally apparent HSV-1 or HSV-2 genital herpes disease
(efficacy, 75%).57 The vaccine was neither effective in
men, nor in women with preexisting anti–HSV-1 anti-
bodies.117 Further study of this vaccine in women who
are seronegative for HSV-1 and HSV-2 is under way.

Trichomoniasis
Trichomoniasis is one of the most common sexually
transmitted diseases, affecting millions of people
worldwide.118 It represents a vexing health problem
especially for women in whom it can cause a persistent
discomfort if untreated. More recently, trachomonal
infection has been incriminated as a significant risk
factor for premature rupture of membranes, preterm
birth and posthysterectomy vaginal cuff cellulitis.119

The association of trichomoniasis with HIV acquisition
seems to be clear.120

The pathogen and pathogenesis
Trichomonas vaginalis is a motile, ovoid, flagellated
anaerobic protozoan. T. vaginalis lives only in the
genitourinary tract, and human beings are its only nat-
ural hosts. This extracellular parasite has four anterior
flagella and a fifth posterior flagellum which extends
along its body and is embedded in an undulating
membrane. The presence of hormonal receptors has
been demonstrated on the protozoan’s cell surface.
The parasite is actively mobile and is easily identified
by its characteristic twitching motility. T. vaginalis
can survive only on squamous epithelial cells lining
the anterior fornix of the vagina, Skene glands and
urethra in women and in the urethra, the prostate and
the foreskin of uncircumcised men.121

Trichomonas vaginalis attaches to mucosal cells via
specific adhesions. It can damage epithelial cells by
releasing a cell-detaching factor122 and cause micro-
ulcerations; there is no invasion of the mucosa.118

T. vaginalis produces phospholipases and proteases,122

and activates the alternative complement pathway.
The parasite attracts polymorphonuclear neutrophils
which can kill the organism. On the other hand, it can
sense and move away from toxic materials such as
products of polymorphonuclear oxidative metabolites
and metronidazole.119,121 Protective immunity does
not occur with trichomoniasis. The antigenic diver-
sity, which is displayed on the parasite’s external
membrane and subject to regulation, may also con-
tribute to the pathogenicity.122 Trichomoniasis is often
associated with a change of the normal vaginal envi-
ronment consisting of an overgrowth of facultative
and anaerobic bacteria and reduction of lactobacilli.

Evidence regarding the association between
T. vaginalis infection and adverse pregnancy outcome
has been conflicting.118,121–125 Trichomoniasis during
pregnancy has been associated with premature rup-
ture of membranes, preterm birth, low birth weight,
postpartum fever and postabortal infection. It has

been suggested that the role of trichomonal infection is
rather indirect, acting via the associated overgrowth of
anaerobic bacteria.121 In a large multicenter study, after
adjusting for demographic, behavioral, and micro-
biological variables, trichomonas was significantly
associated with low birth weight, premature rupture of
membranes, and preterm delivery.123 However, preg-
nant women with asymptomatic trichomoniasis who
were treated with metronidazole had higher rates of
preterm delivery than those who received placebo.126

Epidemiology
Trichomoniasis is transmitted almost exclusively by
sexual contact. The parasite is more readily transmit-
ted to women (85% infectivity after exposure) than to
men (70% infectivity).122 Perinatal acquisition has
also been documented with transmission rates of
2–17% of female offspring of infected women.127

Because the organism can survive for hours on moist
objects and clothing used by infected women, non-
sexual transmission by fomites is theoretically possi-
ble although it should be extremely rare, and no
well-documented cases were reported.121 Yet, high
prevalence of trichomoniasis was found in some insti-
tutionalized populations.118 The incidence of tri-
chomoniasis is highest among Black women, women
with multiple sexual partners and in those with his-
tory of STI.119 Unlike other STIs, trichomonal infec-
tion is more evenly distributed among sexually active
women of all age groups, with a mean age of 35 years;
Reproductive hormone levels may be partly responsi-
ble for higher prevalence of trichomoniasis in older
women. Trichomoniasis is frequently seen with other
STIs, particularly chlamydial infection (15–28% co-
infection rate) and gonorrhea (10%), and may be a
sensitive marker of high-risk sexual behavior. It is also
often seen in association with bacterial vaginosis.120

Hence, women with trichomonal infection should be
evaluated for the presence of other STIs. The infection
is less common among women using oral contracep-
tives than in women using no form of birth control.119

Estrogens may act by changing the vaginal environ-
ment or directly on the pathogen itself.128

Acquisition of HIV has been associated with tri-
chomoniasis in several studies conducted in Africa,
possibly as the result of local inflammation often
caused by the protozoan.120

Trichomoniasis is the most prevalent non-viral STI.
It has been diagnosed in about 5% of US women in
family planning clinics compared with 13–25% of
women attending gynecology clinics, up to 40% of
women attending STD clinics and 50–75% of prosti-
tutes.118,122 The incidence of trichomonal infections
appears to be declining during the last decade in the
US and Western Europe. A Swedish STD clinic
reported a prevalence of 5.4% in 1980, while in 1987,
it was only 0.7%.129 A decline by 30% in the incidence
of trichomoniasis was observed in genitourinary
medicine clinics in England and Wales between 1976
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and 1986.130 In Israel in the early 1990s, trichomonal
infection was diagnosed in 7% of women attending a
gynecology clinic for vaginal symptoms and in 2% of
asymptomatic women seen in the same clinic (author’s
unpublished data). In a study conducted recently in
Burkina Faso, trichomononiasis was diagnosed in
27.8% of women with genitourinary complaints.131

In pregnant women, the prevalence of trichomonia-
sis is generally similar to that in the general feminine
population. In a multicenter survey between 1984 and
1989 among pregnant American women from urban
clinics, the prevalence of trichomoniasis at mid-
pregnancy was 12.6% (range 8.5–21.8%). The infection
rate was 6.2% among White women, 6.6% among
Hispanic and 22.8% in Black women.132 Women colo-
nized with T. vaginalis were significantly more likely to
be Black, cigarette smokers, unmarried, less educated,
had greater number of sexual partners and a history of
gonorrhea.123 A study from Britain reported a 4% infec-
tion rate among third-trimester women.127 In Africa the
prevalence rate of trichomoniasis in pregnant women
has ranged from 10% to 30%, and it often did not differ
significantly from that among prostitutes.

Clinical manifestations
Between 10% and 50% of women attending an
STD clinic who carry T. vaginalis are asymptomatic,
while most (90%) infected men appear to be asymp-
tomatic.119 The incubation period in women ranges
from 5 to 28 days.133 Symptoms are nonspecific and
cannot be used to differentiate trichomoniasis from
other genital infections. They begin or exacerbate
during or immediately following the menstrual
period. Vaginal discharge is noted by 50–75% of
infected women. About 10% of the women describe
the discharge as malodorous. One-fourth to one-half of
the symptomatic women complain of pruritus which is
often severe. Up to one-half of patients report a dys-
pareunia; the same proportion of women may note
dysuria. Urinary tract infection may be common; thus
consideration should be given to the presence of tri-
chomoniasis for women with dysuria as a sole com-
plaint. Lower abdominal pain, possibly resulting from
pelvic lymphadenitis, has been described by 5–12%
of the patients; salpingitis caused by other sexually
transmitted organisms should be ruled out. Physical
examination reveals a diffusely erythematous vulva in
up to one-third of the patients; edema may be noted
with more severe infection. Excessive, rather loose
discharge, which pools in the posterior vaginal fornix,
is noted in most infected women. The typical yellow-
green and frothy discharge is seen in less than a half
of the patients. Although yellow secretions are sug-
gestive of trichomoniasis, they can also be seen in
mucopurulent cervicitis and desquamative inflamma-
tory vaginitis; a frothy discharge is also found in bac-
terial vaginosis. The vaginal walls are erythematous
in up to 75% of patients with trichomoniasis. The
exocervix is often inflamed; punctate hemorrhages
(colpitis macularis) with strawberry appearance are

observed with a naked eye in about 1–2% of cases, but
in 45% when colposcopy is used. The presence of this
finding strongly suggests trichomoniasis.118

The vaginal discharge has a high pH (> 4.5) in up to
90% of cases. A positive whiff test (malodor produced
by application of 10% KOH on a sample of the vaginal
discharge) and the presence of excessive numbers of
polymorphonuclear leukocytes on a wet mount prepa-
ration are noted in about 75% of patients.118

If untreated, trichomonal infection in women can
last for months and even 3–5 years. Symptoms and
signs of chronic infection do not vary much from
those of acute infection.134 Trichomoniasis can be
rarely complicated by vaginitis emphysematosa in
which gas filled blebs occur in the vaginal wall. The
condition will resolve when infection is eradicated.135

Women with trichomoniasis are more likely to
develop vaginal cuff cellulitis after abdominal hys-
terectomy.136 This complication, like the obstetrical
ones, probably results from the changes in the bacter-
ial flora that accompany the protozoan infection.

Laboratory diagnosis
The accurate diagnosis of trichomoniasis cannot relay
on clinical findings and depends on demonstrating
the pathogen in the vaginal discharge.133

Microscopic examination
Trichomonads can be identified in vaginal secretions
using the wet mount technique. A sample of vaginal
fluid is mixed with a drop of saline on a slide. The
preparation is covered with a cover slip and viewed
under a phase contrast microscope at medium magni-
fication. T. vaginalis is easily recognized by its char-
acteristic movements. This technique detects 60–80%
of cases and is less sensitive in asymptomatic
patients.108 In the majority of cases (50–75%) large
numbers of white blood cells (> 1 per epithelial cell)
are also seen. The epithelial cells appear normal; in
florid infection epithelial cell turnover may be rapid
and increased numbers of parabasal cells (small and
ovid) can be observed. The bacterial flora consists of
either rods or coccobacilli.118

The Gram, Giemsa and acridine orange stains and
Papanicolaou smear are less useful than the wet mount.
Direct fluorescent antibody staining, latex agglutina-
tion, enzyme linked immunosorbent assay and oligonu-
cleotide probe techniques are more sensitive than the
wet mount (80–90%) but less so than culture.119,137,138

The PCR techniques show high sensitivity (~95%) and
specificity (~98%) when performed on vaginal speci-
mens,139 although results may vary, especially in women
and with urine samples.120 As of 2005 these tests are not
yet approved for diagnostic purposes.

Culture
This remains the most sensitive (≥95%) technique for
the diagnosis of trichomoniasis. Culture should
preferably be inoculated anaerobically; most isolates
show growth within 48 h. The modified Diamond’s
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medium is considered the ‘gold standard’122; however,
a modified thioglycolate medium was recently found
to be as reliable and readily available.140 The combi-
nation of culture and wet mount examination will
give a sensitivity close to 100% and remains the stan-
dard approach for detecting T. vaginalis in patient
samples.

Treatment
CDC-recommended treatment regimen is 2 g of
metronidazole as a single oral dose for both females
and males.23 Cure rates range from 82–88%, with
concurrent treatment of partners improving efficacy
to more than 95%.122 Alternative regimens consist of
metronidazole 500 mg orally twice daily or 250 mg
orally three times daily for 7 days. The advantage of
the extended course therapy over the single dose
treatment, is its higher efficacy in men and its
improved tolerance.122 On the other hand, the pro-
longed administration may decrease compliance.
Because of the gastrointestinal side effects of systemic
metronidazole (nausea, bad taste, Antabuse-like
effects), one is tempted to use the drug intravaginally;
however, only systemic therapy is capable of eradi-
cating trichomonads from extravaginal sites. The
major concern with metronidazole administration is
its potential carcinogenicity and teratogenicity.
Although the available literature141,142 does not sup-
port the association between the drug and these risks,
metronidazole remains relatively contraindicated
during the first trimester of pregnancy. Symptomatic
pregnant women may initially be treated with clotri-
mazole, 100 mg vaginal tablet at bedtime for 1–2
weeks, which will cure the infection in some and
relieve symptoms in most cases. After the first
trimester, the CDC recommends the single 2 g regimen
for infected pregnant women.23

In case of metronidazole treatment failure, one
should consider: (a) reinfection from an untreated
sexual partner; (b) noncompliance; (c) increased
hepatic inactivation of the drug (e.g., when coadmin-
istered with phenobarbital); and (d) true drug resist-
ance. Metronidazole resistance remains rare and can
be overcome with higher and more prolonged regi-
mens: 2 g daily for 3–14 days, with or without intrav-
aginal metronidazole tablets, 500 mg twice daily.
Some resistant cases have been cured with intra-
venous metronidazole, up to 2 g every 6–8 h for 3 days
or more.119 Successful therapy with tinidazole
(another 5-nitromidazole derivative) 2 g daily for
2 days or more, has been reported in a number of
metronidazole resistant cases.134

Prevention
Asymptomatic infected women should be treated
because they represent an important reservoir of the
pathogen; moreover, about one-third of these women
will become symptomatic during the following few
months. Sex partners should be treated. Infected male

sex partners are usually asymptomatic. Patients
should be instructed to avoid sex until patient and
partner are cured. Screening for T. vaginalis of high-
risk pregnant women on entry into prenatal care and
of those undergoing high risk obstetrical or gynecolo-
gical procedures has been advised.122

Genital warts (human
papillomavirus infection)
Human papillomavirus (HPV) attacks the squamous
epithelium and causes lesions ranging from benign
genital warts (condyloma acuminatum) to dysplasia
and invasive squamous carcinoma of the lower genital
tract. In pregnant women, genital warts may rapidly
enlarge with advancing gestation and mechanically
obstruct labor. Perinatal exposure may result in the
development of laryngeal papillomatosis in the
infant. Only the clinical aspects of genital warts will
be discussed herein, the carcinogenic effects of HPV
being beyond the scope of this chapter.

The pathogen and pathogenesis
Human papillomaviruses are highly species-specific,
and cross-species infections do not occur. The virus,
which is non-enveloped, has an icosahedral capsid
containing a double-stranded circular DNA genome.
Over 70 types of HPV have been identified based on
DNA homology, approximately one-third of which
infect the genital tract.143 Each type is associated with a
distinct histopathologic process: benign exophytic and
flat genital warts are most commonly caused by HPV
types 6 and 11 and less often by types 42–45.144,145 The
types that are strongly associated with dysplasia and
carcinoma (e.g., 16, 18, 31, 33 and 35) usually cause
subclinical infection, although occasionally are found
in exophytic warts.

It is assumed that the virus replicative cycle begins
with the entry of particles into the basal epithelial
cells. Some infected cells undergo the characteristic
transformation of koilocytosis consisting of large,
polygonal squamous cells with a shrunken nucleus
lodged inside a large cytoplasmic vacuole.144 It is
speculated that HPV infection may persist throughout
life in a dormant state and become infectious inter-
mittently. Exophytic genital warts may rarely trans-
form into squamous cell carcinoma.144 Women with a
history of anogenital warts have a 30-fold increased
risk of anal cancer.146

Anti-HPV antibodies, which tend to disappear with
disease resolution, probably contribute to virus neu-
tralization.144 The importance of the cellular immune
system in the resolution of HPV disease is suggested
by the observation that the regression of one wart is
frequently followed by disappearance of others.144

The decrease of HPV prevalence in older women may
suggest an increase in immunity to HPV with age.147

HPV infection occurs frequently and is often more
severe in patients with both primary and secondary
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immune deficiencies. Genital warts are particularly
persistent in patients with diabetes mellitus, organ
transplantation, corticosteroid therapy, lymphoma or
HIV infection.144

The suppressed cellular immunity may probably
explain the increased incidence and severity of HPV
disease in pregnancy.144 It has been suggested that
hormonal changes during pregnancy may also play a
role in the enhancement of viral infection or expres-
sion.143,148 Transmission during delivery can result in
the development of juvenile laryngeal papillomatosis
which is most commonly associated with types 6 and
11. Rarely the disease can spread to the trachea and
bronchi.145

Epidemiology
About two-thirds of sexual contacts of patients with
anogenital warts subsequently develop the disease.144

The risk of acquiring condyloma acuminatum is
strongly associated with increased number of sexual
partners and younger age.147,149,150 Whether patients
with subclinical HPV infection are as contagious as
patients with warts is unknown. In children, anogen-
ital warts should raise the suspicion of sexual abuse;
however, about one-fifth of prepubertal children with
condyloma acuminatum have ‘non-genital’ types of
HPV.144 Infants can acquire the virus during passage
through an infected birth canal.151 Many children
with respiratory papillomatosis are first-born infants
who were delivered vaginally to young mothers.151

Acquisition of the virus in utero is also possible, prob-
ably by ascending infection from the mother’s genital
tract, as suggested by cases in which the disease was
documented at birth even after cesarean deliv-
ery.144,152,153 The role of fomites in the transmission of
HPV if not clear, although theoretically possible since
HPV is resistant to heat.

It is estimated that genital HPV causes approximately
30 million new infections annually.149 Anogenital warts
are the most common viral sexually transmitted in the
United States and United Kingdom.149 Several studies
conducted in these countries have shown that the inci-
dence of the disease has continued to increase rapidly
in the 1980s.144,149 A comparative analysis of women
attending a STD clinic and college women showed that
11% of the patients with an STD but only 2% of the
college students presented with visible genital warts.
However, when cervical specimens from women with-
out visible lesions were analyzed, 10% of the patients
with an STD and 11% of the students were positive for
HPV DNA or antigen.154 In a recent investigation
among an ethnically diverse group of urban adolescent
females, genital HPV infection was documented in
24%, while genital warts were observed in 3.5% of
women. There was a strong association with number of
lifetime sexual partners; no ethnic difference in preva-
lence was noted.150 A similar prevalence of genital HPV
DNA (29%) was documented among women attending
a STD clinic in Jamaica.147 In Sweden, one-third of

women 25 years of age and younger who visited a con-
traception clinic reported a history of condyloma.149

Clinically apparent HPV infection of the female
genital tract seems to occur more frequently during
pregnancy and regresses rapidly after delivery.155,156

Schneider et al.157 reported detection of HPV DNA in
exfoliated cervical cells of 28% of pregnant women
compared with 12.5% in non-pregnant women
control women. In their longitudinal study, Rando
et al.148 have observed a dramatic increase in the per-
centage of pregnant women harboring HPV DNA in
exfoliated cervical cells from the first (21%) to the
third trimester (46%), with a sharp decrease in the
postpartum examination (17.5%). This association
between pregnancy and increased prevalence of HPV
infection was not reconfirmed in a recent cross-
sectional study.158 Transmission of HPV from infected
mothers to their newborns is rare and does not appear
to be associated with persistent infection. Transmis-
sion rates are similar for newborns born vaginally and
those delivered by cesarean section.159

Laryngeal papillomatosis has a bimodal age distri-
bution with peaks in children 2–5 years of age and
young adults. It is estimated that the incidence of
juvenile respiratory papillomatosis is similar to that
of neonatal HSV infection: 1/2500 to 1/10,000 cases
per year.143

Clinical manifestations
Wives of American soldiers returning from the Korean
war with penile warts developed genital warts after an
incubation period of 4–6 weeks after exposure.144 The
majority of lesions are located in the posterior introi-
tus and to a lesser degree in the labia majora and
minora and the clitoris. Other sites that may be
involved are the perineum, vagina, anus and ure-
thra.144 Only rarely do condylomata develop in the
cervix.143 The warts appear as flesh- to gray-colored
exophytic papules, either sessile or, more frequently,
attached by a short, broad peduncle. Their size ranges
from less than a millimeter in diameter to several
square centimeters when they merge into plaques. Flat
condyloma can be demonstrated on the uterus cervix
by colposcopy after soaking with 3% acetic acid.
Typically these lesions are shiny, white patches with
poorly defined borders and an irregular surface con-
taining characteristic capillary loops.144 In the vagina,
in addition to the flat condylomas, small white nodosi-
ties, called spiked condylomas, have been described.144

About one-fourth of patients with anogenital warts
are symptomatic.144 Itching, burning, tenderness and
pain are common complaints. Not less important are
the psychological consequences of the disease that
may be severe.144 Spontaneous remission of lesions
may occur: this has been noted in 10–20% of
untreated patients over a few months’ period.144

During pregnancy condylomas may become so
large as to impair normal delivery mechanically.144

The lesions often regress spontaneously after delivery.
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Patients with laryngeal warts present with hoarseness
or, in infants, with an altered cry; respiratory distress
may follow. Rapid growth of lesions in young chil-
dren often threatens the patency of the upper respira-
tory tract and may require repeat surgical excision to
prevent suffocation. If spread to the lower respiratory
tract occurs, lesions can lead to obstruction, infection
and respiratory failure.144

Diagnosis
Because of their distinctive appearance genital warts
are usually diagnosed by physical examination.
Condyloma acuminatum should rarely be confused
with other STDs, although it may be difficult to dis-
tinguish from molluscum contagiosum, particularly in
its more atypical form. Molluscum contagiosum is a
benign human disease caused by a pox virus. Of world-
wide occurrence, it spreads by close contact, including
sexual intercourse. The typical lesions are in the form
of small firm umbilicated papules which resolve spon-
taneously. In contrast to condyloma acuminatum, the
lesions of malluscum contagiosum tend to predomi-
nate over the pubis and are rarely pedunculated, but
rather appear to be very smooth sessile domes from
which cheesy material can be expressed.160

The use of colposcope with prior application of an
acetic acid solution is an important diagnostic tool
for HPV infection. To confirm diagnosis, careful col-
poscopic examination of the genital area should be
done after application for 3–5 min of a 3% acetic
acid solution; the white epithelium should be noted
and biopsied. Koilocytes on histology or cytologic
smear are the hallmark of HPV infection. Depending
on the patient’s age, the location and the nature
of the HPV infection, the sensitivity of Pap’s smear
in detecting the infection ranges from 30% to
90%.144 Dysplasia and malignant changes should be
ruled out.

Diagnosis of HPV infection by DNA detection is
currently possible, but no consensus exists as to the
indication for such testing in clinical practice. No
clear management strategy has been established for
patients who test positive for HPV DNA but who have
no detectable high-grade dysplasia.

Treatment
With the currently available therapeutic arsenal, the
only clear indication for treatment of HPV infection is
alleviation of symptoms and restoration of normal
anatomy when large lesions obstruct the birth canal.23

Most therapeutic means consist of physical and
chemical destruction of macroscopic lesions; no
therapy has been shown to eradicate HPV and recur-
rence rates are high with all modalities.143 No studies
have assessed whether treatment of warts reduces
transmission of HPV.

Treatment of genital warts should be guided by
the preference of the patient, while taking care to

avoid expensive, toxic and scar-forming modalities.
For women with cervical warts, dysplasia must be
excluded before therapy is started.

For the treatment of extensive warts, carbon diox-
ide laser and surgery are most useful. Laser is expen-
sive and requires general anesthesia; its efficacy is
43%, with recurrence rate of 5–50%. Surgical exci-
sion is effective in 35–70% of cases with 29% recur-
rence rate23; scarring is common.

Interferon therapy is not recommended by the
CDC because of its cost, frequency of side effects
and an efficacy that is not greater than that of other
methods.23

Imiquimod 5% cream is a topical cell-mediated
immune response modifier. The efficacy of imiquimod
ranges between 30% and 50%, with a relatively low
recurrence rate of 15%. Local inflammatory reactions
are common (70%). Imiquimod can weaken condoms
and diaphragms, and sexual contact is not recom-
mended while the cream is on the skin.

5-Fluorouracil cream frequently causes local irrita-
tion. Controlled experience with this method is
limited, and it is not recommended by the CDC for
treatment of genital warts. The use of 5-fluorouracil in
pregnancy is contraindicated.23

Cryotherapy with liquid nitrogen or cryoprobe is
relatively inexpensive, does not require anesthesia
and can be used in all localizations. It does not result
in scarring if performed properly and is safe in preg-
nancy. The efficacy of cryotherapy ranges between
63% and 88%, with a relatively low recurrence rate of
21–39%.23

Podophyllin is a resin extract of the mayapple
plant. It is simple to use: a 10–25% solution is applied
directly on the wart once weekly and should thor-
oughly be washed-off in 1–4 h. Efficacy rate: 32–79%,
recurrences are seen in 5–30% of cases. Local irri-
tation or pain can occur after treatment. Severe
systemic complications can develop if the solution
is applied on a large area (application should be
limited to a volume not exceeding 1 ml/day). Use
of podophyllin is contraindicated in pregnancy.
Podofilox (0.5% solution) is a purified derivative of
podophyllin. It is less toxic than podophyllin and
can be self-applied by the patient at home. Efficacy is
45–88%; recurrence, 33–60%. It is contraindicated
during pregnancy.

Trichloroacetic acid, 80–90%, has a limited con-
trolled experience. It should be applied only on warts,
and unreacted acid should be removed with talcum
powder. Application is painful and can cause ulcers.
Trichloroacetic acid can be useful for vaginal lesions.
Efficacy is 81% and recurrence rate is 36%. It is safe
in pregnancy.

Few data are available on efficacy of electrodesic-
cation or electrocautery. In a single randomized trial,
electrodessiccation was effective in 94% of cases,
with a recurrence rate of 22%. Local anesthesia is
required, and it can cause moderate discomfort and
leave scarring.
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Removal of genital warts is recommended prior
to delivery. The preferred modalities in pregnancy
include electrocautery, electrodiseccation and cryo-
therapy. Podophyllin, podofilox and 5-fluorouracil
are contraindicated.144

Prevention
After warts have been removed, follow-up is not
necessary. However, annual cytologic screening is
recommended for women with or without warts.
Examination of sex partners is not necessary for man-
agement because the role of reinfection is probably
minimal. The use of condom may reduce transmis-
sion to uninfected sex partners. Cesarean delivery is
not justified solely to prevent transmission of HPV to
the newborn. However, cesarean section may be indi-
cated in rare cases in which warts may be so extensive
as to cause pelvic outlet obstruction, or if vaginal
delivery would result in excessive bleeding.23 Anti-
HPV vaccines against oncogenic strains are currently
under development.

Chancroid
While considered a rare disease in industrialized coun-
tries, chancroid is the most common cause of genital
ulcer disease in many parts of the world, particularly in
the developing countries of Africa and Asia. The dis-
ease is characterized by necrotizing genital ulceration
which may be accompanied by inguinal lymphadenitis
and bubo formation. The most important public health
problem associated with Haemophilus ducreyi infec-
tion is its role as cofactor in transmission of HIV.

The pathogen and pathogenesis
Haemophilus ducreyi is a small pleomorphic gram-
negative coccobacillus with fastidious growth
requirements.161 It is believed that H. ducreyi initiates
an infective process within the genital skin after the
formation of epidermal microabrasions during sexual
intercourse. The pathogenesis of H. ducreyi infection
is still poorly understood. Most wild-type isolates
express pilli. The role of H. ducreyi surface lipooligo-
saccharide and cytotoxin in producing chancroid
lesions is being investigated. Recent data have linked
genital ulcer disease, especially chancroid, to an
increase in heterosexual transmission of HIV infec-
tion.161 No adverse effects of chancroid or pregnancy
outcome or on the fetus have been reported.

Epidemiology
Transmission of the infection from an infected indi-
vidual to a sex partner has been well documented.
A study in Kenya has revealed that 59% of secondary
female contacts of males with chancroid have also
developed H. ducreyi ulcers; only one contact (3%)
carried the organism in the cervix without evidence of

ulcer formation.162 The infection is associated with
low socioeconomic status and poor hygienic condi-
tions.163 Chancroid is most often seen in non-White,
uncircumcised men.163 In North America, only 10%
of the reported cases are in women, an observation
that might be due to clinically unapparent carrier
state and/or infected prostitutes with large numbers of
male contacts.164,165

Chancroid is worldwide in distribution. The infec-
tion is endemic in the tropics, where it is the most
common cause of genital ulcer disease. In sub-
Saharan Africa and Southeast Asia, H. ducreyi can
be isolated from 20–60% of patients with genital
ulcerations.166

Although long considered of rare occurrence in
developed countries, the incidence of chancroid
began to rise in 1986 in the United States and peaked
in 1989 when 5191 cases were reported.164,167 Major
outbreaks of chancroid have recently occurred in
Canada and the United States,164,165 related to prosti-
tution and other forms of promiscuous sexual behav-
ior associated with the use of crack cocaine.167 A high
rate of HIV infection among patients with chancroid
has been reported in the tropics as well as in the
United States. HIV seropositive patients have
increased numbers of genital ulcers which may heal at
lower rates.168 As many as 10% of patients with chan-
croid may be coinfected with T. pallidum or HSV.23

Clinical manifestations
The incubation period of chancroid is usually between
3 and 10 days, although it can extend to several weeks.
The lesion begins as a tender papule surrounded with
erythema. The papule ulcerates within 1–2 days to
form the typical chancroid ulcer which is painful,
minimally indurated and has undermined ragged
edges. The base is covered with a purulent exudate
and bleeds easily during swabbing. Individual ulcers
vary from 1 to 20 mm in diameter. Adjacent lesions
may merge and form confluent giant or serpiginous
ulcerations. Multiple ulcers (up to 10 or more have
been reported) are seen more often in women; they are
frequently due to auto-inoculation (‘kissing ulcers’).
Superinfeciton of ulcers may occur and lead to rapid
and extensive destruction of external genitalia (phage-
denic chancroid). In women, lesions are most often
located at the entrance of the vagina, particularly on
the fourchette, and can also be found on the labia,
clitoris, cervix and anus.161 In approximately half of
the cases painful inguinal lymphadenopathy appears
within a week after the initial lesion. It is usually uni-
lateral and may become fluctuant (bubo). Therapeuti-
cally undrained buboes may rupture spontaneously to
form chronic draining sinuses or extensive ulceration
of surrounding tissue. Extragenital cases of chancroid
with lesions on inner thighs, breasts, and fingers have
been reported but are rarely seen in clinical prac-
tice.168 Untreated, the mean duration of lesions is
approximately 60 days.161,166
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Diagnosis
Clinical diagnosis of chancroid is inaccurate because
genital ulcers of other etiologies may appear similar
and may occur concomitantly. A gram-stained smear
of material from the ulcer may be difficult to interpret
because of the possible presence of various other bac-
teria. Smears of bubo aspirate are more specific when
typical gram-negative coccobacilli are demonstrated,
although the diagnostic sensitivity of the procedure is
low. Diagnosis of chancroid should be confirmed by
isolation of H. ducreyi from a lesion.161 However,
H. ducreyi is an extremely difficult organism to culture
from clinical specimens in the hands of inexperi-
enced laboratory staff, and conventional culture facili-
ties are often not available. Even if culture facilities
are available, it often takes several days for the organ-
ism to grow. The sensitivity of culture relative to the
multiplex PCR is approximately 75%.168

The multiplex PCR technique offers a highly sensi-
tive and specific way to detect H. ducreyi. However,
this is an expensive tool which is mostly used in
research and outbreak investigation.168 Other diagnos-
tic techniques, such as detection of H. ducreyi in ulcer
material by immunofluorescence, oligonucleotide
probes and serologic assays, have been reported.161

Their usefulness in the diagnosis of chancroid
remains to be established.

Because similarity in presentation and possible
coexistence, it is important to exclude syphilis and
HIV infection in every case of suspected chancroid.
Patients should be tested for HIV and syphilis at the
time of diagnosis and 3 months later if initial results
are negative.

Treatment
The classical drugs used to treat chancroid, i.e., tetra-
cycline and sulfamethoxazole-trimethoprim, are no
longer appropriate because of high rates of resistance
to these agents.161 In addition, most isolates of
H. ducreyi in recent years have been shown to pro-
duce β-lactamases.167

The therapeutic regimens proposed by the CDC23

are shown in Table 158.6. Of the recommended regi-
mens, azithromycin and ceftriaxone offer the advan-
tage of single dose therapy,170,171 which is an important
factor in controlling STDs.

In addition to antibiotic therapy, drainage of
buboes by needle aspiration through normal skin, or
incision and drainage, is required to avoid sponta-
neous rupture which may result in chronic draining
sinuses or extensive ulcerations.

Patients with HIV coinfection may need longer
courses of therapy; healing in these patient may be
slower and treatment failures do occur.

If treatment is effective, improvement occurs
within seven days of its initiation. If no improvement
is observed, the following possibilities should be con-
sidered: incorrect diagnosis; coinfection with another

STDs agent; HIV coinfection; lack of compliance; or
isolate is resistant to the administered agent.

Prevention
Symptoms in individuals who had sexual contact with
a patient within the 10 days preceding onset should be
examined and treated. Eradication of infection in
human reservoirs of H. ducreyi, such as prostitutes, is
imperative in controlling outbreaks of chancroid161,164

and may have contributed to the decrease in the inci-
dence of the disease in the United States since 1989. As
for any STD, properly used condom may be useful in
preventing transmission of chancroid.

Donovanosis
Donovanosis (formerly called granuloma inguinale) is
characterized by slowly progressive hypertrophic
ulceration with tissue destruction of the lower genital
tract.

The pathogen and pathogenesis
Calymmatobacterium granulomatis, the causative
organism of donovanosis was discovered by Donovan
in 1905. The encapsulated, pleomorphic gram-negative
bacilli with bipolar densities (‘Donovan bodies’) can
be found in the cytoplasma of large mononuclear
cells. After intracellular multiplication, the organisms
are released from the ruptured intracytoplasmic vac-
uoles to infect other cells. C. granulomatis shares anti-
genic and morphologic characteristics with Klebsiella
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Table 158.6 Regimen proposed by the Centers for
Disease Control and Prevention for the treatment of
chanroid23

Recommended regimens

Azithromycin,* 1 g orally in a single dose

or

Ceftrioxone, 250 mg intramuscularly in a single dose

or

Erythromycin, 500 mg orally 4 times a day for 7 days

Alternative regimens

Amoxicillin, 500 mg, plus clavulanic acid, 125 mg orally
3 times a day for 7 days

or

Ciprofloxacin,** 500 mg orally 2 times a day for 3 days†

*Safety for pregnant and lactating women has not been established
**Contraindicated in pregnant and lactating women and in individuals
< 17 years of age
†A single dose appears to be as effective (recommended by WHO)168
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species. The organism is otherwise poorly characterized
because it is difficult to culture in vitro or to propagate
in laboratory animals.166,172

Epidemiology
Several arguments such as the age distribution of
patients, the frequent coexistence of other STDs and
the predominance of the genital involvement, advocate
for the sexual transmission of the infection. However,
the possibility of additional mechanisms of spread is
suggested by the existence of extragenital lesions and
by the occurrence in young children. The infection
affects predominantly the lower socioeconomic classes
and is characterized by low infectivity.172

Donovanosis is endemic in parts of Africa,
Southeast Asia, southern India, South America, the
Caribbean Islands and among the indigenous popula-
tions of Australia. The disease is rare in Europe and
North America, with less than 100 cases reported
annually in the United States.172

Donovanosis is frequently diagnosed during preg-
nancy, and it has been suggested that pregnancy may
exacerbate the disease.173 However, it is also possible
that the routine examination during pregnancy is
associated with increased detection rate of asympto-
matic lesions.172

Clinical manifestations
The incubation period of donovanosis is 8–80 days, but
may extend up to 6 months.172 The initial small pain-
less papule ulcerates and progresses over a course of
days to weeks into an exuberant beefy-red granuloma-
tous ulcer that bleeds easily. New lesions may form by
auto-inoculation, and multiple lesions may coalesce
into large destructive ulcers. Spontaneous healing
results in scar formation and secondary deformities.
When the scar tissue blocks the lymphatics, lym-
phedema develops that may lead to elephantiasis of
external genitalia. In women, the labia and the
fourchette are most often involved, but lesions can also
be seen in the vagina and cervix. The infection can
spread to the inguinal region causing groin swelling

that involves the soft tissues, but not the lymph nodes
(‘pseudobuboes’).172

Systemic spread is rare but can occur more often in
women with cervical lesions. Hematogenous spread
can result in pelvic granulomas and bone and joint
lesions, while lymphatic spread can lead to lym-
phadenitis in rare cases.172 Constitutional symptoms
should suggest secondary bacterial infection or
another concomitant STD.

Diagnosis
The clinical diagnosis of donovanosis, based on the
identification of characteristic lesions, should be con-
firmed by the demonstration of intracytoplasmic
encapsulated Donovan bodies in macrophages.
A specimen of tissue is obtained by curettage or punch
biopsy from the edge of an active lesion and crushed
between two glass slides to prepare an impression
smear which is stained with Giemsa, Wright or
Leishman stain.174 Under the microscope the organ-
isms appear in clusters of blue or black with the char-
acteristic safety-pin configuration. In cases where
malignancy has to be ruled out, biopsy specimens are
mandatory. If the diagnosis of donovanosis cannot be
confirmed by microscopy, the genital ulcer should be
cultured for H. ducreyi.166

Treatment
Most information on therapeutic efficacy of various
antibiotic regimens derives from open, non-compara-
tive trials. Tetracyclines, in a standard dosage, are
considered the drug of choice. Trimethoprin-sul-
famethoxazole, administered for at least 2 weeks, has
also been reported to be effective. Comparable results
were obtained with erythromycin, 500 mg four times
daily, which has been used mainly in pregnant
women.173 Other useful antibiotics are the quinolones,
chloramphenicol and aminoglycosides.172 With suc-
cessful therapy lesions begin to heal from the edges
toward the center. Treatment should be continued
until complete epithelialization occurs.172
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Epidemiology
In the latter part of the 1990s, human immunodefi-
ciency virus (HIV) infection spread to all continents,
infecting some 30,000,000 individuals.1 The greatest
burden of the infection was felt in the developing
world, where an estimated 90% of infected individuals
resided. The World Health Organization has estimated
that by the year 2000 a total of 40,000,000 individuals
will have been infected by the AIDS virus since the start
of the epidemic in 1981.2 Four different patterns of
spread of HIV have been described.3 Pattern 1 is seen
mainly in the developing world; HIV infection spreads
mainly as a sexually transmitted disease (STD), about
50% of those affected being women. Pattern 2 is seen
mainly in the developed world; the virus spreads
mainly among homosexuals, drug abusers and persons
receiving contaminated blood transfusions. Hetero-
sexual spread is the exception rather than the rule and
thus only 20% of HIV seropositives are women, and
most are intravenous drug abusers. Although the rate of
heterosexually acquired HIV infection among females
in pattern 2 countries has been increasing steadily, it
is not expected to reach the rates in the developing
world.4 Pattern 3 spread has been described in
Southeast Asia and India,5,6 and is characterized by a
late introduction of HIV infection (in the early 1990s)
and a rapid spread among heterosexuals. Male-to-
female ratios reach African proportions of roughly 1:1.
Pattern 4 spread has been seen in the Middle East, with
a slow spread of the epidemic, mainly among estab-
lished groups with risky behavior.7,8

The AIDS virus, target cells
for the virus and molecular
epidemiology of HIV1
The AIDS virus, human immunodeficiency virus 1
(HIV1), is a member of the retrovirus family to which

three other human viruses [HIV2, human T-cell
lymphoma virus 1 (HTLV1) and HTLV2] and several
other primate viruses (SIV in monkeys, FELV in cats)
belong. Only HIV1 and HIV2 cause immunodeficiency,
but HIV2, a less pathogenic virus than HIV1, is
endemic only in West Africa.9 HIV1 has spread world-
wide. Like other retroviruses, HIV1 is characterized by
the retroversion of its genetic material, from RNA to
DNA, upon penetration to target cells. This retrover-
sion is done by the viral enzyme, reverse transcriptase,
in the cytoplasm of target cells. The AIDS virus uses
two major receptors on target cells for anchoring and
penetration: CD4 and CCR5/CXCR2.10–12 Research on
CD4 receptors detected their abundance on T-helper
cells, macrophages, Langerhans and glia cells. All these
cells are thus targets for HIV1. Although no CD4 recep-
tors were detected on spermatozoites, HIV1 was
detected,13 the idea being that CD4 receptor is present
but not expressed on spermatozoites.9 The CCR5/
CXCR2 receptors were shown in 1996 to be second
and indispensable receptors for HIV to penetrate tar-
get cells.10 It was also shown that macrophages and
Langerhans tropical strains of HIV uses the CCR5
receptor, while lymphocyte tropical strains use the
CXCR2 receptor.12 As was recently shown, the lack of
this second receptor confers natural resistance to HIV
infection.11

HIV subtypes and their importance
HIV1 is constantly mutagenic in its component (enve-
lope, core and enzymes). The rate of mutations, how-
ever, is not constant.12 Mutations in the envelope
region tend to cluster in several patterns, giving rise to
different viral clades (quasispecies, subtypes). Eight
HIV subtypes (A–F) were thus described. All were
found to circulate in equatorial Africa. Only the B
subtype is endemic in North America, Europe and
Australia, while in Southeast Asia, the B, C and E sub-
types predominate.15,16 Some studies have recently
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suggested that different viral strains have different
tropism to target cells in the immune system: E and C
HIV subtypes replicate better in Langerhans cells,
which are abundant in the sexual organs, while B sub-
types replicate better in peripheral blood lymphocytes
derived from the circulation.17,18 The suggestion was
made that this different pattern of replication may
account in part for the difference in the prevailing mode
of transmission of HIV in the different continents. Thus,
in areas where non-B subtypes prevail (Africa and
Asia), heterosexual transmissions of the virus prevail. In
areas where the B subtype prevails, contact with con-
taminated blood plays a significant role in HIV trans-
mission. Recently, a preferential expression of the CCR5
receptor on Langerhans cells was proposed as account-
ing for the preferential heterosexual transmission of
macrophage tropical HIV strains.18,19

Diagnosis of HIV1 infection
The mainstay of diagnosis of HIV1 is antibody tests
(AIDS tests).19 Two types of tests are being used: ELISA
tests for screening and western blot tests for confirma-
tion. Screening tests, very sensitive and somewhat less
specific, employ selected recombinant HIV proteins as
antigens. Confirmatory (western blot) tests employ all
HIV proteins as antigens. Since confirmatory tests are
more specific than the screening tests, all positive
screening tests need to be confirmed. Diagnostic pit-
falls of HIV infection arise mainly in two situations:

(1) The initial 3 months following seroconversion
(‘window period’). In this period antibody levels
are too low to be detected with the current HIV
screening tests, giving false-negative results.

(2) During the perinatal period and up to 18 months
of age in infants born to HIV seropositive mothers.
Due to passive transfer of HIV antibodies through
the placenta, HIV antibody tests in these infants
will invariably be positive even if perinatal trans-
mission of HIV did not occur. Since the current
rate of HIV transmission in zidovudine-treated
women is about 8%, most perinatal HIV antibody
tests give false-positive results21 (discussed else-
where in this book). All infants seropositive due
to passive transfer will serorevert by 18 months.22

To overcome the diagnostic difficulties during these
periods, HIV(P24) antigen tests can be used. The pres-
ence of HIV antigen in the serum points to active
replication of HIV (established infection). A positive
test in the window period or during the perinatal
period confirms the presence of true HIV infection.
Clinical data suggest, however, that the sensitivity of
the antigen test may not be higher than the current
antibody tests.23

Other potentially useful tests in this category
employ virologic tests: the polymerase chain reaction

technique for detection of HIV DNA sequences in
lymphocytes and for measuring HIV viral load.
Negative tests by 6 months of age exclude perinatal
HIV transmission.22

Natural history of HIV infection:
viral dynamics
During the initial 2–10 weeks following seroconver-
sion, acute HIV syndrome, with a pattern resembling
infectious mononucleosis, may appear in 50–80% of
individuals.24 The main symptoms of fever, macu-
lopapular rash and lymphadenopathy are at times
accompanied by meningoencephalitic features. Viral
load during this phase is very high, with millions of
copies of HIV RNA/ml. The syndrome usually resolves
spontaneously, viral load decreases to lower levels and
the infected person enters the asymptomatic clinical
phase, lasting an average of 2–8 years. During this
period, massive viral replication and destruction of
target cells continues relentlessly, mainly in the lymph
glands. On average, some 2 billion CD4 + cells are
eliminated by the virus every 24 h with partial replen-
ishment from preexisting pools.24–26 This gradual elim-
ination of CD4 + cells leads to the gradual loss of
almost all cell-mediated immunity, which, in turn,
results in the development of full-blown AIDS (the
reactivation of opportunistic infections) and death,
usually by 8–10 years following infection.

Drug therapy for HIV infection
The late 1990s have witnessed significant break-
throughs in the field of antiretroviral treatment.27 The
combination of two, three or four drugs highly active
antiretroviral (HAART) of the reverse transcriptase
and protease inhibitors has shown promise in arrest-
ing HIV replication over long periods and lowering
HIV load in plasma to undetectable levels. In addi-
tion, these ‘cocktail’ HAART combinations prevented
the emergence of resistant HIV mutants over periods
of over 2 years.28,29 The clinical effectiveness of these
combinations was soon to be manifested in the form
of lowering hospitalization and death rates of AIDS
patients.30 The ‘cocktail’ combinations are available
only in the West. Their cost prohibits their present
and future usage in the developing world, where most
HIV infections occur. Although very effective, the
long-term side effects and effectiveness of these com-
binations are still unknown.

Three types of antiretroviral agents form the cur-
rent ‘cocktail’ combinations:

(1) Reverse transcriptase inhibitors: These drugs,
nucleic acid analogs, cause chain termination in
the process of transcribing HIV RNA to DNA by the
viral enzyme reverse transcriptase in the cytoplasm.

1718 Human immunodeficiency virus/AIDS in pregnancy and delivery
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The currently approved drugs are zidovudine,
zalcitabine, didanosine, 3TC and D4T. When
given as monotherapy, these drugs lose their
effectiveness after a few months due to the rapid
emergence of resistant mutations of the reverse
transcriptase enzyme. The drug should be admin-
istered in combination with other drugs, non-
reverse-transcriptase inhibitors, in order to lower
the rate of emergence of resistant viral mutants.

(2) Non-nucleoside reverse transcriptase inhibitors:
These block reverse transcription by mechanisms
other than being nucleoside analogs. These drugs
should always be given in combination with other
drugs. The available drugs are nevirapine, atevri-
dine and delavridine.

(3) Protease inhibitors: These drugs block HIV pro-
tease activity during proteolitic cleavage of viral
proteins following transcription. Despite their
great in vitro effectiveness, rapid emergence of
resistance follows their use as monotherapy. The
available drugs are indinavir, ritonavir, saquinavir
and nelfimaviz.

Natural history of HIV infection in
women and during pregnancy
In controlled studies, no appreciable gender differ-
ences in the rate of acceleration of established HIV
infection were observed.31,32 Detection of HIV infec-
tion among women was sometimes delayed due to a
lack of awareness of the importance of vaginal can-
didiasis as a presenting sign of HIV infection. An
increased incidence of cervical dysplasia was found
among HIV seropositive women33,34 and cervical neo-
plasia has been clearly associated with human papil-
loma virus infection.35 Pregnancy does not seem to
affect the natural course of HIV infection.36 Congenital
anomalies due to HIV infection in the first trimester
were described, although their occurrence is rare.36

HIV transmission through
the female genital tract
The presence of concomitant STD and bacterial vagi-
nosis was found to play a critical role in easing HIV
transmission.37–39 Treatment of STD, as seen in the
African setting, was shown to reduce HIV transmission
rates. An association between HIV load in vaginal
secretions and the presence of vaginal inflammation
was also demonstrated. Other biochemical and physi-
cal factors, e.g. the use of contraceptive pills, the lack of
male circumcision, vitamin A deficiency, the presence
of bacterial vaginosis and trichomonas vaginalis, were
also associated with increased rates of acquisition of
HIV in the African setting.38–45

Perinatal transmission of HIV
Multiple factors probably play a role in aiding perina-
tal HIV transmission. Detailed studies recently
demonstrated a direct correlation between high HIV
viral load in the plasma of pregnant women and the
increased rate of HIV transmission to the newborn.42,43

However, in the landmark placebo-controlled zidovu-
dine intervention study of over 800 pregnant women
followed to term in the USA, Europe and Australia,
HIV transmission occurred at all levels of HIV viral
load.46 A low CD4 level during pregnancy was also
associated with increased rates of HIV transmission,
as well as low vitamin A levels (in African women).44

The most important obstetrical factor associated with
increased HIV transmission was found in a large
prospective US study to be the premature rupture of
membranes of over 4 h in HIV seropositive women.47

Timing of HIV transmission
Despite the findings of placentitis in placentas of
seropositive mothers,38 studies have indicated that
most HIV transmission to the newborn occurs during
delivery and the perinatal period, rather than in the
first trimester of pregnancy.48,49 Supporting evidence
for this comes from the rarity of congenital HIV syn-
drome and from analysis of twins born to HIV seropos-
itive mothers: statistically, more first- than second-
borns are found to be infected by HIV, suggesting
transmission during passage in the birth canal.50,51

The importance of breast feeding in HIV transmis-
sion during the perinatal period has been demon-
strated since early on in the epidemic in studies
carried out in Australia and Africa.52,53 It is estimated
that 15–20% of perinatal HIV transmission in Africa
occurs as a result of breast feeding. However, since the
alternative, bottle feeding, carries a far greater danger
to infant health in the form of gastroenteritis and
dehydration, UNESCO has ruled that breast feeding
should continue to be the practice of choice in infant
nutrition during the AIDS era in underdeveloped
countries.54,55

Drug therapy with zidovudine to
reduce perinatal transmission of HIV
A pivotal study, completed in 1994 and updated in
1996, has demonstrated conclusively that zidovudine,
given in the second and third trimesters as well as
during delivery and for 6 weeks to the newborn
infant, reduces HIV transmission to the newborn by
approximately 66% (from 22.6% to 7.6%).46,48 This
cornerstone, placebo-controlled study, has changed
the practice of obstetrics in pregnant HIV seropositive
women in the West. The exact factors that determine
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the lowering of HIV transmission in zidovudine-treated
women are still poorly understood. In many of the
study participants receiving zidovudine, HIV trans-
mission did not occur despite a meager degree of
reduction in plasma viral HIV load. Other factors,
such as the zidovudine level in the newborn tissues,
may account for the apparent protection. The success
of this intervention study has prompted modifications
aimed at making zidovudine treatment accessible to
pregnant women in the developing world. Newer
protocols such as a single dose of zidovudine given
during delivery or parenteral zidovudine given only
during active delivery are being studied in Africa and
Thailand. Other protocols with combination anti-
retrovirals aimed at lowering perinatal transmission
of HIV even further.56–58

Other interventions
No conclusive evidence for the protective role of
cesarean section has yet surfaced, although two meta-
analyses addressing this issue have demonstrated the
existence of clear benefit of this procedure in reduc-
ing HIV transmission to the newborn compared to
vaginal delivery.59,60 The analyses were carried out
prior to the introduction of zidovudine to the routine
care of pregnant women. Other procedures, such as
cleansing of the vaginal canal with chlorhexidine
prior to delivery were not shown to reduce the rate of
HIV transmission.61

Recommended zidovudine protocol
for the prevention of HIV
transmission during delivery
To the expectant mother, zidovudine 500 mg is given
daily in the second and third trimesters. During delivery,

a loading dose of intravenous zidovudine 2 mg/kg is
given over 1 h. Maintenance intravenous zidovudine is
administered, 1 mg/kg/h until half an hour after termi-
nation of delivery. Within 8–12 h following delivery,
administration of zidovudine syrup to the newborn is
started, 2 mg/kg/dose every 6 h for 6 weeks.54

Additional recommendations
Cesarean section should be considered if the deliver-
ing women are at advanced stages of HIV infection,
will not receive intravenous zidovudine and have had
over 4 h of premature rupture of membranes.47

Breast feeding should be discouraged for all
infants born to HIV seropositive mothers in developed
countries.54 All killed vaccines (e.g. pneumococcal,
hepatitis B) as well as Hib and influenza virus should
be given to the pregnant woman. They should also
receive the same prophylactic regimens as non-
pregnant women. Trimethoprim sulfamethoxazole
appears safe as prophylaxis against pneumocystic
pneumonia during pregnancy. Dapsone is also safe
and should be used in cases of allergy to trimethoprim
sulfamethoxazole.

Conclusion
HIV among women continues to spread unabated
worldwide, especially in sub-Saharan Africa and
Southeast Asia. In recent years, important biological
factors have been defined as cofactors in HIV trans-
mission to women and during delivery. The lack of
access to medical care in many parts of the world
delays effective therapy. However, no biological
differences in disease progression or response to anti-
retroviral drugs, when available, can be detected
among women.
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160 Pneumonia in pregnancy
D. Miron and R. Raz

Introduction
The prevalence of antepartum pneumonia is 1 in 350 to
2300 deliveries. Maternal conditions associated with
increased risk for the infection are immunodeficiency
state (e.g. HIV/AIDS, malignancy and chemotherapy),
chronic cardiopulmonary disease, diabetes mellitus,
poor nutrition, cocaine use, smoking and anemia. Such
risk factors were found in up to 45% of pregnant
women who presented with pneumonia.1–5

Etiology
The agents associated with pneumonia in a pregnant
woman are those that most commonly cause pneumo-
nia in non-pregnant women. Currently, in 40–60% of
patients, no agents can be found despite improved
laboratory diagnosis (see below).1,5

The most frequent organism causing community-
acquired pneumonia is Streptococcus pneumoniae.
Other less common agents are Haemophilus influen-
zae and β-hemolytic streptococcus. A large section of
pregnant women with pneumonia is made up of those
with atypical pneumonia. Common etiologic agents
include Mycoplasma pneumonia, Legionella pneu-
mophilia, Chlamydia pneumonia and viruses.1,2,6,7

Infection with Coxiella burneti (Q-fever) can occur in
endemic areas (including Israel) with frequent contact
with domestic animals or unpasteurized milk.7 The
bacteria can infect the placenta, resulting in prematu-
rity, low birth weight or fetal death. Chicken pox
during pregnancy is associated with pneumonitis in
10–20% of patients, which may be life-threatening. In
endemic areas, yeast infections such as Coccidioides
immitis or Histoplasma capsultum may be life-threat-
ening. Nosocomial pneumonia is usually caused by
gram-negative bacteria (e.g. Klebsiella pneumonia,
Pseudomonas spp.) or anaerobic bacteria.1,2,5

More women with primary or secondary immunode-
ficiency are now surviving through their reproductive
years and attempting pregnancy. In these women,
unusual agents have been associated with pneumonia,
including Pneumocystis carinii, Mycobacterium avium
complex (mostly in women with AIDS) and Myco-
bacterium tuberculosis (MTB). In areas endemic for

tuberculosis, infection of pregnant women with MTB
can be associated with either congenital tuberculosis or
infection of young infants by untreated mothers.2,4,5

Diagnosis
In about 40–60% of women with pneumonia a spe-
cific agent can be found. The most helpful tests are
sputum for gram stain and culture, sputum and urine
for antigen detection, blood culture and serology.
Specific diagnostic measures for the main causes of
pneumonia are presented in Table 160.1.

An adequate sputum test is defined as > 25 neu-
trophils and < 10 epithelial cells per low-powered
microscopic field. Sputum can be obtained either by
induction or by bronchoalveolar lavage (BAL). Gram
stain of the sputum remains the commonest way for
rapid identification of causative agents. For example,
predominance of gram-positive diplococci is highly
suggestive of pneumococcal pneumonia.1,2

Several rapid, highly sensitive and specific diag-
nostic methods have recently been developed using
sputum. Direct fluorescent assays for Legionella and
Pneumocystis carinii antigens have 50–80% sensitiv-
ity and > 95% specificity. DNA hybridization tests for
ribosomal RNA and polymerase chain reaction (PCR)
amplification are also highly sensitive, specific and
rapid tests that are commercially available for identi-
fication of Legionella and MTB. These tests can pro-
foundly shorten the time of identification of the agent
and initiation of effective therapy. In 5–20% of
patients with bacterial pneumonia, blood cultures are
positive. Most of the available serology tests are of
enzyme-linked immunosorbent assay (ELISA). These
tests are highly sensitive and specific. A radioim-
munoassay test for identifying Legionella pneu-
mophilia serogroup I antigen in the urine is a new
method with comparable sensitivity to other methodo-
logies, and is much easier to perform.1,2,5

Clinical manifestations
Signs and symptoms of pneumonia vary, depending
on the agent causing the disease and the patient’s

Kurjak-160.qxd  5/10/2006  12:05 PM  Page 1722



Clinical manifestations 1723

underlying immune status. Generally, most pneumo-
nia occurs during fall and winter. Pneumococcal
pneumonia presents with high fever, productive
cough, chills and pleuritic chest pains. These patients
may develop a stormy disease with sepsis syndrome,
hypoxemia and adult respiratory distress syndrome
(ARDS). The chest x-ray shows involvement of one or
more lobes, or bronchopneumonia. In patients with
involvement of the pleural membranes, fluid collec-
tion within the pleural cavity can be demonstrated.
In such patients the disease may have a range from
pleural effusion to emphysema, necessitating invasive
drainage procedures and prolonged antibiotic therapy.
Chest ultrasound and/or computed tomography are
helpful for evaluation of the fluid volume viscosity,
for the development of intrapleural cavity septa and for
drainage procedures. Atypical pneumonia is more
insidious in onset, with moderate fever, non-productive
and sometimes prolonged cough, headache and myal-
gias. The disease may occasionally progress to a more
advanced level. In many patients, history of a similar
infection can be elicited in other family members.
Chest x-ray usually demonstrates broncho- or inter-
stitial pneumonia. Patients with Legionella pneumo-
nia may present with abdominal pains (10–20%),

diarrhea (25–50%), hepatitis and neuralgic symptoms
ranging from lethargy to encephalopathy.1–3,6 Contact
with domestic animals (such as goats or sheep), or
unpasteurized milk, could raise the possibility of
Q-fever in an endemic area.7 In patients with tubercu-
losis there is usually a history of exposure to an
infected person. The typical presentation is of pro-
longed fever and cough with persistent pulmonary
infiltrate (with or without pleural effusion), or cavity
on the chest x-ray. These women, if not aggressively
diagnosed and treated, may be highly infectious to the
fetus and close contacts. In every HIV/AIDS patient
with a history of prolonged cough and dyspnea, with
or without fever, Pneumocystis carinii pneumonia
must be considered. Chest x-ray shows an interstitial
pattern of pneumonia, although rarely lobar involve-
ment and abscess-like formation have been reported.
Involvement of the lungs in Mycobacterium avium
complex infection is part of multiorgan involvement
in a patient with advanced AIDS or other immuno-
compromised conditions. Varicella zoster pneumonia
should be suspected in every woman with chicken
pox who develops dyspnea. Chest x-ray demonstrates
interstitial pneumonitis. These women may deterio-
rate rapidly to ARDS. Chicken pox during the first

Table 160.1 Laboratory diagnosis of pneumonia

Agent Sputum Blood culture Serology Others

Bacterial pneumonia Gram stain, culture of pleural Positive Fluid

S. pneumoniae

H. influenzae

Group A streptococci

β-hemolytic streptococcus

Atypical pneumonia

L. pneumophilia Direct fluorescent assay, Positive Urine antigen

DNA tests

M. pneumonia Probe, culture Positive

C. pneumonia Positive

Viral Culture Positive

M. tuberculosis Acid fast stain, Mantoux Test

Gastric lavage

Culture

Pleural biopsy

DNA probe, PCR

P. carinii Direct fluorescent assay

Bronchoalveolar

Giemsa stain

Lavage or lung biopsy

Fungal pneumonia biopsy Gram stain, culture Lung

PCR, polymerase chain reaction
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half of pregnancy may be associated with a congenital
varicella syndrome in 3–5% of fetuses.2,4,5

Prognosis
The prognosis for pregnant women with pneumonia
has improved markedly since the introduction of
antibiotics. Important added factors include the avail-
ability of ventilatory aids and more precise technology
to monitor fluid requirements and vital signs. These
advances have resulted in a reduction of maternal
death from about one-third of cases to 4%. Clinical fea-
tures that are associated with significant morbidity
include: (1) more than one lobe involved; (2) respira-
tory rate greater than 30 breaths/min; (3) severe hypo-
xemia, hypoalbuminemia and septicemia; (4) chronic
underlying disease such as immunodeficiency syn-
drome, diabetes mellitus or chronic pulmonary disease
and poor nutrition and (5) maternal smoking.2,3

However, obstetric complications have not been
altered, with a rate of preterm delivery of 15–43%,
and perinatal death rate of 4–11%. Several factors
are associated with poor outcome of the fetus. In preg-
nancy there is a mild increase in the alveolar–
capillary difference because of an increased oxygen
consumption and peripheral extraction by mother
and fetus. As early as 4 weeks’ gestation, progesterone
effects occur, resulting in maternal hyperventilation
and respiratory alkalosis.3,4,8

This hyperventilation of pregnancy decreases fetal
oxygen tension, so that any disease such as pneumonia
that causes hypoxia and dyspnea will increase the res-
piratory rate and have adverse effects. These include a
decrease in uterine blood flow with vasoconstriction, a
decrease in maternal venous return and a decrease in
umbilical blood flow. Hyperventilation and hypocap-
nia shift the oxygen–hemoglobin dissociation curve
to the left for both mother and fetus, resulting in
increased hemoglobin affinity for oxygen. A danger-
ous situation exists if the blood pH exceeds 7.6 or the
PaO2 falls below 55 mmHg. In addition to the above
effects, the increased effort from the work of breathing
may result in further extraction of oxygen from the
fetus and organs such as the placenta, uterus and
kidneys. The uteroplacental circulation is a low-
pressure, highly vascularized system, well developed
by the 12th gestational week. Its blood flow is 20% of
the cardiac output by the 26th gestational week. Any
maternal oxygen debt will harm the fetus.3,4,8

It is apparent that oxygen consumed for the work of
breathing has a proportionately small and smooth
increase during gestation. If the mother has dyspnea
and hypoxia from pulmonary disease, the oxygen
required for the work of breathing may be taken from
the fetus and organs such as the placenta, uterus or
kidneys.3,6,8

Immunologic changes in the mother and fetus may
contribute to the adverse outcome of pneumonia in

pregnancy. The fetus has a decreased immunologic
defense since only immunoglobulin G can cross the
placenta, so any infection of the mother can be disas-
trous for the fetus. There is an increase in the normal
number of T-suppressive cells formed to protect against
the rejection of the fetus as a foreign body, and this may
explain the reduced immune response to infections.3

The precise reasons for the high rate of preterm
labor despite effective antimicrobial therapy are not
fully explained. One postulated mechanism is a pro-
duction of prostaglandins, either locally in the cervi-
covaginal area, or as part of the inflammation in the
lungs. These agents could circulate to the uterus and
produce preterm labor.

Perinatal death associated with pneumonia in preg-
nancy could be due to either maternal hypoxemia or
premature delivery.5,6,8

Therapy
The key to the care of a pregnant woman with pneu-
monia is early diagnosis. Patients with respiratory
symptoms should immediately be evaluated for the
possibility of lower respiratory infection, including
chest x-ray when needed. In such women with pneu-
monia, the etiology must be elicited by using blood
cultures, sputum Gram stain and culture and other
diagnostic tests as necessary. In addition, careful
monitoring of arterial PO2 and appropriate oxygena-
tion should be performed. A healthy fetus depends on
the mother keeping oxygen debt to a minimum, and
supplementing oxygen is vital whenever hypoxia is
manifested. A warning sign of dyspnea in pregnancy
is a respiratory rate > 18 breaths/min. Premature labor
can present difficulties, necessitating adequate hydra-
tion and close monitoring of uterine activity.1,2

Antimicrobial therapy is limited because of known
or possible adverse effects on the fetus (Table 160.2).
Most patients with community-acquired pneumonia
can be treated as outpatients unless they are dehy-
drated, clinically ill or immunocompromised. For
patients with typical pneumococcal pneumonia peni-
cillin should be started, either orally or intravenously.
For patients allergic to penicillin, erythromycin is the
drug of choice.1,2,5

Recently, pneumococci that are either partially or
completely resistant to penicillin have been reported
from different areas in the world to cause pneumonia
and other invasive diseases. In areas with a high fre-
quency of such pneumococci, either second- or third-
generation cephalosporins should be empirically
initiated until sensitivity studies are available. The
drug of choice for atypical pneumonia is erythromycin.
Recently, new second-generation macrolides and azoles
derivatives (e.g. azithromycin) have been approved
for use for such infections. They have equal activity,
but less adverse effects on the mother. In many cases
of pneumonia, the exact causative agent cannot be
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determined. In these patients, therapy should be
directed against the most likely organisms, which are
pneumococci, Mycoplasma and Legionella. Erythromy-
cin or second-generation macrolides have been found to
be active against all and should be given empirically.1,5

Varicella zoster pneumonia requires special atten-
tion in pregnant women. In general, patients who are

not immunocompromised are at high risk for ARDS
when infected with varicella viruses, and in these
cases acyclovir should be started. If a patient com-
plains of dyspnea or tachypnea, then admission
should be considered and acyclovir should be given
intravenously. While in hospital, appropriate isola-
tion measures should be taken.2,5

Table 160.2 Antimicrobial agents for pneumonia

Agent Indication route FDA pregnancy categories*

Penicillin Typical pneumonia B

PO, IV, IM

Ampicillin or amoxicillin +BLI Typical pneumonia B

PO, IV**

Cephalosporins Typical pneumonia B

PO, IV, IM***

Gentamicin Nosocomial pneumonia C

IV, IM

Amikacin Nosocomial pneumonia D

IV

Erythromycin estolate Bacterial and atypical pneumonia B

IV, PO

Clanthromycin Bacterial and atypical pneumonia C

PO

Azithromycin Atypical pneumonia B

PO

Amphotericin B Fungal pneumonia B

IV

Fluconazole Fungal pneumonia C

PO

Itraconazole Fungal pneumonia C

PO

Isoniazide Tuberculosis C

PO

Rifampin Tuberculosis C

PO

Sulfonamides PCP C

PO, IV

Pyrazinamide Tuberculosis –

PO

Ethambutol Tuberculosis –

PO

Acyclovir Varicella pneumonia C

IV, PO

FDA, Food and Drug Administration; BLI, β-lactamase inhibitors; PCP, Pneumocystis carinii pneumonia; PO, oral; IV, intravenous; IM, intramuscular
*FDA pregnancy categories: A, adequate studies in pregnant women, no risk; B, animal studies show no risk but human studies not adequate, or
animal toxicity but human studies show no risk; C, animal studies show toxicity, and human studies inadequate, but benefit of use may exceed
risk; D, evidence of human risk, but benefits may outweigh risk; **for ampicillin sulbactan no oral drug is available; ***only third-generation
cephalosporins should be used by intravenous route
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Introduction
The rate of cesarean sections has increased to more
than 10% of all deliveries, predominantly because of
fetal indications. Without an elevated incidence of
cesarean section rate it is impossible to achieve low
perinatal mortality and to avoid the early and late
neonatal sequelae. Numerous complications are pos-
sible during and after the operation. Immediate com-
plications, anesthesiologic and surgical, are not
frequent. Early postoperative complications are more
frequent, predominantly due to infection: puerperal
fever, endomyometritis and suppuration of the
abdominal wall, paralytic ileus, pelveoperitonitis and
diffuse peritonitis and/or sepsis.

The frequency of infectious complications is vari-
ously quoted in the literature.1–5 This is because of the
difference of interpretation of the symptoms, the vari-
ety of surgical aseptic approaches and the differences
in pharmacological prophylaxis and treatment. By
analysis of 15 publications2 the range of complica-
tions was established: the average for puerperal fever
was 19%, endomyometritis 4.4%, pelveoperitonitis
1.2% and wound infection 1.5% (Table 161.1).

Maternal infections follow cesarean section in spite
of the usual surgical aseptic measures, which include
washing and cleaning of the lower abdominal wall skin
and the use of sterile instruments and other operative
materials. In fact, during operation the uterine cavity
has to be opened, in which the aerobic and anaerobic
gram-positive and -negative bacteria can be found.6,7

Bacteria are always present in the uterine-amniotic
cavity when more than 6 h has elapsed since the
rupture of the membranes.7,8 Even when the amniotic
membranes persist during labor, pathogenic bacteria
have been established by amniocentesis in the amni-
otic fluid in 8 out of 789 and in 18 out of 3110 deliver-
ies. Among the isolated bacteria the most frequent are
the gram-negative aerobes and anaerobes; among the
aerobes the most frequent are Escherichia coli and

Enterococcus, and among the anaerobes, Peptostrepto-
coccus.6–12 The same bacteria have been isolated from
the surgeon’s gloves and thereafter from the wound
suppuration6 and from the peritoneal cavity, amniotic
fluid and wound suppuration.8 There is a relationship
between the colonization of the amniotic fluid and the
time elapsed from membrane rupture.13 The bacteria
detected during postcesarean infection may be regu-
larly isolated from the vagina.14 The clinical manifesta-
tion of infection is related to the number of vaginal
examinations and to the invasive monitoring during
delivery,15 to the time elapsed since the rupture of the
membranes and to the existence of the signs of infec-
tion before the operative procedure. In our analysis in
1981, the relationship of puerperal fever and wound
infection to the duration of time since membrane rup-
ture was established (Table 161.2).

The presence of bacterial agents in the amniotic
fluid and uterine cavity, and the possibility of propa-
gation of the infection during cesarean section to the
endometrium, myometrium, peritoneum and even the
blood circulation,16 has stimulated clinicians to start
antibiotic prophylaxis of infection during and follow-
ing cesarean section. The various antibiotics are given
alone or in combination, during the operative proce-
dure or following it, in a single or repeated dose.

The first report was published by Miller and
Crichton in 1968.17 By the application of penicillin
during the 5 days following cesarean section, puerperal
morbidity has been reduced by 50%. In Table 161.3 the
type of antibiotic prophylaxis, i.e. the antibiotic used,
the time and duration of application and their effect
upon the puerperal postcesarean endometritis and
wound infection are presented. From the table, the
favorable effect of antibiotic prophylaxis can be seen.
Until 1980, the penicillins, and thereafter the cephalo-
sporins, have been used predominantly. The cephalo-
sporins have an advantage in relation to the penicillins
due to their broader spectrum of activity, especially on
the gram-negative agents (E. coli).
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Since there is no difference between the effect of a
single intraoperative dose and a multiple postopera-
tive application (Table 161.4), the trend today is to
apply a single intraoperative dose immediately after
cord clamping.

Nevertheless, pharmacological prophylaxis does
not seem to be sufficient. We would like to present
our results of 13 years’ follow-up of cesarean section
deliveries, grouped into five periods, according to the
pharmacological and surgical proceedings.

Materials and methods
Our approach to the prevention of infection in
cesarean deliveries has changed during the past 13
years; we can distinguish five periods, which fol-
lowed one after another. For each period the results
with regard to puerperal morbidity, i.e. fever and the
wound infection, will be presented.

First period, 1981–1982
Antibiotic prophylaxis was not performed. The anti-
biotics were applied after operation, depending on the
clinical behavior of the patient, the temperature, bowel
function and leukocyte count. The surgical procedure

was ‘usual’: the laparotomy was by transverse incision;
after the opening of the abdomen the uterus was
wrapped in gauze; following extraction of the child
and the placenta, and the removal of the gauze, the
uterus was sutured by two rows of single catgut
sutures, or one row of single and another of continued
catgut sutures.

Second period, 1983–1986
Antibiotic prophylaxis was by cefuroxim for 3–5
days, 3 ×1.5 g daily starting after the operation. The
surgical procedure was as before.

Third period, 1987–1989
Antibiotic prophylaxis was as before. After opening of
the uterus, suction of the amniotic fluid and blood
was carried out. After removing the gauze, wiping and
washing out of the peritoneal cavity was performed
with isotonic solution.

Fourth period, 1990–1992
Pharmacological prophylaxis was administered only
in cases with membrane rupture over 6 h, and after
cord clamping cefuroxim 1.5 g was given intra-
venously. The surgical procedure was as before, with
suture of the uterus incision by one row of interrupted
single Dexon sutures; before closing the abdominal
wall there was a change of sheets, instruments and
surgical gloves.

Fifth period, 1993–1994
Pharmacological prophylaxis was administered in all
cases after cord clamping, with cefuroxim 1.5 g intra-
venously. The surgical procedure was as before.

In all cases puerperal fever and wound infection
were evaluated. For puerperal fever, all cases with
temperature more than 38◦C, starting from the second
day of puerperium were registered. For wound infec-
tion, all cases of suppuration, irrespective of the
involved layer of the abdominal wall, were declared.

The first 12 months of each period were included
in the analysis, except the fourth period, for which
two complete years were analyzed.

In the first period, 263 cases were analyzed, 99
(37.6%) of them with a rupture of membranes (ROM) of
more than 6 h; in the second period 237 cases, 105
(44.3%) of them with ROM > 6 h; in the third period
428 cases, 180 (42.1%) of them with ROM > 6 h; in the
fourth period 1153 cases, 332 (28.8%) of them with
ROM > 6 h and in the fifth period 333 cases were ana-
lyzed, 74 (22.2%) of them with ROM > 6 h.

Results and discussion
The results are presented in Table 161.5. In the first
period, without pharmacologic or extended surgical
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Table 161.1 Reported rates of puerperal fever,
endomyometritis, pelveoperitonitis and wound infec-
tion in women following cesarean section (data from
Dražančić and Orešković2)

Mean
incidence (%) Range (%)

Puerperal fever 19.0 7.3–48.0

Endomyometritis 4.4 1.0–7.3

Pelveoperitonitis 1.2 0.2–4.7

Wound infection 5.4 1.6–7.5

Table 161.2 Puerperal fever and wound infection
in relation to the duration of membrane rupture in
263 cesarean sections without pharmacological
prophylaxis performed by Zagreb in 1981

Time from membrane Puerperal Wound 
rupture fever infection

Existing membranes (n �106) 12 (11.3%) 1 (0.9%)
1–6 h (n �58) 13 (22.4%) 2 (3.5%)

7–12 h (n �42) 14 (33.3%) 6 (14.3%)

> 13 h (n �57) 18 (31.6%) 12 (21.0%)

Total (n �263) 57 (21.7%) 21 (8.0%)
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prophylaxis, there is an evident increase of puerperal
fever after ROM, especially after 6 h. Wound infection
increased continuously from 0.9% to 21.0% (see
Table 161.1).

In the second period the pharmacologic postopera-
tive prophylaxis does not reduce the incidence of puer-
peral fever (44.3%) and wound infection (10.5%).

In the third period, with the same pharmacologic
prophylaxis and with surgical prophylaxis, there is a
slight decrease of febrile puerperiums (10.2%) and
wound infection (6.1%).

In the fourth period, with intraoperative single-
dose antibiotic prophylaxis only in cases of ROM
more than 6 h, and with systematically performed
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Table 161.3 Review of the antibiotic prophylaxis of infection following cesarean section

Effect

Wound 
Antibiotic Endometritis* infection (%)

Miller and Crichton17 Ampicillin 5 days postoperatively Reduction for 50%

Weissberg et al.18 (n �40) Penicillin +kanamycin 5 days Reduction from 35 to 10%
postoperatively

Gibbs et al.19 (n �67) Ampicillin +kanamycin 45–19% 16–0

D’Angelo and Sokol20 (n �49) Cefalexin 1 day, 4 ×1.0 g 65–29%

Cefalexin 5 days, 4 ×0.5 g 65–20%

Dillon et al.21 (n �31) Cefoxitin 5 days, 4 ×1.0 g Infection reduced

Harger and English22 (n �196) Cefoxitin 1 day, 3 ×2.0 g 20–10% 7.4–1.0

Gonik23 (n �50) Cefoxitin 1 day, 3 ×1.0 g 14%

Von Mandach et al.24

(n �76) Ceftriaxon intraoperatively, 1.0 g 12.0%

(n �75) Cefoxitin 1 day, 3 ×1.0 g 13.2%

McGregor et al.25

(n �195) Cefamycin intraoperatively, 1 ×2.0 g 4.1% 2.5

(n �91) Cefoxitin 1 day, 3 ×2.0 g 9.9% 3.3

Kristensen et al.26 (n �102) Cefuroxim intraoperatively, 1.5 g 10–1% 1.0–0

Neuman et al.27

(n �87) Penicillin 10 million +1 day tetracycline 7.3% 5.2
2 ×250 mg

(n �96) Penicillin 10 million +3 days ampicillin 4.8% 6.9
3 ×2.0 g and tetracycline 3 ×0.5 g

Ehrenkranz et al.28 (n �906) Intraoperatively** 2.1 to 0.7% 2.0–0.2

Faro et al.29

(n �161) Cefazolin 1 day, 3 ×1.0 g 22.5%

(n �148) Cefazolin intraoperatively, 2.0 g 10.6%

(n �141) Ampicillin intraoperatively, 2.0 g 12.8%

Carlson and Duff30

(n �192) Cefazolin intraoperatively, 2.0 g 19.3% 1.6

(n �185) Cefamycin intraoperatively, 2.0 g 21.1% 1.6

Watts et al.31

(n �50) Cefamycin intraoperatively, 2.0 g 18.0% 4.0

(n �52) Cefoxitin 1 day, 3 ×2.0 g 13.5% 3.9

*Endometritis and/or puerperal fever; **type of antibiotic not specified
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surgical prophylaxis, there is no change in the rate of
febrile puerperium (11.2%), and there is a decrease in
wound infection to 1.6%.

Only in the fifth period with extended surgical pro-
phylaxis and pharmacological prophylaxis in all
cases, irrespective of ROM, is the evident decrease of
puerperal fever (3.9%) and wound infection (0.6%)
established.

The more detailed analysis of 1153 cases during the
fourth period (Table 161.6), with systematically
extended surgical prophylaxis, revealed the impor-
tance of combined pharmacological and surgical pro-
phylaxis. There are no significant differences between
the cases with and without antibiotic application
within the separate groups. Puerperal fever was estab-
lished by persistent membranes in 10.2% vs. 7.9%, by
ROM 0–3 h in 7.7% vs. 10.3% and by ROM 4–6 h in
12.9% vs. 11.5% of the cases, respectively. Among 81
cases without ROM or with ROM less than 6 h, which
manifested puerperal fever, 45 (55.6%) were without
membrane rupture and without antibiotic prophylaxis.
Wound infection, which is more specific and indica-
tive of puerperal infection, appeared in 10 cases with
persistent membranes without antibiotic prophylaxis,
that is, 55.6% of the 18 cases with wound infection.
The above data influenced us to introduce the regime
of extended surgical plus pharmacological prophy-
laxis in all cases, irrespective of membrane rupture. In
this way, out of 333 cases of cesarean section during

the period July 1993 to March 1994 only 13 cases
(3.9%) of febrile puerperium and only two cases
(0.6%) of wound infection were registered (Table 161. 5).
The causes of febrility over 38◦C were two cases of
wound infection, three cases of endomyometritis, one
case of pelveoperitonitis (cured conservatively), one
case with pyelonephritis and six cases without estab-
lished origin of febrility.

Since 1993 we have introduced general pharmaco-
logical and surgical prophylaxis in all cases of
cesarean section. The pharmacological prophylaxis
includes all cases, irrespective of rupture of the mem-
branes. As a routine, 1.5 g of cefuroxim is adminis-
tered intravenously immediately after the cord
clamping. The surgical prophylaxis comprises the
wrapping of the uterus with gauze, suction of the
blood and amniotic fluid that flows out from the uter-
ine incision, one row of interrupted suture of the uter-
ine incision, wiping and washing of the peritoneal
cavity and – at the end – a change of the sheets, sur-
gical gloves and instruments before the suturing of the
abdominal wall.

The surgical prophylaxis seems to be of special
importance. After 6 h following ROM, all the uterine
cavities are infected7,8 and even with persisting mem-
branes the amniotic fluid may be infected.9,10 The suc-
tion of the blood and amniotic fluid during uterotomy
and the wiping and washing of the peritoneal cavity
hinders the dissemination of (infected) uterine contents
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Table 161.4 The intraoperative and postoperative antibiotic prophylaxis of wound infection

Antibiotic Incidence of wound infection (%)

Postoperative prophylaxis Intraoperative prophylaxis

McGregor et al.25 Cefamycin or cefoxitin 3.3 2.5

Neuman et al.27 Penicillin +tetracyclin 6.9 5.2

Watts et al.31 Cefoxitin or cefuroxim 3.9 4.0

Dražančić and Orešković2 Cefuroxim 6.1 1.6

Table 161.5 Puerperal fever and wound infection in relation to the type of pharmacologic and surgical prophylaxis

Type of prophylaxis N Puerperal fever Wound infection

Antibiotics postoperatively and selectively (1981) 263 57 (21.6%) 21 (8.0%)

Cefuroxim postoperatively 3–5 days (1983) 237 105 (44.3%) 25 (10.5%)

Cefuroxim 3–5 days, surgical prophylaxis partial (1987–1988) 428 44 (10.2%) 26 (6.1%)

Cefuroxim intraoperatively when membrane rupture > 6 h, 1153 129 (11.2%) 18 (1.6%)
surgical prophylaxis extended (1990–1991)

Cefuroxim intraoperatively in all cases, surgical prophylaxis 333 13 (3.9%) 2 (0.6%)
extended (1993–94)
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to the peritoneum. The exchange of sheets, instruments
and gloves prevents the implantation of infectious
material to the abdominal wall. The one-row uterine
suture should prevent myometritis, because it hinders
the formation of uterine wall pockets with retention of
the potentially infected material; during the one-row
suturing the possibility of a hematoma forming at the
edges of the uterine incision is reduced.

The selective antibiotic prophylaxis in the cases
with membrane rupture of more than 6-h duration is,
without doubt, beneficial. However, with this type of
antibiotic prophylaxis about 20% of infected cases are
missed in the deliveries with persistent membranes or
with membrane rupture of less than 3-h duration.

The one-dose antibiotic application intraopera-
tively is not less effective than several days’ postoper-
ative treatment,23–27,29 but it is less expensive.32 We
used cefuroxim, but other cephalosporins of the third
generation resistant to β-lactamase and first-generation
cephalosporins are also efficient. The single-dose
application is efficient as a prophylactic measure. It
does not suffice when the cesarean section is per-
formed during delivery with evident intrauterine
infection: fever during delivery, tachycardia, uterine
tenderness, pus discharge from the uterus and exces-
sive leukocytosis with a shift to the left. In such cases,
intensive antibiotic treatment with a combination of
penicillins, aminoglycosides and metranidazol, or
cephalosporins and clindamycin, before operation
and for some days after operation are necessary.

The prophylaxis of infection after cesarean section
has to start during pregnancy and continue during
labor and after delivery. During pregnancy the treat-
ment of vaginitis and bacterial vaginosis will be
beneficial. During labor all procedures that propagate
ascending infection should be avoided: superfluous
vaginal examinations, invasive fetal monitoring and
prolonged labor.

Pharmacological prophylaxis should be selective or
total. If it is selective, it is administered in cases with
a higher risk of infection: membrane rupture over 6 h,
maternal age over 35 years, obesity, diabetes or per-
sistent or previous uroinfection. We incline to total
prophylaxis, i.e. for all women undergoing cesarean
section. Pharmacologic prophylaxis has to be in par-
allel with extended surgical prophylaxis.

Conclusion
Careful and extended surgical prophylaxis combined
with pharmacological antibiotic prophylaxis decreases
the incidence of infectious complications after
cesarean section to the minimum: less than 5% for
puerperal fever (endomyometritis) and less than 1% for
wound infection.

Cefuroxim or other cephalosporins in a single intra-
operative intravenous dose successfully reduce the rate
of endomyometritis and wound infection and several
days of postoperative prophylaxis is not more effective.
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Table 161.6 Peurperal fever and wound infection in relation to the rupture of membranes and to antibiotic
prophylaxis (Zagreb 1990–1991)

n Fever >38◦C Wound infection

Membranes persistent A 443 45 (10.2%) 10 (2.3%)

B 89 7 (7.9%) 0

Membranes ruptured 0–3 h A 91 7 (7.7%) 3 (3.3%)

B 58 6 (10.3%) 0

Membranes ruptured 4–6 h A 62 8 (12.9%) 4 (6.4%)

B 78 8 (11.5%) 0

Membranes ruptured >6 h B 332 47 (14.2%) 1 (0.3%)

Total 1153 129 (11.2%) 18 (1.6%)

A, without antibiotic prophylaxis; B, antibiotic prophylaxis, one dose intraoperatively

REFERENCES

1. Cunningham FC, Hauth JC, Strong JP, Kappus SS. Infectious morbid-
ity following cesarean section. Obstet Gynecol 1978;52:456–61.
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162 Septicemia and septic shock
S. J. Fasouliotis and J. G. Schenker
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Definition
Septicemia and septic shock are dramatic clinical
syndromes that result from acute invasion of the
bloodstream by certain microorganisms or their toxic
products. Fever, chills, tachycardia, tachypnea and
altered mentation are common acute manifestations
of septicemia. When hypotension and signs of
inadequate organ perfusion develop, the condition is
termed septic shock. The circulatory insufficiency
is characterized by a lowered systemic vascular
resistance, decreased myocardial contractile function
and pooling and altered distribution of blood in the
microcirculation. Diffuse cell and tissue injury and,
ultimately, widespread organ failure develop. Even
with appropriate antimicrobial and supportive care
many patients die of septic shock, making strategies
for prevention and more effective treatment of critical
importance.

Etiology
Septicemia can be caused by all classes of organisms;
however, septic shock is most commonly caused by
gram-negative bacteria (60–70% of cases).1 Gram-
positive organisms and especially staphylococci,
pneumococci and streptococci are less frequent
causes (20–40% of cases), as are opportunistic fungi
(2–3%) and, rarely, mycobacteria or certain viruses or
protozoans. Escherichia coli, Klebsiella, Enterobacter,
Proteus, Pseudomonas and Serratia are the most
frequent blood culture isolates in septic shock,
followed by Staphylococci and Pneumococci. Gram-
negative bacteremia is complicated by shock in about
40% of patients; shock is seen in 5–15% of patients
with acute bacteremias caused by pneumococci or
staphylococci. The incidence of suppurative compli-
cations (metastatic seeding to bones, joints and
viscera), on the other hand, is much higher with gram-
positive microorganisms. Gram-positive bacteria have
the capability of adhering to endothelial cells and
subendothelial matrix substances (such as fibro-
nectin, laminin, fibrinogen and endothelial cell
proteins) to a much greater degree than do gram-
negative organisms, so that seeding to heart valves, to

other organs and especially to foci of trauma and/or
preexisting inflammation is much more common.

Epidemiology
Infections most commonly occur in the hospital
setting. Many infected patients become bacteremic. It is
estimated that of 100 randomly chosen patients who
appear to be infected (septic) in a hospital setting,
approximately 90% are actually infected. Of these,
about 20% develop some evidence of hemodynamic
instability and appear, at least temporarily, to have
shock. About half of shock patients (or about 10% of all
septic-appearing patients) go on to real septic shock
and/or manifest serious end-organ malfunction related
to the septic episode, such as adult respiratory distress
syndrome (ARDS), renal failure or disseminated
intravascular coagulation (DIC). Since about 5% of all
hospital patients are either admitted with or develop an
infection during hospitalization, the number of
patients at risk of developing septic shock is large.
Despite the introduction of new antimicrobial agents,
the overall mortality from gram-negative bacteremia
has averaged about 25% over the past two decades, and
is highest in patients who have major associated
diseases or shock. Predisposing factors include dia-
betes mellitus, cirrhosis, alcoholism, leukemia,
lymphoma or disseminated carcinoma, cytotoxic
chemotherapy and immunosuppressive drugs that
cause neutropenia, total parenteral nutrition, a variety
of surgical procedures, and infections arising from the
urinary, biliary or gastrointestinal tracts. Gram-positive
bacteremias are more often community acquired,
except staphylococcal sepsis from indwelling intra-
venous catheters. Opportunistic fungal sepsis is most
often seen in immunosuppressed patients with severe
neutropenia, or in postoperative patients with intra-
venous catheters, and usually follows prolonged
antibiotic therapy.

Pathogenesis and pathology
Most of the bacteria causing gram-negative sepsis are
normal commensals in the gastrointestinal tract. From
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there they may spread to contiguous structures, as in
peritonitis after appendiceal perforation, or they may
migrate from the perineum into the urethra or bladder.
The genitourinary, gastrointestinal and biliary tracts
or the lungs, are usually the primary sites from where
gram-negative bacteremia starts, and less commonly
from the skin, bones and joints. On the other hand,
gram-positive bacteremias usually arise from the skin
or respiratory tract. Bacteremia, mainly caused by
gram-positive or anaerobic organisms, may be
complicated by the formation of metastatic abscess.2

Pathophysiology
The classic clinical picture of septicemia and septic
shock is a result of the interactions between microbial
substances and host mediator systems. A vicious
circle is established regarding vascular perfusion and
organ function, which result in altered blood flow in
the microcirculation and progressive injury to the
capillary endothelium and tissues. Unless this circle
is interrupted by control of the infection and
correction of the hemodynamic and metabolic
alterations, death usually results.

Microbial factors that are most important include
gram-negative lipopolysaccharides (LPS), especially the
lipid A component, peptidoglycans from gram-positive
organisms, or mannan from fungal cell walls, certain
polysaccharides and extracellular enzymes (e.g.
streptokinase) or toxins (e.g. toxic shock enterotoxins
of staphylococci). LPS, which has been studied
thoroughly, seems to activate directly humoral or
cellular systems, which in turn promote the develop-
ment of the septicemic and shock syndromes, whereas
other microbial products, although not as well defined,
seem to affect the same systems in varying degrees.

Host mediators that have been associated with the
pathogenesis of septic shock include active metabolites
of the complement kinin, and coagulation systems as
well as factors released from stimulated cells, in parti-
cular the cytokines, tumor necrosis factor-a (TNF) and
interleukin-1, enzymes and oxidants from polymorpho-
nuclear leukocytes (PMN), vasoactive peptides and
products of the metabolism of arachidonic acid. In
addition, the secretion and action of counterregulatory
vasoactive catecholamines, angiotensin, pituitary
hormones, insulin and glucagon all contribute to the
clinical laboratory events in sepsis.

One of the proposed mechanisms involves the
direct activation of both the coagulation and kinin
systems by LPS through its effect on Hageman factor
(Figure 162.1). The intrinsic coagulation cascade is
activated, and increased amounts of factors XII, VIII
and V, and fibrinogen are found. Plasmin is also
generated by activated Hageman factor. Cleavage of
prekallikrein to kallikrein by the activated Hageman
factor leads to the production of bradykinin and
related kinins, which are potent vasodilators, increase
capillary permeability, and increase gastrointestinal
motility. The complement system can also be
activated by LPS and other microbial products and
the generation of the anaphylatoxins C3α and C5α

contributes to the vasodilation and increased
capillary permeability. A reduction of C3 levels in
septic shock has been associated with a fatal outcome.
Effects on PMN include aggregation, increased
adhesion to endothelial cells, promotion of lysosomal
enzyme release and activation of the superoxide
generating system. The activated PMN has enhanced
bactericidal capabilities, and also the capability of
damaging host tissues. The activated PMN possesses
increased amounts of lysosomal enzymes and a
variety of toxic metabolites of molecular oxygen, all of
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Figure 162.1 Schematized interactions between gram-negative lipopolysaccharides (LPS) and host humoral and cellular mediator
systems in sepsis. PMNs, polymorphonuclear leukocytes; IL-1, interleukin 1; TNF, tumor necrosis factor-α.
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which are both bactericidal and cytocidal. Also, the
activated PMN produces both inflammatory prost-
aglandins and several products of the lipoxygenase
system, many of which enhance inflammation by also
producing vasodilation, capillary leakage and
chemotaxis and PMN activation. The activated PMN
adhere to each other (the leukopenic phase of sepsis
during which PMN aggregates in capillaries) and to
endothelial cells to cause severe damage and capillary
leakage.

The production of TNF and interleukin-1 by
macrophages, endothelial cells and perhaps other
cells plays a central role in the multiple actions of
LPS and other microbial products in sepsis.3 Large
doses of TNF in experimental animals produce all the
systemic and pathologic features of LPS- or bacteria-
induced septic shock, including hypotension,
pulmonary injury with platelet and leukocyte thrombi
and hemorrhagic necrosis of the intestine, acute renal
failure, severe metabolic acidosis and death. Classic
symptoms appearing in sepsis, such as fever, myalgia
and somnolence follow administration of small
amounts of recombinant TNF or interleukin-1 to
human beings. Experimental studies have shown that
these two cytokines act synergistically, contributing to
many of the characteristic hormonal and metabolic
changes seen in sepsis in human beings [hypo-
albuminemia, hyperlipidemia and elevations in plasma
adrenocorticotropic hormone, arginine vasopressin
(AVP), growth hormone, cortisol, catecholamines,
glucagons and insulin].4

Arachidonate metabolites also seem to participate in
this complex process. Thromboxanes produced by
activated platelets and PMN are platelet aggregating
agents and induce pulmonary arterioral constriction.
On the other hand, prostacyclins, which are formed by
endothelial cells, are potent vasodilators and increase
capillary permeability. Interleukin-1, TNF and LPS
induce the production of these factors as well as of
the classic prostaglandins. LPS can also cause the
production, by various cells, of leukotrienes (which
can induce asthma and pulmonary edema) and of the
platelet activating factor, which is a vasodilator,
increases capillary permeability and also has effects on
PMN that duplicate those of the leukotrienes.5

After the initiation of this cascade process, the
interactions between these varying contributing
mediators become very complex. Endothelial cells and
the microcirculation are major sites of reaction. There
is evidence of cytotoxicity, precapillary shunting, the
plugging of postcapillary venules, with PMN and
platelet thrombi, and fibrin deposition. A generalized
capillary leak syndrome appearing as pulmonary
edema is a common event. Kinins, C3a, C5a, histamine
released by mast cells, arachidonate metabolites,
proteases and oxygen products released by activated
neutrophils, monocytes and macrophages can all
contribute to the vasomotor alterations characteristic of
sepsis, and can participate in capillary damage. Tissue

hypoxia and eventual cell death result from the
disordered microcirculation.

Severe sepsis produces hemodynamic changes in
two phases. Septic patients initially have hemo-
dynamic changes primarily reflecting vasodilatation.
Systemic vascular resistance is decreased, the pulse
rate increases to compensate and cardiac output is
dramatically increased. A state of cardiodepression
exists during severe sepsis, and a circulating
myocardial depressant factor (MDF) has recently been
discovered. This MDF seems to be TNF. Septic
patients develop a fall in cardiac ejection fractions to
20–25%, despite the markedly increased cardiac
output. As this hyperdynamic state develops, comple-
ment-mediated leukoagglutination combines with
other inflammatory mediators to cause a severe
capillary leak, the intravascular volume decreases, the
blood pressure falls and the cardiac output now
further declines. Several additional factors contribute
to the decline in cardiac output. Peripheral resistance
increases in late septic shock, and other cardio-
depressants participate, such as vasopressin and
encephalin. Hyperventilation is a characteristic early
response to sepsis, leading to varying degrees of
respiratory alkalosis. Blood lactate concentrations rise
early in sepsis, and in the late stages marked
metabolic acidosis usually predominates.6

Individual organs may be damaged independently
of the hypotensive events. Sepsis is the leading cause
of ARDS. A progressively widening alveolar–arterial
oxygen gradient and the appearance of diffuse
pulmonary infiltrates on chest x-ray are characteristic
features. ARDS develops in 20–45% of patients with
severe sepsis, and it is associated with an 80–90%
mortality rate, with complicating secondary pneumo-
nias responsible for many of the deaths that occur late
in the course.

Evidence of renal hypoperfusion or renal injury
including oliguria, azotemia, proteinuria and the
appearance of tubular and epithelial cells and coarse
granular casts in the urine will be detected in the
majority of patients. Late complications include acute
tubular necrosis or, rarely, renal cortical necrosis as
part of a generalized Shwartzman reaction.

The direct action of LPS as well as activation of
platelet aggregation by multiple mechanisms seem to
be responsible for the thrombocytopenia that is seen
in up to 70% of patients with septicemia. Platelet
counts below 50,000 µl are usually associated with
evidence of DIC. Activation of Hageman factor and
release of plasminogen activator from macrophages
and endothelial cells also contribute to the appearance
of this syndrome.

The syndrome of multiple organ failure has a
central role in evaluating the damage that occurs
during sepsis. Septicemia is the most important of a
number of precipitating causes. Other causes include
severe trauma, burns, pancreatitis and all other causes
of shock. Once the syndrome is initiated, the patient
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becomes febrile and hypermetabolic, exhibits hyper-
active hemodynamic measurements and develops
progressive failure of one or more organs. Mortality
approaches 90% despite all modern therapeutic
measures.

Clinical manifestations
Early phase
The abrupt onset of sepsis is characterized by fever and
chills. However, up to 13% of patients may be
hypothermic, with rectal temperature < 36.5°C at the
onset of sepsis, and an additional 5% of patients who
are not initially hypothermic may fail to mount a febrile
response above 37.5°C. The absence of fever is seen
primarily in the elderly and in those with underlying
diseases such as alcoholism and uremia, and has been
associated with a poor prognosis. The skin is warm and
dry and a redness of the facial skin is usually observed.
In the initial stages of sepsis, alterations in mental status
may be subtle, with disorientation or personality
change as the only manifestation. During this phase,
which is called ‘hyperdynamic’ or ‘warm’, increased
cardiac output and decreased peripheral resistance are
observed due to the peripheral vasodilatation that
afterward leads to hypotension and in general to a
hyperdynamic circulation. Tachypnea follows, which
results in respiratory alkalosis. The duration of this
phase varies from 30 min to 16 h and the response to
treatment may be satisfactory.

Late phase
A hypodynamic circulation (‘hypodynamic’ or ‘cold’
phase) characterizes this phase as a result of the
hypotension and the hypovolemia due to the capillary
leakage of fluids. Peripheral vasoconstriction follows,
whereas the skin becomes cold, dry and cyanotic.
Respiratory alkalosis is followed by metabolic acidosis.
While increased lactate production by poorly perfused
tissues may be a factor, reduced removal of lactate by
the liver and kidneys appears to play a major role. In
the late stages of septic shock, generalized hypoper-
fusion and the use of vasoconstricting pressors also
aggravate the acidosis. Gastrointestinal manifestations
are seen in approximately one-third of patients. They
include nausea, vomiting, diarrhea or ileus. Upper
gastrointestinal bleeding may occur, and rarely
hemorrhagic necrosis of the bowel, which may be
exacerbated by preexisting atherosclerotic disease.
Mild to moderate jaundice may be present related to a
sepsis-induced defect in bile secretion. Less frequently,
shock-induced hepatic necrosis occurs. Also, later
in the disease, more obvious changes of obtundation
and coma may be present. Death is associated with
refractory hypotension and persistently low systemic
vascular resistance, progressive lactic acidosis and
evidence of multiple organ failure (ARDS, DIC, acute

renal failure and hepatic failure) despite administra-
tion of fluids, pressors and antibiotics.7

Laboratory findings
Several laboratory tests are often helpful in the
evaluation of a potentially septic patient. There is
usually leukocytosis with a left shift, but normal
white blood cell counts and even leukopenia can
occur. As white cells aggregate, platelets become
caught up in the process. Thrombocytopenia is
common, and when severe it is usually a sign of
concomitant DIC, and is associated with a prolonged
thrombin time, decreased fibrinogen level and
elevated fibrin degradation products. Abnormalities
in serum electrolytes can include an elevated anion
gap with reduction of the bicarbonate concentration
and metabolic acidosis. Liver function test abnorma-
lities include modest hyperbilirubinemia and eleva-
tions of the transaminases that may be pronounced in
severe shock. Hypoalbuminemia, mild at first, may
progress as sepsis continues and malnutrition
supervenes. Serum lipids are often elevated. Rarely,
changes in serum calcium and phosphorus levels are
seen. On urinalysis, mild abnormalities are seen, such
as proteinuria, whereas with shock, acute tubular
necrosis may develop with oliguria, azotemia and
cellular or granular casts. In the initial stages of sepsis
there is respiratory alkalosis and arterial blood gases
reveal an elevated pH and decreased pCO2. Serum
lactate elevation is highly predictive of deterioration,
leading to septic shock, and the blood may show
hypoxemia and a metabolic acidosis. Chest x-ray
abnormalities may include an underlying pneumonia
as the source of sepsis, congestive heart failure as a
result of myocardial depression and volume resuscita-
tion or the diffuse infiltrates of ARDS. The electro-
cardiogram often shows non-specific ST–T wave
abnormalities.

Diagnosis
The presumptive diagnosis of sepsis must be made
when the setting and attendant clinical signs are
suggestive. In general, patients with fever should be
considered septic until proven otherwise. Therapy
should always be initiated for high-risk febrile
patients in advance before microbiologic confirma-
tion of sepsis. The setting in which the episode is
occurring should be evaluated promptly. Crucial to
appropriate initial decision-making are the back-
ground history, which may help to define the type of
host–defense defect present, and prior culture data,
which might predict the infecting organism. The
physical examination should be directed at quickly
but thoroughly searching for the septic source as well
as signs of end-organ failure that might indicate
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progression to shock, such as altered mental status,
progressive edema and hypotension. All potentially
infected foci should be appropriately sampled, and
the material obtained should be gram-stained and
cultured. The diagnosis and etiology of sepsis is
confirmed by finding pathogenic organisms in the
blood or at other sites of infection. Other entities often
confused with septic shock include myocardial
infarction, pulmonary embolus, drug overdose, occult
hemorrhage, cardiac tamponade, rupture of aortic
aneurysm and aortic dissection.

Treatment
Management of the septic patient involves several
stages. Determination and withdrawal of the source
of bacteremia is essential, as removal or drainage of
the source can turn a potentially fatal disease into an
easily treatable one. Intravenous, Foley and drainage
catheters should be checked and replaced if necessary.

The severity of the underlying disease influences the
outcome of sepsis. Measures, according to the disease,
should be undertaken in order to improve this
outcome. For example, patients who are immuno-
suppressed by virtue of drugs or a disease will have an
improved outcome if the immunosuppressive medica-
tion can be decreased or discontinued, or if the
underlying disease can be effectively treated.

Support of respiration is necessary. Arterial oxygen
should be monitored by pulse oximetry or by direct
measurement. Oxygen should be provided nasally
or by mask, sufficient to maintain arterial oxygen
saturations in excess of 95%. If respiratory failure
develops, intubation with mechanical ventilation
should be employed.

Hemodynamic support should also be provided.
Fluids should be administered as a measure against
hypotension. It is not clear whether colloids or
crystalloids are superior. Blood transfusions may be
needed in cases of severe anemia. The pulmonary
capillary wedge pressure should be maintained
between 15 and 20 mmHg or the central venous
pressure between 10 and 12 cm H2O. Urine output
should be kept above 20 ml/h. Mean arterial pressures
> 60 mmHg are considered satisfactory in previously
normotensive patients. About a third of patients will
respond to fluid administration alone, with reversal of
the hypotension; if volume resuscitation fails to
increase blood pressure, pressor drugs should be
given. Dopamine, dobutamine and norepinephrine
are the agents most frequently used.8

Therapy of acidosis and DIC is required. Acidosis
often resolves with therapy of the underlying infec-
tion and correction of hypoperfusion. If the pH falls
below 7.20, sodium bicarbonate should be given.
Treatment of the underlying infection is of critical
importance in the management of DIC. Asymptomatic
DIC (laboratory abnormalities only) or mild

manifestations, such as ecchymoses or oozing at
venipuncture sites, do not require specific therapy. If
major bleeding is detected, replacement of clotting
factors and platelets is essential.

Broad antibiotic coverage is required in patients
with severe sepsis. Prior to the institution of antibiotics,
blood cultures as well as cultures of relevant body fluids
and exudates should be obtained. Identification of a
portal of entry or localized site of infection can guide
initial antibiotic therapy. When considering the
choice of antibiotics prior to the availability of culture
results, an antibiotic or combination of antibiotics
should be chosen with activity against both gram-
positive and gram-negative organisms. Once the results
of the culture are known, therapy can be more specific.

Recently, two multicenter studies prospectively
compared high doses of methylprednisolone sodium
succinate (MPSS) with placebo in a blinded protocol in
over 600 severely septic patients. Glucocorticoids were
administered within 4 h of recognition of the septic
event. Both studies showed no efficacy of MPSS and
one study showed increased mortality in patients who
had mild degrees of renal malfunction or who
developed ARDS. Thus, glucocorticoid therapy has no
proven role in the treatment of human sepsis.9,10

The use of anti-inflammatory drugs such as the
antiprostaglandins is under active investigation.
These agents may selectively suppress inflammatory
damage caused by the activated PMN, without
interfering with the antibacterial capabilities of these
important host defense cells.

Naloxone, an opiate antagonist, has been used by
several clinicians in the treatment of septic shock on
the basis of the contribution of the endorphin system
to hemodynamic instability. However, in primate
models naloxone appears to increase blood pressure
without leading to improved tissue perfusion. Also,
data from small controlled trials in human sepsis have
not documented any long-term benefits from
naloxone administration.11

Administration of polyclonal antibodies directed at
common core LPS antigens of the J5 mutants of E. coli
has been shown to decrease mortality in patients
with gram-negative bacteremia and septic shock and
to prevent the development of shock when given
prophylactically to high-risk patients. Immunotherapy
for gram-negative sepsis is under investigation using
monoclonal antibodies to core components of LPS and
to TNF. Results are not yet available, but both
techniques hold promise as a possible novel approach
to therapy.12

Prognosis
Most febrile patients lacking other signs of severe
sepsis will usually do well even when bacteremic.
Such patients usually respond quickly to fluid
administration, antibacterial therapy and drainage of
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the primary focus of infection. However, the presence
of shock and/or progressive dysfunction in any organ
system significantly increases morbidity and morta-
lity. Even when the inciting infection is localized,
shock is associated with a 30–50% mortality rate.
Full-blown bacteremia-associated septic shock has a
greater than 50% mortality rate. Early diagnosis and
treatment of severely septic patients decrease
morbidity and mortality.

Prevention
Prevention of infection, especially in the hospital, is
the key to reducing morbidity and mortality
associated with septic shock. This fact emphasizes the
need to limit invasive procedures, limit the use of
intravenous lines, avoid Foley catheterization and
practice good infection control at all times in an
attempt to prevent the occurrence of these infections.
The use of active and passive immunization against
cell wall components of gram-negative organisms
holds promise as a preventive measure in the future.

Bacteremia and septic shock in
obstetric and gynecological patients
Infections that most commonly cause bacteremia and
septic shock in obstetric patients are septic abortion,
antepartum pyelonephritis and puerperal sepsis.
Septic abortion most commonly refers to an infected,
incomplete abortion, although some patients present
prior to the passage of any products of conception.
Therefore, any threatened, inevitable, or incomplete
abortion associated with elevated temperature should
be considered a septic abortion. Incomplete passage of
the products of conception may follow spontaneous
abortion, legal abortion or illegal abortion. The patho-
physiology includes the ascending spread of micro-
organisms that are normally found in the upper
vagina and cervix. Retained products of conception
act as a nidus for the development of local infection,
which can then lead to a more generalized sepsis.
Bacteria migrating through the uterine wall via venous
and lymphatic channels may produce cellulitis and
abscesses in the broad ligaments and retroperitoneal
space of the pelvic floor. Tubo-ovarian abscesses may
occur as direct extensions of intrauterine infection. In
severe cases, septic pelvic thrombophlebitis may
result in multiple, small septic pulmonary emboli,
bacteremia and metastatic infection to other organs.

The most common microorganisms isolated from
both the blood and the uterine cavity are anaerobes
and microaerophilic bacteria. Anaerobic gram-
positive cocci are the most common isolates, but
Bacteroides species and Clostrodium species can also
play a major role in the pathogenesis of septic

abortion. The most common aerobic isolates include
E. coli and group B streptococci. Treatment involves
the use of broad-spectrum antibiotics, uterine
curettage and supportive therapy in severe cases.
Hysterectomy is seldom indicated unless the uterus
has been lacerated or is obviously intensely infected.

Acute pyelonephritis is the most common serious
medical complication of pregnancy, occurring in
1–2% of pregnant women. In most women, renal
parenchymal infection is caused by bacteria that ascend
from the lower tract. Between 75% and 90% of renal
infections are caused by bacteria that have P-fimbrial
adhesions. The most common isolates include E. coli,
Klebsiella pneumoniae and Enterobacter or Proteus.
About 15% of women with acute pyelonephritis also
have bacteremia. For women with pyelonephritis,
continuing sepsis is usually from urinary obstruction
caused by calculi or a perinephric abscess or phlegmon.
Ureteral catheterization or percutaneous nephrotomy
may be life-saving, and if this fails, surgical exploration
may be indicated. In some cases end-stage pyelonephritis
is found as a source of continuing sepsis and
nephrectomy must be performed.

Puerperal sepsis may be caused by infection in the
genital tract, by infection of the respiratory tract,
pyelonephritis, thrombophlebitis and in cases of
laparotomy by incisional wound abscess. Postpartum
uterine infection, also called endometritis, is
relatively common following uncomplicated vaginal
delivery, but still continues to be a major problem in
women delivered by cesarean section. In the majority
of cases, bacteria responsible for pelvic infection are
those that normally reside in the bowel and also
colonize the perineum, vagina and cervix. Complica-
tions of uterine infections include wound infections,
necrotizing fasciitis, peritonitis and septic pelvic
thrombophlebitis. Treatment includes broad-spectrum
antibiotics, and in cases where it is indicated, surgical
intervention should be applied.

Among infections that most commonly cause
bacteremia and septic shock in gynecological patients
are pelvic inflammatory disease and postoperative
infections. Pelvic inflammatory disease affects
thousands of women every year. Microorganisms most
commonly causally related to inflammatory disease
include Neisseria gonorrhoeae, Chlamydia trachomatis,
Hemophilus influenzae, E. coli, group B streptococci,
anaerobes (Peptostreptococcus species, Peptococcus,
Bacteroides species), Mycoplasma hominis, Ureoplasma
urealyticum and Actinomyces israelii. Most cases are
caused by an ascending infection. Usually, an
endocervical infection exists and the microorganisms
gain entrance to the endometrial cavity when the
cervical mucus barrier to infection alters, either in
conjunction with menstruation or through changes in
the hormonal milieu. In the endometrium, the
microorganism stimulates an inflammatory response.
With continued canilicular spread, with help from a
vehicle such as a sperm or by reflux of menstrual
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blood into the fallopian tubes, the gonococcus reaches
the tubes and peritoneal surface, stimulating inflamma-
tory reactions. Pelvic inflammatory disease comprises
cervicitis–endometritis–salpingitis–peritonitis and,
in some cases, oophoritis with abscess formation
occurs. Ambulatory management with antibiotics is
applied in mild cases, and in-patient intravenous
antibiotic treatment in severe cases.

Postoperative infections that may lead to sepsis
include incisional infection, pelvic cellulitis, vaginal
cuff abscess, pneumonia, pelvic abscess, septic throm-
bophlebitis, urinary tract infection and catheter sepsis.
In wound infections the most common isolates include
Staphylococcus, E. coli, Proteus, Pseudomonas, non-
hemolytic Streptococcus and Klebsiella. Management
includes opening of the incision, removal of all necrotic

tissue and debris and frequent dressing drainages.
Antibiotics are indicated when there is evidence of
significant cellulitis, systemic signs suggesting bactere-
mia or signs suggestive of a necrotizing infection, or in
high-risk patients (diabetes, patients under steroid
treatment). Necrotizing wound infections are uncom-
mon, but of life-threatening potential, demand prompt
recognition and accurate therapy and do not resolve
without surgical intervention. The incidence of soft
tissue pelvic infections has decreased over recent years
with the advent of prophylactic antibiotics; however,
pelvic cellulitis remains a significant problem in
gynecological surgery. Treatment includes antibiotics,
and in cases where abdominal or pelvic abscess is
suspected, drainage of the abscess, either percuta-
neously or through open laparotomy, is mandatory.
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163 Gastrointestinal infections in
pregnancy and neonates
I. Krause and S. Ashkenazi

Infectious gastrointestinal disease may have an
impact on the course of pregnancy and its outcome.
Several pathogens such as Salmonella and Campylo-
bacter may cause bacteremia with secondary infection
of the placenta and the fetus. Other microorganisms
cause severe circulatory compromise due to dehydra-
tion and electrolyte imbalance, and may bring about
fetal hypoxia.

Some infections in mothers can be transmitted dur-
ing delivery, and later on by the fecal–oral route, to the
neonate. Neonatal infections often have atypical pres-
entation, with a more serious course. Breast feeding is
of great importance as a preventive measure against
many gastrointestinal infections. Special considera-
tions should be made regarding antimicrobial therapy
during pregnancy.

This chapter deals with several aspects of gastroin-
testinal infections during pregnancy and the neonatal
period.

Salmonella species
Salmonellae are motile, gram-negative, non-capsulated,
non-sporulating rods that belong to the family Enter-
obacteriaceae. The large number of different serotypes
makes the classification of salmonellae somewhat
confusing; therefore different systems have been sug-
gested. There are three main groups of salmonellae,
named by the species Salmonella enteritidis, S. typhi,
and S. cholerasuis. These species are further divided
into serogroups and serotypes according to principal
antigens: flagellae (H) antigens, the cell wall (O)
lipopolysaccharide antigen, and the envelope viru-
lence (Vi) heat-labile antigens.1

Salmonellae are resistant to many physical agents,
but can be killed by heating to 54.4°C for 1 h or 60°C
for 15 min. They may remain viable for days and even
weeks in sewage, dried food and fecal material.

The precise mechanisms of salmonellae virulence are
not completely understood. Two-thirds of Salmonella
strains produce enterotoxin immunologically related to
cholera toxin, and this may explain the watery diarrhea

often seen in Salmonella gastroenteritis. Salmonellae
secrete several protein synthesis-inhibiting cytotoxines
that are not immunologically related to the cytoxines
produced by Shigella dysenteriae or Escherichia coli
(mainly serotype O157:H7). The pathogenic role of these
cytotoxins is unclear. The ability of salmonellae to sur-
vive inside the phagolyposomes of phagocytic cells due
to the properties of their lipopolysaccharides has major
clinical significance. It may explain treatment failure
with antibiotics, which do not penetrate the phagolypo-
somes, prolonged fever even with adequate therapy, and
relapses of the disease after apparent recovery.

Both humoral immunity and cell-mediated immu-
nity are activated during Salmonella infection; it is
thought that cellular immunity plays a more impor-
tant role in eradication of the microorganism, because
macrophages activated by T cells have the ability to
kill intracellular bacteria.

Non-typhoid salmonellosis
Epidemiology
Salmonellosis is one of the most common gastrointesti-
nal infections in humans worldwide. Salmonellae
cause disease in animals as well, although most of the
infections are asymptomatic. More than 500,000
culture-proven cases of salmonellosis are reported
annually in the United States, and the actual estimated
number is up to 4,000,000. The highest isolation rate
is reported among infants less than 1 year of age. The
incidence of Salmonella infection during the first year
of life is about 75 cases per 100,000 infants. Meat, milk,
poultry, and eggs are the main sources of Salmonella.
Up to 50% of poultry, 5% of beef, 16% of pork, and
40% of frozen egg products contain Salmonella.
Reptiles, particularly pet turtles, may serve as a source
of the infection. In hospitals, Salmonella infection
may be transmitted by contaminated food, personnel,
inadequately sterilized equipment, and administration
of animal extracts (pituitary, liver, pancreas, etc.). The
occurrence of nursery outbreaks and intrafamilial
infection suggests person-to-person spread.
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Salmonella is rarely acquired by the neonate from
the mother during delivery, but it can easily be trans-
mitted to the neonate by infected mothers after deliv-
ery. The mother may be symptomatic or asymptomatic.
Contaminated human milk, raw milk, formula, fomites
such as delivery room resuscitators, rectal thermome-
ters, oropharyngeal suction devices, and air condition
filters may serve as reservoirs of Salmonella.2 Once
having entered a nursery, Salmonella is difficult to
eradicate. Epidemics lasting for up to 30 months have
been reported. The risk of the newborn becoming
infected once Salmonella is introduced into a nursery
may be as high as 20–27%.2 The incubation period
varies from 6 h to several days.

Outbreaks of salmonellosis may be widespread,
and it is important to find the source of the infection.
Outbreak tracing has improved with the development
of molecular epidemiology techniques such as plasmid
analysis and endonuclease digestion of chromosomal
genes. After infection, non-typhoidal Salmonella are
excreted in feces for a median of 5 weeks. Chronic
carrier state is rare in non-typhoidal salmonellosis
(< 1%) in healthy individuals, but occurs with higher
frequency in young children and in patients with
biliary disease or immune deficiency.

Pathogenesis
Ingested salmonellae enter the stomach. Gastric acid-
ity provides the first protective barrier, as most organ-
isms are killed at a pH of 2.0. Several factors may
interfere with this protective effect: achlorhydria,
buffering medications, and rapid gastric emptying.
Neonates and infants have hypochlorhydria and rapid
gastric emptying, and are therefore more susceptible to
symptomatic salmonellosis.3 Premature and low birth
weight infants appear to be at higher risk of acquiring
Salmonella infection than full-term infants.4 Bacterial
flora of the small and large intestines, which may be
affected by antibiotic therapy, serve as an additional
barrier to Salmonella. Decreased intestinal motility
due to anatomic causes or medications prolongs the
contact time of salmonellae with the mucosa and
increases its pathogenicity.1

The organisms multiply within the lumen and then
penetrate the mucosa, usually at the distal part of the
ileum and the proximal part of the colon. Afterward,
salmonellae enter the Peyer patches. Most non-
typhoidal salmonellae remain within the lamina
propriae and the local lymph nodes. S. dublin and
S. choleraesuis may rapidly invade the blood stream
with little intestinal damage. The ability to cause bac-
teremia is related to specific virulent genes, which are
found in strains of S. typhimurium, although any
Salmonella strain may produce bacteremia. Patients
with impaired reticuloendothelial or cellular immune
response such as chronic granulomatous disease and
acquired immune deficiency syndrome (AIDS) are
prone to Salmonella infections. Sickle cell anemia pre-
disposes to Salmonella septicemia and osteomyelitis,

probably due to multiple infarcts in the gastrointestinal
tract, bones, and reticuloendothelial system. Chronic
infections are more common in the presence of
cholelithiasis and hepatosplenic disease caused by
Schistosoma mansoni.

Pathology
Pathologic findings are consistent with enterocolitis
and include diffuse mucosal inflammation, edema,
erosions, and microabscesses. Penetration of mucosa
by salmonellae does not usually cause destruction of
epithelial cells, hence mucosal ulcers are not found.
Polymorphonuclear cells and macrophages infiltrate
the lamina propria. Enlargement of intestinal lym-
phoid tissue is seen; the reticuloendothelial system in
the liver and spleen may undergo hyperplasia.

Clinical manifestations
Several clinical syndromes occur with non-typhoidal
Salmonella infection.

Acute gastroenteritis
This is the most common presentation of non-
typhoidal salmonellosis. In neonates and young infants
there is an abrupt onset of nausea, vomiting, and
crampy abdominal pain, followed by diarrhea, which
may be watery or dysenteric – green, mucous- and
sometimes blood-containing stools. Fever of 38.5–39°C
is found in about 70% of patients. Abdominal exami-
nation may reveal tenderness, and mild leukocytosis
can be detected. There are some differences in presen-
tation of the disease depending on the Salmonella
serotype. A few infants with Salmonella gastroenteritis
develop necrotizing enterocolitis, although it is not
clear whether Salmonella is the causative agent.5

The duration of symptoms is 2–7 days in healthy
individuals. In neonates, young infants, and patients
with immune deficiency, the disease may last for
several weeks. In patients with AIDS, the infection
may cause multisystem involvement, septic shock,
and death.

Gastrointestinal complications of Salmonella
infection include protracted diarrhea due to second-
ary carbohydrate intolerance, and non-specific
chronic diarrhea associated with prolonged excretion
of Salmonella.

Bacteremia
The precise incidence of bacteremia is unknown, and
differs according to the age of the patient and the pres-
ence of risk factors. Prospective studies of infants in
the first year of life suggest a risk of bacteremia of
1.8–6%.6 Several retrospective studies have reported
the risk to be as high as 30–50% during the first
month of life.

Extraintestinal spread may occur in infants who
initially present with diarrhea and in those without
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gastrointestinal tract symptoms. Some serotypes of
Salmonella are more invasive in the first 2 months of
life than in older patients, for example, S. newport,
S. enteritidis, S. infantis and S. typhimurium, but vir-
tually any Salmonella serotype can cause bacteremia
in neonates.

The spectrum of clinical signs and symptoms in
patients with Salmonella bacteremia ranges from
toxic appearance with high-grade fever and chills to
good general condition and absence of fever;7

enlarged liver and spleen are common. Certain under-
lying conditions put the patient in a high-risk group
for bacteremia: neonates and infants (aged less than
3 months), AIDS and other immune deficiency states,
malignancies, immunosuppressive or steroid therapy,
hemolytic anemias, including malaria and bartonel-
losis, collagent vascular disease, inflammatory bowel
disease, gastrectomy, achlorhydria or antacid medica-
tions, schistosomiasis, and malnutrition. Although
infants with bacteremia may have spontaneous reso-
lution without therapy, a sufficient number develop
complications. The complications are most common
during the first month of life.

In pregnancy, Salmonella septicemia may cause
sepsis and fetal loss.8 Two cases of Salmonella urinary
tract infection during pregnancy have been reported.9

Extraintestinal focal infection
Salmonella may cause suppurative infection of almost
any organ. The most common focal infections involve
the skeletal system, meninges, and the endocardium.
Endophthalmitis, hepatic abscesses, intra-abdominal
abscesses, mastitis, pericarditis, peritonitis, pleurop-
neumonia, soft tissue abscesses, splenic abscesses and
genitourinary tract infection, otitis media, cholecysti-
tis, and infected cephalhemotoma have all been
reported to be caused by Salmonella.10 Endocarditis
has rarely been reported in neonates. Meningitis is
the most frightening complication. Of all cases of
non-typhoidal Salmonella meningitis, 50–75% occur
during the first 4 months of life.11 The serotypes asso-
ciated with neonatal meningitis are S. typhimurium,
S. heidelberg, S. enteritidis, S. sant-paul, S. Newport,
and S. panama. The presenting symptoms are vague:
little or no fever, bulging fontanelle, and decreased
appetite. Rapid deterioration and a high mortality
rate (30–60%) occur despite appropriate antibiotic
therapy. Relapse has been reported in up to 64% of
cases. The survivors suffer from early and late neuro-
logic sequelae including hydrocephalus, seizures,
ventriculitis, abscess formation, subdural empyema,
mental retardation, hemiparesis, visual impairment,
and athetosis.

Asymptomatic infection
After clinical recovery from Salmonella gastroenteri-
tis, asymptomatic fecal excretion of the organism
occurs for several weeks. A chronic carrier state is
defined as asymptomatic excretion of Salmonella

species for more than 1 year. The precise incidence
is not known, but the condition seems to be rare.
Patients with biliary tract disease are prone to become
carriers.

Diagnosis
Diagnosis is based on culturing the organism from
stools, blood, cerebrospinal fluid, or aspirated speci-
mens from sites of local suppuration. Selective media
such as MacConkey, xylose-lysine decarboxylase
(XLD), bismuth sulfite, or Salmonella–Shigella agar
should be used for specimens normally containing
bacterial flora. Two tests, based on latex agglutination
and fluorescence, are commercially available for the
rapid diagnosis of Salmonella colonies growing in stool
culture.1 Clinical experience is limited. An experimen-
tal method for rapid detection of Salmonella using
chromosomal fragments, which are unique to the
genus, as DNA probes, is under evaluation.1 Serologic
assays for detecting antibodies against S. typhimurium
and S. enteritidis are available, although their clinical
relevance is unclear. Because of the potential compli-
cations of Salmonella infection during pregnancy,
bacteremia, fetal loss, and urinary tract infection,
diarrheal disease during pregnancy should be evalu-
ated for a possibility of Salmonella infection.

Prevention
Adequate food hygiene practices, chlorination of
water, and hand washing are important for preventing
salmonellosis. Hospitalized patients should be iso-
lated. Proper sterilization of medical equipment
should be performed.

Individuals with symptomatic or asymptomatic
excretion of Salmonella need to be excluded from
handling food and taking care of children until
repeated stool cultures are negative. Control of the
spread of Salmonella in humans requires control of
the infection in animal reservoirs and use of appro-
priate food processing.

Breast feeding may prevent Salmonella infection
by reducing the risk of contamination relative to other
foods, especially in developing countries, and by
class-specific antibodies against Salmonella.12

Treatment
The most important aspect of treating Salmonella
gastroenteritis is supportive care, i.e. correction of
dehydration and electrolyte and acid–base imbal-
ances. Antimotility agents should be avoided because
they prolong intestinal transit time and may increase
the risk of invasion. Antimicrobial therapy is not rou-
tinely recommended in patients with uncomplicated
Salmonella gastroenteritis, because it does not
shorten the clinical course, or eliminate fecal excre-
tion of Salmonella.

Antibiotics may suppress normal intestinal flora,
prolong the excretion of Salmonella, and increase the
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risk for chronic carrier state. Antibiotic therapy is
indicated in infants of less than 3 months because of a
high rate of extraintestinal complications, in patients
with underlying conditions that increase the risk of a
disseminated disease, and in those with a severe or
protracted course of the disease. Patients with bac-
teremia or extraintestinal focal Salmonella infections
should always receive antimicrobial therapy.

The choice of the antibiotic drug depends on the
epidemiologic data, because antibiotic susceptibility of
Salmonella differs significantly from region to region.
In areas where Salmonella is susceptible to ampicillin,
it is an effective agent (200 mg/kg/24 h in four divided
doses, adults 2–12 g/24 h). Trimethoprim–sulfamethox-
azole (TMP–SMX) is not recommended for use in
neonates and pregnant women because of the risk of
kernicterus. If chloramphenicol is used, serum levels
must be closely monitored to avoid toxicity.

Increasing resistance of Salmonella to these three
agents is reported from all over the world. For this
reason, third-generation cephalosporins are used with
increasing frequency. Cefotaxime 100–200 mg/kg/24 h
in three to four divided doses (in adults 2–12 g/24 h)
or ceftriaxone 50–100 mg/kg (in adults 1–4 g/24 h) in
one or two divided doses are effective.

Quinolones, although effective, are not approved
for use in children and in pregnant women because of
the potential damage to growing cartilage. The dosage,
route of application, and duration of therapy depend
on the site and severity of the infection.

Acute gastroenteritis may be treated for 3–5 days by
antibiotics given orally. Ceftriaxone may be given
intramuscularly on an ambulatory basis. Patients with
bacteremia are treated for 10–14 days intravenously,
acute osteomyelitis warrants 4–6 weeks of therapy,
and meningitis should be treated for 4 weeks intra-
venously with the highest recommended dosage.

Enteric fever
Enteric fever is a clinical syndrome produced by
S. typhi (typhoid fever) and occasionally by other
serotypes of Salmonella.

Epidemiology
The incidence of enteric fever has decreased in devel-
oped countries. In the United States, 400 cases of
enteric fever are reported each year (incidence of less
than 0.2:100,000). The incidence is similar in Western
Europe and Japan. In southern Europe, the annual
incidence is estimated to be 4.3–14.5 per 100,000. In
developing countries, the incidence may be as high as
500:100,000. Every year 12.5 million cases occur
worldwide according to the estimation of the World
Health Organization. The disease is not common in
neonates. Humans are the only natural reservoir of
S. typhi. The most common mode of transmission is
ingestion of food or water contaminated with human

feces. Congenital transmission of the disease can
occur by transplacental infection from a bacteremic
mother to the fetus, while intrapartum transmission
may occur by the fecal–oral route.2

Pathogenesis
The inoculum size required to cause disease is
105–109 for S. typhi organisms. Ingested organisms
adhere to the microvilli of the ileal brush border,
invade the epithelial cells, enter the intestinal lymph
node follicles, and reach the mesenteric lymph nodes.
Organisms enter the blood stream through the tho-
racic duct. Reticuloendothelial cells in the liver,
spleen, and bone marrow are infected with circulating
bacteria. Following proliferation in the reticuloen-
dothelial system, the bacteremia recurs. The gall-
bladder is especially prone to infection.

Clinical manifestations
The incubation period is usually 7–14 days, but may
be as short as 3 days and as long as 30 days.

Neonatal infection
Neonatal disease may begin within 3 days of delivery,
with vomiting, diarrhea, and abdominal distension.
Fever as high as 40.5°C may be present. Seizures,
jaundice, anorexia, and weight loss may be seen.
Hepatosplenomegaly can be found. Laboratory find-
ings include low blood leukocyte counts, thrombo-
cytopenia, disturbed liver function test results, and
proteinuria. Fecal leukocytes or blood are common.

Complications include intestinal perforation and
hemorrhage, myocarditis, central nervous system
manifestations, hepatitis, cholecystitis, osteomyelitis,
and arthritis. Pneumonia or bronchitis may occur.13

Infection during pregnancy
Enteric fever during pregnancy puts women at risk of
aborting the fetus. In 1930, 64 pregnant women with
typhoid fever were reported.14 Fetal and maternal
mortality rates of 26% and 60%, respectively, were
noted. The rate of premature delivery was 25%. With
prompt diagnosis and appropriate antibiotic therapy,
pregnancy does not appear to put the woman at
increased risk of death from enteric fever.15 Premature
labor and fetal death are reported occasionally,
despite adequate antimicrobial therapy.16,17 In one
case of spontaneous abortion due to typhoid fever,
extensive fetal necrosis was found.15 Typhoid fever
must be considered in the differential diagnosis of
pelvic pain, urinary symptoms, and fever in pregnant
patients. One case of typhoid cholecystitis, which
required surgical intervention, has been reported.18

Diagnosis
Diagnosis is based on culturing. Blood cultures are pos-
itive in 40–60% of patients early in the course of the
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disease.1 Repeated blood cultures are recommended.
Stool and urine cultures may become positive after
the first week. Late in the course of the disease, when
blood cultures are sterile, Salmonella may be found in
bone marrow. Bone marrow culture is the most sensi-
tive test (positive in 85–90%). Salmonella may be cul-
tured in amniotic fluid, cervical swabs, and placenta
in cases of premature labor due to enteric fever.16,17

New methods for rapid diagnosis include direct
detection of S. typhi-specific antigens in the serum
or urine by monoclonal antibodies and polymerase
chain reaction (PCR).1 Serologic tests are of little clin-
ical value. The Widal test, which measures antibody
titer against O- and H-antigens of S. typhi, is not
sensitive or specific.

Prevention
Appropriate sanitation, hand washing, control of food
production, and eradication of S. typhi from carriers are
needed. Several vaccines (parenteral and oral) against
S. typhi are available.19 Parenteral heat-phenol-
inactivated vaccine provides only limited protection
(51–70%) and is associated with a high rate of adverse
effects such as fever, headache, and local reactions. The
most effective vaccine that is currently in use is an
oral live-attenuated preparation of the Ty21a strain of
S. typhi. The efficacy is 67–82%, and no significant
adverse effects have been reported. This vaccine
should not be used in immunocompromised patients,
and is not recommended for children under 6 years
because of limited experience. Infants do not seem to
develop immune response with this preparation.

Treatment
Antibiotic therapy should be given to all patients with
suspected enteric fever. Prompt antimicrobial treat-
ment is of great importance during pregnancy, since it
may prevent fetal loss and maternal morbidity. High
resistance rates to many antibiotic drugs, including
ampicillin, chloramphenicol, and TMP–SMX, are
currently common worldwide. Resistant strains are
usually susceptible to third-generation cephalosporins.
Cefotaxime 200mg/kg/24 h (maximal dose 12g/24 h)
intravenously, divided in three to four doses, and
ceftriaxone (100 mg/kg/24 h, maximal dose 4 g/24 h)
intravenously in one or two doses are effective in
treating enteric fever. Ceftriaxone is used in preg-
nancy, although its safety has not been established.
Fluoroquinolones are efficacious but currently not
approved for use in children and pregnant women,
although several authors recommend ciprofloxacin as
a drug of choice for treatment of ampicillin-resistant
typhoid fever during pregnancy.20 Given orally, cipro-
floxacin produces more rapid resolution of fever than
parenteral ceftriaxone. A short course of dexametha-
sone, 3 mg/kg for the initial dose, followed by 1 mg/kg
every 6 h for 48 h, has been shown to improve the sur-
vival rate of patients with shock. Supportive treatment

is needed to correct fluid and electrolyte imbalance.
Attempts to eradicate chronic carriage of S. typhi are
recommended. A course of 4–6 weeks of high-dose
ampicillin or amoxycillin with probenecid results in
an 80% cure rate. In the presence of biliary disease,
the eradication is difficult and sometimes cholecys-
tectomy is recommended.

Shigella species
Shigellosis is the clinical illness caused by bacteria of
the genus Shigella, which belong to the family
Enterobacteriaceae.21 Shigellae are gram-negative rods
that are non-motile and do not ferment lactose or do
so slowly. They are divided into four species or sero-
groups: Shigella dysenteriae, serogroup A; Shigella
flexneri, serogroup B; Shigella boydii, serogroup C;
and Shigella sonnei, serogroup D. The species differ
in their geographic distribution. S. sonnei is the most
common species in developed countries, where its
relative prevalence is increasing.21 In developing
countries, S. flexneri is most frequent, with outbreaks
that are often caused by S. dysenteriae.

Shigellosis has worldwide distribution, and the
organisms spread through the fecal–oral route. Because
of the low infectious dose – 10–200 organisms can
transmit the disease – person-to-person transmission
of shigellosis is common. However, transmission by
contaminated food, drinking water, swimming pools,
and flies has been documented.21 Seasonality in the
incidence of Shigella infections is well documented.
In temperate climates, including the United States,
the peak incidence of shigellosis is during summer
and early fall; in the tropics the disease peaks in the
rainy season.

The major virulence trait of shigellae is their ability
to invade mammalian cells. This ability depends on a
120–140-MDa plasmid, which encodes the synthesis
of several polypeptides that are necessary for inva-
sion.21 Several chromosomal loci are needed to regu-
late the invasion polypeptides and for complementary
virulence traits. Of particular importance are loci
encoding the synthesis of bacterial lipopolysaccha-
ride, which is mandatory for full virulence and deter-
mines the serotype of Shigella.

Shigella strains excrete several toxins. Best known
is Shiga toxin, which is produced mainly by S. dysen-
teriae serotype 1 and plays a major role in the com-
plications of shigellosis.22 Shiga toxin is capable of
damaging mammalian cells by inhibiting protein syn-
thesis. Two Shigella enterotoxins have recently been
identified, cloned, and sequenced; additional toxins
are probably produced.

Clinical manifestations
Shigellosis is characterized by acute diarrhea, which
develops after an incubation period of 1–2 days. The
illness often starts as watery diarrhea and in about
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half of the patients then progresses to bloody or
mucous stools. Diarrhea is usually accompanied by
high fever, generalized toxicity, anorexia, and vomit-
ing. Defecation is painful, with urgency. When
untreated, diarrhea usually lasts about 1 week. More
prolonged diarrhea and even chronicity have been
described in immunocompromised patients, espe-
cially those with AIDS and malnourished infants. The
disease caused by S. dysenteriae type 1 is usually
more severe. Physical examination during the acute
disease may show abdominal distention, tenderness,
and hyperactive bowel sounds.

Although usually self-limited, several complications
of shigellosis may develop. Intra-abdominal compli-
cations include ileus, toxic megacolon, pseudomem-
branous colitis, perforation with local abscesses, and
cholestatic hepatitis.

Neurologic symptoms are among the most frequent
extraintestinal manifestations of shigellosis, mainly
in children. Of these, convulsions are the best docu-
mented, developing in 12–45% of hospitalized
children with culture-proven shigellosis.21 Seizures
are usually benign, self-limited, and have no neuro-
logic sequelae. Other neurologic symptoms include
lethargy, confusion, severe headache, and hallucina-
tions, and are often referred to as encephalopathy.
Fatal outcome can occur. The pathogenesis of Shigella-
associated neurologic symptoms is not clear.

Septicemia is occasionally seen in patients with
shigellosis. A study in Bangladesh found Shigella
bacteremia in 4% of patients. Septicemia with other
enteric bacteria is also found during shigellosis, proba-
bly secondary to the damaged gut and loss of the intes-
tinal barrier function. Focal extraintestinal infections of
Shigella include vaginitis, cystitis, conjunctivitis, iritis,
arthritis, and pneumonia. Reactive arthritis and Reiter
syndrome may develop.

Especially with S. dysenteriae type 1 infection,
hemolysis, hemolytic uremic syndrome, and throm-
botic thrombocytopenic purpura may develop. It is
thought that damage to endothelial cells by Shiga
toxin is the initial event in pathogenesis.22

Shigellosis in pregnancy and neonates
Shigellosis is relatively rare in neonates and young
infants. This is related, at least in part, to protecting
maternal antibodies that are transferred through the
placenta and by breast feeding.21 According to pub-
lished series, less than 4% of Shigella cases occur dur-
ing the first 3 months of life and less than 2% in the
neonatal period.23,24 Of the neonatal Shigella cases,
more than half occur within 3 days of birth, suggesting
fecal–oral transmission during parturition. Haltalin
found that in 11 of 16 neonates with shigellosis, the
mothers or other family members had clinical diarrhea,
sometimes with isolation of Shigella species from their
stools.24 Infection from asymptomatic mothers can
sometimes occur. Intrauterine infection with Shigella
is rare; Armor described chorioamnionitis caused by

S. sonnei, with transmission of the infection to the
neonate as pneumonia.25

Shigellosis in the neonatal period has distinct
clinical characteristics. As compared to older children
and adults, neonates with shigellosis usually have
low-grade (< 39°C) fever or are afebrile, a lower rate of
typical bloody diarrhea, and often abdominal disten-
tion.23,24,26 Lethargy, general toxicity, and feeding
difficulties are more frequent in neonates.24

Complications are relatively frequent in neonatal
shigellosis. Hypothermia, electrolyte imbalance, espe-
cially hypernatremia, acidemia, and dehydration are
seen.23 Toxic megacolon, necrotizing enterocolitis,
and perforation may develop.26–28 Chronic diarrhea
leading to malnutrition may be seen.27

Development of septicemia is of particular impor-
tance. Shigella bacteremia has been reported to occur
in 12% of infants younger than 3 months who had
shigellosis,23 with the rate in neonates even higher.24,29

Bloodstream invasion with Shigella has been reported
in an asymptomatic newborn infant.29 Two neonates
have been reported with Shigella meningitis.23,30

Data on age-related mortality during Shigella infec-
tions show a particularly high fatality rate during the
neonatal period. In the series of Huskins and col-
leagues, five of 24 (21%) neonates with shigellosis
died, and in infants younger than 3 months the mor-
tality rate was over 16%.23 It has been estimated that
in developing countries the mortality rate of neonatal
shigellosis is over 50%.24

Diagnosis
Culturing is the cornerstone in the diagnosis of neonatal
shigellosis, particularly because of the atypical presen-
tation of the disease in this age group. Shigellosis
should be suspected not only in neonates with diar-
rhea, but also in those who look septic and in those
presenting with shock and abdominal symptoms
suggesting necrotizing enterocolitis, midgut volvulus,
and intussusception. A history of diarrhea in the
mother or other family members is important.

Stool, but also blood and when relevant cerebro-
spinal fluid, specimens should be obtained for culture.
Culture media should include MacConkey agar as
well as selective media such as xylose-lysine decar-
boxylase (XLD) and Salmonella–Shigella agars. After
growth, the species (serogroups) are identified by
agglutination. Identification of Shigella by culture
takes at least 2–3 days, and the yield of stool speci-
mens is relatively low. New techniques for more rapid
and possibly more sensitive diagnosis include DNA
probes, PCR, and antigen detection methods. These,
however, are still being developed.

Treatment
Correction of fluid and electrolyte disturbances is
always the mainstay in treating patients with diarrhea.
Particular attention should be given to neonates with
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shigellosis who are more likely to develop dehydration,
hypernatremia, hypoglycemia, and acidemia.

Appropriate antibiotic therapy has been shown to
be efficacious in shigellosis. Clinically, it shortens
the duration of fever, diarrhea, and general toxicity;
bacteriologically, fecal excretion of shigellae is stopped
in a few days. Complications are probably decreased
by antibiotics.

The major problem is the increasing antimicrobial
resistance of Shigella species worldwide. Oral TMP–
SMX, in daily doses of 10 mg/kg of trimethoprim and
50 mg/kg of sulfamethoxazole, divided into two
doses, is the usual recommended therapy.21 TMP-
SMX is not recommended in young infants because
of the potential risk of kernicterus, nor is it recom-
mended during pregnancy. In addition, in certain geo-
graphic locations, high rates of TMP–SMX resistance
of shigellae have been reported.

When epidemiologic or laboratory data suggest
susceptibility to ampicillin, it can be used orally or
parenterally, according to the condition of the patient.
The daily dose is 100 mg/kg divided into four doses.
Chloramphenicol treatment, with careful monitoring
of blood levels, may be considered. Third-generation
cephalosporins, and especially ceftriaxone (50 mg/
kg/day in a single dose), are adequate alternatives,
especially for the more severe cases. Although effica-
cious, quinolones are not approved for use in children
(< 17 years) because of potential damage to the grow-
ing cartilage.

Antimotility agents, such as diphenoxylate and
atropine, can prolong the duration of fever, diarrhea,
and fecal excretion of the pathogen in patients with
shigellosis, and should therefore not be used when
shigellosis is suspected. Intestinal motility with con-
stant fluid flow may actually be an important host
defense mechanism for rapid clearance of the infection.

Prevention
Breast feeding can reduce the risk of Shigella infection
in early infancy or lessen its severity. It should be espe-
cially recommended in developing countries, where
Shigella infections are more frequent and have a signif-
icant impact on nutrition and growth.21 Because person-
to-person transmission of shigellosis is common, strict
personal hygiene, and especially hand washing after
defecation or diaper changing, and before food prepara-
tion and consumption, is mandatory. In developing
countries, running water and closed sewage systems are
important. Several approaches to the development of
Shigella vaccines are currently under investigation.

Yersinia enterocolitica
Yersinia are gram-negative bacilli of the family
Enterobacteriaceae. Adherence to the intestinal
epithelial cells and production of heat-stable entero-
toxin produce watery diarrhea. Cytotoxin secreted by

Yersinia causes ulcerative ileocolitis with mesenteric
adenitis. Pathogenic strains require iron and survive
only in red-blood-cell-containing products. Patients
with hemochromatosis or after accidental overdose of
iron are susceptible to septicemia with Yersinia.31

Epidemiology
Animals, food, and water are the major reservoirs of
Yersinia enterocolitica. Swine, cattle, goats, dogs, and
cats are the most common carriers of this organism.
Transfusion-transmitted Y. enterocolitica infection
has been reported. The risk of transfusion-associated
disease increases with blood stored for over 2 weeks.
Person-to-person transmission may occur by the oral–
fecal route. Infection occurs primarily in children and
young adults.

Clinical manifestations
Infection with Y. enterocolitica has not been reported
in association with complications during pregnancy.
Neonatal infection with Y. enterocolitica is rare.32

Infants present either with watery diarrhea or with
stools containing mucus and blood. Bacteremia and
sepsis are common (20–30%) in infants younger than
3 months,33 and meningitis is rare. Complications
include erythema nodosum, hemolytic anemia,
thrombocytopenia, and reactive arthritis.

Diagnosis
Diagnosis is based on culturing the organism. Y. ente-
rocolitica can be recovered from stool, throat swabs,
peritoneal fluid, blood, and mesenteric lymph nodes.
Stool culture should be performed on Yersinia-
selective agar and incubated at reduced temperatures.
It is worthwhile to keep the culture for longer periods.
Isolation from body fluids that do not normally con-
tain bacteria (blood, cerebrospinal fluid) may be made
on routine media.

Distinction between pathogenic stool strains and non-
pathogenic ones may be made by Congo red–magnesium
oxalate agar and certain biochemical tests. Antibody
titers against Y. enterocolitica can be measured but are
useful for epidemiologic purposes only.

Prevention
Appropriate means of preparing food, especially
meat, pasteurization of milk, and hand washing, may
prevent transmission of Y. enterocolitica. Human milk
might inhibit adhesion of Y. enterocolitica.34

Treatment
Antibiotic therapy is indicated in culture-proven sep-
ticemia, in patients less than 3 months with gastroen-
teritis, who have a high rate of septicemia. Otherwise,
uncomplicated enterocolitis due to Y. enterocolitica
in previously healthy patients is a self-limited disease
and the benefit of antimicrobial treatment has not
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been established. Aminoglycosides in combination
with third-generation cephalosporins, or TMP–SMX,
are effective against Y. enterocolitica infections.

Vibrio cholerae
Vibrio cholerae are gram-negative, non-spore-forming,
curved, motile rods with a polar flagellum. There are
many serotypes of V. cholerae, but only V. cholerae 01
and 0139 (Bengal) cause epidemics. V. cholerae 01 is
divided into two serotypes, Inaba and Ogawa, and two
biotypes, classical and E1 Tor.35

Epidemiology
V. cholerae is found in warm, salty water, roots of plants,
and shellfish. Person-to-person transmission is rare.
Epidemics of cholera still occur worldwide. In 1991,
epidemic of cholera appeared in South and Central
America. In 1992, strains of a new serotype 0139 caused
an outbreak in Madras (now called Chennai), India.

Pathophysiology
In order to cause disease, vibrios, which are acid-
sensitive, must overcome the stomach barrier and
reach the small bowel. Vibrios adhere to the mucous
layer and produce proteolytic enzymes. Virulence of
V. cholerae is mainly due to production of enterotox-
ins. The most important of these toxins is cholera
toxin, a large heat-labile protein containing a single
A subunit and five B subunits. B subunits are respon-
sible for toxin binding to the enterocyte membrane
ganglioside GM1, and the A subunit is an adenosine
diphosphate (ADP)-ribosyltransferase, which causes
elevation of cyclic adenosine monophosphate (cAMP)
levels. cAMP decreases the active absorption of
sodium and chloride by villous cells and increases
active secretion of chloride by crypt cells. Another
toxin produced by V. cholerae alters the intracellular
tight junctions and increases the permeability of intes-
tinal mucosa to water and electrolytes. A third entero-
toxin is an ion-transporting ATPase. These three
enterotoxins are coded by chromosomal genes.

Clinical manifestations
The most common clinical presentation is watery
diarrhea and vomiting. The incubation period varies
from 6 h to 5 days. Fever may be present. In severe
cases, there is profuse diarrhea with ‘rice water’ con-
sistency and fishy odor. Dehydration may cause cir-
culatory collapse, acidosis, impaired consciousness,
electrolyte imbalance, and renal failure.

Pregnancy
Cholera during pregnancy, especially in the third
trimester, is associated with a high incidence of fetal
death.36 Bacteremia is unusual with cholera, and it

has not been found in cultures of placenta and
aborted fetuses. Miscarriage is probably attributed to
fetal acidosis and hypoxemia resulting from the
marked metabolic and circulatory changes in the sick
mother. Risk of stillbirth is correlated with the sever-
ity of maternal disease.2

Neonatal cholera
Neonatal cholera is rare. Even infants born to mothers
with active diarrheal disease may not be infected.37

Several factors may contribute to the low rate of infec-
tion in newborn infants. Breast feeding provides
effective protection due to the existence of specific
antibodies against V. cholerae,38 receptor-like glyco-
protein that inhibits adherence of the bacteria,39 and
gangliosides that bind cholera toxin.40 The limited
exposure to contaminated food and water further
reduces the neonatal risk of acquiring cholera.

Diagnosis
Two selective media are used to culture V. cholerae:
thiosulfate–citrate–bile–sucrose (TCBS) and tellwrite–
taurocholate–gelatin agar (TTGA). Specific antibody
tests and DNA probe methods for direct detection
in stool samples are available. Vibriocidal, agglutinat-
ing, and toxin-neutralizing antibodies may be found
7–14 days after the onset of illness, though providing
only retrospective diagnosis.

Prevention
Breast feeding is the most practical method of pre-
vention in infants. Proper handling of food and water
are needed to prevent epidemics. A vaccine com-
posed of killed bacteriae given parenterally is cur-
rently available.1 The efficacy of this vaccine is about
50% by 3–6 months after vaccination. It has a high
frequency of adverse reactions (pain, erythema, local
induration, fever, headaches). The vaccine is not
recommended for children under 6 months of age. New
vaccines using combinations of killed whole cells with
cholera toxin B subunit, live recombinant organisms, or
synthetic peptides are under investigation.

Treatment
The most important purpose in treating cholera is cor-
rection of fluid and electrolyte imbalance. Oral rehy-
dration solution (ORS), recommended by the World
Health Organization and containing 90 mmol/l Na+,
20 mmol/l K+, 80 mmol/l ClV−, 111 mmol/l glucose,
and 30 mmol/l bicarbonate, has been shown to be
highly effective. When fluids cannot be given orally,
parenteral fluid and electrolyte replacement should
be provided.

Antibiotics, although of secondary importance in
treating cholera, shorten the duration of the illness.
TMP–SMX and tetracycline are effective, but these
agents are not recommended for use in pregnancy and
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the neonatal period. Alternative therapy may consist
of ampicillin.

Campylobacter species
Etiology
Campylobacter is a curved gram-negative rod. The
genus Campylobacter includes 15 species, and 8 of
them are considered pathogenic for humans: C. jejuni,
C. fetus, C. coli, C. hypointestinalis, C. laridis, C. cinaedi,
C. fennelliae, and C. upsaliensis. Campylobacter organ-
isms are microaerophilic, with optimal growth at 5–6%
oxygen. The growth in blood culture may take as long as
5–14 days after the initial inoculation.41

Epidemiology
Campylobacter is one of the most common causes
of bacterial gastroenteritis worldwide. In the United
States, isolation rates of this organism range from
28 to 71 per 100,000 annually. The most common
pathogen of gastroenteritis is C. jejuni. C. coli and
C. laridis cause gastrointestinal infections as well.
Extraintestinal and systemic infections are associated
with C. fetus. Campylobacter gastroenteritis is more
common in children under 17 years of age, with the
highest incidence in the first year of life. The second
peak occurs in adolescents and young adults.
Infection may be asymptomatic. The mode of trans-
mission is zoonosis. The gastrointestinal tract of many
domestic and wild animals such as chickens, turkeys,
young dogs and cats, and waterfowl serve as the main
resevoir of infection. Campylobacter is transmitted
from animals to persons by the fecal–oral route, by
ingestion of contaminated meat, milk, or water. The
inoculum needed to cause disease is between 2 ×102

and 104 organisms.
Perinatal and person-to-person transmission may

occur, although it is much less common. Communi-
cability is greatest during the acute phase of the illness,
and may last as long as 2–3 weeks. Chronic carriage is
uncommon. Homosexual men are at increased risk for
C. cinaedi and C. fennelliae infections.2

The organism is often carried asymptomatically in
the intestinal or biliary tract of sheep and cattle. It has
a high affinity for placental tissue, and during bac-
teremia in pregnancy it may invade the uterus and
multiply in the fetus. The infected fetuses are usually
aborted. It is not clear whether humans acquire
C. fetus only from animals or from asymptomatic
human carriers who transmit it venereally. C. fetus
infections predominantly occur in older men with a
history of animal exposure, and in pregnant women
during the third trimester.42

Pathogenesis
Mucosal invasion is mediated by bacterial surface pro-
teins. Campylobacter produces cytotoxins, and some

strains of C. jejuni secrete cholera-like enterotoxin.
C. fetus contains a surface protein capsule that inhibits
opsonophagocytosis and enables the pathogen to reach
the reticuloendothelial system and bloodstream.

Clinical manifestations

Pregnancy
Infection with Campylobacter is an uncommon cause
of abortion and premature labor.42 Although C. fetus
is most frequently implicated as a pathogen in cases
of septic abortion,43 invasion of the amniotic cavity
causing abortion by other strains of Campylobacter,
such as C. coli, C. upsaliensis, and C. jejuni, has also
been reported.44–47

Infection with C. fetus is usually associated with
mild or no symptoms during pregnancy, but often leads
to premature labor43 and may cause recurrent abor-
tions. Cervical cultures remain positive in women who
have recurrent abortions and whose husbands have a
high titer of antibodies to C. fetus.48 Prolonged febrile
illness with bacteremia and pneumonitis in the third
trimester of pregnancy has been reported.2 Unless
appropriately treated, symptoms usually resolve only
after abortion or delivery of an infected fetus.42

Campylobacter infection should be actively sought
for in pregnant women with suspected infectious
diarrhea, because it may lead to stillbirth and perina-
tal infection.47,49 Diarrhea caused by C. jejuni consists
of loose, watery stools or blood and mucus-containing
stools. Fever, vomiting, abdominal pain, malaise, and
myalgia are common. The incubation period is 1–7
days. Most patients recover in less than 1 week, but
illness may last longer in immunocompromised hosts.
Fecal excretion of the organisms in untreated patients
usually lasts for 2–3 weeks, but may last as long as
several months. Young children tend to shed the
organisms for longer periods.

Perinatal infection
Maternal C. fetus and C. jejuni infections may cause
neonatal sepsis and meningitis.50 The infected
neonates, who are often premature, develop signs sug-
gesting sepsis, including fever, cough, respiratory dis-
tress, vomiting, diarrhea, cyanosis, convulsions, and
jaundice. Newborn infection with C. jejuni is associ-
ated with diarrhea that may be bloody.51 Focal infec-
tions caused by C. jejuni, such as pancreatitis,
cholecystitis, urinary tract infection, arthritis, and
peritonitis, may occur in neonates.

Late complications
Guillain–Barré syndrome has been reported 1–3 weeks
after culture-proven C. jejuni gastroenteritis. Serologic
studies suggest that 20–40% of patients with Guillain–
Barré syndrome have evidence of recent infection with
C. jejuni.41 Other late immunoreactive complications

1748 Gastrointestinal infections in pregnancy and neonates
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include arthritis, erythema nodosum, hemolytic
anemia, and immune complex glomerulonephritis.

Diagnosis
The diagnosis is based on identification of Campylo-
bacter in cultures. Selective media such as Skorrow’s
or Batzler’s media are used. Rapid diagnosis of
Campylobacter enteritis may be made by direct car-
bolfuchsin stain of fecal smear, indirect fluorescence
antibody test, dark field microscopy, or latex aggluti-
nation. Diagnosis with species-specific DNA probes
and gene amplification by PCR have been described.

Prevention
Proper food handling and hand washing after contact
with animals decrease the risk of infection with
Campylobacter.

Breast feeding protects against infectious diarrhea
caused by C. jejuni. Specific immunoglobulin A anti-
bodies have been found in human milk.52

Treatment
Erythromycin (50 mg/kg/24 h, maximal dose
500 mg ×4/day for 5 days) is the drug of choice for
treatment of C. jejuni and C. coli infections. Antibiotic
therapy significantly shortens fecal excretion of
Campylobacter. Erythromycin resistance has been
reported. Antibiotic treatment should be given to
patients with the dysenteric form of the disease, high-
grade fever, pregnant women and immunocompro-
mised hosts. Infections with C. fetus require parenteral
antibiotic therapy for 3–4 weeks. Gentamicin is the
recommended drug until antibiotic susceptibility is
proven.

Parasitic infections: Entamoeba
histolytica
Etiology
Infection is caused by ingestion of parasite cysts that
exist in the small intestine to form trophozoites.
Trophozoites colonize the lumen of the large intestine
and may invade the mucosa.

Epidemiology
Humans are the major reservoir. It is estimated that
12% of the population worldwide is infected with
E. histolytica; symptomatic disease occurs in 1–17%
of infected subjects. Chronically institutionalized per-
sons, homosexual men, and lower socioeconomic
groups are at increased risk of acquiring E. histolytica.
The most common modes of transmission are con-
sumption of food or water contaminated with cysts,
and direct fecal–oral contact.

Clinical manifestations
Intestinal amebiasis is the most common form of the
disease. The presentation may be with gradual onset
of bloody mucous diarrhea and abdominal pain.
Fever is found in one-third of patients and constitu-
tional symptoms are usually absent. Complications
include extraintestinal spread, local perforation, and
peritonitis.

Hepatic amebiasis occurs in 1% of infected individ-
uals, usually in patients with amebic colitis, although
it may appear in patients with no clear history of
intestinal disease. Hepatic amebiasis presents with
fever, abdominal pain, and enlarged, tender liver.
Elevation of the diaphragm may be seen on chest x-ray
examination. Leukocytosis, anemia, and elevation of
liver enzymes may be present.

Pregnancy
Amebiasis is known to be more severe and even fatal
in pregnant women.53 This is thought to be due to
several factors, including high progesterone levels54

and failure of immunoglobulin levels to rise during
infection.55 Pregnant women are more susceptible to
hepatic amebiasis as well. Several cases of rupture of
amebic liver abscesses and peritonitis during preg-
nancy and puerperium have been reported.56 Hepatic
amebiasis may cause premature delivery,56 but early
diagnosis and adequate treatment results in success-
ful outcome of the pregnancy. Vertical transmission
of E. histolytica has not been reported. Infection in
neonates probably results from ingestion of fecal
material at birth, from oral fluids given as a supple-
ment to breast feeding, or from close contact with
infected mothers. The disease in newborns may be
severe.57

Diagnosis
This is based on detecting the organisms in stool
samples, tissue biopsy samples, and aspirates of a
liver abscess. At least three stool samples should be
examined, within 30 min of passage. In patients with
hepatic amebiasis, stool cultures are negative in 50%
of the cases. Indirect hemagglutination test is used to
detect antibody titer.

Treatment
Intestinal amebiasis may be treated with iodoquinol,
which is a luminal amebicide and has been used in
pregnancy, apparently without causing fetal harm.58

Invasive amebiasis of the intestine, liver, or other
organs should be treated with metronidazole, a tissue-
amebicidal drug. The use of metronidazole in the
first trimester of pregnancy is controversial, although
several studies have described the safe use of metron-
idazole in pregnancy.58 Since invasive amebiasis is a

Kurjak-163.qxd  5/10/2006  12:04 PM  Page 1749



life-threatening disease, particularly in pregnancy, and
metronidazole is the drug of choice for this condition,
the benefit of use outweighs the risk.

Small hepatic abscesses may be treated with
metronidazole alone, but larger abscesses should be
treated with transabdominal aspiration. If rupture is
suspected, laparotomy is essential and life-saving.

Other parasitic infections
Infections with several protozoa including Giardia
lamblia, Cryptosporidium and Isospora belli may
cause diarrheal disease in neonates. Adverse effects in
pregnancy have not been reported. Breast feeding is
believed to protect against symptomatic infection.2

1750 Gastrointestinal infections in pregnancy and neonates
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164 Central nervous system
infections in pregnancy
E. Rubinstein and B. Rubinovitch

Introduction
Central nervous system (CNS) infection in a pregnant
woman is the result of the same expected epidemio-
logical and predisposing factors that operate in CNS
infections in non-pregnant adults. Chances for CNS
invasion and disease are generally very low, even for
a pathogenic microorganism that is more likely to col-
onize and infect women during pregnancy and/or
the puerperium (e.g. Listeria monocytogenes, strepto-
coccus group B).

Infections of the CNS are divided into different clin-
ical syndromes according to the principal site of the
infection within the CNS (meningitis, encephalitis and
myelitis) and with regard to the time course of the
disease (acute or chronic). The distinction between
syndromes is clinically useful in guiding management,
but is artificial in terms of etiology and pathology.

In this chapter are discussed the principal CNS
infectious syndromes, with emphasis on aspects
unique to pregnancy, mainly the impact of infection,
disease and therapy on the fetus and the newborn.

Meningitis
Meningitis is an inflammation of the subarachnoid
space and is identified by an abnormal number of white
blood cells in the cerebrospinal fluid (CSF). The acute
meningitis syndrome is characterized clinically by the
sudden onset of symptoms (high fever, headache, pho-
tophobia, stiff neck and altered mental status) over a
course of hours or days. It may be caused by a wide
variety of infectious agents: bacteria (including rick-
ettsiae, spirochetes and mycobacteria), viruses, fungi
and protozoa, and may also be a manifestation of non-
infectious diseases. Most commonly, it is caused by
viruses (aseptic meningitis) or bacteria. Chronic menin-
gitis typically has a gradual onset of symptoms and
signs (over weeks to months) and the patient is more
likely to present a picture of chronic general debility, as
well as having symptoms referable to the CNS.1

Acute bacterial meningitis

Epidemiology and microbiology
Bacterial meningitis remains an important disease
worldwide. Despite the development of new and
more effective antimicrobial agents, the overall case
fatality rate remains about 25%. Nowadays, the three
most common meningeal pathogens in adults with
community-acquired meningitis are Streptococcus
pneumoniae, Neisseria meningitidis and L. monocyto-
genes, with pneumococci and meningococci account-
ing for half of the cases. Uncommon pathogens are
Staphylococcus aureus, streptococci (groups A, B, D),
Haemophilus influenzae and gram-negative bacilli.1,2

Pathogenesis
Nasopharyngeal colonization of a typical meningeal
pathogen (S. pneumoniae, N. meningitidis, H. influen-
zae), which is asymptomatic, usually precedes
meningitis. Mucosal invasion and bacteremia follow
colonization, depending on the interplay between spe-
cific virulence factors and host defense mechanisms.
Meningeal invasion occurs due to unknown mecha-
nism(s). Bacterial replication in the subarachnoid
space and release of bacterial components initiate sub-
arachnoid space inflammation (i.e. meningitis).1

Clinical presentation
Two-thirds of the patients have the classical triad of
fever, nuchal rigidity and change in mental status,
ranging from confusion to lethargy and coma. Ninety
percent have headache. Seizures (occurring in 30% of
patients), and focal cerebral signs (10–20%) are the
result of inflammation and thrombosis of subarach-
noid blood vessels, causing cortical and subcortical
ischemia. Cranial nerve palsies, especially those
involving cranial nerves III, IV, VI and VII (10–20%),
develop as the nerve becomes enveloped by exudate
in the arachnoid sheath surrounding it. Isolated palsy
of cranial nerve VI may be a sign of increased intra-
cranial pressure. Other signs of elevated intracranial
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pressure are coma, hypertension and bradycardia.
Papiledema is seen in 1% of cases. Unilateral pupil
dilatation, due to involvement of the parasympathetic
fibers of cranial nerve III, heralds transtentorial brain
herniation.

Accompanying signs and symptoms may suggest
a specific etiologic diagnosis. Rash is noted on admis-
sion in 10% of patients, of whom two-thirds have
meningococcal meningitis.

An obvious primary focus of bacteremia is found in
more than half of the adults with community-
acquired meningitis, and the most common are pneu-
monia, acute otitis media and sinusitis.1

Characteristics of CSF
Diagnosis of bacterial meningitis rests on examination
of the CSF by lumbar puncture. Typical findings are
elevated opening pressure, neutrophilic pleocytosis,
elevated protein level, hypoglychorrachia and elevated
lactate level.1 Pregnancy by itself does not alter
normal CSF composition and pressure. Typical CSF
findings are presented in Table 164.1.

Many patients with bacterial meningitis have atyp-
ical CSF findings (e.g. lymphocytic predominance,
normal glucose value, slightly elevated protein level,
very low CSF white blood cell count), therefore a
Gram stain and cultures should be performed on all
spinal fluid specimens regardless of the composition.

Microbiological evaluation
Gram stain examination of CSF identifies accurately
the causative microorganism in 60–90% of all cases.
It is less sensitive for meningitis caused by gram-
negative bacilli or L. monocytogenes. In addition,
sensitivities of Gram stain and culture are reduced
by prior antibiotic use. Latex agglutination assays
for detection of bacterial antigens in CSF currently
detect the antigens of S. pnuemoniae, H. influenzae,
N. meningitidis, streptococcus group B and Escherichia
coli K1. Sensitivity ranges from 50–90%, depending on
the kit used.1

Initial management of a patient suspected
to have bacterial meningitis
Bacterial meningitis should be considered in the differ-
ential diagnosis of a febrile patient with any of the
following: meningeal signs, change in mental status,
headache, photophobia, convulsions and/or focal neu-
rological signs, petechial rash or close contact with
patients with meningitis. In suspected bacterial menin-
gitis, performance of lumbar puncture is mandatory.

The timing of performance of lumbar puncture, head
and brain computed tomography scan and initiation of
antibiotic therapy depend on the following factors:

Pattern of onset: In approximately 20% of cases,
patients become critically ill within hours. Others
develop meningeal symptoms over several days. In
critically ill patients, and whenever results of lumbar
puncture cannot be obtained in 30 min, empirical
antimicrobial therapy may precede lumbar puncture
and should be given immediately after obtaining
blood cultures. Whenever possible, consultation with
an infectious diseases expert, an internist or an
intensivist should be sought.

Presence of papilledema or other signs of elevated intra-
cranial pressure: A simple method to reduce intra-
cranial pressure is elevation of the head of the bed
to 30°, to maximize venous drainage with minimal
compromise to cerebral perfusion. Hyperventilation
and use of manitol should be performed by experienced
personnel.

Presence of focal neurologic signs or seizures: More
than 50% of patients with focal findings (excluding
ophthal-moplegia) or seizures have evidence on
computed tomography scan of an intracranial
abnormality (i.e. cerebral edema, hydrocephalus,
subdural effusion or empyema, cavernous sinus
thrombosis, abscesses). Because of the potential risk
of brain herniation, computed tomography scan of
the head should be performed prior to lumbar
puncture if the above signs are present.1,3

CSF parameter Normal value Typical value in bacterial meningitis

Opening pressure (mmH2O) 50–180 > 180
White blood cell count < 4/mm3 1000–5000/mm3

Neutrophilic percentage 1% > 80%
Protein level (mg/dl) 20–45 100–500
Glucose level (mg/dl) 40–70 < 40
Lactate level (mg/dl) 10–20 > 35

CSF, cerebrospinal fluid

Table 164.1 Normal CSF composition, and composition with bacterial meningitis
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Recommended empirical therapy is aimed against
the most common pathogens (i.e. S. pneumoniae,
N. meningitidis). Currently, the drug of choice is a par-
enteral third-generation cephalosporin.1,3 Penicillin
should be added whenever certain risk factors for
L. monocytogenes meningitis exist. Specific recom-
mendations are given in relevant sections and are
summarized in Table 164.2.

Adjunctive corticosteroid therapy
As described earlier, subarachnoid space inflamma-
tory response is a major factor contributing to mor-
bidity and mortality. Recent evidence has indicated
that antibacterial agents initially potentiate cerebral
inflammation, by causing bacterial lysis and discharg-
ing bacterial components that accelerate release of
cytokines. This has renewed interest in adjunctive
therapies such as corticosteroids. Ample data support
the routine use of dexamethasone in infants and chil-
dren with bacterial meningitis. In adults, the benefits
of steroids are currently less certain. However, adults
with severely impaired mental status, documented
cerebral edema or markedly elevated intracranial
pressure, as well as patients with a high CSF bacterial
concentration, may benefit from adjunctive dexam-
ethasone. For optimal effect, the first dose of dexam-
ethasone should be administered shortly before or
concomitantly with the first dose of antibiotics.
Recommended dosage is 0.15 mg/kg intravenously
every 6 h for 4 days or 0.4 mg/kg every 12 h for 2 days.1,3

S. pneumoniae meningitis
Pneumococci are encapsulated gram-positive, lancet-
shaped diplococci. This is a major respiratory
pathogen, frequently colonizing the nasopharynx of
normal adults and healthy children. S. pneumoniae is

the most common etiologic agent of bacterial menin-
gitis in adults, accounting for a third of cases.1

Specific immunodeficiencies and chronic diseases
predispose to severe pneumococcal infections. The
most relevant for women of childbearing age are
absent or hypofunctioning spleen and acquired
immunodeficiency syndrome (AIDS). In addition,
patients with previous head trauma, CSF leak, or a
break in the integrity of the dura, have a unique pre-
disposition to recurrent meningitis caused by pneu-
mococci.1,2 Africans seem to have a peculiar
susceptibility to severe pneumococcal infections,
including pneumococcal meningitis. An unexplained
association of pneumococcal meningitis with preg-
nancy and the puerperium was recorded in Nigeria in
the early 1960s.4

Clinical manifestations
Pneumococcal meningitis in pregnancy has no dis-
tinctive clinical or laboratory features. Fever, head-
ache, nuchal rigidity and altered mental status are
common. One-third of patients have seizures. Most
cases occur in late pregnancy and the first week of
the puerperium. Apparent sources of infection are
pneumonia and purulent otitis media or sinusitis as
expected, but a high percentage have primary bac-
teremia. Although S. pneumoniae is only occasionally
isolated in puerperal or postabortal sepsis,5 ascending
infection of the female genital tract may be relevant as
a source of bacteremia and meningitis in some cases
of puerperal and postabortal meningitis. The fatality
rate for maternal pneumococcal meningitis is 27%,
and is correlated with obtunded mental status. In
Nigeria, hyperthermia (body temperature above 41°C)
was found to be a bad prognostic sign. About half of
the survivors have neurologic sequelae (i.e. deafness,
hemiparesis and cranial nerve palsies and cognitive

1754 Central nervous system infections in pregnancy

Microorganism Standard therapy Dosage per 24 h

Streptococcus pneumoniae
Penicillin MIC < 0.1 mg/ml Penicillin G 4 ×106 U ×6
Penicillin MIC 0.1–1.0 mg/ml Ceftriaxone or 2 g ×2

Cefotaxime 2 g ×4–6
Penicillin MIC ≥2.0 mg/ml Vancomycin plus 1 g ×2–3

ceftriaxone or cefotaxime As above
±rifampicin 600 mg ×1

Neisseria meningitidis Penicillin G 4 ×106 U ×6
Haemophilus influenzae

β-Lactamase negative Ampicillin 2 g ×6
β-L actamase positive Ceftriaxone or cefotaxime As above

Listeria monocytogenes Ampicillin or penicillin G As above
±gentamicin 3–5 mg/kg

Streptococcus agalactiae Ampicillin or penicillin G As above
±gentamicin 3–5 mg/kg

MIC, minimal inhibitory concentration

Table 164.2 Specific antimicrobial therapy of bacterial meningitis in adults
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impairment).4 Rates of mortality and neurological
morbidity in adults with pneumococcal meningitis
have not decreased much in the last 30 years,1,2

reflecting the severe damage caused by the subarach-
noid inflammatory process. In severe maternal pneu-
mococcal disease, overall fetal loss is 45% (abortion,
stillbirth and early neonatal death).4,5 Whenever preg-
nancy continues to term, newborns survive. Neonates
of mothers with puerperal pneumococcal meningitis
may also develop pneumococcal meningitis, pneumo-
nia and/or sepsis.6 Mode of transmission is either
transplacental (hematogenous spread) or through a
colonized birth canal. Neonatal pneumoccocal dis-
ease has an early onset and carries a grave prognosis.5

The mortality rate is 48% and of the survivors 13%
are left with neurologic sequelae. Fatal maternal
meningitis may spare the newborn, as seen in a rare
case of successful postmortem cesarean section in
fulminant pneumococcal meningitis.7

Diagnosis
Examination of a gram-stained specimen of CSF
provides the correct diagnosis unless antibiotic has
already been administered. In the latter case latex
agglutination assay for detection of pneumococcal
capsular antigen is useful. Cultures of CSF specimens,
blood and any other relevant material (e.g. from the
genital tract) should always be performed.

Treatment
Penicillin can no longer be recommended as empirical
therapy in suspected pneumococcal meningitis due to
an increasing frequency of penicillin resistance in pneu-
mococci. A parenteral third-generation cephalosporin is
recommended pending results of susceptibility tests
(see Table 164.2). Optimal therapy for meningitis
caused by pneumococci highly resistant to penicillin
[i.e. minimal inhibitory concentration (MIC) greater
than 1 mg/ml] is a subject of debate. Currently, van-
comycin and a third-generation cephalosporin are
recommended. Some authorities advise the addition
of rifampicin (RMP).1,3 Penicillin G and the cephalo-
sporins (first, second and third generation) are consid-
ered safe in pregnancy. Data on the use of vancomycin
in pregnancy are limited; however, no toxicity was
demonstrated in a small controlled study of infants
exposed in the second and third trimesters. RMP has
caused teratogenic effects in rodents treated with high
doses, and is probably best avoided during pregnancy.1,8

The duration of antimicrobial therapy is 10–14 days.1,9

N. meningitidis meningitis
Meningococci are gram-negative encapsulated diplo-
cocci. Strain serogrouping is based on capsular poly-
saccharides. Serogroups A, B and C are the most
important clinically, while current commercial vac-
cines contain polysaccharides of groups A, C, Y, and
W-135, and are effective in 90% of recipients 2 years

of age or older. N. meningitidis is the second most
common cause of community-acquired bacterial
meningitis, accounting for 13–20% of cases. In epi-
demics, meningococci are more likely to be impli-
cated than pneumoccoci as a cause of meningitis.
Patients with deficiencies in the terminal comple-
ment components have a markedly increased inci-
dence of meningococcal diseases. However, the vast
majority of patients with meningococcemia and/or
meningitis have an intact complement system.1

Clinical manifestations
Meningococcal infections are capable of diverse pre-
sentations, which range from transient fever and bac-
teremia to fulminant disease with circulatory collapse
and death ensuing within hours of the onset of clinical
symptoms. Meningeal or neurological signs do not dis-
tinguish meningitis caused by meningococci from
meningitis caused by other etiologies. The most impor-
tant clinical finding is the rash, which is typically
petechial, but can be purpuric or sometimes macu-
lopapular. The presence of petechiae in conjugation
with purulent meningitis has a very high sensitivity
and specificity rate for N. meningitidis meningitis.
Lesions are found on the trunk, lower portions of the
body, the face and mucous membranes, and new
petechiae may appear during the physical examination.

Shock, heart failure and disseminated intravas-
cular coagulation are complications of overwhelming
meningococcemia and are associated with poor
prognosis.1

Meningococcal meningitis in pregnancy is appar-
ently uncommon.10 In one study, meningitis occurred
in late pregnancy, and the newborns were delivered
while the mothers were acutely ill. One newborn died
immediately, although there was no evidence of infec-
tion; the mothers survived.

Diagnosis
CSF examination provides the diagnosis in 50–90% of
cases. Blood cultures are positive in 50% of cases.
Latex agglutination assays are useful when prior anti-
biotic has been administered. Bacterial antigens can be
detected longer in the urine than in other body fluids,
and concentrated urine specimens, in addition to CSF,
should be studied for antigen in such patients.1

Treatment
Penicillin G is the treatment of choice for meningo-
coccal meningitis.1,3 Strains of meningococci that are
relatively resistant to penicillin have emerged, but
their clinical significance is unclear. For penicillin-
allergic patients a third-generation cephalosporin is
an alternative. Duration of therapy is 7 days.9

Antibacterial prophylaxis
Therapy to eliminate asymptomatic nasopharyngeal
colonization is recommended for all intimate contacts
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of the index case (household and nursery-school
contacts). The index case should also receive therapy
to eradicate nasopharyngeal carriage (after completion
of therapy for meningitis), unless treated with a
cephalosporin.1 RMP, 600 mg for adults or 10 mg/kg
for children, 12 hourly for 2 days, is used as prophy-
laxis. An alternative for pregnant women is a single
dose of intramuscular ceftriaxone 250 mg.

Vaccination
Vaccination with the quadrivalent meningococcal
vaccine is recommended during outbreaks of disease
caused by the serogroups represented in the vaccine
preparation. Vaccination is not contraindicated in
pregnancy.1

L. monocytogenes meningitis
L. monocytogenes is a gram-positive bacillus that is
widespread in nature. Outbreaks are associated with
consumption of contaminated food, but most cases are
sporadic. L. monocytogenes is the third most common
cause of community-acquired bacterial meningitis in
adults, accounting for 10% of cases.1,2 Patients suscep-
tible to listeriosis are those with suppressed T-cell-
mediated immunity, serious underlying diseases, the
elderly, and pregnant women and their offspring.1,11

Clinical manifestations
Listeria infection of the CNS manifests either as
fulminant bacterial meningitis or as subacute
meningoencephalitis. Meningitis in pregnancy occurs
rarely, although listeriosis associated with pregnancy
accounts for a third of all cases. It is not known why
CNS invasion occurs very rarely in pregnant women,
but does occur in half of the cases not associated with
pregnancy.1,11–13 Listeria meningitis in immunocom-
promised hosts has a mortality rate of 20–40%; in pre-
viously healthy adults the risk of mortality is very
low. All pregnant women reported with Listeria
meningitis have survived. While serious illness in the
mother is rare, transmission to the fetus and neonate
causes serious diseases with high mortality rates.
Fetal loss is high with early intrauterine infection,
and perinatal mortality rates are 20–50% for the ‘late’
form. The devastating illness granulomatosis infan-
tisepticum is almost always fatal.1,11,13

Diagnosis
CSF findings do not distinguish between Listeria and
other bacterial etiologies of meningitis. CSF Gram
stain for detection of L. monocytogenes has a low sen-
sitivity, but the organism will usually grow on appro-
priate culture media.1

Treatment
The treatment of choice for Listeria meningitis is
either penicillin or ampicillin in sufficient dosages1

(see Table 164.2). The addition of gentamicin is based

on laboratory data only. Duration of therapy should
be 14–21 days.9 For penicillin-allergic patients,
trimetoprim–sulfamethoxazole is an alternative.
Sulfonamides should not be administered during
the last month of pregnancy due to increased risk of
kernicterus in the newborn. The teratogenicity of
trimetoprim is not clearly defined.1,8

Standard empirical therapy for bacterial meningitis
in the adult would be a third-generation cephalosporin
(see above), an antimicrobial agent to which Listeria is
inherently resistant. Taking into account the rarity of
Listeria meningitis in pregnancy, it is suggested that
penicillin need not be added routinely to the standard
empirical treatment of bacterial meningitis in the other-
wise healthy young pregnant woman.

Streptococcus agalactiae meningitis
S. agalactiae [group B streptococcus (GBS)] is a gram-
positive coccus, which frequently colonizes the geni-
tourinary tract and lower gastrointestinal tract of
pregnant women. GBS is an important cause of mater-
nal postpartum infections, as well as bacteremia and
meningitis, in the neonate.1 It is a rare cause of menin-
gitis in adults, representing < 1% of etiologic agents,
with most affected patients having severe underlying
diseases.14

Clinical manifestations
The presentation is similar to that of other types of acute
bacterial meningitis, with a high incidence of neurolog-
ical dysfunction. Cases of postpartum GBS meningitis
are reported rarely,14 occurring during the first 2 days
postpartum. In contrast with an overall mortality rate of
27% for GBS meningitis in adults, all parturient women
recovered. Mortality rates of neonatal GBS infections
have decreased to 2–8% in term infants, but a signifi-
cant number of the neonates surviving GBS meningitis
will suffer neurologic sequelae.1,14

Diagnosis
CSF Gram stain and culture provide the diagnosis in
90% of cases. Concomitant bacteremia is frequent.

Treatment
High-dose penicillin G is the drug of choice for GBS
meningitis in adults; addition of gentamicin is based on
in vitro synergy. Duration of therapy is 14–21 days.1,14

Acute viral meningitis
Enteroviruses (echoviruses and coxackieviruses)
Echoviruses and coxackieviruses group B are cur-
rently the leading recognizable causes of the acute
aseptic meningitis syndrome.1 These are RNA viruses,
members of the Picornaviridae family, with a world-
wide distribution.

1756 Central nervous system infections in pregnancy
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Epidemiology
Most cases occur in children and young adults. There
is a marked summer/fall seasonality, but infection
may occur at any time.

Clinical manifestations
Fever, headache, meningismus, nausea, vomiting and
photophobia are common. There may be accompany-
ing non-specific signs and symptoms such as rash,
diarrhea, upper respiratory findings and myalgia.
Illness is sometimes biphasic, with fever and myalgia
present for a few days, followed by defervescence and
absence of symptoms for 2–10 days before the sudden
reappearance of fever and headache signaling the
onset of meningitis. Duration of illness is usually less
than 1 week, and most children and adults recover
uneventfully without sequelae. Seizures, lethargy and
coma or full-blown encephalitis occur in less than 5%
of cases. A more severe meningoencephalitis may be
seen in neonates (and in individuals with deficient
humoral immunity that impairs clearance of entero-
viruses). In such cases morbidity and mortality are
considerable.1

Enteroviral meningitis complicating pregnancy is a
rare occurrence.15 Specific echovirus and coxack-
ievirus serotypes are usually responsible for severe,
frequently fatal disease in the perinatally infected
neonate.1 Ample experimental evidence indicates that
the fetus is relatively protected during maternal infec-
tion by the placenta, but the newborn has the highest
risk of infection. Thus, the most critical factor deter-
mining the outcome of neonatal enterovirus infection
is the timing of maternal infection in relation to the
development of maternal virus-specific immunoglob-
ulin G antibodies and delivery of the infant.

Diagnosis
CSF parameters are aseptic meningitis with lympho-
cytic pleocytosis (10–1000 cells/mm3), mildly elevated
CSF protein and usually normal glucose level. Early in
the course there may be polymorphonuclear neutrophil
predominance and it may be difficult to exclude bacte-
rial meningitis on the basis of CSF analysis alone.
Diagnosis is based on enterovirus isolation from stools,
nasopharyngeal swabs and CSF. Serology is useful only
to confirm diagnosis for specific type.

Treatment
No specific antiviral therapy exists. In cases of severe
neonatal disease (as in the rare cases of chronic
enterovirus meningoencephalitis in agammaglobuline-
mic patients), high doses of intravenous immunoglob-
ulin have been reported to improve outcome.1

Human immunodeficiency virus
Human immunodeficiency virus (HIV) causes acute
aseptic meningitis syndrome associated with the
acute retroviral syndrome in 5–10% of cases. Onset of

illness ranges from 1 to 6 weeks after exposure to the
virus. Clinical manifestations are non-specific, with
fever, headache, photophobia and meningismus.
Typical CSF findings show mild lymphocytic pleocy-
tosis (20–300/mm3), mildly elevated protein and
normal or slightly decreased glucose.

Diagnosis is based on detection of HIV p24 core
antigen in serum and CSF, since the enzyme-linked
immunosorbent assay (ELISA) for HIV antibodies
remains negative for an average of 2–3 months.1

For management strategies regarding HIV-infected
pregnant women, the reader should consult HIV
authorities.

Acute viral encephalitis
Enecephalitis is an inflammation of the brain. Acute
encephalitis associated with viral infections includes
two distinct clinico-pathological diseases: acute viral
encephalitis of which the most important etiologies
are herpes simplex virus type 1 (HSV-1), and the
arthropod-borne viruses (arboviruses), and postinfec-
tious encephalomyelitis, with the number of cases
decreasing greatly since the institution of immuniza-
tion against measles, mumps and rubella.16 Important
issues in the differential diagnosis of encephalitis are
to rule out non-viral diseases (which may require
urgent treatment) and to properly identify cases due
to HSV-1, where morbidity and mortality can be
greatly reduced with specific antiviral therapy.

Herpes simplex encephalitis
HSV-1, a member of the Herpesviridae family, is the
commonest cause of localized sporadic encephalitis
in otherwise healthy adults and children.

Clinical manifestations
The distinctive pathology, localization of inflamma-
tion and necrosis to the temporal and frontal lobes,
determines the clinical manifestations. Signs that sug-
gest a localized lesion in one or both temporal lobes
are present in 90% of patients.16 This may manifest
itself as personality changes, bizarre behavior and hal-
lucinations, which can dominate the clinical picture
for a few days before other signs evolve. Onset may
be abrupt or insidious. Fever, headache and altered
consciousness are very common. Other focal findings
(seizures, dysphasia, hemiparesis, autonomic dysfunc-
tion, ataxia and cranial nerve palsies) occur in
30–80% of the cases The course in untreated patients
is usually one of rapid deterioration, over several
days, to coma and death. Therapy reduces the mortal-
ity rate from 70% to 19%, but patients may suffer
severe neurological sequelae, even with early specific
treatment.1,16

HSV encephalitis in pregnancy is rare, but carries
significant morbidity and mortality for the mother
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and fetus. Only a few cases that were treated with
acyclovir have been reported, and most had a favorable
outcome, for both the mother and the fetus.17

Diagnosis
CSF findings are abnormal in more than 95% of
patients. Typical findings are mildly elevated protein
level, lymphocytic pleocytosis and normal glucose
level. Red blood cells are found in 20–50% of cases.16

Computed tomography scan may show a low-density
abnormality in one or both temporal lobes, but is less
sensitive than magnetic resonance imaging (MRI) for
detecting focal findings, especially early in the course
of the disease. The electroencephalogram is always
abnormal but its specificity is low.

The ‘gold standard’ for diagnosis is brain biopsy,
with appropriate histologic and cultural techniques.
Non-invasive diagnostic tests such as viral culture of
CSF, and CSF and serum serology have unacceptably
low sensitivity and/or specificity regarding therapeu-
tic decisions. Newer diagnostic tests [e.g. ELISA for
CSF antigen detection and polymerase chain reaction
(PCR) assay of CSF] appear to be highly sensitive and
specific but are not widely available.16

It is generally accepted that even with extensive
clinical experience, the accuracy of the diagnosis of
HSV encephalitis is only 50% by using clinical judg-
ment, spinal fluid examination and imaging. Should
all patients with suspected HSV encephalitis be bio-
psied? In view of the disastrous nature of the disease,
the effectiveness of the available treatment and its low
toxicity (see below), empirical acyclovir treatment is
justified in most cases of acute sporadic encephalitis
in the normal host.1,16

Treatment
Acyclovir is currently the drug of choice for HSV
encephalitis.1 Dosage is 10 mg/kg intravenously every
8 h for 14 days. Dosage should be modified with renal
function impairment. Use of acyclovir during preg-
nancy was not found to be teratogenic in animal stud-
ies.1 Human experience with high intravenous dosages
during the first trimester is lacking. No adverse reac-
tions for the fetus have been reported when the drug
has been used during the third trimester.17

Arbovirus encephalitis
The term arbovirus refers to viral pathogens transmit-
ted by arthropod vectors (mosquito or tick). More than
20 arboviruses cause human encephalitis. Each has a
specific geographic distribution, is associated with a
different ratio of inapparent to clinical infections and
causes encephalitis of variable severity.16

Japanese encephalitis virus is the causative agent of
the most important arbovirus encephalitis worldwide.
The virus is a member of the Flaviviridae family and
is widely distributed in Asia. Most human infections
are asymptomatic, with only 1 in 300 infections
resulting in typical encephalitis.16

Clinical manifestations
Illness begins with non-specific febrile prodrome
lasting several days, followed by abrupt onset of
encephalitis with focal spastic paralysis, most com-
monly of the upper extremities, cranial nerve palsies
and extrapyramidal signs. After 2–4 days, patients
begin to improve or deteriorate rapidly. The case-fatal-
ity rate is 25% and neurological sequelae occur in up to
70% of the survivors.1,16 In pregnant women infected
during the first or second trimester, spontaneous abor-
tion and fetal death have been documented, and the
virus has been isolated from the conceptus. The risk of
transmission during the third trimester is not known.1,18

Diagnosis
Typical CSF findings are lymphocytic pleocytosis,
mildly elevated protein level and normal glucose
level. Imaging studies of the brain (MRI and to a lesser
degree computed tomography) may show abnormali-
ties in basal ganglia and the brain stem. Specific
diagnosis is serologic, by means of virus-specific
immunoglobulin M ELISA, performed on CSF or on
paired (acute and convalescent) sera.

Treatment and vaccination
No specific antiviral treatment exists. However, an
inactivated whole virus vaccine is available and is
indicated for travelers to endemic or epidemic areas.
The vaccine is 90% effective and is not contraindi-
cated in pregnancy.1

Tuberculous meningitis
Tuberculosis is caused by Mycobacterium tubercu-
losis, an acid-fast bacillus, for which humans are the
only reservoir. In developed countries tuberculosis
has emerged as an important problem since 1985, due
to a combination of interrelated factors, namely illicit
drug abuse, urban homelessness and the AIDS epi-
demic.1 Tuberculosis in pregnancy has been a topic
of concern and controversy for many decades.1,19

Currently, it seems that the impact of pregnancy on
tuberculosis is minimal, except for potentially obscur-
ing the diagnosis and possibly increasing the risk of
disease activation during the postpartum period.
Tuberculous meningitis in adults is usually caused by
rupture of a quiescent subependimal tubercle into the
subarachnoid space. Less often, it is a complication of
milliary tuberculosis (i.e. hematogenous spread).

Clinical manifestations
Usually, illness is subacute in presentation, and begins
with a prodrome of malaise, intermittent headache
and low-grade fever, followed within 2–3 weeks by pro-
tracted headache, vomiting, confusion, meningismus
and focal neurologic signs.

The clinical spectrum is broad, ranging from chronic
headache or subtle mental status alteration to sudden
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and severe meningitis progressing to coma.1

Tuberculous meningitis in pregnancy tends to occur
during the postpartum period or late pregnancy. The
clinical presentation is often of chronic meningitis.
Mortality and neurological morbidity are correlated
with delay in diagnosis and initiation of appropriate
therapy.20 There is no evidence that tuberculosis
affects the course of pregnancy. Intrauterine transmis-
sion of tuberculosis is very rare.19 The neonate is at
risk of acquiring tuberculosis postpartum if born to a
mother with open pulmonary tuberculosis.1,19

Diagnosis
Findings on physical examination, chest x-ray films
and extraneural cultures are often not helpful. The
initial tuberculin skin test is negative in more than
half of the patients.

The cornerstone of diagnosis is examination of the
CSF. Characteristic findings are lymphocytic pleocy-
tosis (occurring in three-quarters of patients), hypo-
glycorrhachia (with initially normal glucose value in
many patients) and elevated protein level. CSF smears
are positive for acid-fast bacilli in a minority of cases
on initial examination, but when four consecutive
smears from lumbar punctures are examined, the sen-
sitivity approaches 90%. Cultures are positive in the
majority of cases, but growth takes 10–21 days. Newer
rapid diagnostic tests include various antibody and
antigen detection assays, but these are currently not
widely available. The PCR to detect mycobacterial
DNA in CSF has limitations due to the high rates of
false-positive results.1

Treatment
Modern therapy for tuberculous meningitis consists of
isoniazide (INH, oral 300 mg daily), RMP (oral 600 mg
daily) and pyrazinamide (PZA, oral 20–35 mg/kg
daily) plus initially either ethanbutol (EMB, oral
15–25 mg/kg) or streptomycin (STM, intramuscularly
0.5–1 g daily), if drug resistance is suspected. Dura-
tion of therapy is 6–12 months, depending on the
protocol used. The adjunctive use of corticosteroid
(prednisone 60–80 mg daily for 1–2 weeks, with gradual
decrease) is advised in patients with altered mental
status or other neurologic findings.1 In a large epi-
demiologic study of antituberculous drugs in preg-
nancy, RMP was associated with fetal abnormalities in
3% of exposed fetuses, compared to 2% for EMB and
1% for INH. STM should not be used during pregnancy
due to the risk of nerve toxicity in the fetus. The risk of
teratogenicity for PZA has not been determined.8

Neurosyphilis
Syphilis is a complex systemic disease with protean
clinical manifestations, caused by the spirochete
Treponema pallidum. The pathogen cannot be culti-
vated in vitro.

Clinical manifestations
There are numerous presentations of neurosyphilis.
Syphilitic meningitis as a complication of secondary
syphilis is often asymptomatic, and its diagnosis is
based on CSF abnormalities (lymphocytic pleocyto-
sis, elevated protein level, decreased glucose concen-
tration) and/or positive Venereal Disease Research
Laboratory test response. Symptomatic secondary
syphilitic meningitis usually presents similarly as
other forms of aseptic meningitis with headache,
nausea and vomiting. Meningeal signs occur in 60%
of patients and fever in less than half. Cranial nerve
palsies are relatively common (45%). Other focal
abnormalities or mental status changes are not com-
mon. Late (tertiary) symptomatic neurosyphilis is
divided into two major clinical categories that are
correlated with pathologic findings: meningovascular
neurosyphilis, usually starting 5 years after acquisition
of syphilis, and parenchymatous neurosyphilis (gen-
eral paresis and tabes dorsais), appearing 10–25 years
after primary syphilis.1 Although syphilis occurs in a
relatively small percentage of the population, data
support the widespread screening of obstetric patients
for syphilis. Among pregnant women found to have
latent syphilis, a fifth of patients have evidence of
asymptomatic neurosyphilis following examination
of spinal fluid.21 Despite maternal therapy, 11% of the
infants born to mothers with syphilis have reactive
serum and CSF involvement.

Diagnosis
Whenever a positive serum treponemal test (fluores-
cent treponemal absorption test or T. pallidum hemag-
glutination assay) is detected, the clinical staging of
syphilis must be accomplished by examination of
the CSF. Abnormal CSF findings (even a few cells), a
positive CSF non-treponemal test and/or a positive tre-
ponemal test establish the diagnosis of neurosyphilis.

Treatment
Only penicillin reliably treats the infant, therefore the
treatment of choice for pregnant women with neuro-
syphilis is penicillin G 2–4 million units intravenously
every 4 h for 10 days. An alternative for the penicillin-
allergic patient is ceftriaxone 1 g intravenously or intra-
muscularly for 2 weeks.1

CNS toxoplasmosis
Toxoplasmosis is a worldwide zoonosis, caused by
Toxoplasma gondii, an intracellular protozoan para-
site. In humans, toxoplasma infection is acquired
either orally (through the ingestion of undercooked
meat containing tissue cysts or water and food contam-
inated by oocysts) or congenitally. Acute toxoplasma
infection in an immunocompetent host, including
pregnant women, goes unrecognized in ~90% of cases,
but may result in a tragic outcome for the offspring
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(discussed elsewhere in this book). Chronic (latent)
infection ensues in all infected patients, due to per-
sistence of T. gondii in the cyst form. Reactivation,
with resultant life-threatening (mostly CNS) toxoplas-
mosis, occurs exclusively in patients who are severely
immunocompromised.1 In women receiving chronic
immunosuppression after organ transplantation, not a
single case of CNS toxoplasmosis was observed during
pregnancy.22 In pregnant women who are infected
with HIV, the incidence of CNS toxoplasmosis is very
low,1,22,23 is correlated with HIV immunosuppression
(CD4 cell count < 100 mm3) and is not influenced by
pregnancy. At present, data are insufficient to define
the risk of congenital transmission of T. gondii by
HIV-infected mothers who have chronic toxoplasma
infection.1

Clinical manifestations
A wide range of clinical signs and symptoms are seen
with CNS toxoplasmosis. Characteristically, there is a
subacute onset of encephalitis with focal neurologic
signs. CSF is normal or may show a non-specific mild
‘viral’ inflammatory response.

Diagnosis
Brain biopsy with appropriate cultural and histologic
techniques is the gold standard for diagnosis of CNS
toxoplasmosis. Serological tests (serum and CSF) are
not helpful. Brain imaging studies (MRI and to a lesser
degree computed tomography scan) show characteris-
tic multiple lesions, which tend to occur at the cortico-
medullary junction and involve the basal ganglia. In
AIDS patients, such focal CNS lesions suggest the
diagnosis.1

Treatment
For the immunodeficient patient with CNS toxoplas-
mosis, standard therapy is a combination of pyrime-
thamine (oral 200 mg loading dose, then 50–75 mg
daily) and sulfadiazine (oral 1–1.5 g every 6 h) or clin-
damycin (oral or intravenously 600–1200 mg every
6 h). Addition of folinic acid (oral, intravenously
or intramuscularly 10–20 mg daily) minimizes
pyrimethamine-associated myelotoxicity.

Duration of treatment is 4–6 weeks, followed by life-
long maintenance treatment.1 For the HIV-infected
woman the reader is advised to consult HIV authorities.
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Introduction
The role of anaerobic organisms as a cause of
infections of the female genital tract is well estab-
lished. Anaerobic bacteria, among others, can be
cultured from virtually all specimens from women
with clinically important gynecological infections.
Anaerobic infections in pregnancy are particularly
important due to the impact of the infection on both
the pregnant mother and the developing fetus. There
is increasing evidence that ascending infection from
the lower genital tract is an important cause of preterm
delivery and low birth weight infants. Similarly,
bacterial vaginosis has been linked to a number of
complications of pregnancy, including preterm labor
and delivery, chorioamnionitis, postcesarean amnioni-
tis, and postabortion septic thrombophlebitis. This
chapter will attempt to summarize the impact of and
the approach to anaerobic infections in the pregnant
woman.

The pathogens
The classification of anaerobic bacteria has changed
dramatically over the last decade, due to the intro-
duction of molecular biology techniques in this
field. A detailed description of the new nomenclature
of anaerobic bacteria is beyond the scope of this
chapter, and the interested reader is referred to recent
comprehensive reviews.1–3

The normal flora of the vagina has been the subject
of several studies in both healthy women and those
with pathologic conditions.4–6 The microbial envi-
ronment of the vagina is very delicately balanced
and  can be altered by many factors. These include
hormonal changes from aging, pregnancy and oral
contraceptives. Also, in certain conditions such as
antibiotic therapy and uncontrolled diabetes mellitus,
the normal vaginal flora is altered. Local factors such
as malformation and anatomic deformities after sur-
gery, vaginal douching and foreign material such
as contraceptives (intrauterine device, diaphragm and
spermicides) and tampons also play an important

role. In the healthy woman, the vaginal flora is
dominated by lactobacilli. In contrast, in the vaginal
flora of women with bacterial vaginosis, the predomi-
nance of lactobacilli is replaced by a combination
of aerobic, facultatively anaerobic and strictly anaero-
bic bacteria. The most important pathogens include
Gardnerella vaginalis (the ‘clue’ cell organism), Bac-
teroides species, Prevotella (Bacteroides) melanino-
genicus, Mycoplasma hominis and Mobiluncus species.
The importance of bacterial vaginosis in pregnancy will
be discussed later in detail.

Numerous anaerobic bacteria are encountered in
obstetric and gynecological infections. Most of these
infections are of polymicrobial nature and include
both aerobic and anaerobic bacteria. In a large-scale
survey by Brook and colleagues,5 anaerobic pathogens
were recovered from 714 out of a total of 736 patients
sampled. These specimens included 53 from infected
Fallopian tubes, 470 from infected endometrium, 94
from infected amniotic fluid, 57 aspirates of cul-
de-sacs in instances of pelvic inflammatory disease,
14 labial and vaginal abscesses and 26 of Bartholin’s
cyst abscess. A total of 2052 isolates were recovered,
out of which 1139 were anaerobes (1.6 per specimen).
The most commonly isolated anaerobic bacteria were
Bacteroides species (566 isolates), anaerobic gram-
positive cocci (391), Clostridium species (48) and
Fusobacterium species (36).

The most important anaerobic infection of the gen-
ital tract during pregnancy is bacterial vaginosis, due
to the possible effect on the outcome of pregnancy.
Therefore, most of the rest of this chapter will be
devoted to the diagnosis and treatment of bacterial
vaginosis. Other forms of anaerobic infections in
pregnancy are clinically less significant and will be
mentioned only briefly.

Bacterial vaginosis
Bacterial vaginosis is not an infection in the ordinary
sense. In contrast to vaginitis, in which there is an
inflammatory response of the vaginal wall, bacterial
vaginosis is not associated with such inflammation.
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The manifestations of bacterial vaginosis are an
increased homogenous vaginal discharge that has an
elevated pH, a characteristic odor after addition of
potassium hydroxide and a microscopical appearance
characterized by epithelial cells with adherence of
bacteria (mostly G. vaginalis) to the cell margins (the
so-called ‘clue cell’). In bacterial vaginosis the normal
lactobacillus-dominated vaginal flora is replaced with
anaerobic bacteria, Mobiluncus species, G. vaginalis
and M. hominis. A standard method for the diagnosis
of bacterial vaginosis has been described by Spiegel
and colleagues7 and Nugent and associates.8

The normal vaginal flora of 171 pregnant women in
labor at term was studied by Hillier and colleagues.6

A score of 0–10 was assigned in light of the relative
proportions of large gram-positive rods (lactobacilli),
small gram-negative or gram-variable rods (Bacteroides
or Gardnerella) and curved gram-variable rods
(Mobiluncus). The flora was categorized as normal
(a score of 0–3, Lactobacillus-predominant), inter-
mediate (a score of 4–6) or representative of bacterial
vaginosis (a score of 7–10). Bacterial vaginosis was
diagnosed in 39 women (23%); the vaginal flora was
diagnosed as normal in 50% of cases and as interme-
diate in 27%. The microorganisms most frequently
recovered from women with bacterial vaginosis were
G. vaginalis, anaerobic bacteria (Prevotella species,
Bacteroides species, Fusobacterium, Peptostreptococ-
cus), Mobiluncus species, viridance streptococci,
Ureaplasma urealiticum, and M. hominis. The pres-
ence of H2O2-producing lactobacilli was inversely
associated with the presence of bacterial vaginosis.

The effect of bacterial vaginosis on the outcome of
pregnancy has been the subject of several studies in
the last decade.9–18 Most investigators agree that there
is an association between bacterial vaginosis and pre-
mature delivery, premature rupture of membranes
(PROM), infection of the chorion and amnion,15,16 his-
tologic chorio-amnionitis,16 and infection of amniotic
fluid. In a recent multicenter comprehensive study by
Hillier and colleagues,13 a cohort of 10,397 pregnant
women was followed. The study end point was a
preterm (< 37 weeks) or a low birth weight (< 2500 g)
delivery. In 16% of all the women, bacterial vaginosis
was detected at 23–26 weeks of gestation, based on
vaginal pH and Gram stain. In a multivariant analysis,
bacterial vaginosis was found to be associated with
preterm delivery or low birth weight (odds ratio 1.4,
95% confidence interval 1.1–1.8). Among women
with bacterial vaginosis, the highest risk of preterm
delivery or a low birth weight infant was found among
those with both vaginal Bacteroides and M. hominis
(odds ratio 2.1, 95% confidence interval 1.5–3.0). In
contrast to these and other findings, Hillu and asso-
ciates14 found no evidence that bacterial vaginosis
is associated with prematurity or adverse pregnancy
outcome. The authors suggest that the characteristics
of their study population, i.e. differences in normal
vaginal flora due to different antibiotic usage habits,

may account for the conflicting results. Kurki and
colleagues also found conflicting results11 in an
assessment of the association between bacterial
vaginosis early in pregnancy and adverse pregnancy
outcome. Bacterial vaginosis in this particular study
was diagnosed by Gram stain, bacterial culture and
Papanicolaou stain, performed between 8 and 17 weeks
of gestation. Bacterial vaginosis was diagnosed in 169
of 790 women (21.4%), and associated with a 2.6-
fold risk (95% confidence interval 1.3–4.9) for
preterm labor (premature contractions), a 6.9-fold
risk (2.5–18.8) for preterm birth, and a 7.3-fold risk
(1.8–29.4) for PROM. However, the authors indicate
that due to the high rate of false-positive findings,
the positive predictive value of bacterial vaginosis for
pregnancy outcome is only 4–11%. Hence, the role of
treatment of bacterial vaginosis in the prevention of
adverse pregnancy outcome remains unclear.

The mechanism by which bacterial vaginosis
causes premature delivery is not completely clear. It
may involve prostaglandins, endotoxins, mucinase,
salicidase, interleukin-1 and other mediators derived
from fetal membranes or decidua, as well as these and
other agents released from the bacteria themselves.
The role of chorioamniotic infection and histologic
chorioamnionitis in prematurity was the subject of a
study by Hillier and colleagues.16 Microorganisms
were recovered from the chorioamnion in 23 of 38
placentas (61%) from women with premature labor
(< 37 weeks of gestation) and in 12 of 56 placentas
(21%) from women who delivered at term (odds ratio
5.6, 95% confidence interval 2.1–15.6). The most
frequent isolates from the placentas of those whose
infants were delivered prematurely were U. ureali-
ticum and G. vaginalis. The recovery of any organism
from the chorioamnion was strongly associated with
histologic chorioamnionitis and bacterial vaginosis.
Silver and colleagues15 also found that bacterial vagi-
nosis organisms (M. hominis, anaerobes and G. vagi-
nalis) were associated with each other in 408 cases of
intra-amniotic infection, and that women with bacte-
rial vaginosis were most likely to have M. hominis
and G. vaginalis in their amniotic fluids. These and
other studies suggest that the mechanism of prema-
ture labor in patients with bacterial vaginosis, espe-
cially early in pregnancy, is amniotic fluid infection
and chorioamnionitis.

The timing of bacterial vaginosis in relation to pre-
maturity has also been investigated. Riduan and col-
leagues17 examined the association between preterm
delivery and bacterial vaginosis in early and late preg-
nancy. A total of 490 pregnant women were evaluated
for the presence of bacterial vaginosis at 16–20 weeks
and 28–32 weeks of gestation, and subsequently fol-
lowed to delivery. A significant association was found
between preterm delivery (< 37 weeks of gestation)
and bacterial vaginosis diagnosed at 16–20 weeks of
gestation (odds ratio 2.0, 95% confidence interval
1.0–3.9). In contrast, no significant correlation was
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found with bacterial vaginosis diagnosed at 28–32
weeks of gestation. The authors suggest that these
findings are in accordance with the assumption that
bacterial vaginosis causes an ascending infection
resulting in chorioamnionitis, which in turn is the
cause of prematurity, since chorioamnionitis is likely
to occur at an earlier stage. Russel19 found that the
incidence of chorioamnionitis declined as gestational
age increased, from 94.4% for women who delivered
at a gestational age of 21–24 weeks, to 39.6% at 25–28
weeks, 35.4% at 29–32 weeks and 10.7% at 33–36
weeks. A reasonable conclusion from these findings is
that early detection and treatment of bacterial vagi-
nosis may reduce the rate of prematurity and low-
birthweight deliveries. In contrast, other studies do
not confirm these results.14 Four hundred women
from the north of Israel were followed up to delivery.
The presence of bacterial vaginosis was evaluated
twice: at 15–20 weeks and 27–32 weeks of gesta-
tion. Bacterial vaginosis was found in 15% of the
women at 15–20 weeks and in 12.5% of the women at
27–32 weeks of gestation. However, no association
was found between bacterial vaginosis in either stage
of pregnancy and premature delivery. As mentioned
before, these conflicting results may be explained
in part by differences in normal vaginal flora due to
different antibiotic usage habits between the study
populations.

Given this information, should bacterial vaginosis
be screened for and treated during pregnancy with the
aim of reducing premature delivery, low birth weight
infants and PROM? This issue is still debated, due
to the marginal efficacy and the microbiological
and financial cost of unnecessary mass antimicrobial
usage. In a randomized, double-blinded controlled
study, Hauth and colleagues20 found that compared
to placebo, treatment of women with bacterial vagi-
nosis with metronidazole and erythromycin lowered
the rate of prematurity (31% vs. 49%, P =0.006). This
effect was not found in women at high risk for prema-
ture delivery who did not have bacterial vaginosis.20

These findings are in accordance with those of
McGregor and associates,21 who found in a prospective
study that screening for bacterial vaginosis in preg-
nancy and treatment with oral clindamycin 300 mg
twice daily for 7 days resulted in approximately 50%
reduction in preterm birth and/or rupture of mem-
branes. Similarly, Morales and coworkers22 compared
treatment of asymptomatic women with both a history
of preterm birth and findings of bacterial vaginosis
with oral metronidazole or placebo. They obtained
nearly 70% reduction in prematurity, low-birthweight
and PROM in the clindamycin-treated women.22 In
contrast, based on data derived from several studies,
Joesoef and Schmid concluded that treatment of bacte-
rial vaginosis should be reserved only for symptomatic
patients.23 In their review, the authors suggest that
treatment of asymptomatic patients with the rationale
of preventing adverse pregnancy outcome should

be deferred until further data are available. Hence, no
firm recommendations about the routine screening
for and treatment of bacterial vaginosis in pregnancy
can be given at the current time. However, due to sub-
stantial evidence that bacterial vaginosis, at least in
the second trimester, is associated with adverse preg-
nancy outcome, and the relative low cost and simplic-
ity of oral or topical antibiotics for the treatment of
bacterial vaginosis, it is probably reasonable to offer
such therapy in this subset of patients.18,24

Other forms of anaerobic
infections in pregnancy
All the anaerobic bacteria mentioned previously
can contribute to virtually every type of obstetric
infection,5 varying in severity from minor to life-
threatening infections. These infections commonly
include abscess of the perianal soft tissue or glands,
endometritis, salpingitis, tubo-ovarian abscess, septic
abortions and postoperative infections. Clues to the
presence of anaerobes in these infections include a
foul-smelling discharge, presence of gas in tissue,
abscess formation and pelvic thrombophlebitis.

Clostridia species are isolated from 5–10% of
normal vaginal flora, and up to 19–29% of women in
the postabortion period. Hence, their presence does
not necessarily indicate the presence of infection. An
important exception in which Clostridia clearly play
a major role is uterine gas gangrene, now a rare com-
plication that was previously seen in the setting
of septic abortion. Rarely, uterine gas gangrene has
followed amniocentesis,25 or a cesarean section. It is
debatable whether or not hysterectomy should always
be performed in cases of uterine gas gangrene.

Treatment
The treatment of anaerobic infections in pregnancy
follows the usual rules of antimicrobial treatment
of anaerobic infections. The primary agents that
are effective against most anaerobic bacteria include
metronidazole, clindamycin, some penicillins, chlo-
ramphenicol and imipenem–cilistatin. Among the
penicillins, those that are combined with beta-
lactamase inhibitors, i.e. amoxicillin–clavulanate,
piperacillin–tazobactam, ticarcillin–clavulanate and
others, are particularly effective. Various treatment
regimens can be offered. The decisions regarding the
specific agent, the dose, the route of administration
(parenteral, oral or topical) and the length of therapy
are dictated by the type and severity of the particular
infection being treated. Antibiograms, derived from
in vitro susceptibility testing, are very difficult to per-
form and interpret for anaerobic bacteria and should
not be used routinely in the selection of the antimi-
crobial agent. Bacterial vaginosis can be treated with
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oral metronidazole 500 mg twice daily for 1 week, or
just as effectively by metronidazole or clindamycin
gel.24,26 Treatment of the male sex partner is con-
troversial, but may be recommended in cases of
recurrent bacterial vaginosis.23,24 Treatment of bac-
terial vaginosis prior to surgical abortion with the aim
of preventing postabortion pelvic inflammatory dis-
ease is recommended by some authors.23 The use of

metronidazole in pregnancy has traditionally been
avoided due to a fear of teratogenicity. However, in
a meta-analysis by Burtin and colleagues27 it was
shown that metronidazole is safe for use in pregnancy
and lactation and therefore need not be avoided.
Other forms of therapy include surgical debridement
and hyperbaric oxygen, but these are reserved for
invasive infections in severe cases.
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Introduction
Malaria, the most important of the human parasitic
protozoa, is endemic in many parts of the world,
mainly in the tropical and subtropical areas. An
annual incidence of > 300 million new cases and 2–3
million deaths is almost undoubtedly an underesti-
mation. Mortality and morbidity are greatest in chil-
dren and pregnant women, especially in sub-Saharan
Africa, as well as in non-immune travelers. In the
latter, disease may develop months to years after leav-
ing an endemic area, and thus the diagnosis can be
easily delayed and possibly missed. Delay in diagno-
sis can lead to significant morbidity and even death.

Globally, Plasmodium vivax accounts for 80% of
cases, and Plasmodium falciparum for 10–15%. The
remaining cases are caused by Plasmodium ovale
or Plasmodium malariae. Occasionally, mixed infec-
tions can occur. The epidemiology of human malaria
varies, and different species may predominate in dif-
ferent areas. Severe complications and mortality are
almost always due to falciparum malaria.

The parasite and life cycle
Malaria is acquired when the female anopheline
mosquito bites for a blood meal. Sporozoites travel via
the blood stream to the liver. They invade hepatocytes
and develop into mature tissue schizonts. Within 1–2
weeks, infected hepatocytes rupture and thousands
of merozoites are released from each tissue schizont
into the bloodstream. Each merozoite may invade a
human erythrocyte. Each parasite replicates asexually
every 48–72 h and releases 8–32 merozoites during
rupture of infected erythrocytes. Some erythrocytic
parasites develop into sexual forms (gametocytes).
These forms are ingested by the feeding Anopheles.
After completing the stages of sexual reproduction in
the mosquito, sporozoites develop and migrate to the
mosquito’s salivary gland. They will be injected into,
and will potentially infect, the next human bitten.
Alternatively, erythrocytic forms may infect humans
by blood or by maternal–fetal transfusion.

In the liver, P. vivax and P. ovale may exist as dor-
mant forms (hypnozoites). These forms may cause

relapse (in almost a third of cases), even years after the
primary infection. P. falciparum has no dormant form
and there is no true relapse. Deterioration after a
period of clinical improvement may occur, but not due
to liver hypnozoites, and is termed recrudescence.

P. malariae is the rarest cause of human disease.
It may exist in peripheral blood for years, causing
low-grade parasitemia, often asymptomatic.

Clinical manifestations
The clinical picture is highly variable. Some infected
people may have few symptoms and others may
develop a rapidly fatal course. The pattern of fever
and other symptoms in primary infection is not typi-
cal and may imitate many other febrile diseases.
Furthermore, the state of host immunity plays a major
role, thus a high level of suspicion is required. Malaria
should be suspected in every patient in the proper
epidemiological setting.

During the initial period of symptomatic malaria,
patients may not exhibit the typical cyclical fever
classically attributed to malaria. They may have low-
grade fever with random peaks. After several days,
synchronous febrile peaks may occur. One to 2 h of
feeling cold with rigors are followed by 4–6 h of high
fever, which is then followed by an often massive
diaphoresis and a concomitant reduction of tempera-
ture, and exhaustion. These paroxysms are coincident
with the rupture of erythrocytes and release of para-
sites into the circulation. This pattern occurs roughly
every 72 h in P. malariae infection and every 48 h in
the others (P. falciparum, P. vivax and P. ovale). Other
symptoms may occur including lethargy, anorexia,
nausea, vomiting, diarrhea, headache and low back
pain. Malaria may mimic many other febrile illnesses
prevalent in both endemic and non-endemic regions.

Untreated patients with malaria due to P. vivax and
P. ovale may have attacks for weeks. Spontaneous
recovery after several attacks is the rule. Clinical symp-
toms due to P. falciparum may begin as early as 8–12
days after infection. If untreated, paroxysms may con-
tinue for 3 weeks. Recrudescence may occur. In some
instances, the clinical course of disease may progress
with severity and rapidity and lead to complications
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and death. This is determined, in part, due to factors,
such as age (children are more susceptible), general
medical and nutritional status, degree of immunity to
malaria, virulence of the parasite, pregnancy and time
of onset of effective treatment. Life-threatening severe
and complicated malaria develops almost exclusively
with P. falciparum infection, although the majority of
falciparum infections do not progress to this extreme
form, even if not treated. In those who develop com-
plications, the variable spectrum of manifestations
may include anemia with or without hyperparasitemia,
pulmonary edema, renal failure, acidosis, shock, cere-
bral involvement, disseminated intravascular coagula-
tion and death.

Central nervous system (CNS) involvement (cere-
bral malaria) with confusion, obtundation, seizures,
coma and death may occur. It is of supreme impor-
tance to note that patients with malaria and CNS
symptoms may have other reasons for these symp-
toms. Bacterial meningitis should be excluded by
lumbar puncture. Encephalitis and various causes of
encephalopathy should be considered. Hypoglycemia,
another potential cause of CNS symptomatology, may
complicate malaria, especially during pregnancy and
childhood, and is further augmented by treatment
with quinine or quinidine.

Hypovolemia, renal microvascular sequestration
of erythrocytes and hemoglobinuria may act together
to cause renal failure, which is more common in
non-immune patients and is usually non-oliguric.
Hemodialysis or hemofiltration may be required. Pul-
monary edema is uncommon in developing countries.
It may be precipitated by iatrogenic fluid overload.
This complication occurs mainly in adults and is
usually associated with high-grade parasitemia
(> 250,000/ml, > 5%).

Patients with specific organ complications usually
die if not appropriately treated with both antimalari-
als and supportive therapy. Patients who survive
cerebral malaria may be left with varying degrees of
neurological sequelae.

Pathogenesis
P. falciparum is the most severe form of disease. This
species invades erythrocytes of all ages. Parasitized red
blood cells adhere to endothelial cells in capillaries
and postcapillary venules of the brain, kidneys, lungs
and other organs. Mature asexual forms of the par-
asite disappear from peripheral blood and sequester
in the microcirculation. The adherence of parasitized
erythrocytes to endothelial cells in the postcapillary
venules is considered the main mechanism of patho-
genesis. Uninfected circulating erythrocytes bind to
infected erythrocytes with mature parasites (roset-
ting). Microvascular obstruction facilitates tissue
hypoxia, hypoglycemia and the production of lac-
tate. In addition, tumor necrosis factor-α (TNF-α) and
other cytokines, nitrous oxide and free oxygen

radicals, contribute to the pathogenetic sequence of
events at the tissue level. The resultant severe
metabolic dysfunction is manifested by specific organ
complications. With the institution of appropriate
therapy, most of these effects are abolished, largely
without permanent damage. The absence of neuro-
logical sequelae in the majority of cases (but not
all) implies that reversible metabolic mechanisms,
e.g. synaptic dysregulation by tissue mediators, are
responsible for cerebral malfunction. Anemia occurs
frequently in malaria. Its etiology is multifactorial.
Infected erythrocytes rupture with the release of para-
sites. This is associated with the release of cytokines,
such as TNF-α, which has a suppressive effect on
erythropoiesis (dyserythropoiesis). Activated reti-
culoendothelial cells, mainly in the spleen, destroy
defective erythrocytes as well as uninfected erythro-
cytes that are coated with malaria antigens. In devel-
oping countries, underlying anemia is common
(malnutrition, intestinal parasites, physiological
effects of pregnancy, etc.).

P. vivax and P. ovale infect mainly reticulocytes and
young erythrocytes (1–2% of erythrocytes) and micro-
vascular sequestration does not occur. Tissue involve-
ment is not present and hemolysis is usually mild.

P. malariae invades primarily senescent ery-
throcytes. Low-grade parasitemia may continue
even asymptomatically for years. Immune complex
glomerulonephritis and hypersplenism may develop.

Diagnosis
Malaria is a life-threatening disease. It should always
be suspected in the appropriate epidemiological set-
ting. Clinical symptoms and signs may be misleading,
therefore clues, such as living in or traveling to
endemic areas even years before, a history of previous
malaria, previous prophylaxis for malaria or blood
transfusions, may help. Blood smear is still the corner-
stone of diagnosis. Trained personnel should prepare
thick and thin peripheral blood smears, which are best
stained with Giemsa. Smears should be examined at
length before they are declared negative. In order to con-
firm or exclude the diagnosis of malaria by classical
methods, smears should be examined every 6–8 h for up
to 3 days. The degree of parasitemia should be assessed.
To exclude the possibility of drug resistance, follow-up
smears are required after the institution of therapy.

Falciparum malaria must be differentiated from the
other forms. When initial speciation cannot be deter-
mined, treatment must be for P. falciparum. When
chloroquine-resistant P. falciparum is a possibility,
initial treatment must reflect this possibility. Other
diagnostic methods such as serology are available, but
have limited value in practice. Sensitive staining
techniques (acridine orange) and antigen detection
(by specific antibodies) are being increasingly used,
especially in non-endemic countries. In the future,
field-adapted molecular diagnostic tests may become
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available for diagnosis and for the identification of
drug-resistant parasites.

Malaria in pregnancy
Malaria has a special impact on pregnant women,
the placenta, the fetus and the newborn infant. In
endemic areas, the frequency and severity of falci-
parum malaria and its complications are greater during
pregnancy. The impact of non-falciparum malaria on
the materal–fetal unit has yet to be accurately defined.
Almost 500 million women live in endemic areas; in
some regions more than 50% of the pregnant women
may be parasitemic and have clinical manifestations of
variable severity, or may be asymptomatic.

Parasitemia and malaria attacks are 4–12 times
more common during pregnancy. The susceptibility
to infection and severity of disease are determined
in part by the prepregnancy immune status. In areas
where transmission of malaria is low or seasonal,
acquired antimalarial immunity is poor. Pregnancy
alone downregulates immune responses, thus preg-
nant women may suffer more from malaria and
its complications. In endemic areas where the trans-
mission of malaria occurs year-round, protective
immunity may develop and disease tends to be less
severe, albeit more prevalent. In non-immune women,
the susceptibility to infection with malaria is similar
in all parities. In endemic areas with intense trans-
mission, primigravidara are more often infected, and
the severity of the disease is greater. In areas with sea-
sonal or low-level transmission, the effects of malaria
are felt in subsequent pregnancies as well. Interest-
ingly, for grand multipara, the effect of protective
immunity wanes. Some specific features and compli-
cations of malaria during pregnancy deserve special
mention. Other than anemia, the following complica-
tions occur uniquely with P. falciparum.

Anemia
Anemia is very common in pregnancy, especially in
developing countries. It usually develops during the
second trimester. Anemia is usually normochromic
and normocytic, and hemoglobin levels of < 7 g/dl are
not uncommon. In the anemia associated with malaria,
factors like hemolysis, activation of the macrophage–
monocyte system, hypersplenism, suppression of bone
marrow by TNF-α and peripheral sequestration may
act together. Regardless of endemicity or the level of
immunity, anemia contributes significantly to mater-
nal and fetal morbidity. Prophylactic iron supple-
mentation is advised during pregnancy, including
in malaria-endemic areas. It has a positive effect on
mothers and newborn infants.

Iron overload may increase host susceptibility to
malaria. Iron supplementation may be detrimental
to women with sickle cell trait. In this group, low
antimalarial antibody levels and iron overload may act
in concert to make women more susceptible to malaria

during pregnancy. In fact, the advantages of some
hemoglobinopathies (i.e. sickle cell anemia) in protec-
tion against malaria have not been clearly proven in
pregnancy.

Blood transfusions may be required to correct severe
anemia. The risk of transmission of malaria and other
infectious agents (i.e. hepatitis B, hepatitis C, HIV),
mainly in areas with poor medical facilities, should be
weighed against the risk of heart failure and hypo-
volemic and hemorrhagic shock. Anemia may be
chronic and its rapid correction may induce acute heart
failure and pulmonary edema. In all instances, blood
should be given with strict monitoring. Blood is usually
transfused when the hematocrit is below 20%.
Antimalarial therapy may be indicated for all pregnant
women with severe anemia since placental malaria with
negative blood smears can occur, especially in semi-
immunes. In areas where transfusion practices involve
an increased risk of acquiring blood-borne infections, a
more conservative approach is indicated as long as there
are no signs of maternal and/or fetal distress.

Liver problems
Mild hepatomegaly may be found in about half
of cases of falciparum malaria. Hyperbilirubinemia
with clinical jaundice due to hepatic damage with ele-
vated hepatocellular enzymes may be seen in severe
malaria, and rarely, malaria-associated severe hepatic
necrosis may lead to death. It is important to remem-
ber that acute liver failure may complicate pregnancy
without malaria.

Spleen problems
Early in the course of malaria, splenic macrophages are
activated. Thrombocytopenia and leukopenia occur
early in the course of infection, while splenomegaly is
rarely seen at this stage. In endemic areas where recur-
rent or chronic infections are the rule, splenomegaly
may be pronounced, sometimes in the form of hyper-
reactive malarial splenomegaly or tropical spleno-
megaly syndrome. Rarely, splenic rupture occurs and
may cause death.

Cerebral malaria
Cerebral malaria is particularly common in pregnant
women and in children. Altered consciousness, con-
fusion, seizures, behavioral disturbances, focal neuro-
logic findings, ataxia and coma are the main features.
Patients may deteriorate rapidly, within a few hours.
Untreated, this situation may lead to death within a
few days. Recurrent convulsions and coma are poor
prognostic signs. Supportive treatment includes pre-
venting aspiration, treating hyperpyrexia and admin-
istering anticonvulsants. The mortality rate of cerebral
malaria during pregnancy is considerably higher than
in general. It is not clear if malaria predisposes to
pre-eclampsia or eclampsia. In cerebral malaria, hyper-
tension is very unusual, thus distinguishing it from
eclampsia. Fever is also not typical of eclampsia.
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Hypoglycemia
Hypoglycemia is very common in pregnant women
with severe falciparum malaria. Predisposing factors
include reduced glycogen stores due to starvation and
vomiting, increased metabolic demands during febrile
episodes, tissue hypoxia, quinine and quinidine
stimulation of islet cells inducing hyperinsulinism,
glucose consumption by large numbers of parasites,
the hypoglycemic effect of TNF-α and possibly the
toxic effect of iron or parasite-specific factors.

Hypoglycemia should be suspected and aggres-
sively treated in any patient, in particular those with
abnormal CNS symptoms. Abnormal behavior, sweat-
ing, convulsions or sudden loss of consciousness
should be considered to be due to hypoglycemia.
Correcting hypoglycemia results in their rapid reversal
and should be tried immediately without awaiting the
results of blood tests. The rapid assessment of blood
glucose by a standard finger-prick method is useful.

Glucose solution may be administered orally or,
when necessary, by nasogastric tube. The intravenous
infusion of 10% dextrose or a therapeutic trial of
25–50 ml of 50% dextrose will rapidly abolish signs
of hypoglycemia. Hypoglycemia may be prevented by
the infusion of 5–10% dextrose (mainly when quinine
is being given). Glucose overload may lead to fluid
overload, rebound hyperinsulinism, hypokalemia and
metabolic acidosis. Even subclinical maternal hypo-
glycemia may affect fetal growth and the development
of the fetal CNS.

Pulmonary edema
Pregnancy is associated with an increased blood
volume. Fluid overload, hyperparasitemia, renal fail-
ure and blood transfusions all increase the risk of
developing pulmonary edema. The basic pathogenetic
mechanism is capillary leak. Iatrogenic fluid overload
by infusions, especially during labor, greatly increases
the risk of pulmonary edema. After the initial treat-
ment of dehydration when indicated, central venous
pressure should be maintained at 0–5 cmH2O. Pul-
monary edema may develop even several days after
institution of antimalarial drugs. Respiratory status
should be monitored adequately. Treatment is sup-
portive and may include oxygen, diuretics, fluid
restriction and even mechanical ventilation.

Bacterial infections
Bacterial infections are not uncommon during preg-
nancy and the immediate postpartum period. Menin-
gitis and encephalitis are endemic in most malaria
zones and may be confused with cerebral malaria and
may even occur concomitantly. Pneumococcal infec-
tions, gram-negative sepsis, typhoid fever, urinary
tract infections and endometritis should also be con-
sidered. Immediate diagnosis and treatment accord-
ing to local epidemiological data are needed.

Aspiration pneumonia and sepsis may occur in the
severely ill, comatose patient. In summary, bacterial
infections mimic as well as complicate malaria.

Renal involvement
Proteinuria is common in pregnancy and malaria.
Renal failure is rare. In most cases, urinary output is
restored with adequate hydration. The combination of
cerebral and renal malaria in pregnancy may mimic
eclampsia.

Blackwater fever
This severe form of hemolysis is associated with
falciparum malaria and is rare during pregnancy.
Large numbers of non-parasitized red blood cells are
destroyed, possibly due to antigen–antibody complex
formation. Quinine may aggravate this phenomenon.
Severe anemia, prostration, chills, vomiting, jaundice
and bloody-black urine result in renal failure and
even death.

The effect of malaria on labor
Malaria, especially P. falciparum malaria in the non-
immune host, may induce preterm labor. Fetal dis-
tress and prematurity may add substantially to the
neonatal morbidity and mortality. Ante- as well as
postpartum fever may be the first manifestation of
malaria.

The effect of malaria on the placenta
By the fourth month of pregnancy, the placenta
becomes a highly vascularized organ. The intervillous
spaces serve as preferential sites for parasite devel-
opment, because they are, in part, sequestered from
the immune system. Also, blood flow is sluggish and
macrophages are scarce.

In endemic areas, placentas from primigravida are
highly parasitized. Even in women living in areas
of high endemicity, where immunity to malaria in
adulthood is said to be the rule, high-grade placental
parasitemia may be found. Parasites may be seen in
placental blood smears even when they are absent in
peripheral blood. Thus, in some areas, negative blood
films cannot exclude the diagnosis of malaria in a
pregnant woman.

P. falciparum parasites bind to placental ligands (e.g.
chondroitin sulfate A) and selectively sequester in the
placenta. Pathological changes include the presence of
parasites in erythrocytes, malarial pigment deposits in
intervillous spaces, monocytes, trophoblasts and mes-
enchymal stroma. There is trophoblastic damage with
focal necrosis, loss of microvilli, irregular thickening of
the trophoblastic basement membrane and protrusion of
syncytiotrophoblastic projections into the basement
membrane. The severity of these changes is correlated
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with the level of maternal and placental parasitemia.
Histochemical stains may demonstrate deposits of
immunoglobulins G and E, C3 and malarial antigens in
the trophoblastic cytoplasm and basement membrane.
Clinical manifestations of these pathological changes
may include reduced placental weight, decreased
nutrient and oxygen exchange between the mother
and the fetus and reduced hormone secretion by the
placenta.

High-level parasitemia may lead to intrauterine
growth retardation, preterm delivery, low birth weight
and, possibly, stillbirth. On the other hand, the pla-
centa may serve as a barrier sequestering parasites
selectively on the maternal side, thus preventing
invasion of the fetal circulation and the resultant
possibility of disease in the newborn infant. Parasites
are seldom seen in the fetal circulation and in placen-
tal fetal blood smears. They are, however, seen much
more frequently than the incidence of clinical congen-
ital malaria. The incidence of congenital malaria is
very low when compared with the large numbers of
women who have malaria during pregnancy.

The effect of malaria on the fetus
Malaria is an important cause of low birth weight
in the tropics. Low birth weight is more frequent in
primigravidas in areas with intense malaria transmis-
sion. In areas where transmission is seasonal or spo-
radic, the effect of malaria on the fetus is extended
to subsequent pregnancies. Growth is adversely
affected by the degree of placental parasitemia, mater-
nal nutrition and anemia. Effective antimalarial
prophylaxis and iron supplementation during preg-
nancy have been shown to increase birth weight.
Maternal hypoglycemia may cause fetal brain damage.
The chronic inflammation of placental malaria may
increase the probability of mother-to-child transmis-
sion of HIV.

Malaria-associated fever, dehydration, acidosis and
placental insufficiency may cause fetal distress and
induce premature labor. Prematurity, especially in
the malaria-endemic areas of the world, has a great
impact, since the medical facilities equipped for treat-
ing premature infants are inadequate or non-existent.
The association of malaria and abortion or stillbirth is
not clear-cut.

Drug therapy of malaria during
pregnancy and lactation
Two major issues in drug therapy are addressed: the
treatment of disease and the prophylaxis against the
acquisition of malaria for both residents of endemic
areas as well as traveling women. Data from studies in
endemic areas show that malaria prophylaxis during
pregnancy is beneficial to the fetomaternal unit. The
once unequivocal benefit of large-scale prophylaxis is

now problematic, especially in the context of increas-
ing parasite drug resistance and the lack of financial
resources in many endemic areas. In areas where
antimalarial prophylaxis is effective and financially
feasible, this practice should be continued. In all
endemic areas, chemical and physical barriers (e.g.
mosquito repellents, insecticide-impregnated bed nets,
etc.) should be used. Intermittent presumptive therapy
is another potential strategy. Close obstetrical follow-
up including the frequent measurement of hematocrit
and blood smears for malaria detection should be
routine.

Recommendations for the treatment of malaria vary
in different areas of the world. The changing patterns
of drug resistance, mainly in falciparum malaria,
necessitate constant review. Treatment is best tailored
by specialists who are familiar with the disease and the
continually evolving epidemiology of drug resistance.
In pregnancy, full doses of antimalarial therapy
should be given. The utility of early cesarean section
in malaria has not been proven.

Chloroquine is the cornerstone of malaria treatment
and prophylaxis. Today, its use in falciparum malaria
is limited due to the widespread resistance of P. falci-
parum to this drug. It remains central to the prophy-
laxis and treatment of P. vivax, P. ovale and P. malariae
malaria. Chloroquine has been used for many years
during pregnancy and is safe. It crosses the placenta
readily. In rats, very high doses are teratogenic, and rare
cases of teratogenicity have been described in patients
with collagen vascular diseases treated with high doses
of chloroquine for years. Doses used for the treatment
and prophylaxis of malaria are not teratogenic. In some
circumstances, amodiaquine might be considered
during pregnancy.

Fansidar is a combination of sulfadoxine and
pyrimethamine. It has been used safely during preg-
nancy without severe adverse effects, although large
doses of pyrimethamine in animals may induce folic
acid deficiency. The addition of folinic acid may
reverse this effect. Sulfa-containing drugs are not con-
sidered teratogenic in humans. In rats and mice, cleft
palate and thyroid tumors have been described. Theo-
retically, sulfa-containing drugs may cause neonatal
hyperbilirubinemia and kernicterus when used within
2 weeks prior to delivery. The combination of
pyrimethamine and sulfa was used for treatment and
prophylaxis of malaria until its use was discontin-
ued due to adverse cutaneous reactions and increas-
ing parasite resistance. The drug combination is also
used to treat toxoplasmosis during pregnancy.

Mefloquine is considered safe during the second and
third trimesters and some will use this drug during the
first as well. Safety during the first trimester has yet to
be determined. Data on teratogenicity are lacking.

Information regarding the safety of halofantrine
during pregnancy is lacking, thus it should not be used.

Quinine is the drug of choice for treating falci-
parum malaria where the possibility of chloroquine
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resistance exists (in most areas of the world). It is
usually used in combination with another drug (i.e.
tetracycline, clindamycin). High doses of quinine may
stimulate the uterus, but at therapeutic doses it can be
administered safely, even during the third trimester,
with no oxytocic effect. Its hypoglycemic effect is
prominent during pregnancy. When given in high
doses, quinine is teratogenic in guinea pigs, but not
in monkeys. Its possible association with human
congenital anomalies (X rating by FDA) has rarely
been mentioned in most major reviews on the subject.

Quinidine can be used alternatively when quinine
is unavailable. Other than its excellent antimalarial
activity, it has a similar hypoglycemic effect. Terato-
genicity and oxytocic effects have not been reported
in humans. Neonatal thrombocytopenia has been
reported.

Tetracyclines are used in combination with quinine
for treatment of resistant falciparum malaria. Their
administration is contraindicated during pregnancy.
Tetracyclines cause fetal bone and enamel abnormali-
ties as well as potentially fatal fatty hepatic degenera-
tion in the pregnant woman. An acceptable alternative
is quinine and clindamycin.

Primaquine is used to eradicate the liver hypno-
zoite stage in P. vivax and P. ovale malaria, and is
usually given for 2 weeks, commencing after the com-
pletion of chloroquine treatment. It is given in order
to reduce the risk of relapse. It is contraindicated
in glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency and may induce hemolysis in utero if the fetus
is G6PD deficient. Fetal hemoglobin is even more
sensitive to its deleterious effects. Primaquine is
contraindicated before delivery. Instead, prophylaxis
with weekly chloroquine should suppress relapse
until after delivery when primaquine can be given to
the mother.

Artemesinin derivatives are increasingly given
during pregnancy, especially after the first trimester,
though data about safety and possible teratogenic
effects are lacking. They should be used in combina-
tion with drugs such as mefloquine and lumefantrine.
To date, however, there is insufficient data about the
use of these combinations during pregnancy, espe-
cially during the first trimester.

Proguanil has been used along with chloroquine
for prophylaxis during pregnancy. It is considered safe
for the fetus. Malarone (aotvaquone-proguanil) cannot
yet be recommended for the treatment of pregnant
women. Proguanil-dapsone is another potential can-
didate for treating malaria during pregnancy.

The concentration of antimalarial drugs in breast
milk is minimal. Lactation is possible while on anti-
malarials. When indicated, the infant should be given
prophylaxis since the concentration of antimalarial
drugs in breast milk is not protective. Prolonged
administration of tetracyclines to lactating mothers
should be avoided. Given that hemolysis in G6PD defi-
ciency is not necessarily dose dependent, primaquine

should be avoided while breast feeding infants with
this disorder.

Congenital malaria
The incidence of malaria during pregnancy in
endemic areas can be high. Placental involvement
is found in more than 30% of the pregnancies in
endemic areas. The incidence of congenital malaria
in infants of immune mothers is estimated to be
0.1–0.3%, but is as high as 10% in non-immune
mothers. In endemic areas, malaria parasites have
been found in almost 10% of cord blood samples
when prospectively studied. Interestingly, congenital
malaria is considered a rare disease. The mother does
not always have clinical disease. Furthermore, a tran-
sient febrile episode during pregnancy due to malaria
may go unnoticed. Only a few hundred cases have
been described, mainly from non-endemic areas. This
is in part due to under-reporting. In non-endemic
areas, congenital malaria is seen mainly in infants of
travelers to endemic areas and of refugees.

Parasites may infect the fetus in utero (congenital
acquisition) or may be acquired as a result of the
admixture of maternal and fetal blood during deliv-
ery (perinatal acquisition). Both these processes may
cause malaria in the newborn. Transfer of antimalarial
immunoglobulin G during the third trimester may
have some protective effect on the fetus as well as
on the newborn for the first few months after deliv-
ery. In true congenital malaria, the infant is born
ill, although this condition is exceedingly rare.
Perinatally acquired malaria is much more common,
but is difficult to distinguish from vector-transmitted
malaria in endemic areas.

The onset of symptoms usually occurs 3–8 weeks
after birth, but may occasionally begin within a few
hours after delivery and up to 15 months later. When
disease starts later than 1 week of age in endemic
areas, it is impossible to discriminate between
congenital and early perinatally acquired infection.

Symptoms include fever, irritability, lethargy, poor
feeding, diarrhea, jaundice, hepatosplenomegaly,
anemia, leukopenia, thrombocytopenia and elevated
levels of liver enzymes. Complications include coma
and seizures, disseminated intravascular coagulopa-
thy (P. falciparum), hypersplenism, splenic rupture,
autoimmune phenomena, gastrointestinal symptoms
with malabsorption, electrolyte imbalance and
nephrotic syndrome. Untreated infants may progress
to a state of wasting, malnutrition, secondary infec-
tion and even death. Manifestations of congenital
malaria are not specific and may suggest many other
diseases of the newborn. A high index of suspicion is
needed in the appropriate epidemiological setting
(maternal and travel history).

The early diagnosis of this potentially lethal disease
is crucial. Treatment of congenital malaria is with
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chloroquine except for the resistant falciparum
malaria. Primaquine is not required for treating con-
genital malaria since there is no liver hypnozoite
stage.

Traveling during pregnancy
Women who are pregnant or likely to become preg-
nant should avoid travel to malaria-endemic areas.
The impact of disease on the non-immune pregnant
female is great. Other than areas without chloroquine-
resistant P. falciparum, no chemoprophylactic regi-
men is likely to be completely effective.

When traveling is unavoidable, women may take
chloroquine during pregnancy. Proguanil is used in
some areas together with chloroquine for prophylaxis,

though the combined use of these two individually
safe drugs during pregnancy has not been studied
rigorously.

Mefloquine is used as a prophylactic agent in
chloroquine-resistant falciparum areas. It may be used
during the second and third trimesters of pregnancy,
and during the first trimester if intense exposure to
chloroquine-resistant P. falciparum is unavoidable. In
areas of mefloquine resistance (i.e. parts of Thailand)
doxycycline is usually used for prophylaxis, but this
drug is contraindicated in pregnancy. Women should
avoid traveling to these areas during pregnancy. In
addition to prophylaxis with antimalarial drugs, other
methods for malaria prevention should be stressed
(avoidance of being outside in rural areas during the
evening and night hours, use of mosquito repellents,
bed nets, etc.).

Suggested reading 1771

SUGGESTED READING

1. Baird JK. Effectiveness of antimalarial drugs. N Engl J Med
2005;352:1565–77.

2. Bergstrom S, Fernandes A, Schwalbach J, Perez O, Miyar R.
Materno-fetal transmission or malaria in pregnancy: An
immunoparasitological study in 202 parturients in Maputo.
Gynecol Obstet Invest 1993;35:103–7.

3. CDC. Malaria. In Health Information for International Travel
2005–2006. Atlanta: US Department of Health and Human
Services. Public Health Service, 2005.

4. Fairhurst RM and Wellems TE. Plasmodium species (malaria). In
Mandell GL, Bennett JE, Dolin R, eds. Principles and Practice of
Infectious Diseases, 6th edn. Phildelphia: Elsevier Churchill
Livingstone, 2005:3121–3144.

5. Garcia LS, Suizer AJ, Healy GR, Grady KK, Bruckner DA. Malaria
(in blood and tissue protozoa). In Balows A, Hausler WT Jr,
Herrmann KL, et al., eds. Manual of Clinical Microbiology, 6th
edn. Washington, DC: American Society for Microbiology Press,
1995:1171–9.

6. Hoffman SL, Campbell CC, White NJ. Malaria. In Tropical
Infectious Diseases, Principles, Pathogens & Practice, 2nd edn.
Philadelphia: Elsevier Churchill Livingstone, 2006:1024–62.

7. Joffe A, Tadavji T. Congenital malaria: A case report of a prevent-
able disease. Pediatr Infect Dis J 1990;9:522–3.

8. MacLeod CL, Whiteside ME. Malaria. In MacLeod CL, ed. Parasitic
Infections in Pregnancy and the Newborn. Oxford: Oxford
University Press, 1988:8–42.

9. McGready R, Ashley EA, Moo E, Cho T, Barends M, Hutagalung
R, Looareesuwan S, White NJ, Nosten F. A randomized compari-
son of artesunate-atovaquone-proguanil versus quinine in treat-
ment for uncomplicated falciparum malaria during pregnancy. J
Infect Dis 2005;192:846–53.

10. Nosten F, Rogerson SJ, Beeson JG, McGready R, Mutabingwa TK,
Brabin B. Malaria in pregnancy and the endemicity spectrum:
what can we learn? Trends in Parasitol 2004;20:425–32.

11. Okoko BJ, Enwere G, Ota MOC. The epidemiology and conse-
quences of maternal malaria: a review of immunological basis.
Acta Tropica 2003;87:193–205.

11. Taylor WRJ, White NJ. Antimalarial drug toxicity: a review. Drug
Safety 2004;27:25–61.

12. Whitty CJ, Edmonds S, Mutabingwa TK. Malaria in pregnancy.
Br J Obstet Gynaecol 2005;112:1189–95.

13. WHO guidelines for the treatment of malaria. World Health
Organization, 2006.

Kurjak-166.qxd  5/10/2006  12:04 PM  Page 1771



1772

167 Toxoplasmosis: pregnancy,
delivery and the effect on
the fetus and the newborn
D. T. Spira

Etiology
Toxoplasmosis is caused by the protozoan Toxoplasma
gondii, an intestinal coccidian parasite of cats and
other felines. The parasite was first described at the
beginning of the century by Nicolle and Manceau,1 iso-
lated from the North African rodent Ctenodactylus
gundi. Thirty years later in 1939, Wolf and Cowen2

reported the first congenital transmission in man. The
importance of the disease was immediately recognized
and a large volume of data on epidemiology, serology,
clinical picture and experimental systems were avail-
able. It took another 30 years for the whole life cycle of
the parasite to be elucidated.3

Life cycle
The cycle of reproduction of Toxoplasma gondii,
including the asexual schizogony and sexual gameto-
gony, occurs in the intestinal epithelium of felines.
Cats and all the other felines are therefore considered
the definitive host of this parasite. Kittens get infected
by oocysts excreted in large numbers (up to 107/
cat/day) in infected cat feces, or later in life by tissue
cysts in the prey. The ingested cysts release, in the
small intestine, comma-shaped (2–6 mm) parasites,
with a single nucleus and the rhoptrie apparatus
necessary to penetrate into host cells, in this case the
cat enterocytes. Cat enterocytes can be infected either
by the eight sporozoites released from oocysts in cat
feces, or by thousands of bradyzoites released from
tissue cysts found in the organs or muscles of the
prey. Both sources of infection initiate in the cat an
enteric infection, with the production of micro- and
macrogametes, fertilization and development of
oocysts discharged in the feces. Considering that the
primary infection renders the cat immune, young
kittens should be considered the main source of envi-
ronmental dissemination of the disease. The oocysts

are about 9–15 mm in size, extremely resistant, and
may remain infective for years.

In the intermediate host, T. gondii does not infect
intestinal epithelium, rather it penetrates it and is
hematogenously disseminated through the body.
Parasites enter cells, preferentially phagocytes,
although they can infect any mammalian cell except
erythrocytes. In the cells, the parasites divide in a
unique way known as endodyogony (division within
the membrane of the mother cell) and are released
when the host cell is destroyed by multiplication of
the parasite. The early, fast-dividing stage in the life
cycle of T. gondii is known as tachyzoite. After a few
cycles of division and cell destruction, and concur-
rent with the development of a specific immune reac-
tion in the intermediate host, T. gondii enters a
different phase of its life cycle. The parasite now
called bradyzoite divides slowly, preserving the host
cell and creating a cyst wall within the host cell. The
cyst finally outgrows the cell, which at this time dis-
appears, leaving a 100–200-mm large round cyst filled
with thousands of dormant bradyzoites. The three
parasite stages, sporozoites in the oocyst, tachyzoites
in host cells and bradyzoites in tissue cysts, are mor-
phologically and structurally similar and all have the
same infectious capabilities. The inactive tissue cysts
persist in the mammalian host for many years, either
till consumed by a predator or by man in insuffi-
ciently cooked meat or till the immune system of the
host is compromised, the cysts break down and the
dormant bradyzoites are reactivated.4

Epidemiology
Distribution of T. gondii is worldwide, and the para-
site has been found in sheep even in cat-free areas
of Australia. From epidemiological studies and com-
parisons, one can assume that man is infected both
by oocysts from infected cat feces, which have

Kurjak-167.qxd  5/10/2006  12:03 PM  Page 1772



contaminated food or water, and by tissue cysts in
undercooked meat. The prevalent source of infection
in each country depends on hygiene of food handling
and on cooking habits (raw or ‘rare’ meat). Sheep,
pork, cattle and horse meat, and apparently even
poultry, have been found as potential sources of infec-
tion to man, if consumed insufficiently cooked. High
infection rates have been found in most countries
surveyed: thus, in Europe 45–80% of women of child-
bearing age have anti-T. gondii antibody; in the US
and Canada 10–40%; and in Israel about 30% of
adults. In some developing countries up to 90% of the
adult populations have been exposed to the parasite.
It can be assumed that in countries with lower stan-
dards of hygiene, the main source of infection origi-
nates from oocysts in cat feces, which contaminate
food or water, whereas in developed countries under-
cooked meat is the main source. The importance to
public health of T. gondii depends therefore on the
method of transmission and the age of primary con-
tact with the parasite.

Immune response
The immune response to T. gondii infection in man and
in laboratory models is primarily cell-mediated. Both
CD-4 and CD-8 lymphocytes as well as natural killer
cells are active in the process. Primary T. gondii infec-
tion induces profound cytokine production, mainly
of γ-interferon, tumor necrosis factor-α, interleukin-2
and interleukin-12, and thus stimulation of various
immune mechanisms. A 65-kDa heat shock protein
expressed on infected macrophages seems to act as a
very strong antigen stimulating the responses. It is as if
the parasite, instead of using ways to impair immuno-
logical recognition and thus to diminish the immune
reaction of the intermediate host, advertises its pres-
ence inviting a fast and profound reaction, without
achieving sterile immunity, thus guiding the life cycle
toward bradyzoites and permanent tissue cysts.5

Clinical picture
Immunocompetent adult
Toxoplasma gondii in man can be considered the
ultimate opportunistic parasite. Infection of the
immunocompetent adult is subclinical as a rule, initi-
ating an effective immune response, which abolishes
the active stage of infection and causes the appear-
ance of the inactive tissue cyst. Infection during preg-
nancy of immunocompetent mothers can, in the
majority of cases, be considered in this category, as
there is no difference in the clinical picture in the
pregnant or non-pregnant female.

Immunocompromised host
In AIDS patients, as the paradigm of immunocompro-
mised hosts, toxoplasmosis is severe, and in the

great majority of cases considered to be the result of
reactivated cysts in the central nervous system.
Toxoplasmic encephalitis is the major expression,
with lesions, in nearly all cases, in the cerebral hemi-
spheres, but in about 50% also in the cerebellum and
in 6% in the spinal cord. Toxoplasmic lesions have
also been found in the lungs, kidneys and muscles
including the myocardium. The dispersion is evi-
dently hematogenic as parasites have been cultured
from blood. T. gondii infections have been induced by
organ transplantation into non-immune immuno-
supressed recipients.

Children infected after birth
Of the few newborns and children that develop
clinical toxoplasmosis, the majority (about 90%) pres-
ent with lymphadenitis, mainly of the deep cervical
nodes, about 5% with chorioretinitis or cerebral lesions
and 1.5% with myocarditis. These cases usually
resolve even without treatment, when the parasites
transform into the latent tissue cysts.

Congenital toxoplasmosis
This is the most severe presentation of the disease,
and has a pathology quite distinct from the other
types. There is a profusion of surveys and estimates
on the number of infections during pregnancy and the
percentage of transplacental infections of the fetus.
The latest surveys estimate that only 10% of primary
infections acquired during pregnancy are transmitted
to the fetus. Of these, 75% induce a subclinical infec-
tion, and 15% present with mild and 10% with grave
symptoms. In general, the earlier the infection occurs
during pregnancy, the lower the chances of transmis-
sion, but the higher the probability of serious conse-
quences. Infections acquired later in pregnancy tend
to cross the placenta more often, but with a lower
chance of inducing pathological changes in the child.

As stated, pathological signs in the pregnant
woman are quite infrequent. Posterior cervical lym-
phadenopathy, fever, sometimes splenomegaly, all
disappear after a few days to a week. After 10–14 days
the parasite might traverse the placenta and appear in
the fetus. T. gondii may be found in the cord and
membranes, but only infrequently in the villi of the
placenta. In the developing fetus, tachyzoites multi-
ply in phagocytic cells, causing local inflammation
and necrosis, but the proven neurotropy of the para-
site soon concentrates the major damage in the neural
tissue of the brain and eyes.

Brain pathology usually appears as glial nodules,
microinfarctions and necrosis leading to calcifica-
tions. Yellowish necrotic nodules can be observed on
the brain surface or in the brain substance. T. gondii
multiplies in the ependymal cells lining the ventri-
cles. The subependymal area is usually inflamed. The
outlet of the ventricular system (aqueduct of Sylvius)
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is blocked by granulation tissue and by necrotic debris
causing fluid accumulation and hydrocephalus. In the
eye, chorioretinitis appears first as small hemorrhages
gradually enlarging, bordered by black pigment. The
lesions have a predilection for the macular region.

Clinically, chorioretinitis is the most common sign,
often causing only minor problems. Punctate lesions
in the eye may be harmless unless in the macular
region, but some may flare up much later in adoles-
cence and even adulthood. Other symptoms observed
at birth that correlate with the acute infection of the
fetus, mainly as a result of infections in the third
trimester, are fever, jaundice, lymphadenopathy and
sometimes dermal lesions. The most severe expression
of congenital toxoplasmosis is the so-called ‘tetrad of
signs’: chorioretinitis, micro- or hydrocephalus, cere-
bral calcifications and convulsions as a result of cere-
bral damage. Hydrocephalus is the most dramatic but
least common of the clinical signs.

In cases of intense damage to the fetus one can
expect abortion, fetal death in utero or preterm birth. In
cases with less intense damage there may be neonatal
or infant death, or the infant may survive with defects.

Diagnosis
Direct evidence
Parasitological diagnosis of T. gondii is limited, and
gives false-negative results. Parasites might be found in
amniotic fluid by tissue culture or by mouse inocula-
tion. Both tests are difficult, take a long time and are
expensive. Attempts to find circulating T. gondii anti-
gen do not succeed in all cases of clinically proven
infections. Polymerase chain reaction (PCR)-based dis-
covery of T. gondii DNA in blood or amniotic fluid is
slowly gaining acceptance, but is still not fully reliable.

Serology
Diagnosis of T. gondii in man is indirect, based on the
presence of specific antibody, seroconversion or rela-
tive titers of different immunoglobulin classes.
Diagnosis of fetal infection is therefore doubly indirect,
as it relies on serology of the mother. Considering that
only a small percentage of infected mothers transmit
the infection to the fetus, sometimes with grave or even
fatal consequences, the reliability of serologic diagno-
sis and its interpretation are of prime importance.

Different serologic techniques have been employed
in the measurement of the various immunoglobulin
classes. Each has its advantages and drawbacks, and
this is not the place to deal with them. It is sufficient to
explain the kinetics of antibody appearance and fading,
and the relative sensitivities of the various tests. In gen-
eral, all antibody classes rise during the second and
third weeks postinfection. Immunoglobulin G is the
most persistent, with significant titers for years.

Considering the ease and reliability of tests based on
immunoglobulin G or total immunoglobulins, it is the
best way to diagnose ‘old’ infections at the beginning of
pregnancy, thus marking pregnancies with no danger to
the offspring.

Immunoglobulins M and A, rising rapidly and fading
after 6 months, are the most reliable for establishing
and following infection during pregnancy. Considering
that as a rule they do not pass through the placenta,
positive immunoglobulin M or A in the newborn is
diagnostic for T. gondii infection. According to accepted
algorithms, women negative for antitoxoplasma anti-
body or with a high titer, pointing to a recent infection
in early pregnancy, should be followed during preg-
nancy and any rise in titer of immunoglobulin M or A
antibodies should be carefully evaluated. When there
is suspicion of infection, chemotherapy or abortion,
depending on the history and stage of pregnancy, diag-
nostic imaging of the fetus and clinical examinations,
should be considered. All cases of positive serology in
the newborn, with or without clinical signs, should
also receive chemotherapy to prevent late sequelae of
the infection.

Treatment
Fortunately, T. gondii readily responds to treatment,
and the problems are only in the clinical evaluation of
whether the parasite has passed through the placenta.

Treatment of the mother
It has been verified that treatment, even of an asympto-
matic mother who has acquired infection during preg-
nancy, greatly reduces the danger of fetal infection and
sequelae. In all cases of T. gondii infection, a combina-
tion of spiramycin and sulfa plus pyrimethamine is
recommended. One of the protocols states that if
no overt infection of the fetus can be recognized, spi-
ramycin 100 mg/kg/day and 25 mg pyrimethamine
and 500 mg sulfadoxine twice weekly should be
administered from 16 weeks of pregnancy. If the fetus
is presumed to be infected, spiramycin plus 50 mg
pyrimethamine and 3.0 g sulfadiazine daily should
be given. As the combination of sulfa plus pyrimetha-
mine inhibits folic acid synthesis, it should always be
accompanied by 15 mg/day of leucovorin to prevent
megaloblastic anemia.

Treatment of the neonate
In cases of an infected child with symptoms, spi-
ramycin 100 mg/kg/day for 2 weeks, followed by alter-
nating 1 month of pyrimethamine 1 mg/kg/day and
sulfadiazine 100 mg/kg/day, and 1 month of spiramycin
100 mg/kg/day is recommended. This regimen should
continue for 1 year.
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Asymptomatic neonates with serologically proven
infection should also be treated in the first 2 weeks with
spiramycin and then by sulfadoxine–pyrimethamine
1 +20 mg/kg/week in the first year of life. In all cases
close clinical observation is suggested.

Other drugs and drug combinations are certainly
possible, thus trimetoprim–sulfamethoxazole and
clindamycin can be used. A novel antimalarial drug,
Atovaquone, seems to be very effective against
T. gondii, but large-scale clinical tests in pregnancy
and on neonates have yet to be performed.6

Prevention
Many European countries have instituted compulsory
testing for anti-T. gondii antibody during pregnancy,
and others are preparing their legislatures for such
tests. This approach seems the most promising in the
prevention of T. gondii damage to the fetus or the
neonate. On the personal hygiene basis, avoidance of
contact with cat feces and consumption of only
cooked or pickled meat and careful handling of raw
meat and meat products should be part of health
education preceding pregnancy.

Prevention 1775
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168 Fungal infections presenting
particular features during
pregnancy
M. Dan

Introduction
Among more than 50,000 known species of fungi,
only about 200–300 are pathogenic to humans in vary-
ing degrees. The clinical manifestations of fungal
infections range from bothersome cutaneous or
mucosal lesions to invasive disease associated with
severe morbidity and high mortality rates, particularly
in immunosuppressed patients.

Fungal infections are classified according to the
initial site of infection. The superficial mycoses
are usually mild infections and are limited to the
epidermis, the nails and hair and the mucosal sur-
faces. The principal pathogens in this group are
the dermatophytes and Candida species. The sub-
cutaneous mycoses involve the dermis, subcutaneous
tissues and bone. They are usually acquired by trau-
matic inoculation of organisms of environmental
origin. The systemic mycoses usually occur follow-
ing inhalation of spores from the environment.
The infection often disseminates from the lungs to
various other organs. They can be caused by true
pathogens, such as Histoplasma capsulatum and
Coccidioides immitis, that invade the tissues and
survive in the normal host, producing mild infec-
tion of short duration. In the immunosuppressed
host, however, the same pathogens can be responsi-
ble for life-threatening infections. Alternatively,
opportunistic fungi, such as Aspergillus fumigatus,
mucor and Cryptococcus neoformans, are able to
invade tissues only in immunocompromised patients.
In addition, the commensal Candida can disseminate
in debilitated patients and cause severe bloodstream
infection or invade internal organs, such as the liver
and the spleen.1

This chapter will discuss only fungal infections
that present particular aspects in pregnancy.

Candida infections
Organisms belonging to the genus Candida are com-
mensals of the gastrointestinal and genital tracts.
Candida species usually cause superficial infections
of the mucosa, skin and nails. In debilitated individu-
als, however, the fungus may invade the bloodstream
and internal organs. Pregnant women are more prone
than non-pregnant women to vaginal colonization and
clinical infection with Candida. Rarely, the infection
can ascend and involve the uterine content, producing
chorioamnionitis and congenital candidiasis.

The pathogen and pathogenesis
Candidal organisms are dimorphic fungi, growing as
ovoid yeast cells or as pseudomycelium. Blastospores
represent the phenotypic form responsible for trans-
mission or spread, and they are often associated
with asymptomatic vaginal colonization. Germinated
yeasts, on the other hand, produce mycelia, which can
invade tissues and are associated with symptomatic
disease. Although Candida albicans is the species
most commonly isolated from the vagina, at least eight
other members of the genus are recognized as human
pathogens (Torulopsis glabrata, Candida tropicalis,
Candida parapsilosis, etc.).

Candida organisms reach the vagina from the peri-
anal area. In order to colonize the vaginal mucosa,
the yeast must first adhere to the vaginal epithelial
cells. It has been shown that fucose disaccharides
serve as receptors for Candida ligands.2 C. albicans
adheres more avidly to the vaginal epithelium than
do non-albicans species. Although there is a consider-
able interperson variation with regard to vaginal cell
receptivity to Candida adherence, vaginal cells from
women with recurrent vulvovaginal candidiasis do
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not show increased cell affinity for Candida, and all
C. albicans strains appear to adhere equally well to
epithelial cells.3 In many women Candida inhabits
the vagina in low numbers without causing symp-
toms. The transition from a vaginal commensal to a
pathogen that causes symptoms probably depends
on factors related to the organism and to the vaginal
environment. Germination of the yeast enhances
colonization, facilitates tissue invasion and precipi-
tates symptomatic vaginitis. Epithelial cell damage
and mucosal inflammation can result from direct
hyphal invasion of tissues or hypersensitivity reac-
tion.3,4 Candida elaborates proteolytic enzymes,
toxins and phospholipases that may be associated
with  virulence.3 Candidal vaginitis occurs predomi-
nantly in women of child-bearing age, suggesting that
gonadal hormones may play a major role in the patho-
genesis of this entity. Indeed, during pregnancy
the vagina is more susceptible to candidal infection,
resulting in a higher incidence of colonization and
symptomatic vaginitis, particularly in the third
trimester. Symptomatic recurrences are more common,
and cure rates are significantly lower during preg-
nancy.5–7 However, other studies have suggested that
the risk of Candida vulvovaginitis in pregnant women
does not differ significantly from that in other gyneco-
logical patients.8,9 Estrogens provide a carbon source
for Candida growth and germination by increasing
the glycogen content in the vaginal mucosa. These
hormones also enhance vaginal epithelial cell avidity
to Candida adherence, and facilitate yeast mycelial
formation. It has been reported that peripheral blood
lymphocyte responses are depressed during preg-
nancy and oral contraceptive use.10–12 Cytoplasmic
receptors for female reproductive hormones have
been documented in yeast cells.10,13 Data on the risk
of Candida vulvovaginitis in women on oral contra-
ceptives are conflicting; increased vaginal coloniza-
tion rates have been documented mostly with
high-estrogen oral contraceptive use, while studies on
low-estrogen pills have not found an increase in
occurrence of Candida vaginitis.3,14

The natural vaginal flora is thought to provide a
colonization resistance barrier and prevent candidal
germination and mucosal invasion. It has been sug-
gested that lactobacilli compete with Candida for
nutrients and interfere with candidal adherence to
vaginal epithelial cells. Lactobacilli also elaborate
bacteriocins that inhibit yeast proliferation and ger-
mination. Reduced numbers of lactobacilli were
found in vaginal cultures obtained from women with
symptomatic Candida vaginitis. The association
between antibiotic use, increased colonization rates
and precipitation of symptomatic Candida vaginitis is
explained by the suppressive effect of antibiotics on
the normal protective bacterial flora of the vagina.3

Other host factors that may contribute to the
increased incidence of candidal vaginitis include
(1) uncontrolled diabetes mellitus;15 (2) increased
local perineal moisture and temperature resulting
from the use of tight, poorly ventilated nylon under-
clothing and (3) a high-carbohydrate diet.14

Cell-mediated immunity is considered to be the
most important defense system in preventing mucosal
invasion by Candida species. It has been demon-
strated that cytokines can reduce hyphal formation.16

Polymorphonuclear leukocytes and monocytes play
an important role in limiting systemic candidal infec-
tion and deep tissue invasion, while humoral immu-
nity is only marginally involved, if at all, in protecting
against vaginal yeast infection.

Recurrent vaginitis is not usually associated with
any precipitating or causal event. Three possible
mechanisms have been proposed to explain recurrent
candidal infections. First, repeated fungal reinocu-
lation of the vagina from the intestinal reservoir is
possible. Isolates from the vagina and the rectum are
often of the same biotype. However, recurrences of
candidal vaginitis have been demonstrated in the
absence of Candida growth in rectal cultures,17 and
reduction of intestinal yeast carriage by nystatin treat-
ment did not prevent recurrences of vaginal candi-
diasis. Second, sexual transmission may also be
suggested due to the increased penile colonization by
identical strains of Candida in male partners of
women with recurrent vulvovaginal candidiasis.
However, treatment of sexual partners does not pre-
vent recurrences in women.3 A third recurrence
mechanism is relapse of persisting carriage in the
vagina: following effective antimycotic treatment
with mycologic eradication, an identical strain may
be recultured in a quarter of the women within 4–6
weeks of therapy. Hence, recurrence is rather due
to relapse than to reinfection. More recently, it has
been suggested that idiopathic recurrent vulvovaginal
candidiasis may result from a local dysfunction of
cell-mediated immune mechanisms in the vaginal
mucosa.18

Although Candida colonization of the vagina is
common in pregnant women, ascending infection
resulting in chorioamnionitis rarely occurs. Candida
can cross intact membranes, and ruptured membranes
are not a prerequisite for intrauterine invasion by
Candida. Several reports have suggested, however, an
association between intrauterine infection and the
presence of a retained intrauterine device (IUD) or
other foreign materials, such as cerclage sutures.19–24

Mothers with Candida chorioamnioitis and prema-
ture labor have delivered at an earlier date when an
IUD was present (mean gestational age, 25 weeks)
than in its absence (mean, 31.5 weeks).25 Very rarely
Candida infection can further disseminate in the
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pregnant woman and become systemic, even in the
absence of a particular predisposing factor other than
the pregnancy state.26

Epidemiology
In most patients Candida infections are caused by
organisms from the individual’s own endogenous
flora in the gastrointestinal and genital tracts. The
pathogen may, however, be transmitted from person
to person: neonatal oral candidiasis is more common
in infants born to mothers with candidal vaginitis,
suggesting that the infection may be acquired during
passage through the birth canal.

About 75% of women will have at least one
episode of vulvovaginal candidiasis during their
child-bearing years, and approximately 40–50% of
these will experience a second attack.27 Some 5% of
adult women suffer from recurrent, often intractable,
episodes of candidal vaginitis.3 Approximately 20%
(range, 10–55%) of healthy, asymptomatic women of
reproductive age harbor Candida in their genital tract
at any point in time. A total of 25–40% of women
with positive vaginal cultures for Candida are free of
complaints. Asymptomatic vaginal colonization with
Candida is increased in pregnancy: 30–40% of preg-
nant women carry the yeast in their lower genital
tract. The incidence of symptomatic vulvovaginal
candidiasis has been reported to be 2–20-fold higher
during pregnancy than in non-pregnant women.28

Other factors associated with increased carriage rate
include estrogen-containing oral contraceptives,
uncontrolled diabetes mellitus, corticosteroid ther-
apy, antimicrobial therapy and tight-fitting synthetic
underclothing.14

Candida is the most common cause of vaginal
infection in Europe, while in North America it is the
second most common (after bacterial vaginosis). In
both areas the incidence of candidiasis has shown a
sharp increase in the last decade.3

Candida species were found in 10% of positive
amniotic fluid cultures in women with preterm
labor.24 In a study of 3500 placentas from high-risk
pregnant women, Candida chorioamnionitis and
funisitis were found in 18 (0.5%) cases. In eight (45%)
of these patients, an IUD was present in utero.21 In
another report of six cases of Candida chorioamnioni-
tis, a retained IUD was noted in three (50%) of the
patients.22

Clinical manifestations
Characteristically, symptoms of vulvovaginal candidi-
asis are exacerbated in the week preceding the onset
of menses. Vulvar pruritus is the most frequent symp-
tom; vulvar burning, dyspareunia and external
dysuria commonly occur. Vaginal discharge is often
minimal and typically cottage cheese-like, although
it can vary from watery to homogenously thick. On
examination, the labia and vulva are erythematous

and edematous; the vaginal mucosa is also erythe-
matous and an adherent white discharge is typically
noted. Symptoms are usually milder when infection
is caused by T. glabrata.

Candida chorioamnionitis often presents with
premature labor. The fetus is often affected: congeni-
tal candidiasis characteristically presents with skin
lesions or erythematous rash seen at birth. Candida
can be cultured from specimens of amniotic fluid,
placenta and lesions of the newborn. Infection is

often mild in term neonates: systemic disease is rare
and the cutaneous rash often clears spontaneously.
In preterm infants, on the other hand, disseminated

disease frequently develops, and mortality is high.
Early initiation of systemic antifungal therapy can
improve survival rates.29

Laboratory diagnosis
Symptoms and signs of Candida vulvovaginitis are
often non-specific and should not be used for estab-
lishing the diagnosis. Culture of vaginal discharge
cannot distinguish between colonization, however the
presence of large numbers of organisms is characteris-
tic of symptomatic vaginitis.

The diagnosis of vulvovaginal candidiasis should
be based on the microscopic examination of vaginal
secretions. A saline preparation (wet mount) will
often identify yeast or mycelia and will allow the
consideration of other causes of vaginitis, such as
trichomoniasis and bacterial vaginosis (presence of
clue cells). The 10% potassium hydroxide preparation
is more sensitive than the wet mount in identifying
yeasts. Alternatively, the organisms can be easily seen
on a gram-stained smear. The pH of vaginal secretions
is usually normal (< 4.5) in Candida vaginitis, and
a finding of a higher pH indicates an alternative or
concomitant condition. Culture of vaginal secretions
should be considered in the presence of high clinical
suspicion of candidal infection and negative micro-
scopic results.3

Diagnostic amniocentesis for microbiologic evalua-
tion of the amniotic fluid should be considered for all
pregnant women with retained IUD and preterm labor
with or without intact membranes.

Treatment
Vaginal fungal infections are easy to treat, but may
be difficult to cure. This is at least partially due to the
fact that the presently available antimycotic drugs are
rather fungistatic than fungicidal. There is no indica-
tion that formulation influences therapeutic efficacy;
the patient’s preference should dictate which formu-
lation is used to deliver the medication. However,
relief of symptoms is achieved earlier with topical
drugs than with those administered systemically.
Among the available agents (Table 1), nystatin is the
only polyene derivative, while the rest belong to the
azole group. The average mycologic cure rate with
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nystatin is 75–80%. There is no evidence of increased
congenital anomalies when used during pregnancy:30

it is classified in the B category of the Food and
Drug Administration Fetal Risk Drug Summary. The
various azole agents are of comparable efficacy,
although they achieve slightly higher clinical and
mycologic cure rates (85–90%) than does nystatin. In
two studies miconazole was more efficacious than
nystatin in treating vulvovaginal candidiasis during
pregnancy.28,31

Clinical trials have shown that short courses and
single-dose regimens of most azole agents are as effec-
tive as longer courses.3 It seems reasonable, however,
to use short regimens only in patients with infrequent
episodes of mild to moderate severity.3 During preg-
nancy, clinical response tends to be slower and recur-
rences are more frequent. Although single high-dose
therapy with clotrimazole has been efficacious in
pregnant women, it is generally recommended to
prescribe topical antifungal agents for longer periods
of 1–2 weeks. Side effects are minimal and consist
most often of local burning and discomfort. Although
azoles may inhibit estrogen and testosterone biosyn-
thesis in animals and are embryotoxic in high doses
in rodents, there is no evidence for an increase in
human teratogenesis, including after first-trimester
topical exposure. Most authorities believe that topical
azoles are safe to use after the first trimester of preg-
nancy and that treatment during the first trimester
should be reserved only for severe infections.30

Clotrimazole and miconazole are category B drugs.32

The oral antimycotic agents – ketoconazole, fluco-
nazole and itraconazole – are highly effective in
achieving clinical and mycologic cures in acute can-
didiasis. Clinical results are similar or minimally
superior to those obtained with topical agents. Most
women consider oral therapy more convenient.
However, oral therapy is more expensive and might
be associated with higher rates of side effects, toxicity
and teratogenicity. Ketoconazole therapy is accompa-
nied by gastrointestinal upset in 10% of the cases. Of
more concern is the risk of hepatotoxicity, which
although rare (1/10,000–150,000 women treated) can
be fatal.3 Similar side effects are much less frequent
with fluconazole and itraconazole. Ketoconazole also
has antiandrogenic properties in humans. High doses
of the drug are teratogenic in rats (cleft palate and
patent incisive foramena) and embryotoxic in
rabbits.30 Animal embryotoxicity consistent with inhi-
bition of estrogen synthesis was also documented
with high dosages of fluconazole (cleft palate, abnor-
mal craniofacial ossification).33 A follow-up study
conducted among 289 women who had taken flucona-
zole at some time during the months before or during
pregnancy, did not reveal any harmful effects.34

Nevertheless, oral azoles should be avoided in preg-
nancy (category C drugs).

Treatment of recurrent and chronic vulvovaginal
candidiasis remains unsatisfactory. First, the diagno-
sis of Candida infection should be confirmed and the
Candida species identified. Possible underlying con-
ditions, such as uncontrolled diabetes mellitus, use
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Drug Formulation Dosage Category*

Clotrimazole Cream 1% 5 g ×7–14 days B
Vaginal tablet
100 mg 100 mg ×7 days
200 mg 200 mg ×3 days
500 mg 500 mg single dose

Miconazole Cream 2% 5 g ×7 days B
Vaginal suppository
100 mg 100 mg ×7 days
200 mg 200 mg ×3 days
1200 mg 1200 mg single dose

Econazole Vaginal tablet 150 mg 150 mg ×3 days
Ticonazole Cream 5 g ×3 days

2% 5 g single dose
6.5%

Terconazole Cream 5 g ×7 days B
0.4% 5 g ×8 days
0.8%
Vaginal suppository 80 mg 80 mg ×3 days

Nystatin Vaginal tablet 100,000 U 100,000 U ×14 days B
Fluconazole Oral tablet 150 mg 150 mg single dose C
Ketoconazole Oral tablet 200 mg 400 mg ×5 days C
Itraconazole Oral tablet 100 mg 200 mg ×3 days C

400 mg single dose

*Food and Drug Administration Fetal Risk Drug category32

Table 168.1 Drugs recommended for the treatment of Candida vaginitis
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of corticosteroids and other hormones, should be
recognized and treated. Although most episodes of
vulvovaginal candidiasis will respond to standard
therapy, definitive eradication of the organism is
often impossible and most women require long-
term suppressive drug administration. Good results
are obtained with intravaginal clotrimazole 500 mg
weekly or oral fluconazole 150 mg weekly. Discon-
tinuation of maintenance therapy usually results in
resurgence of symptomatic infection in more than half
the patients.

Vaginal infections caused by uncommon Candida
species, such as T. glabrata, C. tropicalis and Saccha-
romyces cereviceae, may not respond to conventional
therapy. T. glabrata is inherently resistant to flucona-
zole. Its response to therapy with other drugs is quite
unpredictable. Cases not responding to clotrimazole
may still be cured by intravaginal nystatin, flucytosin
or boric acid 600 mg twice daily for 2 weeks. The
latter two agents should not be used in pregnant
women.3

A number of other therapeutic approaches of
unproven value have been recommended for pre-
vention of recurrence of vulvovaginal candidiasis:
oral nystatin to eradicate the gastrointestinal reser-
voir, treatment of male sexual partner, ingestion or
local application of yoghurt, and use of Lactobacillus
acidophilus capsules.

The optimal management of Candida amnionitis
has not been established yet. Indications for and
against the use of oxytocin to effect delivery rather
than the continuation of tocolysis and systemic anti-
fungal therapy are unclear, and no conclusions can be
drawn from the insufficient data currently available.
Amphotericin B has traditionally been the standard
of treatment for systemic fungal infections; however,
experience with the use of this agent in pregnancy
is limited.35 The pharmacokinetics of amphotericin B
during pregnancy seem to be similar to those in non-
pregnant women.36 Intravenously delivered ampho-
tericin B crosses the placenta and achieves effective
concentrations in placental tissues and cord serum.35

In most reported cases (~80%), the mother and infant
tolerated therapy well, and there are no reports of
teratogenesis.37 However, toxicity in the form of renal
function impairment and hypokalemia can occur in
both in the same manner as described in non-pregnant
patients, and appropriate monitoring is mandatory.
Amphotericin B is a category B drug according to the
classification of the Food and Drug Administration
Fetal Risk Drug Summary,32 and its use is usually
indicated in serious fungal infections. Fluconazole
has been demonstrated to be of comparable efficacy to
amphotericin B in immunocompetent patients with
systemic Candida infections.38 It has the advantage of
being markedly less toxic and showing good gastro-
intestinal absorption and cerebrospinal fluid penetra-
tion. However, because the drug has been shown to be
embryotoxic in animal models,33 its use in pregnancy
should be avoided (category C drug).

There is no consensus about whether Candida
colonization during pregnancy should be looked for
and treated to prevent intrauterine infection. Vaginal
antifungal prophylaxis should probably be consid-
ered for pregnant women with Candida colonization
and risk factors, such as retained IUD and previous
preterm delivery with no other identifiable causes.

Coccidioidomycosis
Coccidioidomycosis is most often a mild respiratory
disease, occurring predominantly in endemic areas;
only a minority of symptomatic patients experience a
severe course. Pregnant women with coccidioidomy-
cosis are at higher risk for dissemination and mortality
than non-pregnant women.

The pathogen
C. immitis is a dimorphic fungus that exists in the soil
in the mycelial phase. The mycelial growth results
from apical elongation into branching, septate hyphae.
With maturity, alternating compartments lose their
cytoplasm. The walls of these degenerating cells are
easily fractured and the infectious spores, the arthro-
conidia, can be released. The arthrospores are dis-
persed in dust in the air to infect new sites in the
soil (saprophytic cycle). If inhaled by an animal host,
the spores become spherical and develop a thick wall.
These spherules reproduce by formation of internal
spores (endospores). A single spherule may produce as
many as 800 endospores. When the spherule ruptures,
the endospores are released and each in turn can trans-
form into a new spherule (parasitic cycle). If returned
to the soil, the endospore develops into hyphae.39

Pathogenesis
Inhalation of the arthrospores into the lower airway
triggers a complex immunologic response involving
macrophage-mononuclear cells, neutrophils, comple-
ment activation and stimulation of T-lymphocytes.40

Spherules and endospores are quite resistant to killing
by neutrophils or products of oxidative metabolism.
Spherule-produced substances can have a suppressive
effect on cell-mediated immune reactions. Overall,
T-lymphocytes play a major role in anticoccidioidal
immunity. Monocytes recruited to the site of inflam-
mation process the fungal antigens. This is followed
by clonal expression of T-lymphocytes bearing recep-
tors to coccidioidal antigens. The development of the
specific cell-mediated immune response is essential
for resistance to reinfection.41

The pathologic findings in coccidioidomycosis
resemble those seen in tuberculosis, with granu-
lomatous reaction, caseation and fibrosis. Although
endosporulating spherules are the characteristic tissue
form of the fungus, hyphae can be found in most
pulmonary cavities. If the initial infection in the lung
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is not contained by the host defenses, progressive
pulmonary disease or dissemination can occur.
Conditions that predispose to expansion of the infec-
tious process include large fungal inoculum and an
immunosuppressive state of the patient. It is possible
that T-suppressive cells and/or macrophage suppres-
sors play a role in the fungal-specific immune sup-
pression that is seen in severe forms of coccidioidal
disease. Dissemination may involve almost any organ
of the body at one or more sites, although the heart
and gastrointestinal tract are rarely affected.40

The increased rate of dissemination in pregnant
women is attributed to the relative immunosuppres-
sion associated with pregnancy and an agonist effect
of 17β-estradiol and progesterone on the growth
of C. immitis. A specific binding site for progesterone
has been identified on the fungal cell wall.42,43

Coccidioidal disease during pregnancy is associated
with the tendency for spontaneous abortion in the first
trimester and for premature labor in later gestation.44

Rates of fetal loss as high as 43% and prematurity rates
of 29% have been reported.45 Although dissemination
of infection during pregnancy can involve the pla-
centa, there is no evidence for transplacental spread
of the fungus.46 It is postulated that the large size of
the spherules and the acute thrombotic and chronic
granulomatous reactions in the placenta protect villous
capillaries from transplacental spread.46 Neonatal
infection is probably acquired following aspiration of
infected decidua or postnatal inhalation.46

Epidemiology
Coccidioidomycosis is endemic in areas characterized
by arid to semiarid climates, alkaline soil and sparse
flora. The short rainfall season favors mycelial prolif-
eration in the soil, and the long summer period allows
the production of large numbers of arthrospores and
their dispersion in the air. The majority of infections
occur in seven southwestern states of the USA and
in certain areas of Central and South America
(Mexico, Guatemala, Honduras, Venezuela, Paraguay
and Argentina).47 Cases can occur, however, outside
these endemic areas in individuals who have visited
endemic regions (exposure of only a few hours may
suffice), or as reactivation of infection in former
residents of endemic areas, or as infection acquired
from fomites originating in endemic areas (e.g. fruit,
cotton).48 About 20% of coccidioidomycosis cases are
seen by physicians outside endemic zones.49

Infection is almost always acquired by inhalation
of soil dust contaminated with arthrospores. Person-
to-person transmission can occur only in special cir-
cumstances when the fungus reverts to its airborne
form in contaminated secretions.50

In parts of the endemic regions more than 90% of
inhabitants have had the infection. In the USA about
20,000 cases of mild coccidioidomycosis and 200
cases of severe disease occur each year, with nearly
60 deaths.51 In southwestern USA the average annual

incidence among young adults is 0.4% of the susceptible
(i.e. skin-test negative) population.52

In endemic areas, 1 in 1000 (in the 1940s) to 1 in
5000 (in the 1980s) pregnant women have had coc-
cidioidomycosis.44,53 The dissemination rate during
pregnancy is 40–100 times that in the general popula-
tion. The dissemination and mortality rates increase
as pregnancy advances: the estimated first-trimester
dissemination rate is 23%, second trimester, 59% and
third trimester, 68%.54 The risk of death is nearly
100% in untreated pregnant women as compared to
50% in non-pregnant patients.45

Clinical manifestations
About 40% of those infected develop symptoms, the
incubation period being 1–4 weeks.40 The most com-
mon symptoms are fever and pleuritic chest pain mim-
icking a flu-like self-limited illness. Cough, headache,
myalgia, arthralgia, malaise, night sweats and loss of
appetite are often present. A mild diffuse erythema-
tous or maculopapular rash (toxic erythema) can
develop in about one-half of patients, while one-third
of infected individuals suffer from erythema nodosum
(2–11 times more common in women) or erythema
multiforme. Segmental lung infiltrate is the most com-
mon radiologic finding, although other abnormalities,
such as hilar lymphadenopathy, pleural effusion, nod-
ules or cavities can be seen; these usually last a couple
of weeks. Eosinophilia in the range of 5–10% of
the peripheral white cell count is often noted in pri-
mary infection. Marked elevation of the peripheral
eosinophilic count has been proposed as an indicator
of non-meningeal dissemination.55

In about 5% of infected patients a nodule or cavity
can persist for as long as 2 years. Most of these
patients are asymptomatic, although hemoptysis can
occur. Some patients do not follow such a benign
course, but rather develop an acute progressive pneu-
monia that can be fatal. In other patients, in parti-
cular diabetics and immunosuppressed individuals,
the lung infection progresses to a chronic pulmonary
disease mimicking tuberculosis. Cavities are com-
monly seen, but bronchiectasis, emphysema or bron-
chopleural fistula can also develop. The disease may
wax and wane over many years with fever, cough,
chest pain and weight loss.

About 0.5% of infected individuals develop extra-
pulmonary disseminated disease. Dissemination
occurs more often in men (who are five times more
predisposed than women), immunocompromised
hosts (with AIDS, malignancy, immunosuppressive or
corticosteroid therapy), pregnant women and dark-
skinned races. Dissemination can occur within a few
weeks of initial infection or as reactivation of a pre-
vious quiescent infection in individuals who later
become immunosuppressed. The clinical manifesta-
tions of disseminated disease range from an indolent
chronic illness that persists for months or years to a
fulminant illness that is often fatal within weeks if
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untreated. The organs most often involved are the
skin and soft tissues, bone, joints and meninges; one
or more sites may be affected. Cutaneous and soft
tissue involvement is common and of varied pre-
sentations: verrucous papules, ulcers, erythematous
plaques and nodules. Osteomyelitis occurs in about
40% of patients with disseminated disease. Most
cases are asymptomatic or there are complaints of a
dull pain. On radiography the bony lesions may be
lytic or sclerotic. The infection may spread into con-
tiguous joints or adjacent soft tissues causing sub-
cutaneous abscesses, which often drain through
spontaneously formed sinuses. Meningitis is the most
serious manifestation of disseminated coccidioidomy-
cosis, often complicated by hydrocephalus. Central
nervous system involvement occurs in approximately
one-third of pregnant women with disseminated
disease. Although the onset is often insidious and
fever is minimal or absent, the disease is fatal if left
untreated. Other possible sites of infection include
lymph nodes, liver, spleen, adrenal glands, eye and
peritoneum.40

Women with a history of antecedent infection are
not usually considered to be predisposed to relapse
during pregnancy if they have a positive skin test
before conception. Some authors recommend that
patients with prior disseminated disease be consid-
ered at risk for relapse during pregnancy.54

Neonatal infection is characterized by gradual and
non-specific onset of symptoms. Gastrointestinal man-
ifestations may predominate over the classic fever and
respiratory symptoms. Consequently, there is usually
a low degree of clinical suspicion, as shown by the fact
that more than half of the reported cases are diagnosed
only at postmortem examination.50

Laboratory diagnosis

Mycological diagnosis
Microscopic examination of a standard 10% potas-
sium hydroxide preparation or a wet mount pre-
paration of clinical material can be diagnostic if
the characteristic large thick-walled endospore-
containing spherules are seen. Immature spherules
can, however, be confused with other yeasts and
some pollens. Visualization of the organism in cere-
brospinal fluid is extremely rare. C. immitis can
be isolated from various clinical specimens, although
spinal fluid culture is positive only in about one-third
of the cases. Several saprophytic fungi resemble
C. immitis on ordinary media and a special medium
containing cycloheximide should be used to inhibit
the saprophytes. Identification of the organism by
its morphologic characteristics is difficult even in
the most experienced hands and confirmation can
be achieved by using special media and incubation
conditions, injection of a suspension of sporulating
cultures into rodents or testing with reference antisera.
Cultures of C. immitis represent a severe biologic haz-

ard, and specimens and cultures should be handled
only by experienced laboratories using appropriate
safety equipment and procedures.40

Serology
Serum immunoglobulin M antibodies to the mycelial
antigen coccidioidin can be demonstrated by several
methods, 1–3 weeks after the onset of symptoms of
primary infection in 75% of patients, and disappear
within 4 months. Serum immunoglobulin G anti-
bodies appear 4–12 weeks after onset of infection
and may last for 6–8 months. Immunoglobulin G titers
correlate with disease progression or recovery. Ele-
vated titers of complement-fixing immunoglobulin G
antibodies (CFA) are the hallmark of disseminated
disease: 60% of patients have titers of ≥1:32, and in
40% the titers are ≥1:64. Titration can also be carried
out with the immunodiffusion test, which is sensitive
and simple to perform. In meningeal disease, serum
titers remain low or absent, while in the cerebrospinal
fluid, CFA are initially present in 70% of patients and
in almost all of them as the disease progresses. The CFA
titers in the spinal fluid parallel the course of the
meningeal disease. Occasional cross-reaction can occur
in patients with histoplasmosis or blastomycosis.56

Skin tests
Skin tests for coccidioidal antigens (coccidioidin,
spherulin) give positive results (> 5 mm induration)
10–45 days after infection, usually before the first
serologic reactions are detectable. By 1 month after
onset, almost every symptomatic patient has a posi-
tive skin test. Anergy is common in disseminated dis-
ease. Skin testing can be useful if a conversion from
a negative to a positive result is documented, or as a
preliminary indication of infection while awaiting
serologic results.40

Treatment
Although most patients with symptomatic primary
infection recover without treatment, chemotherapy is
indicated in some circumstances. These include
severe disease, symptoms persisting for more than
6 weeks, rising or elevated titers of immunoglobulin
G > 1:64, immunosuppression, presence of concur-
rent disease (diabetes mellitus, chronic lung disease)
likely to be adversely affected by the infection, preg-
nant women, infants, and dark-skinned persons.
Treatment is almost always indicated in extrapul-
monary disease.

Amphotericin B given intravenously in doses of
1–1.5 mg/kg/day to a total dose of 1–2.5 g is the stan-
dard regimen in disseminated coccidioidomycosis.
Smaller doses, 0.6 mg/kg/day (0.5–1.0 g total dose),
may suffice in primary infection. Some authors
recommend addition of local administration of the
drug (irrigation of sinuses, instillation of abscesses or
intra-articular therapy). Intrathecal therapy with
amphotericin B is the traditional treatment modality
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in coccidioidal meningitis. The daily dose should
be gradually increased as tolerated to 0.5–1.0 mg.
Intrathecal administration of amphotericin B is asso-
ciated with neurotoxicity and local reactions that can
be reduced by concomitant intrathecal administration
of hydrocortisone. Treatment should continue until
3 months after the spinal fluid CFA has disappeared,
with follow-up of spinal fluid serology for at least
2 years.57

If active infection is present during pregnancy,
some authors recommend considering abortion or
early delivery (depending on the stage of pregnancy).40

Good maternal and neonatal results have been
obtained, however, with amphotericin B therapy of
disseminated fungal infection during pregnancy.
Aggressive use of the drug has significantly improved
the previously often fatal maternal outcome.46

Alternative regimens for the treatment of coccid-
ioidomycosis include the azole drugs, which have
the advantage of good intestinal absorption and a low

toxicity profile. They are, however, contraindicated in
pregnancy (see section on candidiasis). Most experi-
ence has been acquired with ketoconazole (400 mg
once daily) and itraconazole (200 mg twice daily)
in non-meningeal coccidioidomycosis. Relapse rates
of 25–30% even after 12 months of treatment have
been reported. The best results have been obtained
in patients with cutaneous or joint involvement.
Similarly, good results have been obtained with flu-
conazole (400–600 mg once daily). Duration of azole
therapy should probably be 6 months after disease
activity has become undetectable or 12 months in
total.40

Chemotherapy should often be supplemented with
surgical measures: removal of pulmonary cavities
is indicated if persistence, enlargement, recurrence or
hemoptysis occurs. In musculoskeletal involvement,
infected bone or synovium should be resected, and
adjacent soft tissue pus drained. Immobilization is an
important part of the treatment.40
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169 Mumps in pregnancy
A. Morag
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Introduction
The word ‘mumps’ probably derives from the British
word ‘to mump’, which means to grimace or grin.
Thus, the name of the disease likely refers to the
marked parotid swelling, which is the most common
manifestation of infection with this virus.

Mumps is an acute generalized viral infection that
occurs primarily in school-age children and adoles-
cents. The disease caused by this virus is usually
benign and self-limited, with about 30% of those
infected not showing any clinical manifestations.

The agent
Mumps virus is an RNA virus, a member of the
Paramyxoviridae family, which also includes some of
the other common causes of childhood infections,
such as parainfluenza, measles and respiratory synci-
tial viruses.

The complete mumps virion has an irregular spher-
ical shape with a diameter averaging 200 nm. The
external surface is regularly studded with glycopro-
teins possessing hemagglutinin, neuraminadase and
cell-fusion activity. Mumps virus has a lipid envelope,
is ether-sensitive and is stable at 4°C for several days
and at –70°C for years. The virus can be propagated in
various tissue cultures (see diagnosis), and causes
cytopathic effects, with eosinophilic cytoplasmic
inclusions.

Epidemiology and clinical
manifestations
During mumps infection the virus is shed heavily in
respiratory secretions. Transmission, therefore, is by
droplet infection or fomites, and the virus enters
through the nose or mouth.1 Mumps virus has also
been recovered from the urine of infected individuals.2

Mumps is endemic throughout the world. There are
no known immunologic differences among the various
strains of mumps virus, and natural infection with
wild-type virus or immunization with live-attenuated

mumps virus vaccine, provides long-lasting immunity.3

In the United States, before the introduction of vac-
cine in 1967, epidemics occurred every 2–5 years,
with peak incidence between January and May.

Man is the only known host for the mumps virus in
nature. The virus is uncommonly observed in infants
less than 1 year of age, and primarily infects young
children during their early school years.4 Due to mass
immunization programs the occurrence of mumps
has shifted from younger to older children and ado-
lescents. In recent years, only 25% of cases have
occurred in the 5- to 9-year age group, and more than
50% have occurred in the teenage group. In Western
countries, about 10–20% of the adult populations
have no demonstrable antibodies against the mumps
virus. This susceptible postpubescent population is at
risk of the increased severity and higher complication
rate seen in mumps infection within this age group.5

With a 10–20% susceptibility in this population,
mumps infection can occur during pregnancy. The
incidence of mumps infection during pregnancy in
the United States is estimated to be between 1 in 1000
and 1 in 3000.1

The incubation period of mumps averages 14–18
days. Following a short prodromal period, which
comprises non-specific complaints such as fever,
anorexia, myalgia and malaise, the parotitis becomes
evident in about 60–70% of infected individuals. The
parotid and sometimes other salivary glands are
swollen and tender, with symptoms lasting about
1 week.3 The patient may have difficulty with pro-
nunciation, and mastication and ingestion of citrus
juices typically exacerbates the pain. Fever up to 40°C
is often observed during the phase of parotitis.

Involvement of other organs is sometimes observed
in addition to the salivary glands. Epididymo-orchititis
is observed in 25% of cases in postpubertal men6 and
oophorititis in 5% of infected postpubertal women.
Orchitis is usually unilateral and very rarely causes
sterility. Oophoritis is manifested with fever, nausea,
vomiting and lower abdominal pain. Impaired fertility
and premature menopause have been reported as a con-
sequence of ovarian involvement, but this is very rare.7

Involvement of the central nervous system is quite
common in mumps. Cerebrospinal fluid pleocytosis is
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observed in about half of the cases. Clinical meningitis
occurs in 1–10% of individuals with mumps parotitis;
on the other hand only 40–50% of patients with
mumps meningitis have parotitis.8 Mumps encephali-
tis is rare, and occurs in about 0.1% of mumps cases.

Mumps-associated pancreatitis is a late effect of
mumps infection. It is usually diagnosed on the basis
of mild clinical symptoms, but can be manifested by
severe epigastric pain and tenderness accompanied
by fever, nausea and vomiting. There is still contro-
versy concerning the possible association of mumps
and the development of diabetes mellitus.9

Deafness secondary to mumps labyrinthitis is a
rare complication of mumps virus infection.10 This
hearing loss is severe and of sudden onset.

Other mumps-associated complications may
include thyroiditis, myocarditis, arthritis and renal
involvement.10

Mumps in pregnancy
When mumps occurs in pregnant women, the illness
is generally benign and not more severe than it is in
other adult women.11 In pregnant women as well as in
the population as a whole, deaths from mumps are
exceedingly rare.

Effects of gestational mumps on the fetus

Abortion
Gestational viral infections have been extensively
investigated by Siegel and associates.12 They observed
excessive fetal deaths when mumps developed during
the first trimester but not during the second and third
trimesters.12 Many other reports describe isolated
cases of abortion associated with gestational mumps,
nearly all of these occurring in the first 4 months of
pregnancy.13 In one instance, mumps virus was iso-
lated from a 10-week-old fetus spontaneously aborted
4 days after the mother developed clinical mumps.14

Prematurity
In the only prospective study of low birth weight in
relation to maternal mumps infection, no significant
association was found. However, analysis of data
showed that the effect was greatest when mumps
occurred in the first trimester.15

Congenital malformations
Evidence in experimentally infected animals suggests
that mumps virus can cross the placenta, infect the
fetus and induce congenital malformations.16

Definitive evidence of a teratogenic potential for
mumps virus in humans is yet unclear. Many reports
describe the occurrence of congenital malformations
after gestational mumps, but no data are available
concerning the occurrence of similar anomalies in

matched controls. Malformations described as associ-
ated with gestational mumps include chorioretinitis
and optic atrophy, intestinal atresia, corneal cataracts,
urogenital anomalies, hydrocephalus and others.17

Endocardial fibroelastosis
In the 1960s, St. Geme and colleagues suggested an
association between endocardial fibroelastosis and
mumps virus infection.18 They reported that a high
proportion of children with primary endocardial fibro-
elastosis exhibit cutaneous delayed hypersensitivity to
mumps virus antigens and that their mothers often had
mumps or exposure to mumps during gestation. An
experimental model in the chicken supports a possible
association between mumps and the occurrence of car-
diac lesions in the developing fetus. Definite evidence
for such an association does not exist.

Laboratory diagnosis
Isolation of mumps virus from clinical specimens
Mumps virus is readily isolated in various tissue cul-
ture cell lines. The most commonly used are Vero,
human embryonic kidney and chick embryo fibrob-
lasts.1 The virus can be isolated from urine during the
period from 6 days before to 15 days after the onset of
parotitis, and from saliva from 7 days before until
9 days after the onset of salivary gland enlargement.

Serological diagnosis
The most commonly used serological test today is an
enzyme linked immunosorbent assay detecting spe-
cific immunoglobulin G or M antibodies to mumps
virus. Serological diagnosis can also be made by
determination of neutralizing and other types of
specific antibodies.4

Prevention and treatment
Active immunization with the Jeryl Lynn strain of
attenuated mumps virus vaccine has been available in
the United States since 1967. A single subcutaneous
immunization produces protective levels of mumps-
neutralizing antibodies in more than 95% of vaccines,
and adequate titers are maintained for more than
10 years.19

All children over 12 months of age should be immu-
nized. Vaccination should take place at 12–15 months
of age and again at 5–12 years of age, as a part of
combined measles–mumps–rubella viruses’ vaccine
(MMR). As with other live virus vaccines, mumps
vaccine should not be administered to pregnant women
and immunocompromised patients. Treatment for
mumps patients is only symptomatic, as there is as
yet no antiviral agent efficiently active against the
mumps virus.

1786 Mumps in pregnancy
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170 Measles in pregnancy
A. Morag

Introduction
Measles virus is a member of the family Paramyxo-
viridae and the genus Morbillivirus. This virus has a
single-stranded RNA genome and a lipoprotein enve-
lope that contains proteins associated with hemagluti-
nating, hemolyzing and membrane fusion properties
of measles viruses.1

Epidemiology and clinical
manifestations
Man is the natural host for measles virus, although
other primates are susceptible to naturally transmit-
ted measles infection. Measles occur in all parts of the
world inhabited by man. Climate and natural bound-
aries influence the occurrence of measles only to the
extent that they limit contact between susceptible and
contagious individuals.

From 1912 to 1959, 200,000–600,000 cases of
measles were reported annually in the United States,
and the morbidity rate remained relatively constant at
200–500 cases per 100,000 per year.2 With the intro-
duction of the measles vaccine in 1963, the annual
number of reported cases fell rapidly. With the
improvement of vaccination programs in the early
1980s the annual rate of reported cases reached less
than 2 cases per 100,000.3 Within more than 30 years of
the introduction of the measles vaccine, the age-
specific incidence of measles shifted upward as the
overall incidence of measles declined. Measles today
occurs primarily in preschool children, and to a lesser
extent in school children, probably due to primary
vaccine failures. Measles occurs less frequently during
pregnancy than mumps or chickenpox.4 Measles is the
most communicable of the childhood exanthems.5

Transmission is by infected droplets entering the respi-
ratory system of a susceptible individual through the
nose or oropharynx, and probably also through the con-
juctival mucosa. A person with measles is capable of
transmitting infection from as early as 3 days prior to
the onset of symptoms, and until the rash desqua-
mates.6 Infectivity is maximal during the prodrome.

The incubation period of measles is 10–14 days.
A prodromal phase lasting several days is mani-
fested by fever, malaise, anorexia, conjunctivitis and
respiratory symptoms such as coryza and cough.
Shortly before the appearance of systemic skin rash,
a pathognomonic sign of measles, Koplik’s spots
appear as lesions resembling grains of salt or sand,
on the inflamed, reddish, buccal mucosa. The skin
rash is systemic and is erythematous and macu-
lopapular.7 At that time the patient is very sick. The
appearance of the rash coincides with the appear-
ance of serum antibody and the termination of com-
municability of the disease. Although measles virus
has been isolated from the skin lesions in the early
stage of the rash, it has been postulated that the rash
might be a reaction of hypersensitivity of the host to
the virus. The rash lasts for about 5 days, and a few
days later the fever goes down and the patient feels
better.

Complications of measles are often in the respira-
tory tract or the central nervous system, manifesting
as pneumonia (measles virus or bacterial) and as
encephalitis.

Modifications of the clinical presentation of
measles have been observed in various forms:

(1) Modified measles, which is very mild measles
occurring in individuals with some degree of
passive immunity to the virus.

(2) Atypical measles, which is a phenomenon
believed to be a result of hypersensitivity to
measles virus in a partially immune host.8 It has
been described in individuals who are exposed
to the live measles virus (wild or attenuated)
some years following immunization with killed
measles vaccine. The clinical syndrome may
be very severe with hemorrhagic phenomena,
pneumonia, hepatic involvement and high fever.

(3) Measles in the altered host often occurs as a very
severe disease with increased risk of mortality.
This has been observed in immunocompromised
patients (either due to underlying disease or
chemotherapy9) and in malnourished children,
mainly in Africa.10
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Diagnosis
Clinical diagnosis is often achieved in a patient with
severe respiratory tract illness, conjunctivitis, Koplik’s
spots and rash.

Laboratory diagnosis is more often made by sero-
logy, demonstrating specific antibodies of the M and
G classes of immunoglobulin, most commonly by
enzyme linked immunosorbent assay. Virus isolation
is also possible, but it is more difficult to perform, and
is less often used as a routine diagnostic approach.

Measles in pregnancy
When measles occurs in adults, it is often a more severe
illness than in children. In patients with measles
reported to the Centers for Disease Control and
Prevention in 1991, the incidence of complications was
higher in those over 20 years of age than in children.11

Measles can be severe during pregnancy and has been
associated with spontaneous abortions and premature
delivery. However, in contrast to rubella, measles virus
is not known to cause congenital anomalies of the
fetus.12 Measles in the newborns of mothers with
measles may be severe, and it is therefore recom-
mended that such newborns be passively immunized
with human immunoglobulin at birth.13

Treatment and prevention
There is no specific antiviral therapy against measles
virus infection. The patient should be given supportive

therapy, such as antipyretic and fluids, as indicated.
Bacterial superinfection should be treated promptly,
directed against the causative bacterial agent.

Prevention can be accomplished by passive or
active immunization. Measles virus infection can be
very effectively prevented or modified to a less severe
illness by early postexposure administration of
human gamma-globulins.

Immunoglobulins should be administered to indi-
viduals at risk of developing severe or fatal measles,
such as children receiving chemotherapy or radio-
therapy, or children with deficits in cell-mediated
immunity for various reasons. Also at increased risk
are babies younger than 1 year of age, including new-
borns whose mothers have measles.

Passive immunization should be given within
6 days after exposure. Later administration is usually
without any beneficial effect. Infants younger than
1 year of age who receive human immunoglobulin
(dosage 0.25 ml/kg intramuscularly) should be given
active immunization at 15 months of age.14 Active
immunization is by live attenuated measles virus
vaccine, incorporated into the combined mumps–
measles–rubella vaccine (MMR). The current recom-
mendation is the administration of two doses of
MMR, the first at 12–15 months of age and the second
in childhood.15 Live measles vaccine is contraindi-
cated in persons with deficits in cell-mediated immu-
nity and in pregnant women. It is currently
recommended that children with HIV infection
should be vaccinated with measles vaccine at the age
of 15 months.14

Treatment and prevention 1789
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171 Antimicrobial drugs in
obstetrics and gynecology
M. Shapiro

Introduction
Since only a few antimicrobial drugs have been
shown to be completely non-toxic when given to
pregnant women, and the teratogenic potential of the
majority of antimicrobial agents is unknown, these
drugs should generally be avoided during pregnancy.
On the other hand, the patient’s best interest may
require that an antimicrobial drug be administered.
Studies in animal models offer some information but
may be unreliable in predicting human teratogenicity.
Thus, the administration of an antimicrobial drug
should always be a carefully considered action in
which a balance is struck between the needs of the
mother and the possible adverse effects of the drug.
Most drug-associated congenital abnormalities are
produced during the first trimester while differentia-
tion of the embryo is occurring. There is a smaller risk
during the second and third trimesters because most
organ systems are developed by this time, and it is the
metabolic processes that are at most risk. Almost all
antimicrobial agents administered to the lactating
mother can be detected in her milk. Although detri-
mental effects to the newborn have only occasionally
been encountered, there are possible dangers, espe-
cially when large doses of antimicrobial agents are
given to premature infants or to those with impaired
drug elimination pathways.1

The Food and Drug Administration (FDA) has estab-
lished a Fetal Risk Summary, which divides drugs into
categories based on accumulated safety data from ani-
mal and human studies (Table 171.1). Category A drugs
represent no fetal risk. Currently, there are no antimi-
crobial agents that fall into this category. Category B
drugs are relatively safe to use during pregnancy. If
possible, agents should be selected from this category.
A designation of category C means that the fetal risk is
unknown. These agents should be used only when
there is no safer alternative, or when the benefit out-
weighs the risk. Although there is some evidence of
fetal risk in category D, it may be necessary to use
these drugs for life-threatening or serious infections

for which safer drugs cannot be used or prove ineffec-
tive. Drugs listed as category X cause abnormalities
and are contraindicated for use in pregnancy. The risk
of using these antimicrobial agents in pregnant
women clearly outweighs any possible benefit. A

Table 171.1 Pregnancy categories for drugs (Food
and Drug Administration)

Category Description

A Controlled studies fail to demonstrate a
risk to the fetus in the first trimester (and
there is no evidence for risk in later
trimesters); the possibility of fetal harm
appears remote

B Fetal risk not demonstrated in animal
studies, but there are no controlled studies
in pregnant women or animal
reproduction studies have shown an
adverse effect that was not confirmed in
controlled studies in women during the
first trimester (and there is no evidence of
risk in later trimesters)

C Either animal studies have revealed
adverse effects on the fetus (teratogenic,
embryocidal or other) and there are no
controlled human studies or studies in
animals and women are not available

D There is positive evidence of human fetal
risk, but the benefits from use in pregnant
women may be acceptable despite the risk
(e.g. if the drug is needed in a life-
threatening situation or for a serious
disease for which safer drugs cannot be
used or are ineffective)

X Studies in animals or humans have
demonstrated fetal abnormalities or there
is evidence for fetal risk based on human
experience or both, and the risk of the use
of the drug in pregnant women clearly
outweighs any possible benefit. The drug
is contraindicated in women who are or
may become pregnant
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summary of the use of antimicrobial drugs in preg-
nancy is given in Table 171.2.

Selecting an antimicrobial drug
The selection of agents for therapy is determined by
many factors, including the suspected site(s) of infec-
tion (e.g. urinary tract or pelvic infection), the efficacy
of the specific antibiotic at the target site (e.g. renal
parenchyma, intracellular or extracellular bacterium,
vegetation of endocarditis), the severity of illness (e.g.
presence of renal function impairment), putative
adverse effects of the agent on the mother and fetus
and on the environment, and the cost of administering
the drug. Whenever possible, a narrow-spectrum drug
is to be preferred to a broad-spectrum agent, and single
therapy in most instances is preferable to multiple
drug use. Pollution of the environment with anti-
biotics can only lead to a vicious circle involving
emergence of increasingly resistant endemic flora that
require ever more esoteric and expensive antibiotics
for adequate treatment.

Empiric therapy must often be administered before
the specific infecting microorganism has been iso-
lated, or before its sensitivity to various antibiotics
has been established. In most instances, knowledge of
the anatomic site(s) of infection will be apparent (e.g.
pneumonia, peritonitis, endometritis, pelvic inflam-
mation). This, together with the circumstances under
which the infection developed (e.g. community- or
hospital-acquired, immunosuppressed host, postopera-
tive) will provide a reasonable indication of the puta-
tive pathogen(s) involved. Antimicrobial drugs can
then be administered in accordance with their activity
against the suspected microorganisms. Consequently,
the physician should be aware of the organisms that
are currently the endemic nosocomial pathogens in
the hospital milieu, and know their common sensitivity

patterns, since these frequently differ among institutions
and change over time within the confines of a particular
hospital.

The penicillins
Penicillins kill bacteria by attaching to enzymes
(penicillin-binding proteins) that are involved in the
normal process of synthesizing the cell wall in grow-
ing bacteria.2 In general, these antibiotics are well dis-
tributed throughout the tissues of the body, although
high doses are needed to achieve bactericidal concen-
trations in the cerebrospinal fluid (CSF). They are rel-
atively non-toxic, although about 10% of patients will
develop an allergic reaction, which is the main
adverse effect of all penicillins.3 A report of penicillin
allergy in the past is often misleading and incorrect,
and a careful history will often elicit data that will
make this highly unlikely, e.g. the patient has since
received other penicillin preparations without any
adverse reaction. However, patients who are allergic
to one penicillin must be regarded as being allergic to
all the penicillins.

Penicillin G (benzyl penicillin)
Benzyl penicillin, discovered by Fleming in 1928, was
originally active against a wide variety of organisms
including gram-positive cocci (streptococci, staphylo-
cocci), gram-negative cocci (gonococci, meningococci),
gram-negative anaerobic rods belonging to the normal
mouth flora and gram-positive anaerobic rods (e.g.
Clostridium species). In addition, penicillin is also
active against many anaerobic, non-spore-forming
bacilli (e.g. Actinomyces, Propionibacterium). How-
ever, over the years many bacteria have developed
resistance, particularly by acquiring the ability to
secrete enzymes (β-lactamases) that destroy the
β-lactam ring of the penicillin nucleus,4 such as
staphylococci or Escherichia coli, or anaerobic flora of
the mouth (Bacteroides melaninogenicus). Another
important mechanism of resistance is achieved by the
bacteria being able to alter the penicillin-binding pro-
teins so that they no longer bind the penicillins well.5

The most important organisms that have become rela-
tively resistant to penicillin by this mechanism include
the pneumococci and some of the viridans strepto-
cocci of the oral cavity. Consequently, community-
acquired aspiration pneumonia will no longer always
respond to penicillin G.6 On the other hand, β-
hemolytic streptococci such as Streptococcus pyo-
genes or group B β-hemolytic streptococci have
remained exquisitely sensitive to penicillin G, as have
most viridans streptococci and pneumococci. Invasive
pneumococcal infections with organisms that are
relatively resistant to penicillin G are becoming
more common.7 These organisms respond only to
high doses of penicillin G, except in sanctuaries such
as the CSF where sufficiently high concentrations of

Table 171.2 Antimicrobial agents in pregnancy

Generally contraindicated:
flucytosine, ganciclovir, griseofulvin, nalidixic acid,
nitrofurantoin,* primaquine, quinine, quinolones,
streptomycin, tetracyclines

Try to avoid, use only if essential:
acyclovir, albendazole, amikacin, amphotericin B,
chloramphenicol*, cotrimoxazole, erythromycin estolate,
ethionamide, fluconazole, gentamicin, itraconazole,
ketoconazole, metronidazole, pentamidine,
pyrimethamine, trimethoprim/sulfamethoxazole,*
vancomycin, zidovudine

Probably safe, use when clearly indicated:
cephalosporins, clindamycin, erythromycin, ethambutol,
imipenem, isoniazid, methenamine mandelate, nystatin,
penicillin, pyrazinamide, rifampicin

*Contraindicated at term
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the antibiotic cannot be obtained to eradicate the
infection, necessitating the use of other drugs such as
the third-generation cephalosporins.

Treponema pallidum remains sensitive to peni-
cillin, as are most strains of Neisseria meningitidis,
although the gonococcus has acquired β-lactamases
that render it resistant in many areas of the world.

Phenoxymethyl penicillin (penicillin V)
These penicillins have a similar spectrum of activity
as the benzyl penicillins, but are less active against
the Neisseria species. They are administered orally
instead of intravenously.

Metabolism, dosage and routes for benzyl
and phenoxymethyl penicillins
Benzyl penicillin and phenoxymethyl penicillins are
excreted mainly in the urine, and, to a much lesser
extent, in the bile. Crystalline benzyl penicillin is
administered by intravenous injection, in doses that
may range from 1,000,000 units every 6 h, to much
higher doses, in the case of pneumonia caused by
relatively resistant pneumococci, for example, when
12,000,000 units may be administered daily in six
divided doses. In the case of meningitis caused by a
sensitive organism, the drug may be administered
every 2 h.

Sustained-release intramuscular preparations are
also available, and may be used in the case of infection
due to a known sensitive organism such as Strepto-
coccus pneumoniae. In this case procaine penicillin G
may be used in the dose of 600,000–1,200,000 units
every 12 h. Benzathine penicillin G results in a very
slow release of penicillin from the intramuscular
compartment. The usual dose is 2.4 million units of
benzathine penicillin at intervals that depend on
the indication (mainly syphilis and prevention of
rheumatic fever).

Indications in obstetrics and gynecology
Benzyl penicillin is the drug of choice for β-hemolytic
streptococcal infections, for the treatment of actino-
mycosis, which may occur in association with
intrauterine device (IUD) usage, and for clostridial
infections.

Use in pregnancy
The benzyl penicillins and phenoxymethyl peni-
cillins have been used extensively in pregnancy and
are considered safe for the fetus.

Penicillinase-resistant antistaphylococcal penicillins
(methicillin, oxacillin, cloxacillin, dicloxacillin,
flucloxacillin and nafcillin)
These semisynthetic penicillins, which are resistant
to the penicillinases, are used mainly for the treat-
ment of staphylococcal infections. They have a much
narrower spectrum of activity than benzyl penicillin.

Streptococci are more sensitive to penicillin G, but,
except for enterococci which are resistant, will usually
respond to therapy with one of the antistaphylococcal
penicillins. Although the incidence of interstitial
nephritis seems to be more common with methicillin
there is no clinical evidence that justifies favoring one
of these agents over the others.

In infections suspected to be caused by gram-
positive cocci, one of this group of drugs should be
used before final identification and sensitivity results
are available. Such a situation might include postop-
erative wound infection, line sepsis, or presence of
gram-positive cocci in grape-like clusters in secretions
or pus. Staphylococci develop resistance to these drugs
as a result of alterations in their penicillin-binding pro-
teins that result in a lower affinity of these enzymes
for the antibiotics.8 If the prevalence of resistant
staphylococci is high, then vancomycin should be
the drug of choice when gram-positive infection is
suspected.

Metabolism, dosage and route
These drugs are excreted in the urine by both glomeru-
lar filtration and tubular secretion, and a small pro-
portion is excreted in the bile. Nafcillin reaches high
concentrations in the CSF of patients with normal
meninges and in those with meningitis.

Methicillin and nafcillin are administered by
the intravenous route only, whereas cloxacillin,
dicloxacillin and flucloxacillin can be given by the
oral route as well. The doses of these drugs vary
between 4.0 and 12.0 g/day depending on how serious
an infection is being treated.

Indications in obstetrics and gynecology
These drugs are indicated almost exclusively for the
treatment of infections due to Staphylococcus aureus,
including the toxic shock syndrome.

Use in pregnancy
All these drugs cross the placenta, and are not known
to cause any fetal damage.

Aminopenicillins (ampicillin and amoxycillin)9

Ampicillin and amoxycillin have the same antibacter-
ial spectrum. The only real clinical difference between
them is the much increased absorption of amoxycillin
from the gastrointestinal tract, so that amoxycillin
should be used for oral therapy and ampicillin for
intravenous administration when necessary. The
aminopenicillins are clinically effective against the
same organisms as penicillin G. In addition, they are
highly active against gram-negative organisms such as
E. coli, Salmonella spp., Shigella spp. (for which
amoxycillin should not be used) and Hemophilus
influenzae. However, the proportion of these organ-
isms in the community, which have acquired resist-
ance to these drugs, is such that ampicillin can no
longer be regarded as an adequate empiric choice for
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the treatment of severe infections, including urinary
tract or pelvic infection, or meningitis, in which these
organisms are suspected of being the causative agents.
Ampicillin is still the treatment of choice for infec-
tions caused by Enterococcus faecalis and Listeria
monocytogenes. Although aminoglycosides are syner-
gistic with ampicillin against the enterococci, this
combination is not usually necessary except in situa-
tions such as endocarditis where bactericidal activity
against the organisms is essential to obtain a cure.

Association with β-lactamase inhibitors
(amoxycillin/clavulanic acid, ampicillin/clavulanic acid)
These antibiotics are becoming increasingly popular
in clinical practice. The β-lactamase inhibitor potas-
sium clavulanate irreversibly binds and inhibits many
bacterial β-lactamase enzymes that are coded for by
plasmids, but not by chromosomes. Thus, the addition
of the inhibitor to amoxycillin effectively broadens
the spectrum of this antibiotic (Augmentin) to β-
lactamase-producing organisms such as H. influenzae,
E. coli, most Bacteroides fragilis and staphylococci
that are not resistant to methicillin. Augmentin plus
doxycycline is an excellent oral regimen for the treat-
ment of pelvic inflammatory disease.

Sulbactam is a penicillanic acid sulfone β-lactamase
inhibitor, which, in a similar manner to clavulanic
acid, extends the effective antibacterial spectrum of
this drug when combined with ampicillin (Unasyn).
Unasyn has been shown to be effective in soft tissue
pelvic infections and in polymicrobial infections.

Metabolism, dosage and route
The aminopenicillins are excreted mainly in the
urine, and to a small extent in the bile. The usual oral
dose of amoxycillin is 250–500 mg three times a day,
and the intravenous dose is 1.0 g three times per day.
The usual intravenous dose of ampicillin is 1–2 g
every 4–6 h, depending on the severity of the disease.
Ampicillin/sulbactam (Unasyn) is available as 1.0 g of
sulbactam to every 2.0 g of ampicillin. The usual
dosage is 0.5 to 1.0 g sulbactam plus 1–2 g of ampi-
cillin every 6 h.

Indications in obstetrics and gynecology
Ampicillin can be used in the treatment of cystitis in
those areas where E. coli resistance is rare, but should
no longer be used for the initial treatment of
pyelonephritis, although its use should be encouraged
in urinary tract infections where the organism is
known to be sensitive to ampicillin. It is still the drug
of choice in infections caused by the enterococcus,
and may be used in serious pelvic infections in asso-
ciation with other drugs that are effective against
anaerobes and have a wider spectrum of activity
against the Enterobacteriaceae.

Use in pregnancy
Ampicillin has been used extensively in pregnancy
and is regarded as safe in pregnancy. The β-lactamase

inhibitors have been used less frequently in pregnancy,
but there is no evidence for their causing fetal abnor-
malities, and they can be used when indicated.

Carboxypenicillins (carbenicillin and ticarcillin)
These antibiotics are similar to ampicillin but extend
the spectrum to indole-positive Proteus spp., Entero-
bacter spp. and especially Pseudomonas aeruginosa.
They have been replaced generally by the ureidopeni-
cillins (see below).

Combination with β-lactamase inhibitors (timentin)
Ticarcillin plus clavulanate extends the spectrum of
ticarcillin greatly against β-lactamase-producing
strains of H. influenzae, Staphylococcus coagulase-
positive, B. fragilis, Enterobacteriaceae and other
organisms. Timentin is a reasonable choice for the
treatment of soft tissue pelvic infections and polymi-
crobial infections.

Ureidopenicillins (mezlocillin,
azlocillin and piperacillin)
These drugs extend the range of activity of penicillin
and ampicillin, and have a similar spectrum of anti-
bacterial activity to the carboxypenicillins (see above),
but their range is somewhat wider. Their activity
against Klebsiella pneumoniae and P. aeruginosa is
notable. There is no clinical evidence that differences
between these antibiotics have any clinical relevance.
They have a lower sodium content (1.85–2.17 meq/g)
than the carboxypenicillins, and thus have a lesser
tendency to produce hypokalemia. Single agent ther-
apy with the ureidopenicillins has been shown to be
effective in a wide range of serious infections, includ-
ing pneumonia, bacteremia, soft tissue infections and
intra-abdominal infections. In many hospitals the pro-
portion of Enterobacteriaceae and P. aeruginosa that
are resistant to these antibiotics may well preclude
their use as single drugs in serious infections. In all
patients with granulocytopenia and fever of unknown
origin, they need to be administered with another
drug, such as an aminoglycoside, but care must be
taken to ensure that these two drug groups are not
mixed in solution before administration.

Combination with β-lactamase inhibitors
(piperacillin/tazobactam)
Tazobactam is another irreversible β-lactam inhibitor,
which has been combined with piperacillin to
increase its antimicrobial spectrum to include Entero-
bacteriaceae, B. fragilis and Staphylococci, and has
been successfully used in the treatment of pelvic
infections. This drug is especially useful in nosoco-
mially acquired infections, and has been successfully
used as a single agent in fever of unknown origin in
patients with granulocytopenia.
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Metabolism, dosage and route
The ureidopenicillins are excreted primarily by the
kidneys, by means of glomerular filtration and tubular
secretion. The dose of mezlocillin is 200–300 mg/kg/
day; usually 5.0 g four times daily given intravenously.
Piperacillin is given intravenously in a dose of 4 g
every 4–6 h. Piperacillin/tazobactam is given in the
dose of 3 g piperacillin with 0.375 g tazobactam
every 6 h.

Indications in obstetrics and gynecology
Clinical investigations have confirmed the efficacy of
mezlocillin or piperacillin as single agents for the
treatment of mixed aerobic–anaerobic soft tissue
pelvic infection, although one study has found the
combination of clindamycin and gentamicin to be
superior to mezlocillin. However, in another study,
piperacillin was approximately equivalent.

Adverse effects of all penicillins
Allergic reactions are the commonest adverse effects
encountered with all the penicillins, and may be pres-
ent in 3–5% of the population and up to 10% of those
who have previously received penicillin. Local appli-
cation of the penicillins should never be used because
of the high risk of producing sensitization. It cannot
be emphasized strongly enough that cross-allergenicity
exists among all the penicillins, and if a true allergic
reaction has occurred to any one of the penicillins
it must be assumed that the patient is allergic to all
penicillins.

Drug fever and various skin rashes are common.
Drug fever can be especially difficult to interpret in a
patient who is being treated for serious infection,
since the clinical picture may be indistinguishable,
and a high index of suspicion is essential to make the
correct diagnosis. Severe reactions that occur include
drug rashes, angioneurotic edema, serum sickness
and anaphylaxis. About 5% of patients will show
cross-allergenicity with the cephalosporins, which
can be useful alternatives in the penicillin-allergic
patient, but they should be avoided if there is a his-
tory of a type I allergic reaction. Less common adverse
effects include hemolytic anemia, granulocytopenia
and interstitial nephritis (especially with methicillin).
Massive doses, especially in renal failure, may pro-
duce neurological symptoms and signs, including hal-
lucinations and generalized convulsions. Electrolyte
disturbances may be produced by the high sodium
load of the carboxypenicillins and the relatively high
potassium load (1.6 meq/1 million units) that can
occur with the administration of potassium penicillin
G in patients with impaired renal function.

Cephalosporins
These are synthetic β-lactam antibiotics that, like
penicillin, interfere with construction of the bacterial

cell wall. They have a broad spectrum of activity
including an extremely wide range of microorgan-
isms, but the enterococcus is resistant. Resistance
among gram-negative bacteria is almost always the
result of inactivation by β-lactamases. Classically,
these agents have been divided into first-, second-
and third-generation cephalosporins, based on their
activity and not the chronology of their marketing.

First-generation cephalosporins (the parenteral drugs:
cephalothin, cefazolin, cephradine and the oral drugs:
cephapirin, cephalexin, cefaclor and cefadroxil)
The antibacterial activity of first-generation cephalo-
sporins is interchangeable practically among the differ-
ent preparations. The antibacterial spectrum is roughly
that of the antistaphylococcal penicillins plus ampi-
cillin, although H. influenzae, E. faecalis and L. mono-
cytogenes, which are resistant to all the cephalosporins,
are very important exceptions. They are active against
the streptococci (except enterococci) and methicillin-
sensitive staphylococci. The cephalosporins must not
be used to treat methicillin-resistant staphylococci that
may be reported by the laboratory as being sensitive
to first-generation cephalosporins since clinical failure
is likely. The first-generation cephalosporins are also
active against E. coli, Klebsiella spp. and non-indole-
positive Proteus spp., whereas Enterobacter spp.,
S. marcescens, Citrobacter, other Enterobacteriaceae
and P. aeruginosa are resistant, as are Chlamydia
trachomatis and mycoplasmas. These drugs are not
active against B. fragilis, and do not cross the blood–
brain barrier in high enough concentrations to be use-
ful in the treatment of meningitis.

Metabolism, dosage and route
All the first-generation cephalosporins are excreted
via the renal route, but some (cephalothin, cephradine
and cephapirin) are also excreted via the liver, and
must thus be given at more frequent dosage intervals.
In renal failure, dosage adjustments are necessary.
Cephalothin is administered intravenously in doses
that vary from 4.0 to 12.0 g/day, depending on the
severity of the infection. Since cefazolin is excreted
only via the kidneys and thus has a half-life of 1.8 h,
it can be given 8-hourly. Cephalexin and cephradine
are administered in the dose of 250 mg every 6 h,
cefadroxil 1.0 g every 12 h and cefaclor 250 mg daily.

Indications in obstetrics and gynecology
The first-generation cephalosporins are the drugs of
choice for prophylaxis in obstetric and gynecological
procedures.10 Although these drugs are not the drugs
of choice for many infections, they are extremely use-
ful in patients with delayed-type hypersensitivity to
the penicillins, since there is little cross-reaction
between the drug groups. However, if there has been a
severe reaction to any penicillin in the past (e.g.
anaphylaxis) the cephalosporins should be avoided
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unless there is no alternative. The first-generation
cephalosporins are also useful in the treatment of
mild to moderate pyelonephritis, which is caused by
organisms resistant to ampicillin and cotrimoxazole,
and may be used in other infections that are caused by
an organism of known sensitivity, e.g. K. pneumoniae
pneumonia.

Use in pregnancy
These drugs are considered safe in pregnancy.

Second-generation cephalosporins (cefamandole,
cefoxitin, cefuroxime,11 cefonicid, cefotetan,
ceforanide and cefmetazole)
These drugs retain sufficient activity to be effective
against gram-positive cocci. Thus, they are indicated
when the infecting organisms have not yet been iden-
tified and a mixed infection including gram-positive
cocci is suspected or has been proven. All drugs of
this group (except cefoxitin) show excellent activity
against all H. influenzae. Cefuroxime should not be
used for meningitis, nor should other members of this
group. Good activity against B. fragilis is shown by
cefoxitin, which is thus a useful drug in the treatment
of mixed infections with anaerobes, gram-negative
aerobes and gram-positive cocci such as occurs in the
infected diabetic foot.12 Cefotetan is also active
against B. fragilis and has a half-life of up to 4.5 h, so
that it need be administered only every 12 h.
Penicillinase-producing N. gonorrhea are sensitive to
cefoxitin and cefotetan. The antimicrobial spectra of
cefuroxime, cefonicid and ceforanide are very similar.
They do not include B. fragilis, and these drugs are
not usually used in pelvic infections. C. trachomatis
and the genital mycoplasmas are resistant to the
second-generation cephalosporins.

Metabolism, dosage and route
Most of these drugs are excreted mainly in the urine,
and thus need a dose adjustment in patients with
renal impairment. For initial treatment of infections
with cefoxitin the dosage is 1–2 g intravenously every
6 h, for cefamandole 2–3 g every 6 h and for cefotetan
1–2 g every 8–12 h.

Indications in obstetrics and gynecology
Cefoxitin and cefotetan have been used successfully
as single drugs in pelvic infections.

Use in pregnancy
Cefoxitin, cefotetan and cefamandole have been
widely used in pregnancy and are considered safe.

Third-generation cephalosporins (cefotaxime,
ceftizoxime, ceftriaxone, moxalactam, cefoperazone,
ceftazidime, cefsulodin, cefixime and cefpodoxime)
Some of these drugs broaden the spectrum of activity
of the cephalosporins against the Enterobacteriaceae,

and others against P. aeruginosa, but they all show
decreased activity against the gram-positive cocci and
(except for moxalactam and ceftizoxime) they have
no activity against β-lactamase-producing anaerobes
such as B. fragilis. The third-generation cephalo-
sporins are the drugs of choice in gram-negative bacil-
lary meningitis in adults.13 Cefotaxime still retains
useful, although inferior, activity against the gram-
positive cocci and is ineffective against P. aeruginosa.
Ceftriaxone is almost identical in its antibacterial
activity to cefotaxime, having little antipseudomonas
activity, but because of its extraordinary half-life
(nearly 6 h) it need be given only once daily. On the
other hand, ceftazidime has almost no activity against
staphylococci, but is as active as cefotaxime against
the Enterobacteriaceae and, in addition, is particularly
active against P. aeruginosa. Ceftazidime has been used
successfully as a single drug in the treatment of infec-
tions caused by P. aeruginosa, including meningitis.14

Ceftizoxime is similar to cefotaxime in its antibacter-
ial activity, but also has a useful effect on B. fragilis.15

Cefsulodin is used clinically only against P. aeruginosa.
Against N. gonorrhea, activity of cefotaxime, cef-
tazidime cefoperazone, moxalactam and especially
ceftriaxone is excellent.

Metabolism, dosage and route
These drugs differ in their metabolism. Cefotaxime
has a short half-life since it is excreted both in the
urine and via the bile, and should be administered
every 6 h at a dose of 1–2 g per dose. Cefoperazone
and ceftazidime are administered at a dose of 2.0 g
every 8–12 h. Ceftriaxone, which has the longest half-
life of all, is administered at a dose of 2.0 g every 24 h.
Cefotetan is given every 12 h at a dose of 2.0 g.

Indications in obstetrics and gynecology
Although some of these drugs have been used as
single agents in pelvic infections, the lack of coverage
against B. fragilis and C. trachomatis makes them
poor choices in serious infections. Cefoxitin, cefti-
zoxime and cefotetan do have reasonable coverage
against B. fragilis. Ceftriaxone is the drug of choice for
anorectal gonorrhea.

Use in pregnancy
A suitable choice of a cephalosporin may be confus-
ing. It is most appropriate to use an older or earlier-
generation cephalosporin whenever possible, in order
to decrease as far as possible the emergence of resistant
bacteria. When treating infections where gram-positive
cocci are the putative pathogens, such as cellulitis, or
in patients with proven staphylococcal or streptococ-
cal (not enterococcal) infections who have a history of
penicillin allergy (not type I) cefazolin is probably the
drug of choice. It is also the commonest cephalosporin
used for surgical prophylaxis. In community-acquired
pneumonias, especially in patients with chronic
obstructive pulmonary disease or in young children
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where H. influenzae may be the offending pathogen,
cefuroxime is preferred. The widespread use of
cephalosporins has led to the emergence of the ente-
rococci as nosocomial pathogens. Enterobacteriaceae
that are resistant to multiple antibiotics should be
treated with cefotaxime, ceftriaxone or ceftizoxime.
When P. aeruginosa is the offending pathogen, or
when a gram-negative hospital-acquired pathogen is
suspected, ceftazidime would be the appropriate
cephalosporin to choose for initial therapy. Under
these circumstances, many infectious disease experts
would prefer an aminoglycoside with a ureidopeni-
cillin (e.g. gentamicin or amikacin plus mezlocillin or
piperacillin).

Adverse effects of all cephalosporins
The cephalosporins are relatively non-toxic when
compared to other antimicrobial drugs. The main
adverse effects, as with other β-lactams, are allergic
or hypersensitivity reactions that occur in 1–5% of
patients, but anaphylaxis is rare.16 On the other hand,
the cephalosporins are a common cause of drug fever,
and isolated eosinophilia has been noted in 7% of
patients receiving cefoperazone or ceftazidime. Cross-
reactions between penicillins and cephalosporins
occur in about 5% of cases. Cephalosporins can usually
be administered safely to patients who have not had an
immediate-type reaction to the penicillins, but should
be avoided in patients who have had such a reaction.
A positive Coomb’s reaction occurs frequently, but is
usually not associated with hemolysis. Bleeding due
to the inhibition of vitamin K synthesis in the liver
has been a problem particularly with moxalactam, but
can potentially occur with cefoperazone, cefaman-
dole, cefmenoxime and cefotetan, which also bear
the methylthiotetrazole (MTT) group side-chain. This
same substitution can also produce a disulfiram-like

reaction due to inhibition of the hepatic acetyldehy-
drogenase enzyme. Ceftriaxone has been associated
with the formation of biliary sludge, which may lead
to symptoms and signs of cholecystitis, but this phe-
nomenon is reversible on withdrawal of the drug.17

Rare complications include neutropenia, thrombo-
cytopenia and hepatic dysfunction. Renal failure is
highly unlikely, although the combination of gentam-
icin with cephalothin is probably more nephrotoxic
than gentamicin alone.18

Superinfections frequently occur, and the wide use
of cephalosporins has also resulted in the emergence
of E. faecalis as a nosocomial pathogen. Candida
infections may occur, and are particularly trouble-
some in severely compromised patients who have
received intravenous therapy with broad-spectrum
antibiotics for prolonged periods. Dosages for several
cephalosporin drugs in severe infections are shown in
Table 171.3.

Other ββ-lactam antibiotics (imipenem and azthreonam)
Imipenem consists of the active principle thienamycin,
which is a carbapenem, combined with cilastatin,
which has no antibacterial activity but inhibits the
enzymatic destruction of thienamycin by the dipepti-
dase enzymes of the renal tubular brush border
and prevents renal toxicity. Imipenem has the widest
spectrum of all antimicrobial drugs, including gram-
positive cocci and gram-negative bacilli, penicillinase-
resistant staphylococci, P. aeruginosa, Acinetobacter
spp. and β-lactamase-producing anaerobes (including
B. fragilis). The one organism that is consistently
resistant is Stenotrophomonas (Pseudomonas) mal-
tophilia. Imipenem has proven very useful in the
treatment of hospital-acquired infections, especially
when caused by Enterobacteriaceae. When used as a
single drug against P. aeruginosa, resistant organisms
have emerged. This drug should be reserved for seri-
ous hospital-acquired infections, both because of its
cost and the need to minimize the emergence of
resistant bacteria.

The main adverse effects of imipenem are those
of all β-lactams, with perhaps a greater tendency to
produce neurological adverse effects such as seizures.
Rapid infusion may produce nausea and emesis.

Aztreonam is a monobactam, i.e. its basic structure
consists of only a single β-lactam ring. This antibiotic
is a narrow-spectrum antimicrobial drug, which is
very active against gram-negative organisms only, and
has no effect on E. faecalis or the anaerobes.19 It has
been used as a single drug in severe infections (sep-
ticemia, pneumonia, skin and soft tissue) caused
by sensitive gram-negative organisms, including
P. aeruginosa. It has no activity against C. trachomatis.
The usual dose of aztreonam is 1.0–2.0 g given every
8 h intravenously. Aztreonam accumulates in renal
failure in the presence of which the dose should be
modified. Aztreonam has been used in combination
with other antibiotics such as clindamycin in the
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Table 171.3 Recommended dosages for some
parenterally administered cephalosporin antibiotics
in adults with normal renal function

Daily Time between Maximal 
Antibiotic dose (g) doses (h) dose (g/day)

First-generation
Cefazolin 1 8 4

Second-generation
Cefoxitin 2 4–6 12
Cefuroxime 1.5 6–8 9
Cefonicid 1 12 2
Cefotetan 2 12 6

Third-generation
Cefotaxime 2 6 12
Ceftizoxime 2 8 12
Ceftriaxone 1 12 2
Cefoperazone 2 8 8
Ceftazidime 2 8 6
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Tetracyclines (tetracycline hydrochloride, minocycline and doxycycline) 1797

treatment of severe pelvic infections, since it can
replace the aminoglycosides for community and
(most) nosocomial infections. The chemical structure
of aztreonam apparently results in an absence of
allergic cross-reactions between this drug and the
penicillins or cephalosporins.

Vancomycin20

Vancomycin is a narrow-spectrum, complex glyco-
polypeptide antibiotic, which acts by inhibiting
synthesis of bacterial cell-wall peptidoglycan. Its
main indication is for therapy of methicillin-resistant
staphylococcal infections (both coagulase-positive
and-negative), and for treatment of serious methi-
cillin-sensitive staphylococcal infections when the
patient is intolerant to the penicillins and cephalo-
sporins. In addition, this antibiotic can be used to
treat enterococcal endocarditis in patients who have
serious penicillin allergy and cannot be desensitized.
Since vancomycin is bacteriostatic to streptococci, it
should be combined with an aminoglycoside (strepto-
mycin or gentamicin) with which it is synergistic and
bactericidal. Vancomycin is also the drug of choice in
resistant Corynebacterium spp. infections. It is poorly
absorbed when given by mouth, and pseudomembra-
nous enterocolitis caused by Clostridium difficile can
be treated with vancomycin given orally, in a dose of
125 mg four times daily for 7–10 days, although this
should be avoided if at all possible in order to mini-
mize the emergence of vancomycin-resistant entero-
cocci (VREF).

Besides the emergence of resistance among
enterococci the main adverse effects of vancomycin
include local irritation, so the drug must be given
intravenously. If infused rapidly the so-called ‘red
man’ syndrome may be produced, including an ery-
thematous or maculopapular rash involving the upper
portion of the body, with or without hypotension
and/or syncope. This is not a true allergic reaction,
and is probably due to a non-immunologically medi-
ated release of histamine. If this occurs, the drug may
be re-administered, provided it is infused slowly.
Vancomycin is excreted solely via the kidneys, and
the dose must be modified in patients with renal dys-
function, as auditory (and rarely vestibular) damage
may be produced. Rarely, drug fever or leukopenia
occurs.

Tetracyclines (tetracycline
hydrochloride, minocycline
and doxycycline)
These antibiotics have similar antibacterial spectra,
and exert their antibacterial activity by binding to
the 30 S ribosomes where they inhibit protein synthe-
sis. The tetracyclines penetrate well into the body

tissues and fluids. They are active against gram-
positive cocci including pneumococci and strepto-
cocci, gram-negative Enterobacteriaceae including E.
coli, H. influenzae and K. pneumoniae and anaerobic
bacteria (Propionibacterium acnes, Bacteroides spp.).
However, many of these organisms have developed
resistance to the tetracyclines, and these drugs are no
longer used as a first-line treatment when serious infec-
tions caused by these organisms occur. Chlamydia,
mycoplasmas, rickettsiae and some protozoa (includ-
ing Plasmodium falciparum) remain sensitive to these
drugs, which are now most frequently indicated for
ambulatory infections such as sexually transmitted
diseases. Approximately 50% of penicillin-resistant
gonococci are also resistant to tetracyclines. The main
indications for use of tetracyclines in serious disease
are for infections caused by rickettsia (e.g. Rocky
Mountain spotted fever, or Q-fever endocarditis), and
for brucellosis, relapsing fever (Borrelia recurrentis),
tularemia, cholera and plague (Yersinia pestis).

Metabolism, dosage and route
All tetracyclines are excreted by the kidneys via
glomerular filtration. Although they are excreted in
the bile, a large proportion is reabsorbed by the gas-
trointestinal tract. The dose of tetracycline is 500 mg
every 6 h, and of minocycline and doxycycline 100 mg
every 12 h on the first day, followed by 100 mg every
24 h.

Indications in obstetrics and gynecology
In gynecology, the main indication of tetracyclines is
for the treatment of C. trachomatis, M. hominis and
ureaplasma infections.

Use in pregnancy
Tetracyclines cross the placenta readily and are in
category D because they are known teratogens. They
should be avoided in pregnancy unless absolutely
essential (see below).

Adverse effects
The major adverse effects are gastrointestinal intoler-
ance, skin rashes and secondary infections of the
mucous membranes with Candida albicans (vaginal
candidiasis). Fatty necrosis of the liver may be caused
by intravenous tetracycline, especially if more than
2 g per day is administered, especially during preg-
nancy.21 Minocycline tends to produce dose-related
vestibular toxicity, with dizziness, ataxia, nausea and
vomiting. Phenytoin and barbiturates may shorten the
half-life of doxycycline by increasing hepatic metabo-
lism of the drug. Except for doxycycline, the tetracy-
clines aggravate renal failure by inhibiting protein
synthesis. Because of dose-related yellow mottling,
hypoplasia and enamel defects22 of developing teeth
and deposition in growing bones of infants where
they may disturb longitudinal growth,23 these drugs
should not be given to pregnant or lactating women or
to children under 8 years of age, unless under very

Kurjak-171.qxd  5/10/2006  12:03 PM  Page 1797



special circumstances, e.g. a short course in Rocky
Mountain spotted fever.24

Chloramphenicol
Chloramphenicol inhibits synthesis of bacterial pro-
tein by binding to the 50 S ribosomal subunit. It is
very well absorbed from the gastrointestinal tract even
in the presence of food, and is widely distributed
throughout the body tissues and fluids. This anti-
biotic is inactivated in the liver, and may reach toxic
levels when the glucuronyltransferase activity is low,
as occurs in liver disease or in the immature neonate.
Chloramphenicol is excreted rapidly and does not
accumulate in renal failure. It is a very wide-spectrum
antibiotic, which is effective against most Entero-
bacteriaceae,andhasexcellentactivityagainstB.fragilis.
Chloramphenicol is effective in brain abscesses caused
by susceptible organisms. It is an important drug in
the treatment of typhoid fever and severe rickettsial
infections in patients who cannot receive tetracy-
clines (e.g. during pregnancy).

The major adverse effect of chloramphenicol is an
idiosyncratic aplastic anemia that occurs in 1/40,000
to 1/100,000 courses of therapy, and is almost always
fatal. A dose-related bone suppression that reverses
when chloramphenicol is discontinued also occurs.
In liver disease and neonates chloramphenicol is bet-
ter avoided, but if it has to be given, serum levels must
be measured. Chloramphenicol inhibits the hepatic
microsomal enzymes so that the half-life of drugs that
are metabolized by this system (e.g. dicumarol,
phenytoin, chlorpropamide and tolbutamide) may be
prolonged.

Macrolides (erythromycin,
roxithromycin, clarithromycin
and azithromycin)
These antimicrobial drugs are all macrolides, and
have a similar, although not quite identical spectrum
(see below). In general, if an organism is resistant to
one member of this group, it is with some exceptions
resistant to all other members.

Erythromycin
This macrolide antibiotic acts by binding to the 50 S
ribosomal subunit, where it inhibits protein synthesis.
It is well distributed throughout the body except in the
CSF and brain. It is active against most bacteria that are
sensitive to penicillin G, and also against staphylo-
cocci, although the latter often become resistant when
the use of erythromycin is widespread. It is the drug
of choice for the treatment of M. pneumoniae and
Legionella,25 Hemophilus ducreyi and Corynebac-
terium diphtheriae infections. Erythromycin is also

active against C. trachomatis, M. hominis and
U. urealyticum. It can be used in penicillin-allergic
patients against T. pallidum. S. aureus is generally
sensitive to erythromycin but resistance does develop
during treatment, and while superficial infections
caused by staphylococci may be treated with this
drug, in severe or deep-seated infections (intra-
abdominal abscess) the organism tends to develop
resistance, and the macrolides should not be used.

Adverse effects
This is a very safe antibiotic, the most common prob-
lem being severe gastrointestinal disturbances. In addi-
tion, reversible hepatitis may be produced, particularly,
but not exclusively, by the oral estolate. Reversible
deafness may be produced by high dosages, espe-
cially when renal function is impaired. Erythromycin
may increase the serum concentration of cyclosporine
because of competition for protein-binding sites. All
the macrolides including erythromycin, clarithromycin
and azithromycin (see below) interact with terfe-
nadine and astemizole, to produce a prolonged Q–T
interval and life-threatening arrhythmias.

Metabolism, dosage and route
Erythromycin can be administered via the oral or
intravenous route. Oral preparations include erythro-
mycin base, which requires enteric coating to make it
palatable, stearate, which hydrolyzes to the base in
the duodenum, estolate and ethylsuccinate, which are
acid-stable. Erythromycin is excreted primarily in the
bile. The dose of oral erythromycin is 250–500 mg
every 6 h. The intravenous form is administered in
high doses (0.9 g every 6 h) for Legionella infections.

Indications in obstetrics and gynecology
Erythromycin may be used for staphylococcal or
streptococcal infections in penicillin-allergic patients
(see above). It is especially useful for the treatment of
C. trachomatis infection in pregnancy when tetracy-
cline is contraindicated.

Use in pregnancy
Erythromycin has been extensively used and is safe in
pregnancy.

Clarithromycin
Except for enhanced activity against H. influenzae
and Mycobacterium–avium complex, the spectrum of
activity of this drug is similar to that of erythromycin.
The dose varies from 250 to 500 mg every 12 h. The
most common side effect is gastrointestinal distur-
bance, but this is less frequent than with erythromy-
cin. Clarithromycin should only be used during
pregnancy when definitely indicated (e.g. infection
with Mycobacterium–avium complex).
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Azithromycin
Azithromycin has the same general spectrum of
activity as erythromycin, although it is slightly less
active against the gram-positive cocci, but more active
against H. influenzae.

Metabolism, dosage and route
Azithromycin is better absorbed than erythromycin.
Blood levels of the antibiotic are low, but the levels in
the polymorphonuclear leukocytes and in the tissues
at the site of infection are 10- to 100-fold higher than
serum levels. Moreover, the half-life in the tissues is
2–4 days, thus allowing earlier cessation of therapy
while the antibiotic remains active at the site of infec-
tion for several more days. The dose is 1.0 g as a
single dose for chlamydial cervicitis, and 2.0 g as a
single dose for uncomplicated gonococcal infections.
For lower respiratory tract infections the dose is
500 mg as a single dose on day 1, followed by 250 mg
once daily on days 2–5 for a total dose of 1.5 g.

Use in pregnancy
Currently this drug is not recommended in pregnancy
since no data are available regarding its safety.

Rifampicin
Rifampicin, a rifamycin compound, exerts its action
by inhibition of DNA-dependent RNA polymerase.
This antibiotic has an extremely wide antibacterial
spectrum, but is used primarily for the treatment of
tuberculosis. In addition, it is remarkably active against
both coagulase-positive and coagulase-negative
staphylococci. Thus, it is often recommended in infec-
tions caused by these organisms that are not res-
ponding well to therapy, or that are expected to be
difficult to eradicate, e.g. meningitis in the presence
of an artificial device, or endocarditis on an artificial
valve.26

Because of its marked in vitro activity against
Legionella spp. it is also sometimes recommended for
treating pneumonia caused by this organism, which
does not respond to erythromycin therapy. Among its
other indications is prophylaxis of meningococcal
meningitis in close contacts of infected patients. The
rapid emergence of resistance when rifampicin alone
is given is notable. Consequently, rifampicin is
usually administered with another antibiotic.

Adverse effects
A red-orange staining of urine, tears and soft contact
lenses may occur with short courses of therapy.
Gastrointestinal and cutaneous manifestations may
occur. Intermittent therapy and administration of
doses larger than 1200 mg/day have been associated
with an increased incidence of severe side effects,
including a flu-like syndrome, hemolysis, renal fail-
ure and even shock. Rifampicin is one of the most
active inducers of the hepatic microsomal enzymes,

and results in decreased efficacy of many compounds,
including barbiturates, cimetidine, oral contraceptives,
cyclosporine, digoxin, ketoconazole, β-blockers,
sulfonylureas, theophyline, thyroxin and warfarin.

Use in pregnancy
Rifampicin may be used for the treatment of tubercu-
losis in pregnancy.

Clindamycin
Clindamycin is bacteriostatic and acts by attaching to
the ribosome where it inhibits protein synthesis. It
has a similar antimicrobial spectrum of activity to
erythromycin, except that it is much more active
against B. fragilis and other β-lactamase-producing
anaerobes. It is thus indicated in aspiration pneumo-
nia where it may be used as a single drug, although
some authorities might still try penicillin G in this
situation when the circumstances are not critical.
Clindamycin can be used in association with an
aminoglycoside in intra-abdominal infections, and
also in penicillin- and cephalosporin-allergic patients
for streptococcal and staphylococcal infection (but
not for endocarditis).27 It reaches high concentrations
in bone, and is useful as a second-line drug in
osteomyelitis. Recently, clindamycin has been used as
an adjunct therapy in resistant P. falciparum malaria.

Adverse reactions
The major serious adverse reaction to clindamycin
is the occurrence of pseudomembranous enterocoli-
tis,28 the result of a toxin produced by a colonic
overgrowth of C. difficile. The incidence of this com-
plication varies geographically and the onset may
occur several weeks after the administration of clin-
damycin has been stopped. It is not dose-related and
may occur after oral or intravenous administration.
The patient suffers from diarrhea that may be bloody,
abdominal cramps and fever, and the disease may be
fatal. Yellow-white plaques on the colonic mucosa
may be seen by proctoscopy. The toxin of C. difficile
can be detected in nearly all patients with this com-
plication. The treatment includes prompt cessation
of clindamycin administration, and either metronida-
zole (250 mg every 8 h) or vancomycin (125 mg every
6 h) should be given orally as therapy against the
toxin-producing organism.

Metabolism, dosage and route
Clindamycin is metabolized by the liver, and excreted
in an inactive form in the urine. Reduction in dose
should be made for patients with liver impairment or
severe renal impairment. The dose ranges from
600 mg every 8 h intravenously, to 150–300 mg orally
every 6 h. The dose recommended for C. trachomatis
infection is 450 mg every 6 h.
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Indications in obstetrics and gynecology
Clindamycin is indicated in polymicrobial infections
of the pelvis including pelvic abscess, tubo-ovarian
abscess, endometritis and infection following hys-
terectomy. In these cases, it should be combined with
an aminoglycoside. C. trachomatis can be treated with
clindamycin, which can also be used for susceptible
gram-positive infections including non-enterococcal
streptococci and staphylococci. Clindamycin 300 mg
every 12 h for 7 days, or clindamycin cream 2%
intravaginally twice daily for 5 days are effective in
the treatment of bacterial vaginosis.

Use in pregnancy
Clindamycin is probably safe in pregnancy, and if
necessary can be used. However, there are no specific
infections requiring clindamycin during pregnancy.

Aminoglycosides (streptomycin,
kanamycin, gentamicin, tobramycin,
netilmicin, amikacin and neomycin)
These antibiotics act by binding to the 30 S bacterial
ribosome whereby they disrupt protein synthesis, but
are nevertheless bactericidal. They have an extremely
wide spectrum of activity, especially on the gram-
negative Enterobacteriaceae and P. aeruginosa, and
are also active against staphylococci. Even though
Salmonella spp. may be sensitive in vitro to the
aminoglycosides, they are not effective in vivo in the
treatment of infections produced by this group of
organisms. On the other hand, although aminoglyco-
sides are ineffective against streptococci, they are
synergistic with penicillin or vancomycin against
these organisms. Uptake of the aminoglycosides by
bacteria is oxygen-dependent, so that these drugs do
not inhibit anaerobic bacteria. Since these drugs are
not metabolized and are rapidly excreted via the renal
route only, the half-life increases markedly with
declining renal function. In renal failure, it is prudent
to avoid the use of aminoglycosides. Serum trough
levels should be monitored to prevent accumulation
of the drug in the case of poor renal function or in the
elderly. On the other hand, the dose may need to be
greatly increased if the patient does not respond and
the serum levels remain below the maximum peak
recommended concentrations.

Streptomycin
Since most Enterobacteriaceae have acquired resist-
ance, this drug is used almost exclusively with other
drugs to treat: (1) endocarditis caused by S. viridans or
susceptible enterococci, together with penicillin or
vancomycin (in penicillin-allergic patients);29 (2) bru-
cellosis, together with tetracycline; (3) tularemia and
the plague (as a single drug) and (4) occasionally as
one of a combination of drugs in tuberculosis.

Streptomycin toxicity is mainly vestibular and auditory
and it is the least nephrotoxic of the aminoglycosides.

Gentamicin and tobramycin
These two drugs are very similar with regard to their
antibacterial spectrum and pharmacodynamics. They
show no clinically important differences, and con-
tinue to be the aminoglycosides of choice for serious
bacterial infections. Many community-acquired gram-
negative infections are now caused by organisms that
are relatively resistant, and the use of these drugs in
seriously ill patients on admission to hospital (e.g.
pyelonephritis with suspected septicemia) is appro-
priate. Gentamicin or tobramycin are also the amino-
glycosides of choice for severe hospital-acquired
infections caused by most Enterobacteriaceae and
P. aeruginosa (e.g. pneumonia, urinary tract infection,
septicemia). They are indicated in endocarditis
caused by viridans streptococci and enterococci that
display high-level resistance to streptomycin. In
febrile neutropenic patients, it is appropriate to admin-
ister gentamicin or tobramycin in combination with
other drugs (e.g. ureidopenicillins or third-generation
cephalosporins) that have a better gram-positive spec-
trum and that can be synergistic against gram-negative
organisms such as P. aeruginosa. Netilmicin is similar
to gentamicin and tobramicin in activity and dosage.

Amikacin
This is the aminoglycoside that is most resistant to the
aminoglycoside-modifying enzymes, and should be
used empirically when gentamicin resistance is
prevalent.

Adverse reactions of aminoglycosides
Adverse reactions include dose-related ototoxicity
and vestibular damage30,31 and renal toxicity. The
therapeutic–toxic ratio of all these drugs is low, so
that serum levels have to be monitored in these
patients who are usually seriously ill, since their renal
function often fluctuates and is not reflected immedi-
ately by the serum creatinine or blood urea nitrogen.
Another important, though rare, event is the produc-
tion of neuromuscular paralysis, which is enhanced
by the presence of curare-like drugs and in patients
with myasthenia gravis when very high concentra-
tions of the aminoglycoside are present at the neuro-
muscular junction.32 This should be avoided by not
giving intravenous bolus injections or introducing
large quantities of aminoglycosides into the pleural or
peritoneal cavities.

Metabolism, dosage and routes for aminoglycosides
These drugs are administered intramuscularly or
intravenously as a single dose or in three divided
doses (see Table 171.4). Recently, emphasis has been
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placed on the administration of aminoglycosides as a
single daily dose. This is possible because of the
prolonged postantibiotic effect of these drugs, of the
apparent lower renal and auditory toxicity with this
form of administration, and the greater efficacy of
aminoglycosides with high peak concentrations.
There is great variation in the individual response to
aminoglycoside administration, so that serum levels
should be monitored, especially in the obese, during
the puerperium, and in the presence of renal impair-
ment. The dose has to be modified in accordance with
renal function, response to treatment and serum
antibiotic levels. Aminoglycosides should not be
mixed with β-lactams in the same solution since
chelation inactivates the aminoglycoside.

Indications in obstetrics and gynecology
These drugs are used in particular for severe urinary
tract infections, and, in combination with clin-
damycin, for serious soft tissue pelvic infections.
Their use is often limited to the initial therapy until
culture results are available, after which less toxic
drugs may be used in their stead.

Use of aminoglycosides in pregnancy
Streptomycin is known to cause eighth nerve damage
in utero. Although pregnancy should not be considered
an absolute contraindication to the other aminoglyco-
sides, these drugs should be avoided if possible.33 Only
gentamicin is listed in category C. The serum levels
attained in pregnancy are lower than expected, because
of the increased volume of distribution, and must be
carefully monitored. Aminoglycoside doses and rec-
ommended serum levels in adults with normal renal
function are shown in Table 171.4.

Metronidazole34

Metronidazole has been used for many years for the
treatment of parasitic infections caused by Giardia
lamblia, Entamoeba histolytica and Trichomonas
vaginalis, but is now the major drug for the treatment
of infections caused by anaerobic bacteria.35 Its mode
of action is not clear, but is thought to be bactericidal

via the toxic effect of reductive activation of the com-
pound within the bacterial cell in which there is an
interaction with DNA. Metronidazole is most active
against the gram-negative anaerobic bacteria, includ-
ing those that produce β-lactamase, and less active
against the anaerobic gram-positive cocci such as pep-
tostreptococci. It is, however, bactericidal against
Clostridium perfringens and B. fragilis, and is thus
indicated in the rare instances of meningitis or endo-
carditis produced by this organism. Metronidazole
also has activity against Helicobacter pylori and
Gardnerella vaginalis. Its main indication is in the
treatment of deep-seated anaerobic infections, such as
in the diabetic foot, intra-abdominal surgical infections
and aspiration pneumonia. In all these infections, it
should be administered together with a drug that is
active against the accompanying aerobic flora that is
almost invariably present. Metronidazole is as useful
as vancomycin in antibiotic-associated pseudomem-
branous enterocolitis produced by C. difficile.

Metabolism, dosage and route
Metronidazole is very well absorbed, and diffuses
well into nearly all tissues. It is eliminated primarily
via the liver. Oral doses vary between 2 and 4 g as a
single dose (for trichomoniasis) or 250–750 mg every
8 h. Giardiasis is treated with 250 mg tid for 7 days,
non-dysenteric amebiasis with 500 mg tid for 10 days,
and severe amebic disease with 750 mg tid for
10 days. In bacterial vaginosis, the dose is 500 mg bid
for 7 days. For pseudomembranous enterocolitis, the
recommended dose is 500 mg tid for 7–10 days.

Indications in obstetrics and gynecology
Metronidazole is the drug of choice in bacterial vagi-
nosis caused by G. vaginalis, in association with other
anaerobic organisms. Metronidazole gel 0.75% is avail-
able for this indication. Since it should not be used in
lactating women, it is not used as first-line therapy in
deep-seated pelvic infections following labor.

Use in pregnancy
Metronidazole has been used extensively during preg-
nancy without any apparent problem, but it is recom-
mended that it be avoided during the first trimester of

Table 171.4 Aminoglycoside doses and recommended serum levels in adults with normal renal function

Serum concentration (mg/l)

Antibiotic Standard dose (mg/kg/day) Peak Trough

Streptomycin 15 20–30 <5

Gentamicin 3–5 <10 <2

Tobramycin 3–5 <10 <2

Netilmicin 3–5 <10 <2

Amikacin 15 20–30 5–10
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pregnancy. Lactating women should not receive
metronidazole, or breast feeding should be discontin-
ued for 24 h following the administration of a single
dose of metronidazole.

Adverse effects
Serious adverse effects are rare. The major toxic reac-
tions are nausea and other gastrointestinal distur-
bances, an unpleasant metallic taste and peripheral
neuropathy following prolonged therapy with high
doses in patients with renal insufficiency. An
antabuse-like reaction may be seen.

Cotrimoxazole36

This drug consists of a combination of sulfamethoxa-
zole (a sulfonamide) and trimethoprim (a diaminopy-
rimidine), which are sequential inhibitors in the
bacterial synthetic chain of folinic acid. Cotrimoxazole
is well distributed in the body tissues and fluids,
including the CSF. The antibiotic is excreted in the
urine and bile, and when the creatinine clearance
decreases below 30 ml/min the dosage should be
adjusted.

Cotrimoxazole has a very wide spectrum of activity
against both gram-positive and gram-negative organ-
isms, but anaerobic organisms are resistant. Its main
use is in the outpatient setting for urinary tract infec-
tions. The recommended dose is one double-strength
tablet (trimethoprim 160 mg, sulfamethoxazole 800 mg)
every 12 h. It may also be used in other infections if the
organism that is isolated is sensitive in vitro.
Cotrimoxazole is the treatment of choice for pneumo-
cystis pneumonia infections in patients with AIDS.
In this condition, the maximum dose (20 mg/kg/day
trimethoprim and 100 mg/day sulfamethoxazole)
should be administered orally or intravenously for at
least 3 weeks, after which a prophylactic dose should
be continued. Another important indication for cotri-
moxazole is in patients with infections caused by
Nocardia asteroides, an important pulmonary and
intracerebral pathogen in immunocompromised hosts.

Use in pregnancy
Trimethoprim is in category C and is generally
avoided because it inhibits folic acid metabolism.
However, cotrimoxazole may be used in pregnancy
when indicated and other agents are not available.
Sulfonamides are in category B but should be avoided
near the end of gestation (third trimester) because of
the increased risk of kernicterus in the infant.
Kernicterus occurs when the sulfonamide competes
with bilirubin for albumin binding, thus causing
hyperbilirubinemia. The placenta can clear unconju-
gated bilirubin, but once the infant is born, it has
no elimination mechanism. Infants with glucose-6-
phosphate deficiency can develop hemolytic anemia
if the mother takes sulfonamides late in pregnancy.37

At high doses, gross fetal malformations have been

reported in animals,38 but in humans only two studies
suggest an association between these drugs and birth
defects.39,40

Adverse effects
Major adverse effects are rare, but include anaphylaxis,
severe cutaneous eruptions, Steven’s Johnson syndrome
and leukopenia, thrombocytopenia and hemolytic ane-
mia (especially in patients with glucose- 6-phosphate
dehydrogenase deficiency). In patients with AIDS, the
skin rashes and other toxicities seem to be more fre-
quent. Of special note in these patients is the bone
marrow suppression that is engendered by the combi-
nation of cotrimoxazole prophylaxis (or therapy)
and zidovudine therapy for the underlying AIDS
condition.

Nitrofurantoin
Nitrofurantoin is an FDA category B agent. Nitro-
furantoin is often an alternative to trimethoprim/
sulfamethoxazole for the prophylaxis and treatment
of lower urinary tract infections during pregnancy. It
has low serum concentrations and, to a very small
extent, crosses the placenta.

Use in pregnancy
Teratogenicity or fetal adverse effects have not been
observed in animal studies. Several clinical reports
support the safety of nitrofurantoin use during preg-
nancy.41,42

Adverse effects
Nitrofurantoin can induce acute hemolytic anemia in
patients with glucose-6-phosphate dehydrogenase
deficiency or with glutathione-deficient red blood
cells. No instances of hemolytic anemia have been
reported in newborns. However, the manufacturer
cautions the use of nitrofurantoin in pregnant women
at term and in infants less than 1 month of age.

Quinolones (norfloxacin,
ciprofloxacin, ofloxacin and
lomefloxacin)
All the quinolones have a similar structure, are bacte-
ricidal and act by inhibiting the enzyme topoiso-
merase (gyrase) that is required for the supercoiling of
DNA strands within the bacterial cell.

The quinolones have a wide spectrum of activity
and are particularly effective against the Entero-
bacteriaceae, including the common urinary pathogens
(E. coli, Proteus spp. and K. pneumoniae), Salmonella
typhi and S. paratyphi, and Shigella spp. They are
also effective against P. aeruginosa, even when given
orally. With regard to the gram-positive cocci, activ-
ity is shown against S. aureus and epidermidis,
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but against streptococci and anaerobes, activity is
borderline to poor, and failures are not infrequent. Con-
sequently, these drugs should not be used in commu-
nity-acquired and aspiration pneumonias, although
they have been very successful in hospital-acquired
pneumonia, and urinary activity against E. faecalis
is often sufficient. The quinolones also have activ-
ity against Legionella pneumophila, M. hominis,
M. pneumoniae and atypical mycobacteria. Ofloxacin
is also recommended for the treatment of infections
caused by C. trachomatis, and all the quinolones are
active against Neisseria gonorrhea and Hemophilus
ducreyi.

Nalidixic acid was the original quinolone, but,
because of rapid emergence of resistance, it is used
today only for urinary tract infection either as pro-
phylaxis for recurrent acute cystitis, or for therapy. It
can also be used as therapy for Shigella and other gas-
trointestinal infections. Norfloxacin is used almost
exclusively for infections of the urinary tract, whereas
ciprofloxacin, ofloxacin and pefloxacin achieve suffi-
ciently high concentrations within the body fluids
and organs to be useful when administered orally.
Ciprofloxacin and ofloxacin achieve high concentra-
tions within the macrophages and leukocytes. These
drugs can also be administered intravenously in seri-
ous infections when oral therapy is contraindicated.

Metabolism, dosage and route
Norfloxacin and ciprofloxacin are excreted by the
liver and kidney, whereas ofloxacin and lemefloxacin
are excreted mainly by the kidneys. A major advan-
tage of all the quinolones is that they are generally
well absorbed following oral administration. Antacids
reduce the absorption of quinolones and should not
be taken until at least 2 h after taking quinolones.
Sucralfate should be administered at least 6 h before
any quinolone.

The serum half-lives are prolonged, so they need
only be administered twice daily in most instances.

Indications in obstetrics and gynecology
In the community, the quinolones are used for first-
line therapy of more serious and complicated urinary
tract infections such as pyelonephritis and in patients
with kidney stones. The quinolones are also
extremely useful in treating uncomplicated gonor-
rhea, urinary tract infections, diarrheal diseases
(including traveller’s diarrhea) and chlamydial infec-
tions for which ofloxacin has been approved. In
the treatment of pelvic inflammatory disease the
quinolones need to be combined with an antianaero-
bic agent such as clindamycin or metronidazole.

These drugs should be used for the oral therapy of
infections that would otherwise require intravenous
administration of antibiotics. This allows for continu-
ation of therapy of serious infections on an outpatient
basis, after they have been controlled during hospital-
ization, e.g. pseudomonas osteomyelitis. They are

generally not used as first-line drugs for the treatment
of serious infections within the hospital, although
they have proven to be effective in serious infections
within intensive care units, in respiratory tract infec-
tions, osteomyelitis, infections of the skin and soft
tissues, and in intra-abdominal infections when
combined with antianaerobic therapy.43 Although they
cross into the CSF, their use in meningitis is anecdotal.

Use in pregnancy
These drugs are deposited in cartilage and result in
irreversible arthropathy in animal studies, so that
their use in pregnancy is contraindicated.

Adverse effects
The main adverse effects are gastrointestinal, rashes
(including photosensitivity) and rarely neurological,
including sleep disturbances, acute reversible toxic
psychosis and grand malseizures. Because articular
damage has been shown in juvenile animals these
drugs are presently not approved for use in children
under 18 years of age. They are also contraindicated
in patients with glucose-6-phosphate dehydrogenase
deficiency, in whom they may produce hemolysis.

Antituberculous drugs
Although safety in pregnancy of the drugs commonly
used to treat tuberculosis is unknown or poor
(Table 171.5), and only ethambutol is in category B,
they are not contraindicated during pregnancy
because of the risks to the pregnant woman resulting
from untreated tuberculosis.44

For active tuberculosis, isoniazid and rifampicin
are recommended as the initial treatment regimen.45

Ethambutol should be added unless primary isoniazid
resistance is unlikely. Pyrazinamide should probably
not be used because of the lack of teratogenic data.
Pyridoxine should be added to the regimen to protect
against isoniazid neurotoxicity. Isoniazid crosses the
placenta, but it appears to be well tolerated. The risk
of hepatotoxicity to the mother from this drug may be
increased during pregnancy. Neurologic abnormali-
ties have been reported in one small study.46

Streptomycin (category B) should not be used during
pregnancy since it can cause eighth cranial nerve
damage and deafness in children born to mothers
receiving this drug during pregnancy.

Antifungal agents
Amphotericin B
Amphotericin B (category B) is the treatment of choice
for systemic fungal infections, despite the availability
of the azole antifungal agents – ketoconazole, flu-
conazole and itraconazole. Nephrotoxicity and elec-
trolyte wasting are the most significant toxic effects
of amphotericin B but they do not occur any more
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frequently in pregnant women than in non-pregnant
women. Teratogenesis or persistent toxic effects have
not been found.47

Azole antifungals (ketoconazole,
fluconazole and itraconazole)
Safety in pregnancy has not been established.
Flucytosine is contraindicated during pregnancy
because of teratogenic effects observed in rats.48

Although the manufacturer does not recommend
breast-feeding by women using fluconazole, some
commentators have concluded that the use of
fluconazole is ‘probably safe’ during lactation.49

Antiviral agents
Acyclovir is used in the treatment of herpes simplex
virus (HSV) and varicella zoster virus (VZV) infec-
tions.50 Although its safety in pregnancy has not been
formally established, in animals it has not caused
toxicity or teratogenicity and numerous case reports
have been published describing its use in pregnant
women with disseminated HSV infections or VZV
pneumonia.51 Of 312 pregnancies followed prospec-
tively, there was no consistent pattern of fetal abnor-
mality or adverse outcome.52

Valaciclovir (category C), an acyclovir analog, is
rapidly converted to acyclovir in the intestine and
liver. It is better absorbed than acyclovir, thus pro-
ducing higher plasma concentrations of acyclovir.
Consequently, the effect on mother and fetus should
be similar to that of acyclovir, but this has not been
well studied.

Famciclovir (category B), a prodrug of penciclovir, is
similar in activity to acyclovir. Its safety during preg-
nancy is unknown. Ganciclovir and foscarnet (both

category C) have activity against cytomegalovirus
(CMV). Because of their severe toxicity and the lack of
studies of their use in pregnant women, there are no
current indications for either agent. The only case in
which the benefit of either drug may outweigh the risk
is in severe, sight-threatening CMV retinitis.

Anti-human immunodeficiency
virus drugs
There are numerous approved agents for use against
the human immunodeficiency virus (HIV). Zidovudine
(AZT), didanosine (ddI), zalcitabine (ddC), stavudine
(d4T) and lamivudine (3TC) all work by inhibiting
the reverse transcriptase enzyme produced by the
virus. Saquinavir inhibits the activity of the HIV pro-
tease enzyme and prevents cleavage of viral protein
precursors.

Zidovudine has not been associated with prema-
ture births, malformations or fetal distress.53 It
reduces significantly the risk of HIV transmission
from mother to infant by 67.5%.54 Women with CD4+
cell counts above 200 cells/mm3 and no clinical indi-
cations for antepartum zidovudine therapy took the
drug from weeks 14–34 of gestation and continuing
throughout pregnancy. The infants were then contin-
ued on therapy from 8 to 12 h after birth for a 6-week
duration.

Didanosine and saquinavir are in category
B. Saquinavir has not shown teratogenicity at plasma
concentrations in animals up to five times those
achieved in humans at the recommended doses.55

Zalcitabine, stavudine and lamivudine are all category C
drugs since at very high doses in some animals they have
been shown to be teratogenic or toxic, or to cause early
fetal death. Zalcitabine has been found to be teratogenic.

1804 Antimicrobial drugs in obstetrics and gynecology

Table 171.5 Antituberculous agents during pregnancy

Antituberculous agent Category Maternal toxicities Fetal/neonatal toxicities

Isoniazid C Hepatotoxicity Possible neurologic symptoms

Rifampicin C Hepatotoxicity, hypoprothrombinemia, No known teratogenicity in humans
bleeding

Ethambutol B Optic neuritis None known

Pyrazinamide C Hepatotoxicity Limited data

Streptomycin D Ototoxicity, nephrotoxicity Ototoxicity
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172 Preterm delivery and
infections
Y. Baytur and C. Şen

Birth before 37 weeks’ gestational age or before 259
days is defined as preterm birth according to the
World Health Organization.1 Preterm birth is the
major clinical problem associated with perinatal mor-
tality, serious neonatal morbidity and moderate to
severe childhood disability in both developed and
underdeveloped countries and its prevention is the
major aim of modern obstetrics. At present, there are
no effective diagnostic tests for preterm birth and
there are no effective treatments for this condition.
Preterm birth could be qualified according to its clin-
ical presentation: medically induced, preterm prema-
ture rupture of membranes (PPROM) and spontaneous
preterm labor leading to preterm delivery. We need
to be aware that preterm labor is not a disease, but an
event that may result from single or multiple, inde-
pendent or interdependent pathways. The etiology of
spontaneous preterm labor is multifactorial, but there
is overhelming evidence to implicate infection as
a possible cause in up to 40% of cases.2,3 Systemic
maternal infection (e.g. pneumonia, influenza) may
cause preterm delivery. However, the frequency in
developed countries is low.4,5 No large clinical or
epidemiologic study has implicated viral diseases
in the etiology of preterm delivery; however, both
cytomegalovirus and herpes simplex virus infections
may cause preterm delivery. Both urinary tract infec-
tion and periodontal disease may induce labor.6,7 In
a high proportion of pregnancies complicated by
preterm labor and preterm prelabor amniorrhexis, the
underlying cause may be ascending infection from
the lower genital tract. Abnormal colonization of
the lower genital tract with microorganisms, such
as Mycoplasma hominis, Ureaplasma urelayticum,
Group B hemolytic streptococci, Chlamydia tra-
chomatis, Gardnerella vaginalis, is associated with
intrauterine infection, preterm labor and also neo-
natal adverse outcome, such as cerebral palsy, chronic
lung disease of prematurity and fetal inflammatory
response syndrome (FIRS).5,8 Positive amniotic fluid
cultures, with organisms commonly found in the
vagina, are present in about one-tenth of pregnancies

in preterm labor with intact membranes and in more
than one-third of cases with preterm prelabor amnior-
rhexis.2 Vaginal organism first ascends into the chori-
odecidual space and stimulates an inflammatory
reaction in the placenta, membranes and decidua.
Preterm labor and delivery are then caused by a
maternal and fetal response to this inflammatory reac-
tion with increased prostaglandins secretion.8–21

This chapter will focus on the evidence that infec-
tion is causally associated with spontaneous preterm
birth and the interactions between microorganisms,
cytokines and prostaglandins and also adverse neona-
tal outcome.

The causes and mechanism of
intrauterine infection
In patients with preterm labor and intact membranes,
the amniotic fluid concentration of prostaglandins,
leukotrienes and cytokines is higher in those with
positive amniotic fluid cultures; in this group,
tocolytics are less successful in arresting labor than
in those with no infection.2 The most common path-
way of intrauterine infection is the ascending route,
although transplacental infections, accidental intro-
duction of pathogens into the cavity at the time of
invasive procedures and invasion of systemic mater-
nal infections may be involved.5 According to Romero
et al.,22 ascending intrauterine infection is considered
to have four stages. Stage 1 consists of a change in
the vaginal/cervical microbial flora or the presence
of pathologic organisms in the cervix. Some forms of
bacterial vaginosis may be an early manifestation of
this initial stage. In stage 2 microorganisms enter the
cavity and then reside in the decidua. After micro-
organisms create an inflammatory response in the
decidua, they invade the fetal vessels (choriovas-
culitis) or membranes (amnionitis), leading to intra-
amniotic infection (stage 3). Once in the amniotic
cavity, the bacteria may gain access to the fetus
through various ports of entry (Stage 4). Intrauterine
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infection is often chronic and asymptomatic until
labor or membrane rupture, without fever, abdominal
pain, leucocytosis or fetal tachycardia.23

It is necessary to define abnormal genital tract col-
onization. Lamont3 defined a classification of abnor-
mal genital flora. He divided abnormal genital tract
flora into four groups: (1) pathogens (Neisseria gonor-
rhoeae, C. trachomatis, Trichomonas vaginalis),
(2) Group B hemolytic streptococci, (3) enteropharyn-
geal organism (Escherichia coli, Enterococcus faecalis)
and (4) bacterial vaginosis-related organisms (anaer-
obes, M. hominis and G. vaginalis). A number of stud-
ies have shown that abnormal genital tract flora, either
in the form of bacterial vaginosis or as bacterial
vaginosis-related organisms, such as anaerobes,
Ureaplasma urealyticum, M. hominis or G. vaginalis,
is associated with preterm birth.24–26 However, it has
also been suggested that lower genital tract coloniza-
tion with U. urealyticum, M. hominis or G. vaginalis
is not associated with preterm birth.27–29 On the other
hand, these microorganisms are frequently found in
the amniotic fluid of the women with premature labor
and PPROM.30,31 In a recent clinical trial, Gerber et al.32

found that polymerase chain reaction testing of sec-
ond-trimester amniotic fluid for U. urealyticum can
identify women at risk of subsequent preterm labor
and delivery. U. urealyticum has been identified in
11% of asymptomatic women who underwent trans-
abdominal amniocentesis at 15–17 weeks’ gestation.
A subsequent preterm labor occurred in 58% of
urealyticum-positive women, compared with 4%
urealyticum-negative women.

A case-controlled study showed that cervical
infection with C. trachomatis at 24 weeks’ gestation
increases by two to three times the risk of preterm
delivery.33 But the results of studies have been con-
flicting.34–36 Romero et al.5 stated that the association
with prematurity in women with genital colonization
of C. trachomatis is unclear, but the treatment is indi-
cated because of serious neonatal adverse outcome,
such as pneumonia and ophthalmia neonatarum, in
case of vertical neonatal transmission. The presence
of T. vaginalis in pregnant women was associated with
an increased risk of preterm delivery, but the treat-
ment of trichomoniasis with metronidazole (two 2 g
doses) in asymptomatic women did not prevent the
rate of preterm delivery. Another microorganism that
may be related to preterm delivery and prematurity is
N. gonorrhoeae.37 It has been recommended to culture
samples from high-risk women during pregnancy and
to treat with antimicrobial agents. Amoxicillin plus
probenecid, ceftriaxone or cefixime may be used as a
treatment agent and have similar cure rates.

Group B hemolytic streprococci are worthwhile
considering in a class of their own because of the
devastating effects that these organisms can have on
low birth weight or preterm infants.37,38 Although
asymptomatic bacteriuria with Group B hemolytic
streprococci is a risk factor of preterm delivery and its

treatment is associated with a reduction in the rate of
preterm delivery, colonization of the lower genital
tract with Group B streprococci is not a risk factor for
preterm delivery.5

Asymptomatic bacteriuria is strongly associated
with preterm delivery, pyelonephritis and also mental
retardation and developmental delay in the fetus.39–42

Antibiotic administration to patients with asympto-
matic bacteriuria is associated with a significant
reduction in the rate of preterm birth.40 The incidence
of asymptomatic bacteriuria is reported as 2–14%
during pregnancy.41 Considering the relatively high
incidence of asymptomatic bacteriuria during preg-
nancy and its dangerous results, it has been recom-
mended to screen and treat asymptomatic bacteriuria
routinely in all pregnant women.41–43 Not enough
evidence was found to support one approach over
the other for the screening and treatment. The gold
standard for screening asymptomatic bacteriuria is
urine culture and it was recommended by the U.S.
Preventive Services Task Force that all pregnant
women be screened by urine culture at their initial
prenatal visit.39 However, it was suggested that the
routine use of urine cultures in the assessment of
preterm labor is costly and adds little value to obtain-
ing a diagnosis except in the presence of specific com-
plaints.44 The microscopic urinalysis and dipstick
urine tests may be used as effective and cheaper alter-
native methods for detecting asymptomatic bacteri-
uria.6,39 The treatment alternatives are single-dose
phosphomycin 3 g, one of the β-lactams (amoxicillin,
cefalexin, etc.) or nitrofurantoin for 3–7 days.39

Screening and treatment of bacterial
vaginosis to prevent preterm delivery
According to review articles and meta-analysis, bacte-
rial vaginosis increases the risk of preterm delivery by
approximately 40–60%.3–5,25,45,46 By the time a woman
is admitted with preterm labor, there may be irre-
versible changes in the cervix, which render attempts
to inhibit the process unsuccessful. It is important to
diagnose and treat abnormal genital tract flora in early
pregnancy before the symptoms of preterm delivery.
First, it should be defined as abnormal colonization
and classification of abnormal genital tract flora in
pregnancy. Bacterial vaginosis is a condition in which
there is a change in the microbial flora of the vagina
characterized by replacement of the lactobacilli by
other organisms, such as anaerobic bacteria, genital
mycoplasmas, G. vaginalis, etc. In most cases, the
condition is asymptomatic. The standard method for
the diagnosis of this condition is a Gram stain exami-
nation of vaginal fluid. However, the studies in the
literature that investigated the relationship between
bacterial vaginosis and preterm birth have used dif-
ferent criteria and assessment methods based on
either clinical finding or Gram staining. Recently,
Honest et al.47 have investigated the accuracy of
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various types of tests for bacterial vaginosis to predict
spontaneous preterm birth in pregnant women. In this
study, there were four different bacterial vaginosis
testing methods: gram-staining tests using either
Nugent’s or Spiegel’s criteria, gas liquid chromatogra-
phy and clinical (Amsel’s) criteria. They did not find
any difference in the accuracy of the various bacterial
vaginosis tests for predicting preterm birth in both
asymptomatic and symptomatic women with threat-
ened preterm labor. It was suggested that the presence
of coccobacilli in Pap smears within 4 weeks before
delivery was associated with a more than fourfold
increase in the risk of very preterm delivery (≤31
weeks) and the authors concluded that if coccobacilli
are detected in Pap smears during the second
trimester, antibacterial treatment may lower the risk
of very preterm delivery.48 The detection of fetal
fibronectin in cervical/vaginal secretion has been pro-
posed as a marker for clinically silent upper genital
tract microbial infections. The relationship between
bacterial vaginosis/fetal fibronectin and preterm
labor/birth has been investigated.49 The time interval
from gestational age at testing until delivery was sig-
nificantly shorter for +bacterial vaginosis/+fetal
fibronectin and −bacterial vaginosis/+fetal fibro-
nectin groups than for the groups with negative
results of fetal fibronectin and bacterial vaginosis.
However, it was recommended that the use of the fetal
fibronectin test should be limited to its negative pre-
dictive value and the use of antibiotics for preventing
preterm birth according to positive fetal fibronectin
results should be discouraged.50

Intrauterine infection may result from a chronic infec-
tion early in pregnancy that eventually becomes symp-
tomatic with contractions and leads to spontaneous
abortion or preterm labor and birth. Bacterial vaginosis
in early pregnancy may be a stronger risk factor of
preterm delivery than bacterial vaginosis later in preg-
nancy. In a meta-analysis that consists of 20,232 women,
bacterial vaginosis increased the risk of preterm delivery
greater than twofold. Higher risks were found in women
who were screened for bacterial vaginosis at <16 weeks
of gestation (odds ratio, 7.55; 95% CI, 1.80–31.65) or at
<20 weeks of gestation (odds ratio 9.91; 95% CI,
1.99–49.34).25 Screening after 26 weeks’ gestation was
associated with 1.4- to 1.9-fold increased risk, whereas
screening in the second trimester was associated with a
2- to 6.9-fold increased risk of preterm birth.45

Although the results of studies support the theory
of a chronic infection starting early in pregnancy,
strategies to screen for and treat bacterial vaginosis in
pregnancy remain controversial. Screening and treat-
ing bacterial vaginosis in low-risk asymptomatic preg-
nant women are not recommended.51,52 Tebes et al.53

reviewed the studies on effect of treatment on preterm
birth with levels of evidence ranging from I to II
between 1994 and 2001. They found that several trials
reported a decrease in the incidence of preterm labor
when bacterial vaginosis was treated, but most of

those trials were performed on women with a history
of preterm labor. Therefore, based on these studies
and the current guidelines of the Centers for Disease
Control and Prevention (CDC), they concluded that
treating pregnant women in high-risk populations,
who are diagnosed with bacterial vaginosis, provides
the clinician with an opportunity to possibly prevent
preterm labor in this population. In nulliparous
women without a history of preterm birth, treatment
is recommended if other risk factors are present
(e.g. gonorrhea or chlamidia). But in the general low-
risk populations, routine screening is not indicated.
The largest trial reported today is the ORACLE II. In
this study, 6295 women in spontaneous preterm labor
with intact membranes and without evidence of clin-
ical infection were randomly allocated to receive ery-
thromycin, co-amoxiclav, both, or placebo. Antibiotic
administration prolonged pregnancy and was associ-
ated with a significant reduction in the rate of mater-
nal infection. Unfortunately, antibiotic administration
had no significant effect on the primary neonatal out-
come, which included neonatal death, chronic lung
disease or major cerebral abnormality on ultrasono-
graphy before discharge.54

Lamont et al.3 criticized the ORACLE study and
emphasized three points in this investigation. First,
the women were not screened for infection. The etiol-
ogy of preterm birth is multifactorial and infection is
responsible for only 40% of preterm birth. It is logical
that antibiotics would not have any beneficial effect
on spontaneous preterm labor without infectious
etiology. Second, the antibiotics that were used in
the study (erythromycin and co-amoxiclav) are not
useful in bacterial vaginosis. Finally, one of the study
groups received a combination of erythromycin and
co-amoxiclav. Since one antibiotic is bactericidal and
the other bacteriostatic, the actions are cancelled out.
They suggested that the wrong antibiotics were used
in the wrong patients too late in pregnancy.

Recently, a meta-analysis including 11 trials with
ORACLE study and 7428 women shows a reduction
in maternal infection with the use of prophylactic
antibiotics but fails to demonstrate a benefit or harm
for any of the neonatal outcomes. The authors con-
cluded that antibiotic treatments cannot be currently
recommended for routine practice.55

However, Lamont et al.45 has used 2% clindamycin
vaginal cream for women with abnormal genital tract
flora before 20 weeks’ gestation and they reported
60% reduced incidence of preterm birth and the need
for neonatal intensive care when compared with the
placebo. Once the inflammatory mediators, such as
cytokines, have increased in fetomaternal tissues, it
may be too late or harmful to try and stop labor.
Antibiotics alone are unlikely to be helpful at that
stage. It is logical that antibiotics used to prevent
preterm birth should be given early in pregnancy in
high-risk and symptomatic patients with bacterial
vaginosis. Although intravaginal treatment may be
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effective on infections localized to the vagina, in late
stages, systemic rather than local vaginal antibiotic
regimens should be used.

Role of cytokines and other
inflammatory mediators
in preterm birth
Patterns of expression of cytokines in the fetal mem-
branes and decidua suggest that inflammatory activa-
tion occurs modestly with term labor, but much more
robustly in preterm delivery, particularly in the
presence of intrauterine infection. The placenta and
extraplacental membranes are sources of a large
number of cytokines, chemokines and related fac-
tors.11 In addition, infiltrating inflammatory cells,
especially monocytes/macrophages, produce these
cytokines in intrauterine tissues as the host reaction
to infections.10 Therefore, microorganisms that gain
access to the fetus may elicit a systemic inflamma-
tory response syndrome, which is characterized by
the increased concentration of interleukin-6 (IL-6)
and other cytokines, as well as cellular evidence of
neutrophil and monocyte activation.

Recent studies with complimentary DNA (cDNA)
array identified a cluster of inflammation-associated
genes upregulated with labor both at term and preterm
with infection and without infection.56 Normal-term
labor is associated with only a modest upregulation of
these chemokines and cytokines. In contrast, preterm
deliveries complicated with chorioamnionitis are
associated with a dramatically elevated expression of a
number of genes and proteins, particularly those of the
chemokine class. However, chemokine expression is
also elevated in gestational tissues with preterm labor
that have no evidence of infection. It was suggested
that an incidental exposure of infection may elicit an
inappropriately robust immune response in some
women, which fails to resolve and commences a feed-
forward inflammatory loop, triggering parturition.11

Major attention has been focused on the role of
proinflammatory cytokines, such as IL-1β, TNF-α and
IL-8. However, other proinflammatory and anti-
inflammatory cytokines together with chemokines
increase with preterm labor; examples include IL-6,

IL-10, granulocyte macrophage-colony stimulating
factor (GM-CSF), G-CSF, leukemia inhibitory factor,
platelet-activating factor (PAF), macrophage inflam-
matory protein (MIP)-1α, RANTES (regulated on activa-
tion, T-cell expressed and secreted) and growth-related
oncogene-α.5,8,10,11 Human decidua produces IL-1
and TNF-α in response to bacterial products, such as
lipopolysaccharides (LPS).57 Human amnion and
chorion also have the ability to produce cytokines on
stimulation with either LPS or IL-1 and TNF-α.58

Several cytokines and chemokines in cervicovaginal
and amniotic fluids, such as IL-1β, TNF-α, IL-6, IL-8 and

monocyte chemotactic protein-1 can be detected before
labor onset, particularly in women who deliver preterm
with associated intra-amniotic infection.2,8,11,21,59

Chemokines play a crucial role in the process by
regulating the leukocyte traffic. Leukocytes that are
abundant in the majority of tissues from microbiologi-
cally confirmed infection-positive pregnancies have
been shown to be activated in infection-associated
preterm deliveries. The primary cellular source of
cytokine production in the presence of intrauterine
infection is, therefore, likely to be leukocytes that are
recruited into the gestational membranes to fight the
pathogen.11 Recently, intra-amniotic secretion and
abundance of epithelial cell-derived neutrophil-
activating peptide (ENA-78), a potent chemoattractant
and activator of neutrophils, has been studied in term
and preterm parturition. It was found that ENA-78
was expressed immunohistochemically in chorionic
trophoblasts and amniotic epithelium in term and
preterm gestational membranes. ENA-78 increased
more in preterm labor than term labor in amniotic
membrane and showed a positive correlation with the
leukocyte infiltration. More interestingly, in amniotic
fluid, ENA-78 levels from pregnancies with preterm
labor with intra-amniotic infection were significantly
higher than those from pregnancies with preterm
deliveries without infection.60 Neutrophil defensins
(HNP 1-3), bactericidal/permeability-increasing pro-
tein and calprotectin (MRP8/14) are antimicrobial
peptides stored in the leukocytes that act as effector
molecules of the innate immune response. The asso-
ciation between the amniotic fluid concentration of
these peptides and the microbial invasion of amni-
otic cavity, PROM and parturition, was investigated.
Microbial invasion of amniotic cavity, PROM and
preterm parturition, was found to be associated with
the increased amniotic fluid concentration of these
peptides. Moreover, elevated amniotic fluid levels of
these peptides were associated with intra-amniotic
inflammation, histological chorioamnionitis and
shorter amniocentesis-to-delivery interval in patients
with preterm labor and intact membranes.17

In contrast to the increase in cytokine production
observed in the fetal membranes and decidua during
labor, the placenta involves less in the cytokine pro-
duction. Studies of placental cells and tissue in vitro
have demonstrated their ability to respond to inflam-
matory stimuli, such as pathogenic bacteria, LPS or
IL-1β, with increased production of cytokines (IL-1β,
IL-6, IL-10), chemokines (macrophage chemotactic
protein-1, IL-8) and prostanoids.11 However, the
response of the placenta to the stimuli of TNF-α is
very weak. The placenta might play a more important
role in cytokine signaling in the process of labor and
this process may be controlled by suppressors of
cytokine-signaling proteins.11

The suggested mechanism for the association
between intrauterine infection and labor is infection-
mediated release of cytokines, which stimulate

Role of cytokines and other inflammatory mediators in preterm birth 1809

Kurjak-172.qxd  5/10/2006  12:03 PM  Page 1809



production of prostaglandins that induce myometrial
contraction, cervical ripening and membrane rupture.
IL-1β and TNF-α are known to stimulate prost-
aglandin biosynthesis in amnion, chorion, decidua
and myometrium cells through an increase in cyclo-
oxygenase (COX)-2 synthesis and activity.10 These
cytokines also increase the expression of pro-
staglandin H synthase (PGHS)-2 and decrease the
activity of 15-hydroxyprostaglandin dehydrogenase
within the fetal membrane, which is one of the key
enzymes for prostaglandin degradation. PGHS-2 can
be increased rapidly up to 80-fold in response to
cytokines and bacterial endotoxins.12 IL-1β induces
PGHS-2 mRNA expression and prostaglandin E2
(PGE2) production in primary human amnion cells,
chorion and deciduas. IL-6 has also been shown to
stimulate prostaglandin production by the amnion
and deciduas.11 Protein levels of microsomal PGE2
synthase and COX-2 are stimulated by cytokines
(IL-1β and TNF-α) in human placenta and villous tro-
phoblast cultures.61 Dexamethasone and IL-10 reverse
these effects of IL-1β in cultured villous and chorion
trophoblast cells.20,62,63

Another possible mechanism for preterm labor
may be PAF-mediated uterine contractions. IL-1β and
TNF-α enhance PAF activity by suppressing the secre-
tion of PAF-acetylhydrolase (inactivating enzyme for
PAF). PAF stimulates PGE2 production by the chorion
decidua before labor and it may act synergistically
with other stimulatory cytokines in the fetal mem-
branes during labor.10

Cytokines increase the level of matrix metallo-
proteinase (MMP) expression and activity. The con-
centration of MMP-9 in chorion increases in term
and preterm labor. Since this gelatinase enzyme
contributes to the controlled degradation of collagen
within the fetal membranes, and MMP-9 activity is
increased by PGE2, MMP-9 may be responsible for
the PPROM.11,12 Furthermore, intrauterine infection
has been associated with higher MMP-9 concentra-
tions in amniotic fluid, whether or nor membrane
rupture occurred. TNF-α also stimulates MMP-1 and
MMP-3.11 Treatment with amniochorion explants
with LPS also results in an increase in MMP-2 secre-
tion and release.64 This effect of LPS on MMP-2 and
MMP-9 is inhibited by IL-10. MMP-3 is significantly
increased in amniotic fluid of women with term and
preterm parturition, but not in those with PROM.18

Cytokines and prostaglandins may produce apoptotic
effect on the membranes and lead to membrane rup-
ture.65 Expression of proapoptotic genes bax and p53
is increased in the amniochorion of women with
preterm PROM, while expression of the antiapoptotic
gene bcl-2 is decreased.66 It has been suggested that
Fas/CD95, a member of the TNF receptor superfamily,
which is expressed in the fetal membranes, might
play a key role in triggering the apoptosis, particularly
in the presence of infection. These cytokine-induced
and metalloproteinase-associated pathways may also
play a role in cervical ripening. The increase in IL-8

during cervical ripening correlates with increases in
leukocyte infiltration and concentrations of MMPs in
the tissue.11 Concentrations of IL-1β, TNF-α and IL-6
in the lower uterine segment also increase with cervi-
cal dilatation. IL-1β and TNF-α induce an increased
expression of endothelial adhesion molecules with
subsequent extravasation of granulocytes in the cervi-
cal stroma. The chemotaxis and degranulation of
these cells in the stroma are triggered by IL-8. Con-
centrations of inflammatory cytokines, especially IL-8,
in cervicovaginal secretion increases during labor and
may be responsible for cervical ripening.9,11 IL-8
production is activated by fibroblasts and macro-
phages. It plays a key role in cervical ripening, since
this cytokine induces chemotaxis, activation and
degranulation of neutrophilic granulocytes with the
consequent release of various proteases, including
collagenase.

Detection of intrauterine infection
and predicting preterm delivery
It is well known that the admission-to-delivery
interval is significantly shorter than in those cases
with intrauterine infection compared to those without
infection in preterm delivery. Attempts at prevention
of preterm delivery in those with intrauterine infec-
tion have generally been unsuccessful. For avoiding
unnecessary use of tocolytics, it is important to define
women with intrauterine infection. The diagnosis of
intrauterine infection is made by culture of amniotic
fluid and fetal blood in PPROM or preterm labor with
intact membranes. However, it takes at least 2 days
before the results of culture are available and conse-
quently, a series of rapid tests, such as Gram stain of
the amniotic fluid, leukocyte count and glucose con-
centration, have been developed to predict the pres-
ence of infection.2 The detection of proinflammatory
cytokines in the amniotic fluid has also been pro-
posed as a rapid test to predict preterm delivery.67

High concentrations of IL-6, IL-18, monocyte chemo-
tactic protein-1 in amniotic fluid were associated
with microbial invasion of the amniotic fluid, intra-
amniotic infection and prompt delivery.8,21 However,
these tests are required an invasive procedure and it
is logical to use a less invasive test for predicting the
possibility of preterm delivery.

The concentration of cytokines in the cervico-
vaginal secretions, maternal and fetal plasma as well
as amniotic fluid increases with microbial invasion of
the membranes in the preterm labor and PPROM cases.
The cytokines and chemokines involved in the infec-
tion-induced preterm labor have also been studied for
predicting preterm delivery. Cervicovaginal IL-6
demonstrated the ability to predict delivery between
2 and 7 days. Using 35 pg/ml as a cutoff, IL-6 had
a sensitivity and specificity of 60% and 77% for pre-
dicting delivery within 2 days, and 62% and 80%
within 7 days.68 High concentration of IL-18 in
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cervical mucus in contrast to amniotic fluid was not
found useful for predicting intra-amniotic infection
and prompt delivery.21 Monocyte chemotactic pro-
tein-1 in cervical secretions is elevated in preterm
labor and PPROM and correlates to intra-amniotic
infection/ inflammation.8 Another potential marker in
cervicovaginal fluid is intercellular adhesion mole-
cule-1 (ICAM-1) in women presenting with preterm
labor. Elevated ICAM-1 concentrations in cervical
secretions have been shown to predict short intervals
to delivery with high specificity. It has been found
that, sensitivity, specificity, positive and negative pre-
dictive value were 33%, 98%, 75% and 93%, respec-
tively, for predicting delivery within 3 days at 3-ng/ml
threshold.69 However, maternal serum levels of IL-6,
IL-8 and TNF-α are not increased in preterm labor
patients and the usefulness of maternal serum mea-
surement of cytokines for detecting early fetal infec-
tion in preterm labor is doubtful and needs further
evaluation.70

Although there is an association between infection,
cytokine production and preterm delivery, it is not
clear that a particular cytokine is required to signal the
onset of labor. Studies with the animals showed that
infection-induced preterm delivery does not require a
specific cytokine.71,72 However, tocolytics may prevent
preterm delivery through the modulation of cytokines.
Formoterol, a β2-adrenoreceptor agonist, has potent
tocolytic effects in the rats. It is blocked PGF2α

, IL-1α

and IL-6, but not IL-10 in LPS-induced preterm
delivery in rats.73 Intrauterine inflammation is associ-
ated with decreased serum progesterone levels and
decreased transcription of progesterone receptor-B in
animals. It has been shown that medroxyprogesterone
acetate (MPA) suppressed the activation of contraction-
associated genes and inflammatory mediators and pre-
vented cervical ripening in response to intrauterine
inflammation. LPS-induced preterm delivery rates in
rats reduced from 100% to 63% and 0% with treat-
ment with progesterone and MPA, respectively.74 It has
also been suggested that treatment with IL-10 prevents
LPS-induced preterm delivery in the rats.75

Neonatal consequences of
intrauterine infection
Intrauterine infection causes several acute or chronic
adverse events in the newborn, such as increased inci-
dence of neonatal infections, brain injury, cerebral
palsy and chronic lung disease.76,77 Neonatal sepsis in
patients with PPROM is probably acquired in utero
rather than during delivery. Supporting evidence is
provided by the finding that the incidence of neonatal
sepsis in pregnancies with positive amniotic fluid
cultures is much higher than in the general popula-
tion. Moreover, the causative organisms in neonatal
infections are similar to those in vaginal infections.

It is believed that fetal microbial invasion results
in a systemic fetal inflammatory response and this

reaction may progress towards serious complications
such as cerebral palsy, multiple organ dysfunction and
septic shock, if the fetus remains undelivered.5,13 This
condition is named as the FIRS and generally occurs
in fetuses of women with subclinical infection. The
level of inflammatory cytokines (IL-6) often elevates in
fetuses affected by this syndrome. Elevated cytokine
levels induce the infiltration of inflammatory cells into
the amnion and activate MMP in the fetus. As a result,
preterm birth occurs.5 The high levels of inflammatory
cytokines in the fetus are associated with the develop-
ment of bronchopulmonary dysplasia and periventric-
ular leukomalacia in the newborn.13,76 Except for the
elevation of fetal IL-6 levels, there is still no specific
clinical or laboratory sign of the FIRS. Umbilical cord
plasma IL-6 concentrations were higher in the neonates
born with funisitis than in those without this lesion.
Funisitis is associated with amniotic fluid infection,
congenital neonatal sepsis and the FIRS.78 Increased
IL-6 levels in the fetal plasma and the presence of the
funisitis are used for the diagnosis of the FIRS and
histologic findings of funisitis are better specificity and
positive predictive value for predicting impaired neu-
rological outcome.79 Although the FIRS seems crucial
to the association between intrauterine infection and
white matter disease in human preterm infants, the
underlying mechanisms remain unclear. In a rabbit
model of intrauterine infection, it has been shown that
in the fetuses with both diffuse cell death and focal
periventricular white matter cysts mimicking cystic
periventricular leukomalacia, a strong rabbit macro-
phageandinduciblenitricoxidesynthase immunostain-
ing was observed at the border of these cystic lesions. In
contrast, in the fetuses with only diffuse and significant
cell death, no inflammatory or astroglial responses were
detected in the white matter or hippocampus. In this
model, focal white matter cysts are accompanied by a
robust inflammatory response, and diffused cell death,
which may mimic the white matter and hippocampal
damage seen in very and extremely preterm infants,
occurs in the absence of a detectable brain inflammatory
response.80 Proinflammatory cytokines, such as IL-6,
have been implicated in the mechanisms that are
responsible for brain injury in cases of intrauterine
infection. IL-6 is a major mediator of the host response
to infection and tissue damage and may play a role in the
brain injury.

Fetal inflammation has been linked to the onset
of labor in association with ascending infection.
However, systemic fetal inflammation may occur in
the absence of labor when the inflammatory process
is secondary to a systemic maternal infection. In the
presence of intrauterine infection, for preventing FIRS
sequence, the fetus should be delivered timely, but
the problems related to prematurity should be con-
sidered. The use of antibiotics seems to be not useful
because the FIRS sequence has already been started
before antibiotic administration. Agents such as anti-
inflammatory cytokines may play a role in interrupting
this sequence but this should be investigated more.
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173 Perinatal infectious morbidity
in multiple pregnancies
I. Blickstein and E. L. Yashphe

Introduction
Multiple pregnancies seem to be more prone to
perinatal infectious morbidity compared with single-
ton gestations. Two explanations may support this
statement. First, preterm premature rupture of the
membranes (PPROM) is more frequent among multi-
ples and, second, the uterine cavity is more likely to
be accessed for diagnostic and therapeutic procedures
during a multiple gestation. In addition, multiples
are exposed to infections via the hematogenic route
to the same extent as singletons. Figure 173.1 is a
schematic depiction of the possible routes of infection
in multiple pregnancies.

In contrast to singletons, the unique situation of
discordant fetal infection may be seen in twins and
higher-order multiples, whereby only the presenting
gestational sac is exposed to ascending infection. In
this circumstance, it is possible that the presenting
twin somehow protects its non-presenting sib.

In this chapter, we shall discuss several issues
related to perinatal infectious morbidity among
multiples.

Preterm premature rupture
of membranes
A multiple gestation, within an overdistended uterus,
is an important risk factor for PPROM, leading to a
number of maternal and fetal/neonatal complications.
The mother is at a greater risk for developing chorio-
amnionitis, endometritis, and bacteremia. For the
fetus/neonate, the risk for PPROM-related morbidity
and mortality are even greater, resulting in premature
labor and preterm birth associated with respiratory
distress syndrome (RDS), intraventricular hemorrhage
(IVH), septic morbidity, and necrotizing enterocolitis
(NEC).

The incidence of PPROM is higher and occurs earlier
in multiple pregnancies.1 Mercer et al. compared
99 twin with 99 well-matched singleton pregnancies
complicated by preterm rupture of the membranes.
The authors found that PPROM occurs more fre-
quently in twin than in singleton gestations (odds
ratio, OR 2.1) and that PPROM at < 26 weeks’ gestation
complicated 1.4% of twin gestations (18.2% of those
with PPROM) compared with 0.52% of singleton
gestations (OR 2.71). Despite these differences, the
etiology of PPROM in twins seems similar to that
in singleton pregnancies with the main identifiable
cause being maternal genital tract infection. Uterine
overdistention, however, may also play a role in
multiple pregnancies. Not surprisingly, membrane
rupture usually occurs in the presenting sac, but may
develop in the non-presenting sac following invasive
procedures. Management of PPROM in twins depends
on the presence or absence of clinical maternal infec-
tion, labor, gestational age, and fetal well-being. The
management algorithm includes administration of
antibiotics and steroids, whereas immediate delivery

Figure 173.1 Potential routes of infection in multiple preg-
nancies: (A) ascending infection, (B) infection due to invasive
procedures, and (C) hematogenic infections.
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is usually reserved for cases with clinical evidence of
intra-amniotic infection, fetal distress, established
lung maturity, or more advanced gestational ages.

Several studies examined the perinatal outcome
after PPROM in twin compared with singleton gesta-
tions. Mercer et al.1 found no significant differences
in infectious morbidity in terms of chorioamnionitis
and postpartum fever between twin and singleton ges-
tations despite the presence of an intact amniotic sac
in the second twin. In contrast, Myles et al.2 observed
a somewhat higher incidence of chorioamnionitis in
singleton pregnancies and explained this finding by
the longer latency period among singletons – as was
also observed by Bianco et al.3 and Mizrahi et al.4 The
latter group compared perinatal outcomes in sponta-
neously conceived 435 sets of twins and 4754 single-
tons born preterm. Twin gestation had significantly
lower rates of PPROM and clinical chorioamnionitis
(12.2% vs.17.3%, and 1.8% vs. 5.2%, respectively).

In the case of multiple gestations, which are at a
greater risk of very preterm birth, the management of
extremely PPROM (EPPROM, < 25 weeks’ gestation)
seems to be more pertinent. In a recent series of
47 pregnancies including 10 twin and 2 triplet gesta-
tions, the comparison of multiple with singleton preg-
nancies with EPPROM at the same median gestational
age (22 weeks) revealed that fewer infants of a multiple
pregnancy were considered viable and admitted to the
neonatal intensive care unit (NICU).5 Among those
who were admitted, mortality rate was almost twice
higher despite a similar incidence of serious sequelae.5

Finally, it should be remembered that multiple
pregnancies are the best example of how imaginative
diagnostic as well as therapeutic methods are imple-
mented in modern perinatology. The invasive nature
of most of them undoubtedly increases the risk of
PPROM and infection. For example, laser treatment of
twin–twin transfusion needs several ports of entry,
amniocentesis for dizygotic twins usually needs two
punctures, and even simple lung maturity testing
needs needle insertion into both sacs.

Endometritis
Women with multiple gestations are at an increased
risk for several maternal complications compared to
women carrying singletons. Endometritis, an infection
of the endometrium or decidua, with and without
extension to the myometrium and parametrium, is the
most common cause of postpartum fever. Risk fac-
tors for this condition include prolonged rupture
of membranes and labor with multiple vaginal exami-
nations, both of which may be more prevalent in
multiple pregnancies and births. One might therefore
expect to find more cases of endometritis following
multiple pregnancies.

One large historical cohort study, addressing mater-
nal complications, evaluated 885,338 gestations, of
which 15,484 were twin gestations, delivered in Latin

America.6 A significant association between multiple
pregnancies and puerperal endometritis was found,
with a higher risk among nulliparous mothers. The
larger placental bed in multiple pregnancies and
the higher cesarean section rate (2.5 higher compared
with singleton pregnancies) were the explanation for
these findings.

As noted above, prolonged rupture of membranes is
a significant risk factor for both maternal and neonatal
infections. Indeed, the higher incidence of PPROM in
multiple pregnancies increases the risk for endometri-
tis, and this risk correlates with the latency period
between membrane rupture and delivery. The question
whether the mode of delivery affects the risk of mater-
nal infections is particularly pertinent because many
clinicians suggest a cesarean birth in the majority of
twin pregnancies and in practically all triplet pregnan-
cies.7 This question was studied by Suonio and
Huttunen,8 who prospectively compared the infec-
tious complications of 122 consecutive abdominal
twin deliveries with 761 singleton abdominal births.
The incidence of endometritis was nearly threefold
after twin deliveries and the incidence of abdominal
wound infections nearly twofold compared with sin-
gleton abdominal pregnancies. The risk of amnionitis
was increased 10-fold when 6 h elapsed after rupture
of the membranes in abdominal twin delivery, but
no such connection was found between amnionitis and
endometritis in singleton abdominal deliveries. The
authors performed a multiple regression analysis and
found only two risk factors for puerperal endometritis
after abdominal twin delivery: age under 25 years and
an interval of more than 6 h from rupture of mem-
branes to delivery. In contrast, a retrospective study of
93 consecutive triplet pregnancies with 71% vaginal
delivery found that vaginal delivery had no deleterious
effect on neonatal and maternal outcomes; however,
endometritis was slightly more frequent in the group
undergoing trial of labor as compared with the group
delivering by planned cesarean section.9

A study examining 718 twin births found that the
endometritis rate was higher in the cesarean group
than in the vaginal group.10 In the subgroup of vaginal
births, the incidence of endometritis was similar in
those deliveries with and without manipulations. The
length of time between delivery of twin A and twin B
did not affect the endometritis rate.

Discordant infection/inflammation
by chorion type
A unique situation exists in multiple pregnancies
whereby an ascending genital infection may not affect
both gestational sacs, resulting in discordant infection
or inflammation. Mazor and coworkers11 evaluated
microbial invasion of the amniotic cavity by transab-
dominal amniocentesis under sonographic guidance in
multiple pregnancies. Amniotic fluid from both sacs
was cultured for aerobic and anaerobic microorganisms

Discordant infection/inflammation by chorion type 1815
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as well as for Mycoplasma species. Amniotic fluid
was obtained from 74 patients. Sixty-eight women
delivered prematurely (91.9%). Amniotic fluid cul-
ture results were positive for microorganisms in nine
cases of the 74 patients in the study cohort, including
five isolated from the presenting sac (55.6%), three
from both sacs (33.3%), and one from the upper sac
(11.1%). Patients with a positive culture had a higher
incidence of clinical chorioamnionitis than those
with a negative culture.

The so-called Northwestern Twin Chorionicity
Study12 examined the question whether discordant
inflammation depends on chorionicity. The authors
retrospectively analyzed 1156 twin placentas to eval-
uate the association between chorionicity and dis-
cordant chorioamnionitis and funisitis in twin
gestations. This study found that in the case of
chorioamnionitis in dichorionic twins (with either
separate or fused placentas), the non-presenting twin
was less frequently affected than the presenting twin.
Such discordant inflammation was not apparent in
monochorionic twins (Figure 173.2). The results were
somewhat accentuated in the case of funisitis –
a more advanced state of inflammation (including
inflammatory evidence within the walls of umbilical
vessels or in Wharton’s jelly) (Figure 173.3). Whereas
the difference between dichorionic and monochori-
onic twins persists, discordant funisitis was great-
est among separate dichorionic twins, less so among
fused dichorionic twins, and absent among mono-
chorionic twins. The interpretation of these results
was that the dichorionic placentas confer significant
protection against the spread of chorioamnionitis
from the presenting to the non-presenting sac. The
difference between the separate and fused dichori-
onic twins implies that the paranchymal separation
between these placentas and not the dichorionic
septum might be responsible for the protection. In
simple terms, the different morphologic features of a
four-layer intertwin membrane and the separate
placentas may restrict the spread of inflammation.

More intriguing and somewhat puzzling is the find-
ing of twins discordant for infections with a presum-
ably hematogenic spread.13–16 For example, Vogler and
coworkers13 described a stillborn male twin from a
diamniotic–dichorionic pregnancy with disseminated
cytomegalovirus (CMV) identified morphologically
and the other was liveborn without clinical or labora-
tory evidence of CMV infection. The placenta of the
affected twin had chronic villitis but that of the live-
born was normal. The authors suggested that dissimi-
lar immune responses between the affected and
unaffected twin and direct extension of uterine CMV
infection to only one twin might be responsible for the
discordant infection. Similarly, Barlow and Mok14

described twin girls born at 37 weeks’ gestation to a
mother infected by human immunodeficiency virus
(HIV) and hepatitis C virus. Twin A had symptomatic
HIV infection by 9 months but was negative for hepati-
tis C virus antibody and RNA whereas twin B became
HIV antibody negative by 15 months but was positive
for anti-hepatitis C virus and RNA.

The discordant infection with HIV is particularly
important (see below).15,16 For example, the acquired
immunodeficiency syndrome-related complex was
identified in a mother and one of her dizygotic twins.
Generalized lymphadenopathy was first noted in
the infant at age 17 months. Both parents and the
patient had hypergammaglobulinemia, low T-helper-to-
suppressor-cell ratio, and positive serum antibody to
HIV. The twin brother was in good health with a normal
immunologic profile and negative antibody to HIV.13

Infection and delayed interval
delivery
When a multifetal pregnancy is complicated by
PPROM and premature labor, in particular at a previ-
able stage, it may be possible to deliver the present-
ing fetus and to salvage, by delayed interval delivery,
the second twin (or more fetuses in higher-order

Figure 173.2 Frequency (%) of chorioamnionitis by chori-
onicity and presentation. 1, Presenting twin; 2, non-presenting
twin. DC, dichorionic; MC, monochorionic. Adapted from
Phung et al.12

Figure 173.3 Frequency (%) of chorioamnionitis and funisits
by chorionicity and presentation. 1, Presenting twin; 2, non-
presenting twin; DC, dichorionic, MC, monochorionic. Adapted
from Phung et al.12
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pregnancies). In this circumstance, precious time may
be gained, thus reducing the risks of prematurity for
the undelivered fetus(es). Because of the rarity of this
situation, the literature on the subject comprises case
reports and relatively small series. In addition, a
publication bias may exist, whereby successful cases
are reported whereas complicated cases are not pub-
lished. In order to consider delayed interval delivery
after PPROM of one gestational sac, a number of con-
ditions must be met: most important, intra-amniotic
infection should be excluded. If the situation is appro-
priate, management comprises high ligature of the
first twins’ cord, strict bed rest, aggressive tocolysis,
prophylactic antibiotics, and steroids. The use of cer-
vical cerclage is controversial, and the use of antico-
agulation may be considered in some cases.17 A recent
retrospective cohort study matched delayed deli-
veries with twin pairs that were delivered without
delay and compared the perinatal outcomes and
infant survival.18 The mean duration of delay was
6 days. The authors found that 56% of the delayed
second twins survived to 1 year of age compared with
24% of second twins born immediately.

Conceptually, one should assume that the birth
of the presenting fetus was a result of an infectious or
inflammatory process. Therefore, with the success rates
in mind on the one hand, and the alternative of deliv-
ering multiples before or at the limit of viability on the
other, it is important to consider the risk of chorioam-
nionitis in such cases.

Chorioamnionitis seems to be a universally accepted
contraindication to attempting delayed interval birth in
a multiple gestation. However, Watson and McNelis19

maintained that infection is not an absolute contraindi-
cation for such a heroic procedure, and present a delay
of 88 days between the birth of the two infants, in
which chorioamnionitis was observed immediately
after the delivery of twin A and successfully treated
with antibiotics. On the other side of the scale, Hoffman
and Sciscione20 reported on a woman attempting inter-
val delivery of triplets at 21 weeks who developed
severe septic complications including chorioamnioni-
tis, acute RDS, and tubular necrosis 7 days after deliv-
ery of the first fetus.

Delayed interval delivery is discussed in length else-
where in this book. However, it is our personal view
that the risk of intrauterine infection (up to 30%) and
maternal sepsis (about 5%)21 should deter both clini-
cians and patients from attempting this kind of formi-
dable birth when chorioamnionitis is not categorically
excluded. Having said this, it seems that delayed deliv-
ery remains a therapeutic option in selected cases for
improving the survival rates of the remaining fetuses in
correlation to the latency period achieved.21

HIV in twins
There are two pertinent questions related to the
occurrence of congenital HIV infections: when does

transmission of infection occur during the peripartum
period and what role does the mode of delivery play
in determining the risk of infections? Because twins
share the same uterine environment as well as genetic
similarities, the evaluation of outcomes in twins
delivered to HIV carriers may lead to better under-
standing of the transmission of different infectious
agents, including HIV.

Several studies indicate that the majority of infec-
tions occur during labor or delivery and not ante-
partum. In this scenario, despite cases of intrauterine
infection, transmission occurs mainly due to exposure
of the newborn to blood, mucus, and other secretions
during the passage through the birth canal. Therefore,
one would expect to find a higher transmission rate
among first-born twins (similar to that found in single-
tons) compared with second-born twins. The results of
some studies concur with this hypothesis; however,
other studies found that infections were more concor-
dant than would be expected by chance.

In an international study, 66 sets of twins were
evaluated. This registry found HIV-1 infections to
be more common in first-born than in second-born
twins.22 A higher concordance was found in monozy-
gotic than dizygotic twins, implying that infection
in utero may exist at least in some cases. Another
study of 115 pairs confirmed these results and con-
cluded that HIV infection of second twins occurs pre-
dominantly in utero, whereas the infection of the first
twins occurs mainly intrapartum.23

In contrast to the above-mentioned findings, more
recently, a large study that examined 315 twin pairs in
Africa found different results.24 This group found that
birth order has no effect on the infection rate, either
in utero or perinatally in vaginal deliveries. Others
found similar results, albeit in a much smaller
sample.25 If indeed the major mode of transmission is
the passage of the neonates through the birth canal,
cleansing of the birth canal with virucidal agents or a
cesarean delivery could reduce the risk of transmis-
sion. In Africa, cleansing the birth canal during labor
did not seem to reduce the risk of infection, but these
results should be interpreted with caution because the
prevalent breast-feeding among the HIV-infected
women and the potential transmission during lacta-
tion cannot be excluded. Elective cesarean birth, on
the other hand, can minimize the risk of transmission
by reducing the newborn’s contact with maternal
infective secretions and the potential exposure to con-
tractions associated with labor and ‘micro’ maternal–
fetal blood transfusions during contractions. Many
studies found a reduction in transmissions when a
cesarean section was performed – up to 81% reduc-
tion in one study.24 This is especially true after
decreasing the viral load pharmacologically, although
a substantial proportion of first- and second-born
twins delivered in this way were found to be infected.
Indeed, several researchers25 believe that viral load
reduction may have a greater implication on infection
rate than the change in the mode of delivery. Several
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studies found discordant HIV infection in twins, but
also found different quasispecies of the virus in the
two sibs,26 as well as a different immune response to
the virus in the years following birth.27

These conflicting findings in twins highlight the
controversial nature of this issue. Because of the rare
occurrence of the combination of HIV and twins,
better understanding is expected only with a large
sample of cases.

Summary
Multiple pregnancies are associated with increased
risk of infectious perinatal morbidity such as

chorioamnionitis and endometritis, mainly as a result
of more frequent PPROM and higher cesarean section
rate. In addition, the uterine cavity is more likely to
be accessed for diagnostic and therapeutic procedures
during a multiple gestation. Finally, multiples are
exposed to infections via the hematogenic route to the
same extent as singletons. In contrast to singletons,
a unique situation of discordant fetal infection may
be seen in twins and higher-order multiples, whereby
only the presenting gestational sac is exposed to
ascending infection. This circumstance is an excellent
opportunity to study the relative role of hematogenic
and contact disease transmission during parturition
in cases of blood-borne infections such as HIV.

1818 Perinatal infectious morbidity in multiple pregnancies
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174 The assessment of labor
W. R. Cohen and E. A. Friedman

Assisting women during their labor and delivery is a
remarkable privilege and a weighty responsibility.
To do it well requires a clear and comprehensive
understanding of the physiology of labor and delivery,
sensitivity to the emotional and physical needs of the
parturient, fine clinical judgment, and good dexterity.
The oversight of labor and delivery is among the most
challenging and important endeavors undertaken
by obstetricians and midwives. That oversight is
important to all pregnancies; it takes on special
importance when the prenatal course has been
complicated by maternal or fetal compromise or when
certain risk factors for adverse outcome are present.
The management of labor often requires complex
decision making, and combines the need for skillful
physical examination and the interpretation of high
technology data in a serial fashion. Although most
labors will progress normally, the sapient observer
will be able to distinguish those that can benefit from
some medical intervention.

From the perspective of the obstetrician, a finite
number of clinical features of labor are readily
determinable that can potentially help establish
whether a labor is normal. These are the frequency,
intensity, and duration of uterine contractions, the
effacement and degree of dilatation of the cervix, and
the descent of the fetus through the birth canal. In
addition, related details about pelvic architecture,
fetal position, attitude, and cranial molding can be
ascertained, and assessment of fetal oxygenation and
the presence of infection carried out. Information
about all of these factors must be integrated and
interpreted periodically during labor to assess the
probability that a safe vaginal delivery can occur.
When that probability is low, the obstetric attendant
will opt for cesarean delivery as the best alternative
for mother and fetus.

While uterine contractions are of obvious
importance in labor, information about the contractile
pattern of the uterus is relatively little information as
to whether the labor is normal or not.1,2 We recognize,
of course, that neither cervical dilatation nor fetal
descent is possible without a sequence of strong
coordinated uterine contractions. Nevertheless,
because we are unable to utilize specific information

about the nature of the contractility pattern to assess
the labor clinically, we must focus on other features to
help determine whether or not the labor is normal. In
this regard, two features of labor, cervical dilatation
and fetal descent, constitute the essential functional
components of the work necessary for the pregnant
woman and her uterus to achieve in order for delivery
to occur.

During normal labor rather characteristic, repro-
ducible patterns in the course of progressive cervical
dilatation and fetal descent occur.3–5 These charac-
teristics have allowed the development of a practical
tool for following the course of an individual
parturient’s labor and thus provide objective evidence
for determining if her labor is normal. Furthermore,
this approach has permitted analysis of labor data
derived from large numbers of patients to help
elucidate the types and causes of abnormalities that
arise, the efficacy of various therapies for each of them,
and the prognosis for mother and fetus according to the
type of labor pattern and treatment given.3 This
information in turn can be used by obstetric attendants
to help manage individual patients optimally.

The labor graph
A pictorial representation of the labor process can be
obtained by using a simple square-ruled graphic
template (Figure 174.1). The horizontal axis of the
graph represents time elapsed during the patient’s
labor, in hours. The origin is the onset of labor,
although this is not always precisely determinable. To
avoid confusion or difficulty in this regard, use the
pragmatic criterion of the time when the patient
perceived the onset of regular uterine contractions.
Defining the onset of labor in this way avoids the
dilemma of having to identify labor more arbitrarily
on the basis of the cervix having achieved a certain
degree of effacement or dilatation.

The vertical axis of the graph is divided into 10
equal segments. Two scales are designated, cervical
dilatation and fetal station. Each division on the
dilatation scale represents a centimeter of dilatation,
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ranging from 0 (closed cervix) to 10 cm (full cervical
dilatation). The choice of 10 cm for full cervical
dilatation is a practical approximation because the
cervix will only dilate sufficiently to permit the fetal
presenting part to traverse it. Since most term-sized
fetal heads are approximately 9.5 cm in diameter this
number would be more accurate, but in most cases it
makes little practical importance. However, for
preterm or very large fetuses upward or downward
scales of adjustment would represent the true measure
of cervical dilatation needed to accommodate passage
of an individual fetal head.

Each division of the fetal station scale depicts a
centimeter of station, defined as the level of the
forward leading edge of the fetal presenting part with
reference to the plane of the ischial spines. The range
extends from –5 (5 cm above the referent plane, or
about the level of the true inlet of the maternal pelvis)
through station 0 (the referent plane of the ischial
spines) to station +5 (5 cm caudad to the plane of the
ischial spines, or the station at which crowning of the
fetal head occurs at the vaginal outlet). The use of this
system provides an accurate means to assess the rate
of descent of the fetus through the birth canal.

One constructs the patterns of cervical dilatation
and fetal descent by simply entering each clinical
observation at the appropriate place on the graph
(Figure 174.1). As additional data are collected from
the sequential examinations done during labor, each
dilatation and station observation is entered at its
appropriate position. In this way the patterns of dilata-
tion and descent are traced and observed prospectively
while the patient’s labor is evolving, providing a simple,
utilitarian, visual tool to evaluate labor progress in real
time. The addition of other pertinent information to
the labor graph can also be helpful. Thus, the relation-
ship of dilatation and descent to events such as rupture
of fetal membranes, analgesic or anesthetic administra-
tion, or the effects of oxytocin can be visualized readily.

The graphic method of labor analysis should be
mastered and employed by all who care for women
during labor. This recommendation notwithstanding, it
is obvious that labor curves cannot be used in a clinical
vacuum. They provide information vital to clinical
decision making, but which must be integrated with
other obstetric data. For example, information obtained
from the labor curves must be assessed in the context of
that derived concerning cephalopelvic relationships,
pelvic architecture, effects of medications, state of fetal
oxygenation and maternal condition in order to make
the most enlightened clinical judgments.

Normal labor pattern
While labor may be properly considered to begin with
the onset of regular uterine contractions that lead
ultimately to cervical dilatation and descent of the
fetus through the birth canal, biochemical and
biophysical preparation of the cervix and uterus begin
well in advance of that time. These changes are most
evident clinically in the maturation (ripening) of the
cervix and the development of the lower uterine
segment, as well as the increasing frequency and
intensity of Braxton–Hicks contractions.6,7 These
events are, to a variable degree, completed before the
onset of labor. The extent of this prelabor maturation
governs the duration of the latent phase of labor. The
latent phase, which commences with the onset of labor,
is characterized by little or no cervical dilatation for
some time despite the presence of uterine contractions
that may be quite strong. Notwithstanding the absence
of dramatic changes in dilatation, many important
events are taking place in the cervix during this portion
of labor. Biochemical modifications of the connective
tissue and ground substance occur, extensions of the
process of cervical maturation or ripening that, as
noted, often has begun prior to the onset of labor. This
breakdown of dense connective tissue within the
cervix results in a clinically palpable softening and an
increase in compliance that are necessary preliminaries
to the more active dilatation that will occur later.

The latent phase is followed in due course under
normal circumstances by an active phase. Together,
latent and active phases comprise the first stage of labor.
The active phase is characterized normally by rapid and
progressive change in cervical dilatation, continuing in
a linear fashion without interruption until it ends at the
onset of the second stage, when the cervix has retracted
around the maximum diameter of the presenting part
and is said to be fully or completely dilated. The
beginning of the active phase can be identified on the
graphic pattern by the upswing of the dilatation curve.
Interestingly, this generally occurs without any
discernible objective change in the uterine contractile
pattern and often without a subjective change in the
parturient’s perception of her contractions.

It is during the active phase that most of the
cervical dilatation is achieved. Although on average
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Figure 174.1 Characteristic patterns of normal cervical
dilatation and fetal descent as depicted graphically against
elapsed time.
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the active phase begins when the cervix has reached
about 4 cm dilatation, it often starts with a smaller or
larger dilatation; the degree of dilatation cannot,
therefore, be used as the sole indicator that the labor
is in the active phase.3,4,8 Some demonstration that the
rate of dilatation has accelerated is necessary.

The active phase is divisible into three recognizable
components. It starts with an initial acceleration phase,
followed by a central linear phase of maximum slope,
and is concluded by a terminal deceleration phase. The
acceleration phase represents the transition from the
nearly flat slope of the latent phase to the rapid
dilatation of the phase of maximum slope. The latter
typically traces a straight line in the labor graph
proceeding quickly to about 8–9 cm when, at the onset
of the deceleration phase, the curve appears to slow
down. There is no true slowing as the name implies,
but rather an artifactual appearance of slowing of
cervical dilatation just prior to the second stage. The
cervix continues in fact to dilate at the same rate, but as
it retracts around the presenting part the edges of the
cervix are moving more cephalad than laterally; hence
the lateral change in dilatation measured clinically and
plotted on the curve slows. Uterine contractions often
increase in frequency, intensity and duration at about
this time, and simultaneously the patient’s perception
of discomfort from the contractions is often markedly
enhanced. This portion of labor has sometimes been
called transition.

The curve of fetal descent is likewise divisible into
phases similar to, but not completely congruent with
those of the dilatation curve. It also begins with a latent
phase starting at the onset of labor, but the latent phase
of the descent pattern does not end at the same time
as the beginning of the active phase of dilatation.
It continues thereafter, not concluding until the
dilatation curve has completed almost all of its active
phase. The active portion of the descent curve
generally begins somewhere at or beyond the midpoint
of the phase of maximum slope of dilatation; it
ordinarily reaches its own maximum slope at the onset
of the deceleration phase of dilatation and no later than
the beginning of the second stage.

Once the active phase of descent begins, one can
expect fetal descent to continue without interruption
until the presenting part encounters the pelvic floor.
While the descent pattern is usually represented as
hyperbolic in shape, it does have a deceleration phase –
more correctly, a perineal phase-which is too short in
the usual clinical situation to be apparent in the graphic
pattern. The constant interrelationship between the
dilatation curve and the descent curve is an important
clinical diagnostic feature to aid in disclosing the
presence of labor abnormalities.

Abnormal labor patterns
The analysis of cervical dilatation and fetal descent
patterns in large numbers of cases allowed a detailed

analysis that provided information about the statistical
distributions of various aspects of the cervical dilatation
or fetal descent vs. time relationships. Thus, the mean,
central tendency, the 5th and 95th percentile confidence
intervals, and the range of each measured duration and
slope could be determined. Limits of normal for each of
the definable components were determined based on
these confidence intervals (Table 174.1).3–5,9

Labor disorders may be categorized into three
groups, based on similarities in their attributes and
prognostic implications: prolonged latent phase;
protraction disorders (of dilatation and descent); and
arrest disorders (arrest of dilatation or descent,
prolonged deceleration phase, and failure of descent)
(Table 174.2; Figure 174.2).

A prolonged latent phase, which often reflects
inadequate prelabor cervical ripening or some other
factor inhibiting progression into the active phase, is
diagnosed when the duration of the latent phase
exceeds 20 h in the nullipara and 14 h in the
multipara.10,11 A protracted active phase of dilatation
and protracted descent are diagnosed when dilatation
or descent occur in a linear progressive manner during
their active phase, but at a rate below the critical limit
of normal (the 5th percentile derived from a series of
labors uninfluenced by medical intervention).10,12,13 An
arrest of dilatation is identified when, having entered
the active phase, dilatation ceases for a period of at
least 2 h.10,14 (Although this is the standard definition,
some data indicate that 1 h of arrest of dilatation
is sufficient to make a diagnosis.)15 The analogous
disorder of descent, arrest of descent, can be diagnosed
when active descent has ceased for a period of 1 h.10,16

A special kind of dilatation abnormality, a
prolonged deceleration phase, reflects a delay in the
terminal portion of dilatation and is diagnosed when
the duration of deceleration of the dilatation curve
exceeds 3 h in nulliparas or 1 h in multiparas. If
expected descent does not begin when normally
anticipated, i.e. during the later portion of dilatation
or by the onset of the second stage, a failure of descent
can be said to exist.3
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Table 174.1 Limits of normal labor pattern components

Component Nulliparas* Multiparas

Latent phase duration (h) 20 14

Maximum slope of 1.2 1.5
dilatation (cm/h)

Deceleration phase 3 1
duration (h)

Maximum slope of 1.0 2.0
descent (cm/h)

*Includes parous women who have never had a vaginal delivery46

Kurjak-174.qxd  5/10/2006  12:25 PM  Page 1823



Prolonged latent phase
Labors with the descriptively named prolonged latent
phase are characterized by little or no change in
cervical dilatation despite many hours of regular
uterine contractions. The differentiation between a
prolonged latent phase and false labor (which
underlies about 10% of diagnoses of prolonged latent
phase) can seldom be made with any degree of
certainty, except in hindsight. The latent phase can be
prolonged by the administration of narcotics or
sedative agents for pain relief. Peridural anesthesia
has the capacity to prolong the latent phase con-
siderably, probably because uterine contractility is
more easily inhibited by analgesia and anesthesia
during this time of labor. Frequently (nearly 20% of
those with this labor disorder) the cervix has failed
to achieve the essential prelabor maturation and
preparation expected. That is, the cervix is long,

closed and resistant, rather than more favorably soft,
effaced and partially dilated. In such cases, one can
expect the latent phase will take a long time to modify
the cervix in anticipation of later active dilatation.

While the diagnosis of prolonged latent phase
sometimes lacks precision because of the difficulty of
ascertaining the exact time of labor onset, the simple
recognition of the fact that the latent phase may be
normally quite long is of considerable importance in
the management of labor. Prolonged latent phase
per se does not appear to confer an increased need
for operative delivery and is not a predictor of more
serious active phase disorders strongly associated
with the need for cesarean delivery. Moreover, its
presence does not appear to increase perinatal
morbidity.17–19 Ignorance about the normal course of
the latent phase sometimes leads nevertheless to
unnecessary cesarean section under the erroneous
assumption that continuous progress should be
expected in all phases of labor, or that very long labors
are always abnormal. Concern is sometimes raised
during the latent phase about the station of the fetal
head. A fetal head floating above the pelvic brim in
early labor is a risk factor for cesarean delivery later in
labor20; but this is true whether or not the latent phase
is prolonged.

Treatment of a prolonged latent phase may consist
of active efforts to stimulate uterine contractility or
heavy maternal sedation (Figure 174.3). Both are
equally effective. The conversion to active phase labor
generally occurs within 3 h. The choice between
uterine stimulation and therapeutic rest for treatment
of prolonged latent phase depends on the clinical
situation. Concerns exist about transient fetal
deoxygenation occurring with some kinds of narcotic
drugs,21 but no adverse outcomes after this kind of
treatment for prolonged latent phase have been
recognized. The approach does not seem to be associ-
ated with an increased rate of newborn depression,
although if the mother delivers unexpectedly early
a narcotic antagonist should be available for
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Figure 174.2 Labor disorders that can be identified on the
basis of deviations from the expected normal durations, slopes,
and patterns of the dilatation and descent curves are illustrated
graphically: (A) prolonged latent phase; (B) protracted dilatation;
(C) protracted descent; (D) arrest of dilatation; (E) prolonged
deceleration phase; (F) arrest of descent; (G) failure of descent.

Table 174.2 Abnormal labor patterns as defined by dilatation and descent curves

Dysfunction Nulliparas Multiparas

Prolonged latent phase >20 h duration >14 h duration

Arrest of dilatation 2 h without progress in active phase 2 h without progress in active phase

Arrest of descent 1 h without progress after 1 h without progress after active descent has begun
active descent has begun

Prolonged deceleration phase >3 h duration >1 h duration

Failure of descent No descent by deceleration phase or No descent by deceleration phase or 
second stage onset second stage onset

Protracted dilatation < 1.2 cm/h slope < 1.5 cm/h slope

Protracted descent < 1.0 cm/h slope < 2.0 cm/h slope
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administration to the newborn. Whenever a fetal or
maternal condition exists that could be worsened by
prolonging labor, active intervention should be used,
unless there is a contraindication to the admini-
stration of oxytocin. Similarly, when there is a reason
to minimize the duration of labor (e.g. infection,
pre-eclampsia) it is reasonable to intervene in the
latent phase even before it reaches the limit of normal.
The presence of prolonged ruptured membranes,
preeclampsia, early intrauterine infection or certain
acute maternal diseases thus favor an approach of
active stimulation of labor. The mother’s wishes
should be taken into consideration as well. Some
prefer oxytocin stimulation; others welcome the
interposition of some rest into an arduous and
stressful experience.

Prolonged latent phase is almost always innocuous
with regard to its potential impact on mother and
fetus. It responds to treatment in most cases (about
85%), and affected patients have no increased

disposition to develop more serious labor aberrations.
The fetuses of women whose labor is complicated by
prolonged latent phase generally do well and can be
expected to suffer no adverse consequences.11,17–19

Protraction and arrest disorders
The obstetric conditions associated with protraction
and arrest disorders are similar but the therapeutic
approaches to them differ (Figure 174.4).10,13,14 Both
dysfunctions are observed in association with cephalo-
pelvic disproportion, malpositions, excessive sedation
or anesthesia, and uterine infection.3,22,23 Myometrial
contractile dysfunction, which may be primary or a
consequence of the preceding factors, may also cause
or contribute to active phase dysfunction. Evaluation
of a parturient with an active phase labor abnormality
requires a search for associated, etiologic, or predis-
posing conditions. Careful clinical cephalopelvimetry
is useful to determine the likelihood of disproportion.
Assessment of factors such as pelvic architecture, fetal
position and attitude, the degree of molding of cranial
bones, and of dynamic aspects of cephalopelvic
relationships allows a reasonable judgment to be made
about the probability of disproportion. In addition,
vaginal examination during the peak of a contraction
in advanced cervical dilatation with gentle fundal
pressure applied (the Müller–Hillis maneuver) pro-
vides useful assessment of the degree of descent,
rotational tendencies, and attitudinal changes likely
to occur with subsequent contractions.24 Malpositions
occur commonly, and can probably cause or, at times
be a consequence of, active phase disorders. Labors
affected by a protraction disorder tend to be sensitive
to the inhibitory effects of sedation and anesthesia;
thus, these factors may aggravate an already existing
functional abnormality, rather than cause it.

If cephalopelvic disproportion seems unlikely and
position of the fetal head is normal, assessment of
uterine contractility, a search for chorioamnionitis,
and evaluation for the presence of drugs or other
factors that might inhibit labor are necessary. The risk
of dysfunctional active phase labor may be increased
in older mothers,3,25 but diagnosis and therapy should
not be influenced by maternal age.

No form of therapy has been shown effective in
correcting the slow rates of dilatation and descent in
protraction disorders that arise de novo. No matter
how much one may attempt to encourage contractility
with oxytocin, it does not appear to alter the dilatory
course of labor significantly. Amniotomy, though it
may be advisable in order to provide access for direct
fetal heart rate monitoring to assess fetal oxygenation
optimally in the presence of a protraction disorder,
may actually result in superimposition of an arrest
disorder.

Given the absence of benefit from ecbolic agents
and their potential harm, they are best avoided for
treating patients with a protraction disorder. This
leaves very little in our therapeutic armamentarium.
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Figure 174.3 Management of the latent phase of labor.
Prolonged latent phase is diagnosed when more than 20 h in a
nullipara or more than 14 h in a multipara have elapsed.
Oxytocin stimulation and narcotic sedation are equally effective
treatments, and are chosen according to patient preference and
the presence of factors that militate against prolonging the labor.
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We recommend that, once the condition is diagnosed
(and cephalopelvic determined to be unlikely), the
patient be advised of the nature of her condition and
the fact that the labor is likely to be quite prolonged
and uncomfortable. Women with a protraction
disorder need intense psychologic and social support
coupled, when possible, with the avoidance of
medications likely to retard progress further. Thus,
expectancy and careful observation for adverse
maternal or fetal development are essential. Oxytocin
may be of therapeutic value if the protraction disorder
appears to have resulted from some inhibitory
influence. For example, if the protraction dysfunction
was provoked by conduction anesthesia or by drugs that
have the potential to suppress contractility, oxytocin
may override these inhibitory influences and restore
normal dilatation. One randomized trial suggested
that oxytocin stimulation increased the rate of
dilatation in what was termed ‘primary dysfunctional
labor’, a diagnosis that probably included protraction
disorders; but the degree of enhancement was not
documented, and many patients responded to placebo
infusion.26 The role of epidural anesthesia in altering

the course of labor is controversial. The best
information supports the idea that a properly admini-
stered epidural (i.e. one using proper anesthetic or
analgesic drugs in appropriate concentrations and
achieving an optimal level of sensory block) probably
has little or no influence on the first stage of labor.27,28

It may, however, lengthen the second stage because
the sensation of the urge to push is blunted and
bearing-down may be less effective because of motor
blockade.

The maternal and fetal outcome after protraction
disorders is not optimal. A substantial number, at
least 25–30%, will require cesarean delivery because
of presumed cephalopelvic disproportion. Cesarean
section should also be considered whenever there is
any evidence of irremediable fetal distress or when
signs of chorioamnionitis develop at a time when
vaginal delivery is not likely to occur soon. If an arrest
disorder should supervene, the prognosis for vaginal
delivery worsens because disproportion becomes
increasingly likely.

Fetal prognosis depends principally on the method
of delivery that follows the protracted labor. If
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Figure 174.4 Management of the active phase of labor. Active phase abnormalities are frequently associated with cephalopelvic
disproportion (CPD), and thorough clinical cephalopelvimetry is therefore important. A good response to oxytocin in an arrest
disorder is defined as one in which the postarrest slope is equal to or greater than the prearrest slope. In protraction disorders it is
when the rate of dilatation or descent becomes normal.
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delivery can be achieved spontaneously by the
vaginal route or by cesarean section, there is no
discernible difference in outcome from that of infants
born after normal labor patterns, provided there is no
intervening factor placing the fetus in jeopardy.
Operative vaginal delivery, however, carries a worse
prognosis for the fetus. There is a threefold or greater
increase in perinatal mortality associated with both
low forceps and midforceps delivery.17 A long-term
deleterious impact on speech, language, hearing, and
I.Q. also occur with increased frequency.18,19

Arrest disorders are arguably the most important
labor aberrations because of their very common
association with cephalopelvic disproportion.14–16,22,29

When one or more of these abnormalities occurs,
there is at least a 40–50% likelihood that cesarean
delivery will be necessary because of disproportion.
The treatment of arrest disorders is uterotonic
stimulation, unless there is evidence of abnormal fetal
heart rate patterns or compelling indications of
disproportion. It is important to remember that
progress can be achieved by oxytocin even in the face
of major degrees of disproportion. This means that
one cannot use oxytocin infusion as a clinically
reliable ‘test of labor’ to demonstrate the presence or
absence of disproportion. It becomes essential,
therefore to ensure that disproportion is ruled out as
best as possible by evaluating the maternal pelvic
architecture and capacity, the fetal head dimensions,
molding, cranial bone overlapping, and the aggregate
of cephalopelvic relationships. When using the
Müller–Hillis maneuver, if the head is felt to advance
1–2 cm, often in association with appropriate rotation
and flexion, one can be confidently assured that no
disproportion exists at that level of the pelvis. If the
head is fixed instead, with no compensatory room
palpable around it to permit additional descent
without extreme molding, this represents clinically
evident cephalopelvic disproportion. In that case,
cesarean delivery would be acceptable with no further
trial of labor. When disproportion has been
reasonably excluded, oxytocin stimulation can be
expected to correct the arrest and result in vaginal
delivery in due course. If an error has been made –
that is, if one has failed to detect disproportion that
actually does exist – the subsequent pattern of
dilatation and descent will usually serve as a telltale
indicator. The postarrest slope of the curve (the
measurements of the rate of progress achieved after
oxytocin is begun) should be at least as great as the
prearrest slope; if not, special care must be taken to
reevaluate the maternal pelvis and its relation to the
fetal head before allowing labor to proceed.

Patients treated with oxytocin who have normal
postarrest slopes can be expected to deliver spon-
taneously without further complication. Instrumental
delivery is best avoided in these cases because of the
adverse impact it may have on the fetus. Overall, fetal
prognosis is poorer after labor complicated by an arrest

disorder. Although this can probably be minimized by
adequate fetal surveillance, careful assessment for
cephalopelvic disproportion, and use of the postarrest
slope for verification of adequate pelvic capacity,
results are still not quite optimal. Outcomes are
worsened when the delivery procedure that follows the
arrest disorder is low forceps or midforceps. Compar-
ably adverse long-term results are also seen with
increased frequencies of abnormal cognitive test results
and lowered intelligence quotients. These data suggest
that there may be an intrinsic adverse impact from the
labor abnormalities that constitute the arrest disorders,
and that this deleterious influence is enhanced by
attempts to effect delivery by the vaginal route.17–19

When oxytocin is given for the treatment of an arrest
disorder, about 85% of those patients who respond
with dilatation that resumes at or above the prearrest
rate of dilatation will have done so within about 3 h of
having the infusion initiated.3 Most such patients will
eventually deliver vaginally without complication. If
there has been no progress, or the new slope of
dilatation is lower than the prearrest slope, it may
generally be assumed that cesarean delivery is
necessary. More prolonged oxytocin administration
should be used only when the clinical situation
suggests a high likelihood of a safe vaginal delivery. In
some women arrest disorders resolve without the need
for oxytocin. This may occur spontaneously, or as a
result of awaiting abatement of inhibitory factors such
as excess anesthesia or infection.

The goal of oxytocin infusion should be indivi-
dualized, but should generally be the achievement of
firm contractions (about 50 mmHg in amplitude) that
occur every 2–3 min. Use of a quantitative measure of
contractility, such as Montivideo Units is sometimes
helpful; but the relation between contractility assessed
in this way and the likelihood of change in cervical
dilatation and descent has not been defined clearly.

Many obstetricians use artificial rupture of the fetal
membranes as a means to accelerate labor and,
specifically, to treat arrest disorders. This is based on
the widely held notion that rupture of the membranes
stimulates labor progress. The evidence for the latter
is controversial. While rupture of membranes can
certainly induce labor in some women, it is less clear
that the progress of an already-established active
phase can be augmented by rupturing membranes.
Such an effect, if it exists, must be modest.30–32 There
are probably some situations in which rupture of
membranes in an arrest disorder can effect change. The
few patients who do respond do so promptly. There is,
nevertheless, a virtue of ruptured membranes in the
presence of an arrest disorder. It allows direct fetal heart
rate monitoring, providing the most precise data for
heart rate pattern interpretation. This is of importance
because of evidence that dysfunctional labors may
predispose to abnormal fetal heart rate patterns.33

Also of potential use in the presence of arrest or
protraction disorders is changing maternal position.
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Using upright postures (squatting, standing, etc.) may
benefit some labors by altering pelvic diameters or
increasing uterine contractility.34–38 While convincing
objective proof of the efficacy of position changes is
lacking, they can cause no harm, and may do some
good. They should be tried.

A prolonged deceleration phase has the same
associations and etiologies as arrest disorders, and
should be assessed and treated in much the same
manner. It is of particular importance because of its
strong association with disproportion,3 as well as
with an increased risk of shoulder dystocia if vaginal
delivery occurs.39 It is frequently accompanied or
followed by failure of descent, and the combination of
these disorders makes safe vaginal delivery unlikely.

The second stage
The second stage of labor, which extends from
complete cervical dilatation to delivery of the fetus,
involves the major portion of fetal descent and
rotational movements (Figure 174.5). The efficiency
of the descent mechanism is assessed by measuring
the rate of descent of the presenting part through the
birth canal. This is preferable to judging the second
stage solely by its length. In fact, second stage
duration has little significant influence on neonatal or

maternal morbidity or mortality,40–43 except when it is
exceptionally long (more than 3 h).42 In that case the
very high frequency of cesarean delivery has an effect
on maternal outcome.

The rate at which active descent occurs is governed
by several factors, including uterine contractile force;
voluntary maternal expulsive efforts; fetal size,
position and attitude; the deformability of the fetal
head; pelvic architecture; and the characteristics of
the pelvic of pelvic floor. Each should be assessed
clinically to help judge the likelihood of vaginal
delivery. In this regard, all obstetricians should be
capable of performing a thorough and systematic
examination of the pelvis and the cephalopelvic
relationships. Information from such an evaluation is
necessary to make informed judgments about
delivery.40 For example, an arrest of descent often
occurs in the midpelvis with a posterior position of
the occiput. This may be an entirely appropriate
position in a large pelvis with anthropoid features. In
such a case, if the sacrum is inclined posteriorly and
the sidewalls parallel and minimal fetal cranial
molding, the arrest may be due to factors other than
disproportion. Continuing a trial of labor might be
appropriate. If, however, the arrest occurs in a pelvis
with a flattened sacral curve (preventing further
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Figure 174.5 Management of the second stage of labor. Progress is measured by the rate of descent rather than by elapsed time.
Fetal position, station, attitude and cranial molding should be assessed at each examination. A good response to oxytocin in an arrest
of descent is defined as a postarrest slope equal to or greater than the prearrest slope of descent. In protracted descent it is when the
rate of descent is normalized. CPD, cephalopelvic disproportion.
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descent as a posterior) and a narrow interspinous
dimension or convergent sidewalls (resisting anterior
rotation), with considerable overlapping of the cranial
plates evident, safe vaginal delivery may be far less
likely and cesarean section a reasonable option
without further labor.

Precipitate labor
While most concerns about dysfunctional labor have
focused on abnormally slow or arrested parturition,
excessively rapid labor may also have important
consequences. Precipitate labor has been defined in
two ways: labors that are exceptionally short (usually
< 3 h); labors in which there is abnormally rapid
cervical dilatation or fetal descent. There is greater
virtue in the latter approach because it excludes
labors that are short simply because the latent phase
is short (usually related to advanced cervical ripening
prior to labor onset). There is evidence that the excess
morbidity that can accrue to fetuses exposed to very
short labors (meconium passage, abnormal heart rate
patterns and low Apgar scores) affects predominantly
those with precipitate dilatation or descent.44 These
are defined by rates greater than 5 cm/h in nulliparas
and 10 cm/h in multiparas.3 Of course, spontaneous
precipitate labor can generally be neither predicted
nor prevented. When oxytocin is being used to
stimulate contractility, however, it is important to
avoid provoking excessive uterine contractility forces
leading to high rates of dilatation and descent.

Conclusion
The approach to the assessment of labor outlined above
requires a disciplined style of evaluation and treat-
ment. This allows a considerable degree of evidence-
based clinical objectivity to be combined with clinical
art to yield optimal results for both mother and fetus. If
we aspire to a uniform standard of nomenclature, we
will enhance communication, permit objective study of
labor, and maximize outcomes.45

Oxytocin or therapeutic rest may be used with
equivalent benefit for prolonged latent phase. Expec-
tancy and support are most appropriate for protrac-
tion disorders and oxytocin stimulation is best for
arrest disorders, provided that cephalopelvic relation-
ships have been judged adequate. If there is a high
likelihood of disproportion based on clinical exami-
nation associated with either a protraction or arrest
disorder, cesarean section is recommended as the
option most compatible with safety. Such decisions
must always be made in the context of assessing all
available pertinent clinical data, with the parturient’s
full understanding of the situation, and with her
participation in decision making when appropriate.
The obstetrician cannot always guarantee a good
outcome for every labor; but through application of
the principles of assessment outlined in this chapter,
one can maximize diagnostic accuracy and patient
safety in the context of a satisfying and emotionally
enriching birth experience.
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Introduction
The need to time delivery has been recognized and
practiced for centuries. Although the indications have
doubtless changed during the past 200 years, with the
emphasis on fetal rather than maternal health in recent
times, effective and safe methods of achieving delivery
must always have been the primary objectives. Most
methods of inducing labor employed before the
20th century involved mechanical manipulations,
including Galvinism, repeated pressurized douches,
extra-amniotic aqua picea, tents, bougies and catheters.
The use of threats, incantations and chants was doubt-
less popular when nothing else was to hand, while the
administration of potions and latterly castor oil, qui-
nine, and posterior pituitary extract was also utilized.
During the past 50 years, labor induction has mostly
involved combining the recognized advantages of
physical stimulation with a pharmacologic myome-
trial stimulant.

During the 1980s and 1990s, patients’ acceptance
of when and how delivery was achieved became a sig-
nificant and sometimes overpowering consideration;
this has not necessarily always been in the long-term
best interests of mother or baby. In some countries, the
fear of legal redress if the pregnancy outcome is not
entirely favorable has become of such concern that
patient demands are frequently acquiesced to, and in
many cases requests for delivery by cesarean section
are agreed to even without a clear medical indication.
This chapter appraises the indications for and meth-
ods of labor induction and augmentation. It reviews
their virtues and risks, together with an assessment
of the views of the women whose labor has been
induced and a consideration of the economics of such
intervention.

Definition and rates
of labor induction
It is difficult to compare the rates of induction
between obstetric units, states or countries because of
variations in the definition of induced or augmented
labor. Examples of the differences that exist and

which will influence calculations of induction rates
include the following:

(1) When the membranes have spontaneously rup-
tured at term but labor has not established, to
stimulate labor is variably called induction or
augmentation;

(2) When efforts are made to ripen the unfavorable
cervix and labor commences, is variably listed as
induced or spontaneous labor; and

(3) There may be ready resort to elective prelabor
cesarean, particularly if the cervix is unfavorable:
should such cases be included with the statistics
for labor induction?

The first two examples should logically be included
in labor induction statistics. The concept of ‘cervical
ripening’ was widely acknowledged and introduced
into clinical practice by the late 1970s with the
adoption of local prostaglandin administration. The
changes that occur in cervical form during the latter
weeks of pregnancy are accelerated as labor establishes
and are thus not physiologically separable. It seems
inappropriate therefore to consider therapeutically-
induced cervical ripening and labor induction as two
distinct entities. Elective prelabor cesarean section
should be included with inductions under the all-
encompassing title of ‘timed’ deliveries.

In England and Wales between 1980 and 1995 the
induction rate varied between 16.8% and 20.6%
(Figure 175.1).1 This trend continued with just over
20% of births being induced in 2002–2003.2 The
equivalent rate for induction of labor in the USA in
2002 was 20.5%.3

Indications for labor induction
The indications for labor induction may be subdi-
vided into maternal, fetal, or social, or a combination
of these, and such indications may either be indicated
or anticipated. Table 175.1 illustrates many of the
indications that are widely acknowledged. An exam-
ple of the relative frequency with which the indica-
tions occur is shown in Table 175.2 of data derived
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from the Obstetrics Department in Oxford for 5980
labor inductions during 2000–2004.

Specific definitions and the relative importance of
the various indications for labor induction vary among
obstetricians and countries. ‘Post-term pregnancy’
leading to induction is probably the commonest
indication in many units, but definitions may include

any gestation beyond 40 completed weeks; cephalo-
pelvic disproportion may be managed by early induc-
tion at 38 weeks of gestation or ignored in the belief
that spontaneous labor is to be preferred and results in
a more favorable outcome. Some obstetricians con-
sider that cervical state should determine the timing of
delivery, particularly when ‘post-term pregnancy’ is
the indication for induction; it should, however, be
recognized that there is often a poor relationship
between cervical favorability and gestational age.

Hypertensive states constitute the second most
common primary indication for labor induction in
many obstetric units, generally because of anticipated
fetal or maternal problems rather than because of
evidence of deteriorating ill health for mother or
baby. The remaining unspecified indications are
varied, some probably universally accepted, such as
recent or current antepartum hemorrhage, diabetes
mellitus, red cell isoimmunization, demonstrable
placental failure and previous unexplained post-term
stillbirth, and others with little logic, such as fetal macro-
somia and suspected cephalopelvic disproportion.

Labor induction performed for maternal request or
convenience at term is widely frowned upon. However,
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Figure 175.1 Induction rates for England and Wales, 1989–2002.

Table 175.1 Common indications for induction of labor

Fetal Maternal Social

Clinical evidence Growth retardation Deteriorating health Specialist services availability
Antepartum hemorrhage Renal X-matched blood
Polyhydramnios Hypertension Anesthesia
Red-cell alloimmunization Psychological Fetal surgery
Diabetes mellitus Malignancy NICU/SCBU cot
Unstable lie Autoimmune Partner availability
Fetal infection Diabetic fragility
Macrosomia Intrauterine infection

Coagulopathy
Abruptio placentae
Polyhydramnios
Discomfort

Prophylactic indications Prolonged pregnancy Hypertension
Growth retardation Fetopelvic disproportion
Previous obstetric history Intrauterine fetal death
Ruptured membranes Previous section
Diabetes mellitus Ruptured membranes
Antepartum hemorrhage
Multiple pregnancy
Red-cell alloimmunization

Table 175.2 Indications for labor induction for 5980 patients in the John Radcliffe Hospital, Oxford, 2000–2004

Indication for induction 2001 2002 2003 2004 Total

Prolonged pregnancy (%) 31.5 28.2 26.6 23.1 27.2
Hypertensive disorders (%) 16.4 16.3 15 14.8 15.6
SROM without labor (%) 18.6 19.8 21.9 23.3 21
Fetal death in utero (%) 1.2 1.6 0.9 1.3 1.2
Term and social (%) 0.3 0.3 0.5 0.4 0.4
Other (%) 49.6 33.7 35 37.1 38.6
Total number of inductions 1363 1466 1577 1594 5980

SROM, spontaneous rupture of membranes
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the reluctance to accommodate such requests, believ-
ing that it is not in the best interests of mother or baby,
is at variance with the willingness to allow patients to
opt for delivery by elective cesarean section, usually
performed before full term, particularly in cases such
as breech presentation or previous delivery by section.
Such reluctance is not logical. As demonstrated later,
the rates of failed induction should be very low if the
induction is managed correctly, and the fear of this
should thus be limited.

Methods of induction
Cervical condition exerts a significant influence upon
induced labor outcome, and in consequence the deci-
sion about how to induce labor must take account of
the favorability of the cervix. To assist the obstetrician
in deciding how to induce labor, a cervical scoring
system is used. More than 12 different pelvic or cer-
vical scoring schemes have been described during the
past several decades, but that described by Bishop4

is the one most widely employed (Table 175.3). An
objective cervical scoring system is also essential
as a research tool to enable comparisons of different
induction methods and protocols to be made and to
allow new methods to be developed and introduced.

Two different approaches to induction are employed:
one relies on mechanical stimulation to provoke
cervical effacement, dilatation and ultimately uterine
contractions; the other uses pharmacologic agents to
modify cervical form, with or without stimulating
uterine contractions. Frequently, a combination of both
approaches is used. As a general principle, the simplest
inductions, those which probably precede the sponta-
neous onset of labor by a few hours to a day or two, rely
upon mechanical techniques alone, while the most
difficult inductions are often managed with pharmaco-
logic agents, frequently involving more than one drug
and often combined subsequently with a mechanical
stimulus. Figure 175.2 lists the various techniques or
agents used with reference to cervical condition.

Prior to the induction being started, a final check
should be made to ensure that the indication to induce
still pertains, and any specific labor management that
may be required as a consequence of the indication
should be reaffirmed. Palpation of the abdomen
should confirm that the fetal lie is longitudinal and

the presentation is as anticipated; the fetal heart beat
should be present and healthy unless fetal death is the
indication for the induction. Induction should not pro-
ceed if the fetal lie is not longitudinal; manipulation of
the fetus to a longitudinal lie followed by management
to ensure that the lie remains stable during the induction
process can be employed.

The place for the routine use of continuous elec-
tronic fetal heart rate monitoring and intrauterine
pressure measurement has still not been proven. The
reliance on continuous electronic heart monitoring
has unfortunately led to less clinical attention being
paid to the duration and intensity of uterine contrac-
tions; this should be discouraged since valuable infor-
mation about labor progress is often overlooked.
A return to more clinical vigilance of uterine contrac-
tility, which remains an important part of the manage-
ment of labor, is to be encouraged. Adequate analgesia
should be available, as for spontaneous labor, and
ideally should include the simple approaches such as,
inhalational gases, parenteral narcotics and regional
amnesia: some of the newer approaches including
transcutaneous electrical nerve stimulation, massage
techniques, aromatherapy and use of a birthing pool,
although claimed to be beneficial, have not yet been
shown objectively to offer any advantage.

Induction when the cervix is
favorable (Bishop score > 6)
With a ripe or favorable cervix, mechanical methods
of induction, which probably act by stimulating
release of endogenous prostaglandins, and thereby
promote uterine contractions, are frequently all that is
required to achieve established progressive labor.

Membrane sweep and cervical stretch
When the cervix is particularly ripe, simple cervical
examination and stretching of the membranes off the
lower uterine segment can be very effective. Performed
using a sterile glove, introducing one or two fingers
through the cervix and stretching the os, this produces
further dilatation; in addition, one of the fingers is
swept around the internal surface of the cervix, dis-
lodging the membranes from the cervical surface.
When performed daily over 3 days, labor is induced in
69% of cases, depending upon the degree of cervical
favorability at the time of the initial examination.5

Methods of induction 1833

Table 175.3 Components of Bishop’s pelvic scoring system4

Score

0 1 2 3

Station of presenting part −3 −2 −1.0 +1
Cervical dilatation (cm) Closed 1−2 3−4 5+
Cervical effacement (%) 0–39 40−59 60−79 80+
Cervical consistency Firm Medium Soft
Cervical position in pelvis Posterior Mid Anterior
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Sweeping of the membranes, performed routinely in
women at term, is associated with a reduced duration
of pregnancy and a reduced frequency of pregnancy
continuing beyond 41 weeks [relative risk (RR) 0.62,
95% confidence interval (CI) 0.49–0.79] and 42 weeks
(RR 0.28, 95% CI 0.15–0.50). To avoid one additional
formal induction of labor, a stretch and sweep must be
performed in seven women (number needed to treat
(NNT =7)). Maternal or neonatal infection does not
seem to be increased.6

Low or forewater amniotomy
Abdominal palpation must confirm that the presenting
part, head or breech, is either engaged or apparently
securely settled in the pelvic brim; previous placental
localization should have been performed in whom
placenta praevia had previously been suspected.
Amniotomy is usually performed in the labor suite.
The maternal bladder should be emptied by sponta-
neous voiding immediately before the procedure,
and ideally the rectum should be empty, if necessary
following the prior administration of a suppository or
enema. The dorsal or lithotomy position with some
mild degree of left lateral tilt is used to reduce the
chances of supine hypotension occurring, causing a
decrease in placental bed blood flow.

The size and shape of the mid-cavity and outlet of
the pelvis are assessed, and stretching of the cervix and
sweeping the membranes off the lower uterine seg-
ment as described above is performed, at which time

it is necessary to ensure the cord is not presenting. The
membranes are then ruptured using a pair of toothed
forceps, or a purpose-designed instrument such as an
amniotomy hook. Amniotic fluid is released, encour-
aged by controlled elevation of the presenting part.
A further check is made to ensure that the presentation
is unchanged and the cord is not palpable, and the sta-
tion and position of the presenting part are noted. The
condition of the amniotic fluid is also noted and the
fetal heart rate pattern checked to ensure that it is
satisfactory. If continuous electronic monitoring is
indicated, the preferred electrode can be attached to
the most appropriate area of the presenting part before
completing the procedure, unless an external ultra-
sound recording is to be used. Labor is then awaited.

The interval between amniotomy and any phar-
macologic augmentation, if required, is variable, rang-
ing from immediately after amniotomy to a delay of
up to 24 h. Approximately 98% of women with a high
Bishop score will labor after amniotomy alone.7

Amniotomy with early intravenous oxytocin infusion,
however, produces a significant reduction in women
undelivered after 24 h compared with those managed
by amniotomy alone.8,9

Hindwater amniotomy
There are few indications nowadays for using this
method of labor induction unless ecbolic drugs are
not available. It is usually reserved for inductions
when the presenting part is high in relation to the

1834 Induction of labor

Figure 175.2 Therapeutic agents and devices that have been used for the induction of labor, according to the state of the cervix.
When indicated, either low amniotomy is performed after the administration of the oxytocic agent when contractions are occurring,
or an oxytocic is given, once the mechanical effect upon the cervix has been achieved. The timing for these additional therapies
will depend upon circumstances and obstetrician preferences. DHEAS, dehydroepiandrosterone sulfate.
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pelvic cavity and associated with polyhydramnios.
The objective is to achieve a controlled release of
amniotic fluid from a puncture in the membranes
above the level of the presenting part, so reducing the
chances of subsequent malpresentation, compound or
funic presentation, and placental abruption.

Preparation for the procedure is the same as that
described for low amniotomy; every attempt should
be made using ultrasound to exclude a posterior
placenta implanted low on the uterine wall. A steril-
ized Drew-Smythe catheter10 is guided through the
vagina and cervix alongside two examining fingers in
the vagina, directing the leading end behind the pre-
senting part. With an assistant stabilizing the longitu-
dinal lie of the fetus by continuous pressure against
the long axis of the uterus by abdominal palpation,
the stylet of the catheter is advanced to puncture the
membranes, and the amniotic fluid is allowed to drain
through the lumen of the catheter until a sufficient
amount has been released and the presenting part
has descended and stabilized at or below the pelvic
brim, when the catheter is withdrawn. Postam-
niotomy observations should be performed as for low
amniotomy, but with particular attention to the possi-
bility of placental abruption occurring in cases of
polyhydramnios. An intravenous infusion of oxytocin
may be given prior to the amniotomy or immediately
afterwards, to try to ensure that uterine contractility
is soon established to help retain the longitudinal lie
and the presenting part fixed in the pelvis. Until then,
careful repeated palpations are necessary to prevent
the lie changing or to identify as soon as possible any
deviation from this situation.

Oxytocin
Buccal oxytocin citrate 100–400 units11 or demoxy-
tocin 50 units12 given at 30-min intervals as tablets
held under the tongue to allow the oxytocin to be
absorbed across the buccal mucous membrane is not
widely used because of fears of uncertain absorption
and unpredictable uterine response, and has thus
largely been abandoned.

Protocols using intravenous infusions of oxytocin
that are used these days are largely based on the work
of Turnbull and Anderson.13 Although originally
given at a constant low dose infusion at less than
10 mU/min, this has been replaced by titrated doses,
determined by the intensity and frequency of the uter-
ine contractions. The rate is controlled using either
basic clinical observations of contraction rate, dura-
tion and intensity, assessed by staff who alter the infu-
sion rate using mechanical pumps and electronic drip
counters, or by automatic infusion pumps governed
by feedback from intrauterine contraction pressure
using solid-state pressure transducers. Concentrations
of oxytocin infusates range between 5 and 20 units
oxytocin in 1000 ml solution of saline, N/5 dextrose-
saline, or 5% dextrose solution. Infusion rates nor-
mally start at 1–4 mU/min and increase variably,14

arithmetically15 or logarithmically16 at 15–30-min

intervals, often to a maximum of around 32 mU/min,
or until satisfactory labor has been established; occa-
sionally higher rates may be required.16 Most workers
consider that the rate required to establish labor
should be maintained into the second stage, and
increased once the third stage of labor is reached,
being maintained for approximately 1 h following
delivery of the placenta and membranes. A modifica-
tion has been suggested, giving 1-min infusions every
10 min,17 to reduce the chances of unnecessarily over-
dosing the patient; this approach has not been widely
adopted.

Automatically-controlled infusion systems were
devised to eliminate the imprecision of clinical
assessment of uterine contractions by repeated fundal
palpation. The infusion rate is adjusted using a con-
tinuous measure of intrauterine pressure obtained
with a transcervical intrauterine pressure catheter and
either an open-loop infusion system, which requires
the rate to be controlled manually once contrac-
tions are adequate,18 or a closed-loop feedback system
which allows an automatic decrease in infusion rate
and theoretical avoidance of overdosage. Small stud-
ies, either randomized19 or uncontrolled,20 have pro-
duced conflicting results, suggesting that there is
probably little advantage from such technology. As a
consequence, despite the apparent enhanced safety
features, these automated feedback systems have not
found wide acceptance.

The place of amniotomy in inductions using
intravenous oxytocin continues to be debated. Most
obstetricians combine the two, with low amniotomy
followed by intravenous oxytocin titration immedi-
ately or within 1 h, while some advocate a delay of
4–6 h. Alternatively, a titrated infusion of oxytocin
can be started and amniotomy delayed until contrac-
tility is established in cases where the presenting part
is very mobile at or above the pelvic brim; such a
method should reduce the chances of compound pre-
sentation and cord prolapse or malpresentation occur-
ring at amniotomy.

Prostaglandins
Potent ecbolics at all gestational ages, the pro-
staglandins have become the mainstay of labor induc-
tion in many countries. They may be administered
in a variety of ways (Figure 175.3), the route being
influenced by the indication for labor induction and
the state of the cervix. The oral administration of
prostaglandin E2 (PGE2) 0.5 mg tablets taken hourly
with an incremental increase of 0.5 mg every 2 h to a
maximum of 2.0 mg per hour should establish labor in
most cases21; some advocate half-hourly medication.22

Treatment may be continued for a maximum of 6 h
or maintained as long as necessary to establish labor.
Amniotomy may be performed before prostaglandin
treatment, when cervical dilatation starts to occur,
when labor begins to establish, or after 6 h. Some clin-
icians favor leaving the membranes intact unless
rupturing them is indicated for other reasons.

Methods of induction 1835
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Intravenous infusions are not widely used because
of the gastrointestinal side-effects and local erythema
at the infusion site associated with their use. Infusion
rates usually start at PGE2 0.1–0.5 µg/min or pro-
staglandin F2α

(PGF2α
) 3–5 µg/min and either remain

constant or increase arithmetically or logarithmically
at 30-min intervals as necessary to a maximum of PGE2
2–4 µg/min or PGF2α

18–30 µg/min.23,24 As with oxy-
tocin, the infusion rate may be adjusted using routine
clinical criteria, a peristaltic drip counter or an auto-
matic feedback loop system. The place of amniotomy
when using intravenous prostaglandins is similar to
that described for intravenous infusions of oxytocin.

A single PGE2 1–3 µg dose administered into the
posterior vaginal fornix as a dry tablet, viscous gel or
wax pessary, followed by low amniotomy after 3 h will
induce labor in approximately 60% of primiparas and
80% of multiparas.25–27 Augmentation can be provided
with intravenous oxytocin, or repeated prostaglandin
treatments at 6 h intervals. Timing of the amniotomy
and further oxytocic augmentation is debatable, but
most consider that oxytocin should not be adminis-
tered for at least 3 h after any prostaglandin treatment.

Nipple stimulation
Uterine contractions can be induced by mechanical
stimulation of the nipples, even to the extent of appar-
ently causing uterine hypertonus.28 A systematic
review suggests that there is a significant reduction
in the number of women not in labor after 72 h, when
breast stimulation is compared with no treatment

(RR 0.67, 95% CI 0.60–0.70),29 but this technique has
not found a role in common practice.

Sexual intercourse
Sexual intercourse is sometimes advised at term to
encourage the onset of labor, with the premise that
the high concentrations of prostaglandins in semen,
the physical stimulation of the cervix and lower uter-
ine segment leading to endogenous prostaglandin
release, or orgasm may encourage uterine contrac-
tions. However, evidence to substantiate this advice is
lacking. One small randomized clinical trial compared
women having sexual intercourse with semen deposit,
but no nipple stimulation, for three nights in a row at
term, with women who abstained from this activity.
There was no change in the Bishop score between the
two groups and there was no difference in the number
of women who delivered within 3 days of the inter-
vention (46% vs. 47%, RR 0.99, 95% CI 0.45–2.20).30

Induction when the cervix is unripe (Bishop score < 7)
The unripe cervix can present a major problem when
delivery is necessary and labor induction is indicated;
rarely is it a problem for multiparas, except occasion-
ally for those women previously delivered by cesarean
section. The concept of cervical ripening or priming
involves treatment to render the cervix more favorable,
followed by a formal induction method, unless labor
supervenes with the ‘ripening’ procedure. The distinc-
tion between ripening and labor induction is artificial;
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Figure 175.3 Routes of prostaglandin administration for the induction of labor.
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a subdivision between the latent prelabor phase and
the active acceleratory phase is unphysiologic. Such a
subdivision may encourage the idea of abandoning the
attempt to induce labor if cervical ripening is not
easily achieved: when this approach is adopted there
must be a question about the wisdom of the initial
indication to induce labor.

Ripening may be achieved either medically or
mechanically. Two principles of management have
been explored using pharmacologic agents in this
situation: those that modify the cervix and stimulate
uterine contractions (oxytocin and prostaglandins),
and those that influence cervical form and consis-
tency, by modifying the cervical ground-substance
without seemingly provoking any change in myome-
trial contractility (estrogens, antiprogestins, relaxin,
dehydroepiandrosterone sulfate). Both groups of sub-
stances may be used in isolation, or in combination
with other modalities of treatment.

Prostaglandins
Both PGE2 and PGF2α

have been used, although there
is much less experience reported using PGF2α

. Various
synthetic prostaglandin analogs have been explored for
pregnancy termination and in cases of fetal death; there
is increasing experience with misoprostol, the PGE1
analog, for term labor induction with a viable fetus.
When the cervix is unripe, local administration routes
are most applicable. Oral and intravenous administra-
tion of PGE2 and PGF2α

usually result in high rates
of side-effects with the doses required to achieve clini-
cal benefit, and are thus not generally used. Although
misoprostol can be administered orally and even
bucally and sublingually, these routes do not seem as
effective as vaginally administered misoprostol.31–33

Extra-amniotic infusion or instillation. With prior
vulvar and vaginal toilet, and using aseptic techniques,
a catheter is guided through the cervical canal with the
tip placed in the extra-amniotic space, either by the
vaginal examining fingers or under direct vision using
a speculum. Once introduced, the catheter can be
left in place by distending a self-retaining balloon
with 20–50 ml sterile isotonic saline and the catheter
connected to an infusion pump, or it can be removed
once a single bolus of prostaglandins has been given.
If using an infusion the rate commences at PGE2
20 µg/h, with 10 µg incremental increases at 15-min
intervals as necessary using a solution concentration of
1.5–5 µg/ml34,35 or PGF2α

180–600 µg/ml with similar
proportional incremental dose increases; the infusion
is maintained until the catheter is expelled into the
vagina. Bolus doses of PGE2 (300–500 µg) or PGF2α

(5 mg in 10 ml volumes of viscous gel) can be given as
a single instillation, and this is a simpler and equally
efficacious method.36 Amniotomy may be performed
once labor is established, and oxytocin augmentation
started thereafter. Inadvertent perforation of the fetal
membranes is a disadvantage and disturbance of a
previously unsuspected placenta previa may provoke

excessive hemorrhage, requiring immediate cesarean
section.

Endocervical instillation. A catheter is passed into
the cervical canal as described above and PGE2
500–1000 µg in 2–4 ml viscous gel is discharged into
the endocervical canal.37 Subsequent management
is as described for the extra-amniotic instillation
approach. There must be doubt about the precise
location of the gel after initial injection, some
probably reaching the extra-amniotic space and some
leaking into the vagina. Attempts have been made
to confine the drug to the cervical canal using a
system of balloons, but the benefits of the system have
yet to be demonstrated.38 Some of the disadvantages
of the extra-amniotic approach should be avoided
with endocervical instillation, but there must be
uncertainties over the duration of the gel being
retained in the canal; the method is not particularly
suitable for a patient with an uneffaced cervix that
admits an examining finger, as occasionally occurs.
Endocervical placement may be the most logical,
with the prostaglandins being adjacent against the
end organ concerned, although studies comparing
endocervical extra-amniotic and vaginal protocols
suggest the clinical responses are very similar.

Vaginal instillation. Many different vehicles including
dry tablets,24 wax pessaries,25 viscous gels,39 non-
biodegradable hydrogel polymers,40 and water-soluble
polymers,41 incorporating many different doses have
been tried. There is no clearly established most
appropriate protocol to recommend. Published results
suggest that PGE2 (2–5 mg) in biodegradable pessaries
and gels and PGE2 (5–10 mg) in the non-biodegradable
formulations as a single instillation are appropriate;
the lower doses are probably as effective as the higher
ones. A latent period of 12 h is necessary before
formal induction is performed in many cases to
achieve the desired clinical effect on the cervix. Some
protocols use repeated prostaglandin treatments at
6-hourly intervals for three or more doses, and others
describe amniotomy and oxytocin titration 15 h after
a single prostaglandin treatment unless labor has
already supervened. Repeated small doses of PGE2
0.5 mg at 2–3-hourly intervals have been used,42,43

but have not been widely adopted. A prospective
randomized study examining a single vs. repeat dose
after 6 h reports that no advantage is obtained by
repeating the dose of prostaglandins, suggesting that
the initial exposure to prostaglandins is sufficient to
achieve the desired effect on cervical function44; it
appears that tachyphylaxis may occur in those
women with a resistant cervix, and repeated dosing
will probably not improve outcome. The controlled
release hydrogel pessary,40 with its maximum release
rate of prostaglandins of less than 1 mg/h from a
10 mg reservoir, providing a prolonged source of
prostaglandins over many hours, offers potential
advantages; in particular, it may be removed from the
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vagina if indicated.45 Prospective comparative trials are
needed to assess the pessary against the alternatives.
Table 175.4 summarizes the results from the published
literature obtained for nulliparas with an unfavorable
cervix undergoing induction using local PGE2.
Prostaglandin F2α

25–50 mg in viscous gel has also
been studied, but the objective evidence available
suggests that it is less efficient than PGE2, although it
has demonstrable benefits over placebo.58,59

Misoprostol is licensed for the treatment and
prevention of gastroduodenal ulcers. Its use for induc-
tion of labor remains an off-label unlicensed use.46,47

It is available as 100 and 200 µg tablets that have to
be broken to provide 25 or 50 µg doses. It is inexpen-
sive, can be stored at room temperature and is rapidly
absorbed from both the oral and vaginal route. Mis-
prostol, administered vaginally, improves cervical
ripening compared with placebo.48 Experience with
misoprostol is changing rapidly. Currently the evi-
dence suggests that when compared with vaginal or
intracervical PGE2 or oxytocin, its use at doses of 25 µg
every 3 h or more is associated with less epidural
analgesia use, fewer failures to achieve vaginal deliv-
ery within 24 h but more uterine hyperstimulation.
Compared with vaginal or intracervical PGE2, oxy-
tocin augmentation was less common with misopros-
tol but meconium-stained amniotic fluid was more
common. This may be due to a direct effect on fetal
bowel activity. Cesarean section rates did not differ
between groups. The optimal dose and timing interval
of intravaginally applied misoprostol are unknown.
However, there was less uterine hyperstimulation with
lower doses (25 µg every 4 h or less) as opposed to
higher doses of misoprostol. More limited information

on these lower doses suggest equivalent efficacy to
conventional methods of induction.48 More com-
parisons between different doses of oral misoprostol
and vaginal misoprostol are required. Reports of
uterine rupture following labor induction with
misoprostol, even in unscarred uteri, are a cause for
concern.49–52 The use of misoprostol has been
endorsed by ACOG53–55 (Table 175.5) but the profes-
sional bodies in the UK and Canada remain cautious
about its use outside randomized controlled trials.56,57

Oxytocin
Intravenous infusions, intramuscular injections, buccal
tablets and even nasal sprays of forms of oxytocin have
all been used, but in general all have been abandoned
in favor of alternatives, if available. Controlled studies
have indicated that oxytocin is not very effective when
the cervix is unfavorable, especially when compared
with local prostaglandins. Prior to the introduction of
prostaglandins, inductions were managed by repeated
infusions or buccal courses of oxytocin over 8–15-h
periods, with breaks overnight and repeated the next
day and as often as necessary until labor was induced,
or the attempt at induction abandoned.

Estrogens
Estradiol 150–300 mg in viscous gel extra-amniotically,
endocervically or vaginally, or estradiol 10 mg intra-
muscularly and estriol 150–250 mg in viscous gel
extra-amniotically, can produce improvement in cer-
vical scores with minimal myometrial stimula-
tion.60,61 When formal induction is performed 12–24 h
later, there appears to be little improvement in the out-
come of labor. However, since estradiol has a 10-fold
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Table 175.4 Labor outcome using local prostaglandin E2 protocols with an unripe cervix

Maximum Labor Additional Cesarean Failed 
Protocol n cervical score length (h) oxytocic (%) section (%) induction (%)

Extra-amniotic 240–480 µg36 121 3 10.7 80 14 0.8
Endocervical 500 µg106 27 5 10.7 34 7 3.7
Vaginal 3 mg wax pessaries107 110 4 16.0 20 21 5.5
Vaginal 2 mg gel39 102 3 10.5 76 13 3.0
Vaginal 10 mg hydrogel pessaries108 32 3 10.6 72 12

Table 175.5 Use of misoprostol in pregnancy*

May be considered for cervical ripening or labor induction in hospitalized patients
The dose is 25 µg intravaginally every 3–6 h
A dose of 50 µg every 6 h may be considered in some situations, but is associated with uterine tachysystole and possibly 

hyperstimulation, and meconium in amniotic fluid
Oxytocin should not be given within 4 h of the last misoprostol dose
Fetal heart rate and uterine activity should be continuously monitored
Misoprostol should not be administered to women with a previous hysterotomy (cesarean delivery or major uterine surgery)

*Adapted from American College of Obstetricians and Gynecologists. ACOG Committee Opinion No. 283. Obstet Gynecol 2003;101:1049.
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higher estrogenic potency than estriol, and there was
a considerable dosage range in these studies, the true
value of estrogens for cervical ripening remains uncer-
tain, but present evidence suggests that their role is
probably very limited.

Dehydroepiandrosterone sulfate
Intravenous dehydroepiandrosterone sulfate (DHEAS),
which is transformed into estrogens in the fetopla-
cental unit, has been explored as a possible cervical
ripening agent, achieving effacement without inducing
uterine contractions. The results were not encouraging
when DHEAS 100 mg injected intravenously twice a
week from 38 weeks of gestation was compared with
placebo,62 and the concept has received little further
attention.

Relaxin
Like DHEAS, this has been studied in the human,
using purified porcine relaxin 1–4 mg in viscous gel
vaginally or endocervically, in the hope that it would
have the same properties as exhibited in certain
animal species. To date, there have been no well-
conducted trials to determine its value for ripening
the unfavorable cervix and enhancing the outcome of
induced labor without stimulating uterine activity,
and more studies enabling a critical scientific assess-
ment to be made are required before considering it
to be of any clinical value. With the production of
recombinant human relaxin, interest was renewed in
studying this polypeptide for induction. Trials to date
exploring different dosages, given vaginally, suggest
that there is no evidence that 1, 2 or 4 mg cause
any maternal or fetal toxicity,63 but unfortunately
there appears to be little evidence of any therapeutic
effect.64 Further studies with larger doses and alterna-
tive administration methods are required before large
clinical trials can be mounted. Enthusiasm for this
agent for labor induction must at present be muted.

Antiprogestins
Epostane, the 3β-hydroxysteroid dehydrogenase inhi-
bitor, and more recently mifepristone, the proges-
terone receptor blocker, have been shown to have a
dramatic effect on reducing the induction-to-abortion
intervals during second-trimester therapeutic preg-
nancy termination.65,66 Similar benefits might be
expected for labor induction at term, but experience
reported to date is limited. Labor may be induced
following exposure to mifepristone, and cervical con-
dition can be improved; the need for delivery by
cesarean section has not been found to be reduced
compared with placebo.67 It had been thought that
mifepristone might revolutionize labor induction but
experience is still limited and there are no trials that
compare mifepristone with alternative methods of
inducing labor, e.g. prostaglandins.

Mechanical dilators
Dilatation, and to a lesser extent effacement, can be
produced by the introduction of catheters, balloons,

bougies and tents into the cervical canal. The devices
are introduced most easily using the lithotomy
position, taking aseptic precautions; after a variable
period the device is either spontaneously expelled or
removed. Thereafter, the induction can be advanced
either by low amniotomy or administration of an oxy-
tocic. However, results are unpredictable and when
assessed objectively such devices probably offer little,
if any, benefit.68 Since intrauterine infection is a theo-
retical risk, which probably increases with prolonged
retention of the foreign body, a careful watch needs be
kept on maternal pulse and temperature. The advan-
tages of these methods are their wide availability and
the low cost, especially balloon catheters. Storage and
preservation of mechanical devices is less problem-
atic than PGE2, which should be kept at low tempera-
ture. There seems little place for this method if
prostaglandins are available. However, when com-
pared with prostaglandins and misoprostol their use
is associated with significantly less risk of hyperstim-
ulation and fetal heart rate changes, advantages that
may be important in high risk cases.68

Homeopathy
Homeopathy involves the use, in dilution, of sub-
stances that cause symptoms in their undiluted form.
A type of herb Caulophyllum thalictroides is a home-
opathic therapy used to induce labor. Although two
small randomized clinical trials have looked at this
method of inducing labor there was not enough detail
presented to draw any firm conclusions about its
effectiveness.69

Acupuncture
Although observational studies suggest that acu-
puncture may stimulate the onset of labor70–72 and
ripen the cervix,73,74 the only clinical trial to compare
acupuncture with no acupuncture in women who
were post-term included only 56 subjects and did
not lead to any convincing conclusions because of
its large loss to follow-up and significant post-
randomization exclusions.75

Labor induction in specific situations
Post-term pregnancy
The most frequent indication for labor induction
in most units is prolonged pregnancy, an indication
that stems from the findings of the 1958 Perinatal
Mortality Survey of England and Wales76; many stud-
ies examining this area define post-term pregnancy as
one undelivered by the 41st week of gestation deter-
mined by menstrual calculation or ultrasound assess-
ment. It is thus performed for anticipated problems
derived from statistical analyses, although the princi-
ple has been challenged in recent years, with alterna-
tive management strategies advocated which involve
repeated frequent fetal surveillance methods using a
combination of various cardiotocographic and ultra-
sound monitoring procedures. The end result, if

Labor induction in specific situations 1839

Kurjak-175.qxd  5/10/2006  12:24 PM  Page 1839



assessed by need for delivery by cesarean section,
suggests that there is no obvious benefit from avoiding
induction. A meta-analysis of 19 randomized trials
showed that routine induction of labor reduced peri-
natal mortality (OR 0.20, 95% CI 0.06–0.70) with the
benefit being due to the effect of induction of labor
after 41 weeks. Routine induction of labor in
post-term pregnancies was not associated with an
increased risk of cesarean section overall or in any
subgroup of women, regardless of parity, state of the
cervix or method of induction.77

Once the expected date of confinement has passed,
and delivery is still awaited, many women are keen
to be delivered. In addition, the incidence of meco-
nium staining of the amniotic fluid increases with
advancing gestation, and this often influences the care
that is provided during labor and the handling of
the newborn. It is unlikely that there will be a dra-
matic change in the incidence of induction for post-
term women unless obstetricians are prepared, at the
start of pregnancy, to recalculate the expected date of
delivery as 42 completed weeks rather than 40 weeks:
such a change could reduce patients’ demands for
induction because of prolonged pregnancy.

Previous cesarean section
Opinions vary over the wisdom of inducing labor
in women previously delivered by lower-segment
cesarean section; the majority considers that a previous
classical section and previous repeated lower-
segment sections should usually be considered as con-
traindications to attempting labor. For those who favor
allowing labor induction, the most appropriate method
to use is debated. Some believe it only appropriate to
induce labor by low amniotomy, others to limit the
ecbolic agent to low doses of oxytocin, while there are
those who do not restrict the method to be used. There
is widespread agreement that a patient should not labor
if obvious fetopelvic disproportion is present, if she has
delivered previously by cesarean section.

Management of the induction should be little dif-
ferent from other inductions, but perhaps conducted
with greater caution. Continuous electronic moni-
toring of the fetal heart rate is advocated by many, and
continuous intrauterine pressure recording by a
smaller number.78 Although logical as a way of antici-
pating or avoiding scar rupture, the major concern in
this situation, experience has not confirmed the bene-
fits of either form of continuous monitoring. It is diffi-
cult, therefore, to argue that either should be provided
as routine.

A scarred uterus is a stated contraindication for
the use of prostaglandins by the pharmaceutical com-
panies marketing PGE2. Despite this, a survey of 230
consultant obstetric units in the UK found that 78%
used prostaglandins in such patients.79 It has been
argued, contrary to the recommendations of the phar-
maceutical industry, that PGE2 might have advantages

in patients previously delivered by lower-segment
cesarean section, because it produces more physio-
logic contractions than oxytocin and improves cervi-
cal compliance, theoretically reducing the intensity
of myometrial contractions necessary to achieve full
cervical dilatation. In consequence, there should be
less risk of compromise to the scar.39 Work in recent
years has substantiated that view, comparing pres-
sures generated by prostaglandins and oxytocin in
spontaneous and induced labor.13 Personal experi-
ence suggests, however, that full dilatation may be
achieved too readily in the presence of cephalopelvic
disproportion if prostaglandins are used, and thus the
obstetrician needs to be particularly aware of this
possibility.

Controversy also exists about the extent to which
the use of prostaglandins and oxytocin to induce or
augment labor increase the risk of scar rupture in
women with a previous cesarean. A meta-anaylsis80

found that oxytocin use was associated with a two-
to fourfold increased risk of uterine rupture in two
case–control studies; but this finding was not con-
firmed in cohort studies or controlled trials. In
prospective cohort studies, the use of oxytocin (five
trials) or prostaglandin (two trials) was not associated
with a higher risk of uterine rupture. A large pros-
pective study published subsequently81 indicated that
augmentation of labor with oxytocin and induction of
labor, regardless of method, were associated with a
two- to fourfold increased risk of uterine rupture com-
pared with spontaneous labor without the use of oxy-
tocin. However, the absolute risk was still very low,
with only an 8% prospect of serious perinatal morbid-
ity of death occurring when uterine rupture occurs.

Multiple pregnancy
When multiple pregnancies are considered in texts
or monographs, little attention is paid to the place or
method of inducing labor. There is thus little infor-
mation about the experiences of induction using
various methods. In a series of 656 twin pregnancies
managed in Oxford, labor started spontaneously in
52%, was induced in 35% and elective cesarean sec-
tion was performed in 13%. Of those in whom labor
was induced, prostaglandins were used in 137 and
amniotomy and oxytocin without prostaglandins in
91 cases. There appeared to be little difference in the
outcomes, although prostaglandins were generally
given when the cervix was less favorable and thus any
conclusions that may be drawn must be guarded (I. Z.
MacKenzie and N. C. Watson, 1996, unpublished data).

The methods described earlier for labor induction
are equally applicable to twin pregnancies, and as
with other complicated pregnancy situations, contin-
uous electronic fetal monitoring of both babies is con-
sidered by some to be essential, but has not been
shown objectively to be of any advantage and thus this
recommendation has not been substantiated. Since
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postpartum hemorrhage due to uterine hypotonia is a
recognized added risk of labor for twin pregnancies, it
has been suggested that the prostaglandins might be
particularly appropriate; this potential advantage has
not been proven.

Intrauterine fetal death
When fetal death occurs, spontaneous expulsion will
occur in the majority of cases within a few days. Once
the diagnosis has been confirmed, evacuation can be
arranged at the request of the woman to relieve emo-
tional distress. If the fetal membranes have ruptured,
prolonged retention may result in intrauterine infec-
tion, and if the dead fetus is retained for longer than
4 weeks, a consumptive coagulopathy may develop.82

The methods of achieving evacuation are either surgi-
cal or pharmacologic, depending on gestational stage
and uterine size.

Up to 14 weeks of gestational size, evacuation by
cervical dilatation and aspiration under general or
local anesthetic is the most expedient management. At
later gestations, with the uterus at least equivalent
to a 14-week gestation, prostaglandins have revolu-
tionized management. Administration routes appro-
priate in this situation are illustrated in Figure 175.3
and include intravenous, extra-amniotic, intramuscu-
lar and vaginal. In this situation, some of the analogs
of the prostaglandins have been used with great
success, the fear of ill-effects upon the fetus not being
a restricting factor. The oral route is not appropri-
ate with the natural prostaglandins, since the doses
required cause very high rates of side-effects. The
intra-amniotic route has been used but may be unwise
for two reasons: (1) puncturing the fetal membranes by
amniocentesis may enhance the possibility of amni-
otic fluid embolism, a hazard thought to be more
common in cases of fetal death in utero, and (2) the risk
of intrauterine infection may be increased. The few
reports of this method for managing such cases have
not, however, observed these problems.

Clinical management is essentially the same which-
ever protocol is used. A check of the clotting status
should be made if fetal death is thought to have
occurred at least 3 weeks previously, and appropriate
investigations should be initiated to assist in deter-
mining the etiology for those cases in which death was
unexpected. Progress once treatment has started is
assessed by vaginal examinations as indicated, and
adequate analgesia is provided according to needs.
Delivery of the dead fetus and placenta are similar to
when the fetus is liveborn, although attempts are made
to avoid perineal damage if possible. Administration of
ergometrine or a prostaglandin analog should be done
to enhance uterine contractility following delivery,
thus reducing the chances of excessive hemorrhage
occurring from uterine atonia.

The antiprogestins might be helpful in this sit-
uation, but physiologically there is little reason to

anticipate this with the recognized low levels of
progesterone already present in cases of fetal death.83

Complications of induction
There are a number of potential hazards for both
mother and fetus or neonate from induction of labor,
either as a result of initiating labor before spontaneous
onset, or as a consequence of the method of induction
used. There has been, however, a surprising lack of
information about infant development after induced,
compared with spontaneous, labor onset. Two small
studies that examined babies up to 12 months84 and
3 years of age85 suggested there is probably no reason
to anticipate any disturbance to development as a
consequence of a labor induction with oxytocin or
prostaglandins when compared with spontaneous
labor or elective cesarean. Some specific complica-
tions are, nevertheless, recognized as a consequence
of labor induction.

Uterine hyperstimulation
Hypersystole and hypertonia occur during both spon-
taneous and induced labors. The true incidences
are unclear, but hypertonus occurs in about 1 in
500 labors, whether induced or spontaneous.86 The
prostaglandins classically provoke low-amplitude
contractions at 1–2-min intervals which are often
subclinical and generally do not cause fetal or mater-
nal disturbance. If hypertonus occurs, it can be coun-
teracted by the administration of a tocolytic agent.
Subcutaneous and intravenous injections as well as
inhalation have been used,87 although the benefit of
the latter route is uncertain. This management strat-
egy can be used either to treat an acute episode and
allow labor to continue if the fetus is not distressed
and normal uterine contractility is restored, or as a
first aid measure while preparing for emergency
cesarean section.

Fetal distress
Fetal distress should be expected to occur more
frequently during induced than spontaneous labor,
since some induction indications, such as those for
intrauterine growth retardation, are associated with
intrapartum fetal distress. When diagnosed, manage-
ment will depend upon circumstances at the time,
including the degree of cervical dilatation and the
suspected cause of the distress, such as abruptio
placentae, cord prolapse, hyperstimulation, and pre-
viously suspected placental insufficiency; tocolytic
therapy may be given prior to emergency cesarean
section.88 The concept of concomitant tocolytic ther-
apy with the administration of prostaglandins for cer-
vical ripening has been examined to try to achieve
ripening without myometrial contractions, thus
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reducing the chances of fetal distress being provoked.
It was concluded, unfortunately, that the tocolysis
could reduce uterine activity, but it also reduced the
influence of the prostaglandins upon cervical ripen-
ing, and thus was considered counterproductive.89

Failed induction
There is no universally accepted definition for ‘failed’
induction. It should perhaps be reserved for those
cases in which the cervix does not dilate beyond 3 cm
despite adequate and appropriate oxytocic stimula-
tion of good-quality uterine contractions for 8 h in
a nullipara and 4 h in a multipara; there should be
no fetopelvic disproportion. It is generally confined to
nulliparas with an unfavorable cervix at the time of
induction, and is a rare complication in multiparas,
except those whose only previous delivery was by
cesarean section. In the high risk group of nulliparas
with an unfavorable cervix, failed induction rates
have been reported in 15–35% of cases induced with
intravenous oxytocin, and should be no greater than
3–5% of nulliparas induced with local prostaglandins.

Cord prolapse
When the membranes rupture spontaneously during
stimulation with an oxytocic, cord prolapse may
result. This occurs most commonly with a high pre-
senting part in patients with polyhydramnios and
when there is a flexed breech presentation. An urgent
operative vaginal delivery may be appropriate if at
full dilatation; otherwise delivery is by emergency
cesarean section, with measures taken to prevent
pressure on the cord at the pelvic brim using the
knee–chest position, or the vaginal examining fingers
exerting counter pressure against the presenting part.
It also occurs with spontaneous labor, when the
outcome may be less favorable because of some
inevitable delay in diagnosis, the cord prolapse occur-
ring when the membranes rupture spontaneously and
staff are not immediately available.

Abruptio placentae
This may occur during the first or second stage of
labor, but is most likely to occur when the membranes
rupture either spontaneously or at amniotomy, espe-
cially in cases of polyhydramnios. In theory, the use
of hindwater membrane rupture reduces the chances
of this happening. There has been a suggestion that
the prostaglandins may predispose to this complica-
tion when used for labor induction, but there has been
only one report90 to suggest the relationship, and at
present the evidence for such an association is there-
fore unconfirmed. The lack of such a complication
being reported in many large series of labor induc-
tions with prostaglandins suggests that there is
unlikely to be any direct relationship.

Uterine rupture
Extremely uncommon in nulliparas, this complication
may occur in any labor at risk, whether induced or
spontaneous. It is a particular risk in multiparas of
high parity and those previously delivered by cesarean
section. Clearly this hazard should be recognized in
the patient, with staff mindful of the possibility, with
facilities available for emergency management when
indicated.

Inadvertent preterm delivery
This is a risk with any term induction, whichever
method is used. With the widespread use of ultra-
sound examinations in early pregnancy, there is a
belief that this hazard can be eliminated. Cases still
occur, however, especially when gestation has been
inappropriately reassigned to an earlier expected
delivery date by 2–3 weeks using the ultrasound mea-
surements. There is little substantiated evidence of
reduced rates of labor induction or of unplanned
preterm delivery as a consequence of routine ultra-
sound dating scans, although routine early pregnancy
ultrasound does reduce the incidence of post-term
pregnancy (OR 0.68, 95% CI 0.57–0.82).77

Hyponatremia
Prolonged infusions of relatively high doses of oxy-
tocin in dilute solutions of saline may lead to severe
maternal electrolyte disturbance due to maternal fluid
retention. Coma and death have been recorded.91

Similar derangements in neonatal biochemistry lead-
ing to neonatal seizures in severely disturbed cases
have also been reported.92 Caution is therefore essen-
tial in those cases when the induction process is pro-
longed. Close attention should be continuously paid
to maternal fluid balance, restricting intravenous
fluid intake whenever possible.

Hyperbilirubinemia
The incidence of neonatal hyperbilirubinemia is
increased following induction with intravenous
oxytocin compared with prostaglandin inductions
and spontaneous labor.93,94 Prostaglandins have been
associated with reduced rates of hyperbilirubine-
mia, possibly because of their apparent steroidogenic
properties.95

Hypotonic uterine postpartum hemorrhage
Postpartum hemorrhage is more commonly encoun-
tered following induced labor than spontaneous
labor96; the frequency is possibly lower following
prostaglandin- than oxytocin-induced labors, but this
has yet to be established for certain. The mechanism
for this difference in effect is not entirely clear.
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Augmentation of labor
For the purposes of this chapter, augmentation of labor
refers to stimulating uterine contractions in those
women whose membranes have ruptured but labor
has not followed. The decision to intervene in this sit-
uation is strongly influenced by gestational age, which
in turn is influenced by the facilities available to sup-
port the very preterm neonate. Apart from the statis-
tical arguments relating to survival chances for the
baby, intervention may be precipitated by clinical
suspicion of developing intrauterine infection. There
would, however, appear to be a lack of logic in waiting
until there are clinical signs indicative of sepsis and
thus potentially fatal infection: action is then possibly
being taken too late.

There have been many studies examining the out-
come of ‘uncomplicated’ cases of ruptured membranes
without ensuing labor at full term, and the debate will
not be rehearsed here. However, once the decision has
been reached to augment labor, the most appropriate
way of ‘inducing’ labor in this situation then needs to
be addressed.

Each of the oxytocic protocols described for routine
labor induction is potentially appropriate, but it is
wise before commencing oxytocic treatment to exam-
ine the patient vaginally to assess the state of the cervix
and determine whether the forewaters are intact and
whether leakage is the consequence of a forewater or
hindwater rupture; a forewater amniotomy may then
be indicated.

A titrated intravenous infusion of oxytocin, repeated
oral prostaglandins or vaginal prostaglandin protocols
are widely used. There are theoretical concerns about
sepsis with vaginal instillation protocols, and the
extra-amniotic and endocervical methods do not seem
appropriate, carrying an even greater risk of intro-
ducing infection. However, published series have not
identified sepsis as a problem using these methods.
There have been a number of prospective studies com-
paring oxytocin with various prostaglandin protocols.
It appears fairly certain that PGE2 offers no advantage
over oxytocin for inducing labor in this situation,97

whether given orally98 or vaginally.99,100 The current
enthusiasm to explore misoprostol for this purpose101

needs to be tempered with caution; experience is
limited, but the early impression is that that this agent
probably offers no advantage over PGE2 other than eco-
nomic, but has the disadvantage of a lack of informa-
tion about fetal toxicology.

Maternal views on induction
Consumer opinion has gained considerable impor-
tance, and is now, in the views of some, the only opin-
ion to be considered. Although it is widely suggested
that women are against obstetric intervention, surveys
of patients’ attitudes have produced conflicting

results.102,103 A prospective survey of 352 women
conducted in Oxford in 1989, by staff not involved in
the decision to advise labor induction, found that 36%
of nulliparas and 57% of multiparas wanted to have
their labor induced. As expected, a large proportion of
women expressed a wish to avoid labor induction in
their next pregnancy, an observation that was more
frequent among mothers who had just delivered their
first baby (62%) compared with multiparas (47%). It
would have been surprising if the reverse result had
been obtained. Interestingly, patients’ understanding
of the indication for induction was frequently at vari-
ance with that recorded by the obstetric staff who gave
the recommendation for labor induction: 276 of the
352 women (78%) gave the same indication for
the induction as recorded by the obstetric staff, and
the others either did not know why the induction
was advised (9%), or gave a different reason (13%)
(J. Boland, E. McKinlay and I. Z. MacKenzie, 1990,
unpublished data).

Assessing patient’s opinion about the way the
induction was performed is extremely difficult.
Prospective randomization with subsequent question-
naire completion unfortunately will not provide
much worthwhile information, since nulliparas will
have nothing with which to compare the experience;
for multiparas, second labors are known to be asso-
ciated with more favorable outcomes with regard to
labor duration, discomfort, need for assisted delivery
and perineal suturing compared with first confine-
ments, and there is a risk that patients’ previous expe-
riences would compromise any analyses, potentially
rendering the results meaningless. Acknowledging
this, Kennedy et al.25 found that induction with pro-
staglandins was more acceptable than intravenous
oxytocin. Among the 352 patients surveyed in Oxford,
six of 298 (2%) with an unfavorable cervix who
received vaginal prostaglandins were unhappy about
the method of induction compared with two of 54
(4%) with a favorable cervix who did not receive any
prostaglandins; the other patients in both groups
expressed satisfaction with the method of induction
used. Four of these eight patients complained that
the induction was too rushed or too uncomfortable.
Women’s views on induction with misoprostol have
not yet been published.

Economics of induction
In the UK, and probably in many other countries,
financial calculations about patient management have
become a major consideration when deciding what
medical facilities and treatments should be provided.
Cost–benefit analyses have not featured prominently
in discussions about the appropriateness of labor
induction or the methods used to the present time. The
cost of an induction depends on how it is managed
and the outcome achieved. A prospective analysis of
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the workload associated with induction using
prostaglandins compared with spontaneous labor was
performed in Oxford in 1989 (Table 175.6). These
data were not matched and are thus of limited value,
but the impression was that labor induction was prob-
ably more costly than managing spontaneous labor,
although the differences should be small, providing
an efficient approach to induction is used. A similar
analysis is probably worth performing prospectively,
and ideally using random assignment, for women
having a labor induction for social reasons at term com-
pared with a conservative non-induction approach.
It is possible that patient choice will need to be
restricted if induction is confirmed to be more costly
than spontaneous labor and resources are limited as in
the UK.

Personal experience of costing an induction has
been discouraging. The Canadian experience, how-
ever, has suggested induction is marginally cheaper
than conservative management of post-term preg-
nancy.104 In the UK it appears that hospital units are
very uncertain of the costs of most procedures; many
procedure costings need to be calculated using first
principles, but the results cannot be readily con-
firmed. An analysis of the costs incurred using one or
two doses of prostaglandins for labor induction found
that the most expensive item is the midwife attending
the patient during labor, with cesarean section being
the next major factor, largely due to the more pro-
tracted hospitalization following delivery.105 Thus
protocols that can reduce the amount of time parturi-
ents spend on the labor ward and the need for cesarean
section will prove very attractive to those who pay for
the care: it is possible that a prelabor cesarean section

is economically more attractive than inducing labor in
those women with an unripe cervix.

Conclusions
There can be little doubt that the widespread
acceptance of locally administered prostaglandins for
induction of labor has had a dramatic impact upon
the outcome of labor, reducing maternal and fetal
morbidity and improving the relationship between
doctor, midwife and patient. There are prospects that
further improvements may well be achieved, with
yet further reductions in failed inductions and the
unwanted side-effects that are occasionally seen
with prostaglandins. The convenience of misoprostol
combined with its low cost makes its use for induc-
tion very attractive, particularly in low resource set-
tings, but concerns still exist about its safety and
optimal dosing regimen. The goal remains to induce
cervical effacement and dilatation with little uterine
contractility and thus risk of fetal compromise, fol-
lowed by a short period of labor and uncomplicated
delivery. Whether such a goal can be achieved in the
near future remains to be seen.

Not only must efforts continue to be made to
develop methods of labor induction that are effective
and safe, but these methods must also be shown to be
acceptable to women. Additionally, far greater atten-
tion will need to be paid to an analysis of the cost–
benefit equation. While such considerations are
entirely reasonable, we must ensure that safety and
acceptability are not demoted in importance at the
expense of financial efficiency.
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Table 175.6 Workload on delivery unit related to spontaneous labor and labor induced with vaginal prostaglandin
E2 (P. Young, M. Vicaretti and I. Z. MacKenzie, 1989, unpublished data)

Spontaneous labor Induced labor P-value

n 184 79
Nulliparae (%) 49 49 NS
Gestation (weeks) 39.7 ±1.8 39.9 ±1.4 NS
Oxytocin infusion (%) 29 67
Duration of infusion (min) 312 ±216 453 ±289 0.005
No. of medical visits in labor 1.3 ±2.1 3.0 ±2.9 NS
No. of VEs in labor 2.1 ±1.2 3.1 ±2.9 NS
Length of labor (min) 378 ±219 292 ±204 < 0.003
Time on labor ward (h) 6.8 ±7.5 9.9 ±7.8 NS
1-min Apgar < 8 (%) 22 27 NS
5-min Apgar < 8 (%) 2 0 NS
Resuscitation at birth (%) 15 15 NS

Data given as percentages or mean ±SD. VE, vaginal examination; NS, not significant
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176 Electronic fetal monitoring
B. S. Schifrin, S. Myers, W. R. Cohen and R. Kates

Understanding fetal
heart rate patterns
Introduction
The introduction of electronic fetal heart rate
monitoring (EFM) more than 30 years ago was
accompanied by extraordinary expectations. It was
expected that by timely detecting, then intervening in
the presence of certain fetal heart rate (FHR) features,
EFM would reduce the intrapartum stillbirth rate,
enhance neonatal condition, diminish the risk of
long-term disability and reduce the cesarean section
rate for fetal distress.1 While indeed the fetal and
neonatal death rates have fallen considerably since
the introduction of EFM, the risk and severity of
neurologic handicap have not.2,3 Moreover, the rise in
the cesarean section rate over the past 30 years has
been attributed at least in part to the use of EFM.4

Clearly, the benefits of EFM, as envisioned by its early
enthusiasts, have not been realized.5,6

Reservations about the value of EFM prompted a
number of randomized controlled trials (RCTs)
comparing it with auscultation.7–9 The nomenclature
of FHR patterns, experimental design and indeed the
results of these studies diverge widely and permit
almost any conclusion about the benefit or lack
thereof of EFM or auscultation.10,11 One may thus
conclude from available studies that EFM reduces the
risk of neonatal seizures, or increases the risk of
cerebral palsy in prematures, or that it is of no benefit
at the expense of an increased, presumably unneces-
sary, risk of cesarean section or that the failure to
demonstrate benefit is related to selection bias or
other methodological flaws. Furthermore, marked
differences exist in the interpretation of FHR patterns
even among experts, even when the nosology is agreed
upon.12 Indeed, the trials were premature, not repro-
ducible, beset by technical and statistical difficulties.
It is reasonable to argue that the benefits of EFM remain
unsatisfactorily tested and that RCTs confuse the
issue. Nevertheless, the recommendations by the
American College of Obstetricians and Gynecologists,
the International Federation of Obstetricians and
Gynecologists, the Society of Obstetricians and

Gynecologists of Canada, and the Royal College of
Obstetricians and Gynecologists, based on the results
of these RCTs, all assert that auscultation is equivalent
to EFM, that EFM is not required on admission to
labor and delivery, that intermittent auscultation is
relevant as a primary or indeed the only necessary
method of surveillance.13 While the basis of these
guidelines rests with the presumed equivalence of
outcome between auscultation and EFM in the RCTs,
there is no contemporary study comparing ausculta-
tion against no FHR surveillance at all, or any expla-
nation as to why, if FHR is a reflection of fetal health,
a technique that inarguably provides more accurate
and complete information about it would not be better
than one less effective in that regard. Customary
auscultation (not part of a controlled study) appears
less reliable than structured auscultation with a
Doppler device.10 Others, conceding the extraordinary
specificity of the ‘reassuring’ FHR pattern, advocate
alternative strategies for the evaluation of the
abnormal tracing including fetal scalp blood sampl-
ing, fetal pulse oximetry and computerized evaluation
of the fetal ECG.14–17 Despite the lingering uncertain-
ties about the relevance of EFM, the reproducibility
and meaning of FHR patterns and some articles
calling for its outright abandonment, there remains
virtually universal application of this technique
during labor.6,18

Pathophysiology
Before discussing the interpretation and management
of individual EFM tracings, it is necessary to point out
certain physiologic principles of FHR monitoring
along with the technical and logistic pitfalls that
impede the ability to realize the objectives originally
vouchsafed for EFM.

FHR patterns during labor and before are influenced
by numerous factors including gestational age and the
behavioral state of the fetus (activity level, breathing
movements, electroencephalographic pattern, etc.), as
well as medications, infection, anomalies, arrhythmias
and maternal disease.19 Beyond these, FHR patterns
during labor are also influenced to a considerable
degree by uterine contractions and expulsive efforts of
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the mother as well as the station, position, attitude
and molding of the fetal head, fetal temperature, the
presence of infection, and perhaps by dysfunctional
labor.20,21

The normal-term FHR pattern has identifiable
features corresponding to various behavioral states
(Figure 176.1). These include a stable baseline rate
and absent decelerations and alternating epochs of
(a) decreased variability and absent accelerations
(sleep/rest) and (b) average variability and accelerations
associated with fetal movement (awake/active).22–29

When present, these features, particularly including the
cyclic activity, permit the inference of both normal fetal
behavior (neurologic integrity) and absent hypoxia.
They represent the fundamental properties of the FHR
pattern of the normally oxygenated and neurologically
responsive fetus, who will not likely deteriorate from
hypoxia, sepsis, or trauma without changes in baseline
rate and variability.

As will be discussed below, not all changes in rate
and variability represent deterioration, and if only brief
segments of the tracing are analyzed some of the
normal features of the rest cycle (for example, reduced
variability and absence of accelerations) carry the
potential for adverse interpretation.19 Thus, brief
periods of absent variability (fetal sleep) and sinusoidal
heart rate pattern (fetal sucking), even certain ‘late’
decelerations (with stable baseline rate and maintained
variability) that correspond to periods of active fetal
breathing should not be confused with fetal
abnormality.24–26 The evolution of these episodic
changes is best evaluated during antepartum heart rate
testing in both normal and pathologic pregnan-
cies.23,27–31 Absent decelerations during labor, these
patterns may be observed for reasonable lengths of time
before consideration is given to intervention.

The normal baseline FHR is defined as the
persistently stable rate in the absence of (or between)

Figure 176.1 Non-decelerative pattern. Reactive tracing. Normal variations in FHR pattern produced by changes in fetal
behavioral state. Note the three obvious epochs in top half of the tracing which begins with absent variability and no accelerations.
The rate then decreases somewhat with an obvious increase in the variability. The third epoch shows obvious accelerations and
variability, but different from that in the previous epoch.
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contractions or provocations.32 The baseline rate can
be characterized in a very narrow range, perhaps
5–10 bpm at best, and is usually described according to
the rate, the stability of the rate and the presence of
short- and long-term variability in the intervals
between contractions. Short-term variability represents
the abrupt and seemingly random changes between
consecutive heart beats (usually only about 1–2 bpm)
giving rise to a rather unpredictable, somewhat chaotic
pattern of changes. Long-term variability represents the
more predictable changes in the oscillations in the rate
over many beats, is usually classified according to the
range (peak to trough) of heart rates over about 1 min
and normally averages about 5–15 bpm. Changes in
long- and short-term variability tend to correspond.
When only short-term variability is present, however,
the tracing is usually considered acceptable. When the
long-term oscillations are regular (sinusoidal) with a
frequency of about 2–6 cpm and an amplitude of
5–15 bpm it is often referred to as sinusoidal if reactivity
elsewhere in the tracing is absent. Whether the pattern
is intermittent or persistent and reactivity elsewhere
is absent, it likely represents an ominous situation in
the fetus such as severe anemia, neurologic injury or
anomaly.33–39 However, the most typically encountered
sinusoidal pattern is either a variant of normal or the
result of narcotic administration and correctable by
nalorphine.40 While most attention has been paid to the
abnormalities associated with decreased (< 5 bpm) or
absent (< 2 bpm) long-term variability, it is important to
emphasize that increased variability, either long- or
short-term (> 15 bpm), is no more ‘normal’ than is
decreased variability. Indeed, increased variability may
be a harbinger of impending or early hypoxia secondary
to alpha-adrenergic activity.41

Baseline tachycardia and bradycardia are frequently
defined as heart rates outside the range of ‘normal’
(e.g. 110–160 bpm) for at least 10–15 min.32 (Indeed the
definitions of the various ‘guidelines’ differ.) Defining
fetal bradycardia and tachycardia by some ‘normal
range’ based on cross-sectional studies, however,
seems to violate a more physiologic approach of using
the fetus as its own control. For example, a fetal
baseline rate that rises from 155 to 165 bpm (tachy-
cardia by the above definition) represents much less of
a problem than a rise to 155 bpm from a baseline of
110 bpm, even though both of the latter values are in
the normal range for the population. The baseline
heart rate established on admission should be used as
the reference point for subsequent changes. Thus, if
the FHR on admission were about 130 bpm, a rise to a
persistent 150 bpm should be considered a relative
tachycardia while a fall in heart rate to a persistent
115 bpm, even with normal or increased variability
would represent relative bradycardia. Neither should
be considered part of the normal range of this
particular fetus. A number of factors, many of which
do not represent hypoxia, may increase the heart rate

including fever, cardioactive drugs, maternal dehydra-
tion, arrhythmia and hypoxia (with decelerations).

Thus in a review of any tracing, it is important to
look at the beginning of the pattern to establish the
baseline and ask if the fetal behavior was ever
demonstrably normal. As the fetus deteriorates before
the onset of labor, behavioral cycles become disrupted
with lengthening sleep cycles, disappearance of
variability, and sometimes a rise in the baseline. Only
then do accelerations disappear, decelerations appear
with contractions, the baseline becomes unstable,
it falls, and the fetus dies.42,43 If the fetus enters labor
with persistently absent variability, it cannot be defined
as having normal neurologic potential. If there has
been no preceding testing to help ascertain the acuity
of these findings, then the differential diagnosis is
broad and includes: drug effect, placental insufficiency,
infection, genetic disorders, anemia, neurologic
injury (infarction, hemorrhage, asphyxia), congenital
anomaly, and tumor.

It is critical to the understanding of FHR patterns to
recognize that in the presence of uterine contractions,
acute fetal hypoxemia will be reflected by the appear-
ance of decelerations before any rise in the baseline rate
or decrease in variability.43,44 With continued mild to
moderate oxygen deprivation, the decelerations persist,
accompanied by a rising baseline heart rate and a
diminution in baseline variability (and developing
acidosis) eventually leading to a fixed elevated rate
(rarely above 160 bpm). As the fetus approaches
death the baseline falls and becomes unstable;
decelerations may be less obvious and less easily
separable into type – i.e. late or variable. With severe or
profound hypoxemia the initial response may be a
prolonged deceleration or bradycardia, which requires
immediate attention if not relieved or improving after
about 4 min.

To connote significant fetal hypoxemia, therefore,
transient decelerations must provoke a rise in a pre-
viously normal baseline rate. If the fetal baseline rate is
already increased over the initial normal baseline, then
no apparent change in baseline will necessarily occur.
Irrespective of the deceleration pattern (late, variable, or
prolonged), transient decelerations unaccompanied by a
rise in heart rate cannot represent developing tissue
hypoxia or troublesome ischemia. Similarly, elevations
of the heart rate or loss of variability without
decelerations during labor also cannot represent
ongoing tissue oxygen deprivation. Thus, in the
absence of changes in baseline rate and variability there
is no meaningful distinction among , late, variable, even
prolonged decelerations. Prolonged decelerations
(usually in the second stage of labor) arising from a
previously normal FHR patterns are rarely of (acid–
base) consequence if the deceleration stabilizes at
80 bpm or above, and especially if variability is
maintained (vide infra).45,46 If the prolonged decelera-
tion continues to fall below 80 bpm and loses

1850 Electronic fetal monitoring
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variability, the prognosis is much more ominous.
Whether or not the deceleration is agonal or not, the
first response is to attempt to ameliorate it by position
change, the elimination of contractions and, as a
minimum, refraining from pushing.

The pattern of decelerations provides important
insights into the mechanism of hypoxia: The fetus
may suffer hypoxia related either to (1) a decreased
availability of oxygen to the fetus (hypoxemic
hypoxia) or (2) interference with blood flow to the
brain or placenta (ischemic hypoxia). We consider
those changes associated with late decelerations
hypoxemic while those associated with variable or
prolonged decelerations of sudden onset ischemic.
The bases for this distinction derive from the clinical
and experimental work of several authors.44,47–56 The
difference is important because of the markedly
different ways the fetus responds to such limitations
of oxygen, in the speed of deterioration and in the
relationship to subsequent injury. Hypoxemia may

occur without ischemia, and in this context is rarely
associated with organ damage unless there has been
considerable neglect. Tissue ischemia, however, may
occur in the absence of systemic hypoxemia and
cause end-organ injury – sometimes rapidly.57

Late decelerations represent an early response to fetal
hypoxemia, even before the development of changes in
baseline rate and variability.43,58,59 They may also
represent a benign response to a behavioral pattern
of normal fetal breathing episodes (Figure 176.2).26

When associated with a rising baseline rate and
decreasing variability, they are accompanied by
transient hypotension during the deceleration and a
slow decrease in oxygen availability and cerebral blood
flow (CBF) and may be tolerated for many hours while
the fetus accumulates a metabolic acidosis.43,58,59 As the
hypoxia and acidosis increase, the FHR becomes fixed
(absent variability) usually with a relative tachycardia
and continuing decelerations. The decelerations at
this time might be quite minimal in amplitude, but

Figure 176.2 Late deceleration pattern in association with fetal breathing movements (FBM). The upper portion of the panel has
what appear to be late decelerations. They are not related to hypoxemia; rather, they represent a response to active FBM which,
when picked up by the tocodynamometer, are seen as high-frequency low-amplitude spikes. When FBM abate (16–20 min) the
decelerations disappear without residual tachycardia or decrease in variability.
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are usually discernible because of the marked
reduction in the amount of both long- and short-term
variability.

Late in the course of continuing and progressive
hypoxia, there eventually comes a point when the
severity of the oxygen deprivation and the resulting
acidosis and loss of energy substrate conspire so that
the fetus is no longer be able to maintain cardiac
output to even priority organs. Blood flow to the brain
will then diminish and injury will supervene as the
fetus approaches death. On the monitor this is revealed
as an unstable, slowly oscillating, diminishing heart rate,
less obvious decelerations with absent variability, and,
eventually, asystole (Figure 176.3).36,60 As mentioned
above, the fetus with this agonal pattern is unlikely to
survive or to survive intact after delivery. This is the
‘pure’ sequence of changes that most likely results in
severe acidosis at birth, prolonged, low Apgar scores
and severe neonatal hypoxic–ischemic encephalopathy
in the immediate neonatal period.61–64 This agonal
pattern requires intervention as rapidly as can be per-
formed with reasonable safety for mother and fetus.
While failing to intervene will surely result in fetal

death, it must be understood, nevertheless, that this
fetus may die or already be seriously handicapped
irrespective of the speed of intervention.

It is important here to distinguish between the
features of the sudden bradycardia or prolonged
deceleration (Figure 176.4) seen commonly at the very
end of labor and the ‘agonal’ pattern (seen at any time)
(Figure 176.3). In the prolonged deceleration pattern,
the preceding FHR pattern has been normal or
contained minimal decelerations unassociated with a
rising baseline rate or decreased variability. While the
appearance of the sudden prolonged deceleration
suggests an acute, ischemic stress, it may not be used to
infer injury. At least as importantly, prompt inter-
vention may produce a neurologically intact child. In
the terminal decelerative pattern, in which one may
often anticipate injury if the infant survives, the
preceding pattern reveals absent variability, an unstable
baseline rate and nondescript decelerations. Death or
injury is probably inevitable and not preventable.

As noted, the initial appearance of late decelerations
represents an early marker of hypoxemia, even before
the appearance of acidosis. As such it will be, early in

1852 Electronic fetal monitoring

Figure 176.3 In this agonal pattern, death (attributed to a tight knot in the cord) was preceded by absent variability, an unstable
baseline, and a terminal bradycardia.
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the course, a poor predictor of subsequent poor
outcome at delivery or long-term outcome.65 Those
factors associated with the early appearance of late
decelerations include: fever, frequent or prolonged
uterine contractions, maternal hypotension, placental
disease, and fetal anemia. We emphasize here that if
the mother is febrile, the fetus and placenta are also
febrile – at an even higher temperature – with
increased metabolic demands.66,67

Variable and prolonged decelerations may be
considered acute, responses to any diminution in
cerebral or umbilical blood flow (ischemia).19,48,50,68–71

When the cord is compressed, the rapidity of the
onset and the depth of the deceleration result from an
exuberant increase in fetal peripheral resistance and
blood pressure. Head compression causes variable
decelerations by a different mechanism, but they are
morphologically indistinguishable clinically from those
produced by cord compression. When hypoxemia
ensues from any cause there may be redistribution of
blood flow within the fetus so that flow to the vital
structures in the organism, i.e. the brain, the adrenals,
the heart and the placenta are maintained and flow
to less critical areas (the gut, skin, muscles, etc.) is
sacrificed. This is referred to as the ‘dive reflex’ and is
similar to that found in the diving mammal, including
the human.72,73 Under these manifold responses and
redirection of blood flow, specific areas of the fetus
from which blood has been shunted or where flow has
been inadequate may suffer injury in a short period of
time, even without ongoing, systemic hypoxia.57,74

Variable decelerations deteriorate with much the same
changes as described for late decelerations above, but
the course may be considerably shorter. It is axiomatic

therefore, that for this reflex to indeed protect the brain
for example, it must overcome any meaningful
obstruction to blood flow to the brain.75,76 Sometimes,
as the result of expulsive efforts, malposition of the
fetal head and non-progressive labor, cerebral blood
flow (CBF) may not be maintained. It is likely that most
variable decelerations, especially in the second stage of
labor and especially in the OP position, are related to
head compression.

This approach to the evaluation of decelerations
prompts here a definition of the term ‘recovery’ from a
deceleration. In this context ‘total’ recovery from a
deceleration sequence means a return to the previously
normal baseline rate and variability. When the fetus
recovers from even significant hypoxia or ischemia,
first the decelerations diminish in amplitude and
disappear; then the baseline rate and variability return
to normal. The disappearance of decelerations alone is
insufficient to declare the fetus ‘recovered’. Irrespective
of the type or duration of the deceleration, recovery as
defined here, appears to preclude injury during the
episode. On the contrary, abnormalities in the recovery
of variable decelerations sometimes called ‘atypical’
variables, or those with ‘slow return’, represent the yet
unrecovered responses to the hemodynamic changes
reflected in the variable deceleration.70,71 They require
no increased attention – provided that the baseline rate
and variability recover to their previously normal state
before the next contraction.77

While many classify the severity of decelerations
based on the duration and the amplitude, these factors
have not been shown to be predictive of adverse
outcome.78–81 Paul et al. showed that the severity of the
acidosis accompanying late decelerations was a

Figure 176.4 A sudden prolonged deceleration preceded by a normal pattern. The presumptive cause was placental abruption and
prompt delivery resulted in a good outcome.
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function of the amount of variability in the baseline and
not of the amplitude or the duration of the decelera-
tion.82 Zalar and Quilligan83 and Visser et al.42 showed
that pH was almost invariably normal in fetuses with
poor variability provided there were no decelerations. A
similar dichotomous division of pH results was
demonstrated with fetal tachycardia.84 Those fetuses
with tachycardia and no late decelerations had normal
pH values, while those with late decelerations were
more likely to be acidotic. Fetuses with persistent
bradycardia during the second stage of labor are
frequently, but not invariably, normal.45,46,85 Here again,
other features of the tracing need to be considered.

The most telling parameter in attempting to deter-
mine hypoxia is the impact of the deceleration on the
subsequent baseline rate and variability. According to
this notion, most decelerations developing during labor
either represent no significant difficulty for the fetus,
or are remediable with conservative care. Thus,
careful control of contraction frequency, whether or
not oxytocin or prostaglandins are used, minimizing

supine hypotension associated with maternal position
or epidural anesthesia, and observing the fetal response
to maternal pushing in the second stage of labor can
forestall decelerations from appearing in the first place.
Even when decelerations are progressive, the change
from a developing to persistent hypoxia is more or
less gradual, in part related to the strength and
frequency of contractions and the amount of head or
umbilical cord compression due to descent and
maternal expulsive efforts (Figure 176.5). Thus in the
majority of instances decelerations are correctable, or
failing that, permit timely intervention. Occasionally,
most especially in the second stage with frequent
contractions and unrestrained pushing, the transition
from early to advanced hypoxia and ischemia can be
abrupt (Figure 176.6).

The second stage of labor
The second stage of labor begins with the completion of
cervical dilatation. The frequency of decelerations

1854 Electronic fetal monitoring

Figure 176.5 Progressive decelerative pattern (variable decelerations). At the start of the second stage of labor the fetal heart rate
patterns is normal with absent decelerations. With the onset of pushing the fetus develops a series of variable decelerations with
progressively decreasing variability. This represent recurrent ischemic events but the pattern in itself does not permit the diagnosis
of injury. The frequency of contractions should be diminished and the patients expulsive efforts moderated.
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usually increases dramatically in the second stage of
labor, probably due to the effects of frequent uterine
contractions along with the effect of maternal expulsive
forces on the fetal head and the cord. While no pattern
is unique to the second stage, increased variability, pro-
longed decelerations and rising baseline are especially
common, as are variable decelerations.19,86 Alterations
of the baseline, especially tachycardia, are often
associated with acidosis, an effect confirmed in the
bovine model.87 Baseline bradycardia is not uncommon;
it is frequently related to the pushing strategy (see
below) and only infrequently associated with adverse
outcome or acidosis, especially if variability is
maintained.86

It is widely believed, however, that patterns during
the second stage are different and may even require
their own classification.20,46,88 The enormous potential
variation in second-stage decelerations makes
understandable why so many patterns are other than

‘normal’ and why in the largest RCT of monitoring,
40% of second stage patterns could not even be classi-
fied.7,88 We emphasize, however, that the principles
of interpretation of FHR patterns apply irrespective
of the timing of the tracing (antepartum, first stage of
labor, second stage of labor).20

We believe that decelerations during the second
stage are made more difficult to classify not because of
inherent changes in their appearance but because of the
frequency of contractions and the conduct of maternal
pushing. In the first stage of labor decelerations usually
induce treatment to diminish the frequency of contrac-
tions and avoid additional stresses. In the second stage
of labor, maternal pushing is often sustained and
encouraged in spite of decelerations. In this situation
there may be no opportunity for the fetus to recover
from one contraction before the next one begins. Under
these circumstances it may not be possible even to
determine the fetal baseline rate between contractions.

Figure 176.6 Progression of normal decelerative pattern to injury during the second stage of labor in a fetus in occiput posterior
position and relentless pushing.103 The tracing reveals a diminution in baseline rate to 120 bpm from the normal fetal baseline of
135 bpm accompanied by an increase in baseline variability. It is important to emphasize that increased variability is no more
normal than is decreased variability. At 18 min the fetus develops a sudden tachycardia and absent variability. Notice also the
disappearance of the decelerations. The infant was born with massive intracranial hemorrhage but normal acid–base balance.
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As a result, decelerations may pile one on top of the
other, creating virtually any type or duration of
deceleration pattern, including prolonged deceleration.

Focusing specifically on the second stage draws
attention to the role of head position, compression
and reduction in brain blood flow in the etiology of
fetal cardiac decelerations during this period. Fetuses
in the occiput posterior position, for example,
demonstrate an increased likelihood of decelerations
and adverse outcomes.89,90

Many of the cases in which the FHR pattern
deteriorates during the second stage are related to
excessive frequency of contractions and unrestrained
maternal bearing down.19,91,92 Safety requires that
contractions appear no more often than every 2 min or
more preferably, no more than 7 in 15 min, and that
pushing with the contraction be resumed only if the
baseline heart rate and variability have recovered to
their previously normal levels (see definition of
recovery above). Determining the significance of second
stage decelerations is best approached by analyzing
them in the absence of pushing. This requires both
diminishing the frequency of contractions when
necessary (by reducing the oxytocin infusion rate)
and curtailing the mother’s pushing. Thus, if the

deceleration is prolonged beyond the contraction or
the baseline rate is rising between contractions the
expulsive efforts of the mother must be temporarily
modified. This may require some effort and discip-
line, especially if the mother is not receiving analgesia
or epidural anesthesia. Failing this, the practitioner
exhorts the patient to push exuberantly in an attempt
to ‘outrun the fetal distress’, but succeeds only in
precipitating an unremitting, prolonged deceleration.
Alternatively, he or she may be tempted to undertake
a potentially difficult operative delivery that is often
unsuccessful. It must be remembered that the first
objective of fetal surveillance is to keep the fetus out
of harm’s way; that is a more effective approach than
rescue. Principles of interpretation are summarized in
Table 176.1.

Pitfalls
Given all the insights that fetal monitoring provides
about the condition of the fetus, it is necessary to
explore why it is subjected to so much criticism and
skepticism about its value. We will not deal further
with the several randomized clinical trials relating to

1856 Electronic fetal monitoring

Table 176.1 Principles of EFM interpretation

• Cyclic activity with accelerations, normal baseline variability and a stable baseline heart rate alternating with epochs of
decreased variability and absent accelerations are hallmarks of fetal health

• Accelerations arise out of normal variability during cyclic variation in the baseline heart rate. Accelerations without
baseline variability should be considered suspicious. In the second stage of labor, they may represent the maternal heart
rate pattern

• Abnormal patterns may represent the effects of drugs, fetal anomaly, fetal injury or infection – not only hypoxia

• Significant hypoxia will not occur without changes in baseline rate and variability. When contractions are present,
decelerations appear before changes in rate and variability

• Periods of decreased variability and stable baseline heart rate in the normal range without decelerations may represent
quiet fetal sleep. During labor, they are unlikely to represent hypoxia

• Before labor, hypoxic fetuses may have a normal baseline FHR of 110–150 bpm with no accelerations and baseline
variability of < 5 bpm for < 40 min. During labor the additional presence of decelerations is required for the presumptive
diagnosis of hypoxia

• With diminished baseline variability < 5 bpm even shallow late decelerations < 15 bpm are ominous in a non-reactive trace

• During labor, too frequent contractions represent a threat to the fetus irrespective of the presence of abnormal heart rate
patterns

• Abruption, cord prolapse, and scar rupture can cause acute hypoxia and should be suspected clinically. (May give rise to
prolonged decelerations/bradycardia)

• Fetal hypoxia and acidosis may develop faster with an abnormal trace when there is scanty, thick meconium, intrauterine
growth retardation, intrauterine infection with pyrexia and/or pre-or post-term labor

• In preterm fetuses (especially < 34 weeks), signs of hypoxia and acidosis (the presence of an abnormal trace) [increase the
likelihood of respiratory distress syndrome and may contribute to intraventricular hemorrhage] warrant earlier intervention
than in the term fetus

• Hypoxia can be aggravated by excessive uterine activity (e.g. oxytocin), maternal hypotension (epidural analgesia) and by
mechanical/traumatic stresses (difficult operative delivery)
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the subject, whose merits and limitations have been
discussed elsewhere.93–96 Rather, we will focus on
those relevant technical and philosophical issues that
have not received broad discussion in the literature.

Nomenclature
While several attempts have been made to standardize
nomenclature,88,97–100 it is clear that diverse systems
of limited compatibility are in vogue throughout the
world and receive inconsistent interpretation.101 It is
also clear that these classifications function primarily
to direct attention to phenomena within the tracing
(decelerations, variability, tachycardia, etc.); they do
little to explain the source of the heart rate pattern
abnormalities or the probability that they arise from
clinically important pathology. Moreover, in each case,
the classification is deemed relevant only to the detec-
tion of hypoxia and acidosis and not in relationship to
neurologic integrity and behavior.102–105

These drawbacks have doubtless contributed to the
current official disparagement of the term ‘fetal
distress’, and to general skepticism about EFM. As the
term is commonly employed, “fetal distress” refers to
an abnormal heart rate pattern thought to represent
oxygen deprivation. The distress is seldom qualified
further or quantified at all. In addition, there are
clearly other kinds of stress, some potentially as
devastating to the fetus as systemic hypoxia. These
include infection, anemia, arrhythmia, anomaly, and
localized ischemia of the brain or other organs related
to perfusion or mechanical trauma. The more in-vogue
but vague and imprecise terms ‘fetal intolerance to
labor’ and ‘non-reassuring fetal status’ however, surely
underscore the failure of current classifications to
provide insight into the mechanism(s) of the problem,
the likelihood of recovery, the interaction among
various heart rate patterns or a basis upon which to
relate the events of labor to subsequent outcome. This
helps us understand why there are no useful com-
puterized models for the interpretation of intrapartum
FHR patterns and even why ‘alarm’ systems are so
readily abandoned.106

The problem of nomenclature is best illustrated by
a brief discussion of the requirements for a ‘reactive
NST’.107 In designating an NST tracing as ‘reactive’ we
do not mention the specific baseline rate if it is in the
normal range, or the amount of variability, or the fact
that there are periods of time when the baseline
variability is poor or absent (Figure 176.1). The entire
pattern has a name – the reactive NST.

Technical issues
Technical issues must be understood as well.
Abnormalities of the tracing are found predominantly
during the expulsive phase of labor when technical
difficulties are most likely to interfere with proper
registration. The source of the FHR and uterine

contraction signals (internal or external) will influence
both the accuracy of the interpretation and the
potential for misrepresentation of the baseline rate
and the variability. Indeed, the monitor may mistake
the maternal heart rate pattern for the fetal pattern
with sometimes catastrophic results.108,109 Under
these circumstances, the ‘baby has been lost’ on the
monitor and deterioration has not been appreciated.
This situation has become commonplace in medical
malpractice cases.

Correlation with outcome
The correlation of FHR patterns with outcome was
originally confined to measures of immediate neonatal
condition based on the potential effects of oxygen
deprivation: neonatal death, pH of umbilical cord
blood, Apgar scores, or need for neonatal intensive
care.84,110–114 While a normal intrapartum FHR pattern
virtually excludes the presence of acute fetal hypoxia,
and while abnormal patterns show an increased
likelihood of acidosis and neonatal depression, most
abnormal patterns fail to show any correlation with
hypoxia or adverse outcome. The presence of a
normal pattern, especially one with evidence of
normal fetal behavioral states, correlates strongly with
normal long-term neurologic outcome.115–117 Abnormal
FHR patterns, both before and during labor, are
indeed associated with abnormal neurologic activity,
including subsequent cerebral palsy.65,102,118,119–123

Nevertheless, most abnormal patterns, when defined
traditionally based on presumptions about the
presence of hypoxia, show only a poor correlation
with adverse outcome.65,119 These generalizations
apply despite differences in classification of FHR
pattern.

As originally conceived, EFM was predicated on the
benefits of the early detection of and timely
intervention for fetal hypoxia. The test of hypoxia was
the presence of certain specific decelerations. So
unique were the individual decelerations thought to
be in 1967124 that they were named according to the
presumed mechanism. Thus, late decelerations were
thought to represent ‘uteroplacental insufficiency’,
variable decelerations to ‘cord compression’, and early
decelerations to ‘head compression’. It is now clear that
this represents a simplistic view of FHR patterns.
Variable decelerations, for example, are caused by
both umbilical cord compression and (probably more
commonly) by fetal head compression. Early decelera-
tions are pathophysiologically probably the same as
variable decelerations. Late decelerations may occur
other than in the context of hypoxia.

Figure 176.7 (bottom half) illustrates the importance
of understanding the provenance of the patterns.
It illustrates a series of combined variable and late
decelerations and absent variability. There is a very
high likelihood of a poor outcome associated with
such a pattern. If the FHR recording preceding this

Kurjak-176.qxd  5/10/2006  12:23 PM  Page 1857



1858 Electronic fetal monitoring

tracing was normal then the progression of the pattern
from normal to ominous suggests an acute and
ongoing problem that could (and may already have)
progressed to brain injury. If, however, the fetus was
admitted with diminished variability, even absent
decelerations (as in this case – top figure), then it is
likely that the fetus was already injured at the time of
admission.

FHR patterns and the diagnosis
of neurologic injury
To understand the potential for using FHR patterns to
detect neurologic injury, consider a principle widely
used for the neurologic evaluation and prognosis of a
person after a near-drowning accident. Irrespective of

the severity of immediate asphyxia and neurologic
manifestations thereof, the diagnosis of permanent
neurologic injury must await the resolution of
acidosis, hypoxia, and cerebral edema. Only then
does a neurologic prognosis become reasonable. In the
studies of Ikeda et al. on fetal lambs, the umbilical
cord circulation was interrupted completely to a level
of profound hypoxia and acidosis (pH < 6.9, and base
deficit > 20 mmol/l).35,125 The occlusion was then
relieved, and the lambs were allowed to recover.
Their brains were later examined for the severity of
injury. The authors found no correlation between the
duration of the fetal bradycardia or the severity of the
hypoxia or acidosis and the severity of brain injury.
Several features of this study appear to have critical
relevance to the analysis of intrapartum events and
their relationship to injury. The mechanism of injury
in the animal studies was an acute abrupt and

Figure 176.7 Pattern of injury. Note the persistent absence of baseline variability as well as the absence of decelerations in the top
panel. In the bottom panel, several hours later, we find the combination of absent variability and small variable decelerations with
overshoot and late decelerations in the presence of a stable baseline rate. This sequence and the absence of any normal tracing
suggest that that threshold of injury had been crossed by the time monitoring was initiated. The infant was found to have low Apgar
scores at birth but normal cord blood gases. The infant subsequently developed cerebral palsy.
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profound ischemic assault reaching extraordinary
levels of hypoxia and acidosis. But, although the
FHR responded to this oxygen deprivation and severe
acidosis, the duration of the bradycardia was not
directly related to the severity of the neurologic
injury. The factors that did correlate to the severity
of injury were the (1) duration of the diminished
perfusion of the brain (the ischemia), which could be
measured in the experiment, but cannot be measured
directly in the human fetus and (2) the appearance of
the FHR pattern after the event. Of clinical importance
was the observation that, despite the duration and the
severity of the assault, when the obstruction to blood
flow in the umbilical cord was removed, the pH and
the base deficit returned to normal, but the injury
remained. These experiments revealed the potential
for acid–base (but not histologic) recovery of an
obvious and severe asphyxial insult, the variability of
neurologic injury among fetuses exposed to the same
severe insult and extreme values of acidosis, and the
potential relevance of the FHR pattern that occurs in
the wake of a severe ischemic insult. No estimate of
severity could be gleaned from the type or duration of
the FHR pattern during the acute episode. Similar
conclusions can be drawn from other experimental
data.126

These findings contradict the prevailing opinion
that for acute intrapartum asphyxia to be diagnosed,
there must be evidence of abnormalities in Apgar
score and pH at birth.61,64 That may be reasonable for
a model of injury that is one of progressive systemic
hypoxia with relentless deterioration of the pH, and
severe systemic manifestations of hypoxia at the end
of labor. It makes, however, no concession for injury
by any other mechanism (e.g. mechanical trauma,
pure ischemia), or for the likelihood that host or
environmental factors influence the vulnerability of
individual fetuses to injury, even when exposed to
the same degree of oxygen deprivation. It also makes
no accommodation for a profound hypoxic event
from which the fetus has recovered metabolically but
not neurologically, and gives no consideration to the
baseline condition of the fetus at the time the acute
insult occurred. The issue is complex, and too poorly
understood at this time to allow such definitive
requirements.102,127

Clinical FHR tracings illustrate that the fetus may be
injured during an hypoxic/ischemic episode from
which it recovers from the hemodynamic and metabolic
standpoints, but not from a neurologic one.102,103,105,128

Decelerations need not be present to consider the poten-
tial for adverse neurologic consequences on the basis of
the tracing. In this respect the diagnosis is a neuro-
logic one, not a hypoxic one. When adverse features
including persistently absent short-term variability
and small variable decelerations with overshoot or
intermittent sinusoidal pattern (Figure 176.6 – bottom
half) are associated with absence of accelerations the

potential for adverse neurologic outcome increases
considerably, especially if the preceding antepartum
or intrapartum tracing was reactive.102,120,122,129 This
‘pattern of injury’ may be recoverable under certain
circumstances, e.g. when there is severe metabolic
ketoacidosis in the mother.130,131 The pattern of injury
appears in about 0.2% of all patients undergoing
monitoring, but in about 50% of fetuses who sub-
sequently develop neurologic disability in the form of
cerebral palsy.120,122,123 The overwhelming majority of
patients with this pattern will have normal pH values.
Only those whose patterns show obvious decelerations
also show acidosis.123 Thus, when one encounters this
pattern under the circumstances described above it
seems reasonable to anticipate a significant problem
with the baby and to understand that even the most
aggressive and timely management may not change
the outcome.

In other, rare circumstances, the decelerations
disappear and the baseline rate returns to normal, but
the variability remains persistently exaggerated as
the marker of the neurological injury; but normal
behavioral cycles are usually not maintained.132

On occasion the transition from a normal to a
pathologic pattern is obvious and dramatic, as in the
sudden development of ischemic or hemorrhagic
injury – a pattern we have referred to as the ‘conversion
pattern’.102,103 Figure 176.6 illustrates the dramatic
conversion of a previously normal tracing to one of
absent variability in a fetus who suffered a stroke
during labor. These events, which may be far more
common than realized, are compatible only with a
regional, ischemic event, not one of progressive,
systemic asphyxia. The appearance of such tracings
further underscores the limitations of trying to identify
neurologic problems in the fetus using a nosology of
decelerations designed only to demonstrate systemic
hypoxia.

While the ‘conversion’ pattern shows an extraordi-
nary correlation with subsequent adverse neurologic
outcome, it cannot be used in any way to ascertain the
severity of that involvement122 or that its continuation
necessarily represents ongoing deterioration of the
fetal condition. It is important to emphasize the deter-
mination of injury is not based solely on the presence
of a tracing with absent variability and other features.
To define injury or the potential for it, one must either
demonstrate or have reason to believe that the pattern
of injury represents the conversion from a previously
normal FHR pattern.122,128 This distinction is important
because this pattern of injury may be emulated in
all respects by the administration of atropine to the
mother or fetus.51,133,134 It may also appear in the non-
injured fetus as a result of prematurity, extreme tachy-
cardia from any cause, and in anomalous fetuses.135

Abnormalities of variability in the heart rate pattern
may also be seen in older children with cerebral palsy
and brain damaged adults.136–138
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Effects on the cesarean rate
Most studies suggest that the use of EFM, because of
the high incidence of abnormal FHR patterns that do
not reflect severe asphyxia, increases the cesarean
section rate, without apparent benefit for fetal out-
come. As a result, there has been considerable interest
in techniques that will increase the sensitivity of the
‘non-reassuring’ pattern for identifying significant
oxygen deprivation or acidosis. Fetal capillary blood
sampling has some potential benefits in this regard,
but is no longer widely used, owing primarily to its
technical challenges and intrinsic measurement
errors.139,140

The U.S. Food and Drug Administration recently
approved the marketing of the Nellcor N-400 fetal
pulse oximeter to be used as an adjunct to FHR moni-
toring to monitor fetal intrapartum oxygen saturation
continuously in a singleton vertex fetus with a
gestational age of at least 36 weeks in the presence of a
non-reassuring heart rate pattern after fetal membranes
have ruptured. The stated and the implied benefits of
the technique include: (1) reduced cesarean section
rate for so-called ‘non-reassuring FHR patterns’
(NRFHRP); (2) simplicity – ostensibly only a single
reading of more than 30% between contractions is
assurance that the fetus is adequately oxygenated.15,141

This notion eliminates the requirement for under-
standing the periodic changes in fetal oxygen
saturation associated with contractions and prevents
any misunderstanding about the meaning of various
FHR decelerations and their impact on the baseline
heart rate and variability. It would also seem to
attenuate the risk of any medicolegal challenge
relative to the interpretation of FHR patterns.142

When the device was used in conjunction with
FHR monitoring in a randomized clinical trial there
was indeed a reduction in cesarean delivery rates for
‘non-reassuring FHR patterns’; but there was no
difference in the immediate neonatal outcomes or the
overall cesarean delivery rates (the latter as a result of
an increase in abdominal delivery for dystocia in the
pulse oximetry group).15 Given these data, along with
data suggesting that the correlation with scalp or
umbilical pH is poor and that pulse oximetry may fail
to recognize FHR changes associated with neurologic
injury, the net value of the device for its stated
purpose is unobvious.142–144

According to the rationale for using adjunctive
techniques such as capillary pH measurements or
pulse oximetry, overreaction to abnormalities in the
FHR tracing will prompt unnecessary intervention if
the FHR monitor is used alone, while intervention, if
ultimately necessary, can be safely delayed as long as
the oxygen saturation or pH is normal.15 There would
seem to be no obvious advantage for pulse oximetry to
reduce somewhat the cesarean section rate, but
increase the risk of urgent interventions or more
difficult operative deliveries.

Precepts of monitoring
Perhaps a broader perspective is necessary. The
original incentive for implementing fetal monitoring
was the notion that the unique decelerations produced
in relationship to contractions would allow early
detection of fetal hypoxia and early intervention, in
other words, rescue the fetus from impending
decompensation. This oft repeated precept of EFM
about intervention may indeed be the major impedi-
ment to realizing its benefits. To optimize the timing
of intervention, there must be knowledge about the
types of FHR patterns and mechanisms that produce
injury, the speed of deterioration and the options for
recoverability. Clearly some patterns develop slowly
with ample, non-critical, opportunities for interven-
tion with the expectation of normal outcome. Other
patterns progress more rapidly and the timing of
intervention becomes critical if the fetus is to be
rescued. Still other patterns develop so rapidly and
unpredictably that timely intervention is improbable
and, irrespective of the speed of intervention, the fetus
may not escape injury or death. In other circumstances,
the opportunity for timely intervention has long passed
and intervention, required by the standard of care,
may not change the inevitable handicap or death.
There has been little meaningful discussion of these
issues.

Perhaps a better understanding of the benefits of
EFM will be realized if the perspective of its role is
changed from rescue to prevention. To begin to realize
this role for EFM requires that the medical personnel
attending the parturient continuously answer three
questions: ‘Does anything have to be done for the
mother?’ ‘Does anything have to be done for the
fetus?’ And thirdly, ‘What is the feasibility of safe
vaginal delivery, given the circumstances of the labor,
the fetal condition and the maternal condition?’
Focusing on the FHR pattern for a moment, it seems
axiomatic that irrespective of any abnormality of the
FHR pattern, labor can only be permitted as long as
there is reasonable expectation of the feasibility of
safe vaginal delivery. That is, the decelerations that
can be tolerated at full dilatation of the cervix with a
head ready to deliver would not reasonably be
tolerated in early labor before descent of the head,
rupture of the membranes and the potential for cord
compression, factors likely to further increase the
severity of decelerations. Indeed, the lower the
feasibility of safe vaginal delivery, the lower should
be the threshold for intervention for abnormal FHR
patterns irrespective of the severity of the FHR
pattern, or the amount of acidosis.

For example, in the patient with an arrest of
dilatation with the FHR demonstrating a rising baseline
with decreasing variability and recurrent decelerations,
what can be the benefit of waiting for an abnormal fetal
oxygen saturation or critically low pH? Abnormal FHR
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patterns, in fact, anticipate difficulty in labor and the
need for cesarean section for dystocia.21 Perhaps,
decelerations occur for a reason. The increased
frequency of decelerations, operative intervention, and
subsequent adverse neurologic outcome with fetuses in
occiput posterior positions have been known for some
time.89,145–148 It stands to reason that the longer and
more difficult the labor the greater are the options for
decelerations from fetal head or cord compression and
for subsequent harm and the less likely is safe vaginal
delivery from the OP position.103,146–149

Continued, unproductive labor may be associated
with increased cranial molding and deeper lodgement
of the fetal head into the pelvis. It may provoke
protracted fetal bradycardia or make ultimate operative
delivery by either vaginal or abdominal routes that
much more difficult. The question then arises, what is
the value of delaying delivery in the face of progressive
abnormalities in the FHR pattern, even if one knew the
scalp blood pH or transcutaneous oxygen saturation
were normal? Delaying intervention – waiting until the
fetal condition deteriorates or becomes critical before
intervention – seems to be a violation of one of the
fundamental tenets of obstetric care – keeping the
mother and fetus out of harm’s way.

When the FHR pattern is reactive, there is
reasonable diagnostic certainty that there is no fetal
indication for intervention. It does not exclude
intervention on the basis of fetal size or presentation or
position, pelvic size or a maternal condition. Thus, the
determination of the timing of intervention will
depend as much on the heart rate pattern as it does on
the estimated feasibility and timing of safe vaginal
delivery. The strength of such evaluations is modified
by the reliability and predictability of the informa-
tion, the skill of the interpreter, and the clinical
context. The approach we have recommended here
emphasizes the need to examine and codify trends in
FHR patterns in an effort to identify the boundaries
that separate the normally oxygenated and normally
behaving fetus from the hypoxemic one and to
distinguish pure hypoxia from that likely to be
associated with ischemia.

We have tried to avoid here discussing tracings as a
‘snapshot’ of various patterns without discussion of
their evolution.150 Such limited perspective cannot
permit an accurate assessment of the fetal condition or
thoughtful deliberation about the urgency and route of
delivery. Assessing ‘non-reassuring patterns’ would
seem to require less attention to specific features of the
types and timing of decelerations or variability, than to
changes in these values over time – we need to use the
fetus as its own control. The normal tracing with a
stable baseline, cyclic accelerations and variability, and
absent decelerations defines absent hypoxia and
normal fetal behavior. Fetuses appear not to deteriorate
without first modifying their FHR baseline and
variability, even in the presence of decelerations. If

patterns thought to represent fetal compromise were
present at the outset of labor, then any adverse outcome
likely represents antepartum insult. If such patterns
evolve over time during labor after an initially normal
FHR, however, then less severe signs of ‘distress’ were
likely present. Irrespective, ‘rescue’ at this time may
not allow a normal outcome.

We believe that much more is known about the
determinants of FHR patterns than is currently used
clinically in their analysis or classification. Perinatal
asphyxia does not mean that the fetus was injured.
Perinatal injury does not mean that the fetus was
asphyxiated or that it was preventable. The evaluation
of these tracings, therefore, requires that testing must
be performed properly and in a timely way; the
results must be interpreted and communicated
correctly using an agreed upon, widely understood
classification, and the interpretation must provoke an
appropriate response in the larger clinical context
relating to the condition of the mother and the
feasibility of safe vaginal delivery. To a greater or
lesser extent all these components must be included
in any evaluation of the reproducibility of EFM, to its
comparison with alternatives, and finally to the
evaluation of its role in the allegation of obstetric
negligence.

As much insight as tracings are able to provide,
however, they cannot be used to explain all adverse
outcomes. Indeed, they provide limited affirmative
evidence of adverse outcomes associated with mala-
droit resuscitation, congenital anomaly, traumatic or
difficult delivery, sepsis, or medication. The majority of
infants depressed at birth have a normal blood pH
and the majority of infants with low pH have normal
outcome. There is, however, no reported example of
sudden, unexpected fetal death on a monitor.

Thus, all of these modalities (EFM, fetal pulse
oximetry, pH) should at least anticipate, if not
prevent, fetal death in labor because this outcome,
unlike neurologic injury, is universally associated
with either progressive hypoxia and acidosis or an
acute, catastrophic event, e.g. massive abruption. But
whether any of these techniques, by a single value
or feature or even a combination thereof, can dictate
the critical time for delivery of the fetus with a
problematic FHR pattern and a abnormal labor, is
unresolved. There yet seems to be a place for skilled
interpretation of FHR patterns, for understanding the
expected course of labor and for the Art of Obstetrics
in dealing with the parturient in labor. Rescuing the
fetus is not good obstetrics; preventing injury is. It
should not be concluded that universal cesarean
would be the obvious solution to preventing all
hypoxic and ischemic injury; rather, informed and
insightful management of labor, including intelligent
fetal surveillance would seem to be the best route to
that end. For the acceptance and benefit of monitoring
to improve, we will have to learn from the mistakes of
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177 Pain relief during labor
D. J. Birnbach and E. M. Davidson

Introduction
The numerous challenges presented by the parturient
requesting analgesia makes the job of the anesthesio-
logist working in labor and delivery both demanding
and rewarding. Those providing analgesia to the
obstetric patient must be familiar with the unique
physiology of the parturient and the effects of many
medications and techniques on the parturient and fetus,
and on the labor.

Continuous improvements in drugs and techniques
have led to a significant decrease in anesthetic-related
deaths in the delivery suite.1 The maternal mortality
rate in the United States is estimated at 7.5 per
100,000 live births2; however, under-reporting makes
this probably a minimum estimate.3 A recent retro-
spective analysis of maternal mortality during hospital
admission by Panchal et al. indicated that anesthesia-
related complications accounted for 5.2% of maternal
deaths.4

The American College of Obstetricians and
Gynecologists (ACOG) and the American Academy of
Pediatrics (AAP) have made several recommendations
concerning anesthetic management in the labor and
delivery suite. These include the availability of 24-h
coverage in larger facilities with complicated patients,
the ability to perform an emergency cesarean section
within all facilities with delivery suites, and the
availability of properly trained personnel to manage
anesthetic complications. They further suggest that,
in the event of fetal compromise, the team should
be capable of starting an operative delivery within
30 min.5 Immediate availability of anesthesiologists
remains a major problem in many parts of the world,
and even when available, communication between the
obstetrician and anesthesiologist may be suboptimal.
To provide optimal better care for the pregnant patient,
obstetricians and anesthesiologists must understand
the physiologic changes that exist in these patients.
Maternal changes in pregnancy occur as a result of
hormonal alterations, mechanical effects of the gravid
uterus, increased metabolic and oxygen requirements,
metabolic demands of the fetoplacental unit, and
hemodynamic alterations associated with the placental
circulation. Such changes become more significant as

pregnancy progresses and have major implications for
anesthetic management. In the section on deaths
related to anesthesia in a most recent triennial report
of the United Kingdom, it was noted that poor
communication between obstetric and anesthetic
teams remained a problem, with anesthesiologists often
being presented with difficult cases as emergencies,
with no prior warning.6

Appreciation of the roles of the obstetrician,
anesthesiologist, pediatrician, and other personnel in
the care of the mother and child will facilitate the
highest level of care. This chapter will provide an
overview of the principles and techniques utilized by
the anesthesiologist in the labor and delivery suite.

Physiologic changes of pregnancy
The cardiovascular system is impacted by pregnancy
and may place the parturient with preexisting
cardiac disease at great risk of morbidity and mor-
tality.7,8 Cardiovascular changes throughout pregnancy
(Table 177.1) include an increased total blood volume of
up to 40%, the consequence of increases in both plasma
volume and red blood cell mass, the latter increasing
relatively less than the plasma. This leads to ‘physio-
logic anemia’ of pregnancy with average hemoglobin
and hemocrit of 11.6 g/dl and 35.5%, respectively.9

Increased cardiac output (30–50%) due to increased
heart rate, increased stroke volume and decreased
systemic vascular resistance is also present.10 Obstruc-
tion of the inferior vena cava occurs in many term
parturients in the supine position and may produce
hypotension in at least 5% of patients near term.11 Kerr
et al. reported that 10 out of 12 pregnant patients whom
they studied had signs of complete obstruction of the
inferior vena cava.12 Aortocaval compression causes an
obstruction to venous return and also an increased
uterine venous pressure, thus further decreasing uterine
blood flow (Figure 177.1).13 Drugs causing vasodilata-
tion or regional anesthetic techniques causing a sympa-
thetic blockade may further decrease venous return and
worsen this supine hypotension. Left uterine displace-
ment has been found to reverse some of these effects
and to improve cardiac output.14
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A state of hypercoaguability, which is thought to be
a protective adaptation to lessen the risks of acute
hemorrhage, exists in pregnancy with increased levels
of most coagulation factors (Table 177.2). This hyper-
coaguable state may, however, lead to thrombo-
embolism, one of the leading causes of maternal
mortality.

Respiratory changes (Tables 177.3 and 177.4)
include increased oxygen consumption, decreased
functional residual capacity, increased minute and
alveolar ventilation, increased tidal volume, and a
decreased arterial carbon dioxide pressure.15,16 The
decreased functional residual capacity, in combina-
tion with the increased minute ventilation, causes
lowered oxygen reserve and a risk of hypoxia
developing more rapidly during attempted intubation
as part of general endotracheal anesthesia.17

Other pregnancy-related changes of the respiratory
tract and oropharynx may have important anesthetic
implications. Capillary engorgement of the mucosa and
edema of the oropharynx, larynx, and trachea may
result in difficult intubation. Any manipulation of the
upper airway such as suctioning, insertion of airways,
or laryngoscopy may cause edema, bleeding, and upper
airway trauma. Because of the particularly friable
mucosa of the nasopharynx, instrumentation of the
nose should be avoided. When performing intubation
of the pregnant patient, a smaller endotracheal tube
(size 6.0–7.0) should be used, and repeated attempts at
laryngoscopy minimized. Every member of the medical
team taking care of the parturient should be able to
assess the patient’s airway18 (Mallampati classifica-
tion), and should be able to recognize features that may
cause difficulty in managing the airway.

Figure 177.1 In (a) the patient is in the supine position, and the uterus compresses the aorta and inferior vena cava. A wedge under
the hip (b) displaces the uterus and relieves aortocaval compression. From Fisher S, Ostheimer G, Warren TM. Obstetric analgesia
and anesthesia. In Cohen WR, Acker DB, Friedman EA, eds. Management of Labor, 2nd edn. Rockville, MD: Aspen Publishers,
1989:80–81, with permission.

Table 177.1 Cardiovascular changes in pregnancy

Parameter Change Amount

Heart rate Increased 20–30%
Stroke volume Increased 20–50%
Cardiac output Increased 30–50%
Contractility Variable ~10%
Central venous pressure Unchanged —
Pulmonary capillary wedge pressure Unchanged —
Systemic vascular resistance Decreased 20%
Systemic blood pressure Slight decrease Mid-trimester 10–15 mmHg,

then rises
Pulmonary vascular resistance Decreased 30%
Pulmonary artery pressure Slight decrease —
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Gastrointestinal changes in the pregnant patient
increase the risk associated with the administration
of anesthesia, by increasing the aspiration risk. The
stomach and intestines are displaced in pregnancy,
gastrointestinal motility is decreased, gastric acid
secretion is increased, gastric volume is increased,

and pH is decreased.19,20 Because of these physiologic
changes, many authors have suggested the routine
administration of an antacid prior to initiation of
anesthesia in the pregnant patient.21 The use of a
non-particulate antacid, such as sodium citrate, has
many advantages, no major disadvantages and has
become standard practice in the United States prior to
cesarean delivery.22

The renal system undergoes major changes in the
pregnant patient, mainly because of the effects of
progesterone and the mechanical effects of compres-
sion by the enlarging uterus. Urea, creatinine, and
uric acid clearance all rise in pregnancy. The renal
plasma flow and glomerular filtration rate (GFR)
increase rapidly and relate to the increase in cardiac
output. GFR rises by almost 50%; this, accompanied
by the dilutional effect of plasma volume expansion,
accounts for the fall in plasma creatinine and urea.
Hence, ‘normal’ renal indices in pregnancy are lower
than in the non-pregnant state. Therefore, BUN and
creatinine levels that would be considered marginally
elevated in the non-pregnant patient are usually
indicative of severe renal impairment in the parturient.
The increase in GFR usually precedes the expansion
of blood volume and is generally considered to
be a marker of pregnancy-induced vasodilation.23

Glycosuria is a common finding due to the increase
in GFR and reduced renal tubular resorption capacity.

Analgesia for labor
Before deciding on one of the various analgesic
options available to the parturient, it is important to
understand the mechanisms and pain pathways of
labor. Pain perception by the parturient is a dynamic
process that involves both peripheral and central
mechanisms.

Many factors impact on the degree of pain
experienced by a woman during labor. These include
psychological preparation, quality of emotional
support during labor, previous experiences, patient’s
expectations regarding the birthing process, and
whether or not the labor is augmented. An abnormal
fetal presentation (such as occiput posterior) may also
cause labor pain to be more intense. For most women
childbirth is associated with very severe pain, which
often exceeds expectations.24 In fact, as reported on
the McGill pain questionnaire, labor pain is one of the
most intense pains a woman can experience, and it is
typically worse than a toothache, back pain, and pain
associated with deep laceration.25 A study of women in
the first stage of labor reported that 60% of primiparous
women described the pain of uterine contractions as
being ‘unbearable, intolerable, extremely severe, or
excruciating’.25

During the first stage of labor, pain impulses arise
primarily from the uterus. Uterine contractions may
result in myometrial ischemia, which ultimately

1868 Pain relief during labor

Table 177.2 Coagulation factors in pregnancy

Factor Change

II Unchanged
VII Increased+++
VIII, IX, X, XII Increased
XI Reduced
Fibrinogen Increased+++
Platelets Unchanged

Table 177.3 Changes in respiratory physiology at
term gestation

Parameter Change

Lung volumes
Inspiratory reserve volume +5%
Tidal volume +45%
Expiratory reserve volume – 25%
Residual volume – 15%
Lung capacities
Inspiratory capacity +15%
Functional residual capacity – 20%
Vital capacity No change
Total lung capacity – 5%
Dead space +45%

Respiratory rate No change

Ventilation
Minute ventilation +45%
Alveolar ventilation +45%

Table 177.4 Effects of pregnancy on respiratory
mechanics (adapted from Conklin9)

Parameter Change*

Diaphragm excursion Increased
Chest wall excursion Decreased
Pulmonary resistance Decreased 50%
FEV1 No change
FEV1/FVC No change
Flow volume loop No change
Closing capacity No change

FEV1: Forced expiratory volume in 1 s
*Relative to non-pregnant women
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causes the release of bradykinin, histamine, and
serotonin. In addition, stretching and distension of the
lower uterine segment and cervix may stimulate
mechanoreceptors. These noxious impulses follow
sensory nerve fibers that accompany sympathetic
nerve endings; they travel through the paracervical
region and the hypogastric plexus to enter the lumbar
sympathetic chain.26 These stimuli enter the spinal
cord at the T10, 11, 12, and L1 spinal segments.
Parturients describe this pain as dull in nature and
often poorly localized. With the onset of the second
stage of labor and stretching of the perineum, somatic
afferent nerve fibers transmit impulses via the
pudendal nerve to the spinal cord at S2, 3, and 4 levels.

Labor causes increased maternal levels of adreno-
corticotropic hormone (ACTH) and cortisol, epi-
nephrine, norepinephrine and β-endorphins.27,28

Animal studies suggest that these substances may
decrease uterine blood flow and cause fetal hypoxia.29

In addition to the obvious immediate problems
associated with pain, it has also been reported that
increased pain in labor was associated with a higher
incidence of postpartum depression.30

Pain impulses may be blocked at the level of the
peripheral nerves (local anesthetic, peripheral nerve
blocks), the spinal cord (spinal, epidural, or combined
spinal–epidural anesthesia) or centrally (systemic
medications, such as opioids, general anesthesia).

The following section of this chapter will give an
overview of the various methods and techniques of
analgesia currently utilized.

Systemic medication
When systemic medications are chosen for labor
analgesia, opioids are the most commonly used class
of drugs. All opioids are associated with certain side
effects including respiratory depression, nausea and
vomiting, and mental status changes (ranging from
euphoria to excessive sedation). All opioids cross the
placenta because of their physicochemical charac-
teristics, and they may cause respiratory depression
in the newborn. However, when used in appropriate
doses, systemic narcotics can be somewhat effective
in alleviating labor pain for short periods of time.
Other systemic drugs used in the treatment of labor
pain include sedative tranquilizers and ketamine.

Meperidine (demerol, pethidine)
Meperidine is the most commonly used parenteral
opioid for labor analgesia. A recent American survey
examined the use of parenteral opioids in obstetric
units and reported their use at 39–56%. In units with
over 1500 deliveries per year, parenteral opioids were
administered to 39% of women; that percentage
increased as the number of deliveries decreased.31

The intramuscular dose ranges from 50 to 100 mg,
with peak effect at 40–50 min; intravenous doses of
25–50 mg act within 5–10 min. The analgesic effect

lasts approximately 3–4 h. This drug may cause loss
of beat-to-beat variability in fetal heart rate (FHR)
tracings. Fetal exposure to meperidine is highest
between 2 and 3 h following maternal administra-
tion.32 Meperidine is felt to cause less respiratory
depression in the neonate than morphine; therefore, it
is more commonly used.33

Despite the known problems associated with
meperidine, a recent meta-analysis suggested that
other opioids (tramadol, meptazinol, diamorphine,
pentazocine, nalbuphine, and butanorphanol) were
not superior to meperidine for labor analgesia.34

Several authors, however, have proposed that fentanyl
and remifentanil are better choices.35,36

Fentanyl
Intravenous fentanyl is an alternative analgesic option
for patients in whom regional anesthesia is con-
traindicated. Its short half-life makes it suitable for
prolonged use in labor, either as an IV bolus or
administered using a patient-controlled analgesia
delivery system.37 It provides adequate analgesia with
minimal neonatal depression.38 Although it provides
strong analgesia, its use in labor has been limited by
side effects and short duration of action. One study
that evaluated intravenous fentanyl for labor reported
that 4 of the 11 newborns whose mothers received
fentanyl for analgesia during labor required naloxone
treatment.39 The usual dose of IV fentanyl for labor
analgesia is 25–50 µg when given as a bolus. The peak
effect occurs within 3–5 min and it has a duration of
30–60 min. A prospective evaluation of fentanyl for
labor concluded that an intravenous dose during early
labor was associated with temporary depressant effects
on fetal biophysical parameters without apparent harm
noted at time of delivery.40 A study evaluating intra-
venous fentanyl in labor reported that mild sedation
and a transient decrease in FHR variability were also
noted.41 Several investigators, however, have deter-
mined that intravenous fentanyl is preferable to
meperidine as a labor analgesic.42 Fentanyl offers
another advantage in that it can be administered in
non-parenteral modalities including orally and via a
patch. These uses, however, have not been evaluated
for use in the laboring patient.

Remifentanil
Remifentanil is a potent, short-acting mu-opioid
receptor agonist which has been approved for clinical
use. It is a piperidine derivative with a normal opioid
configuration, but it contains an ester linkage that
allows metabolism by non-specific esterases throughout
the plasma and muscle tissue. This gives it a unique
pharmacologic profile in comparison to other opioids.
Remifentanil has an extremely rapid plasma clearance
and offset of action. Its estimated half-life is 1.3 min
and prolonged administration does not appear to
cause accumulation of this drug. Studies have
demonstrated an umbilical vein-to-maternal artery
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ratio of 0.88.35 Thus, fetal exposure to the drug is
minimized due to its rapid metabolism or redistribu-
tion. These properties make it an attractive alternative
systemic analgesic in those parturients in whom
regional anesthesia is contraindicated. There are
growing data in the literature regarding the use of this
drug for labor analgesia.36,43 Dose–response studies
using intravenous remifentanil in patient-controlled
analgesia suggest a median effective bolus dose of
0.4µg/kg with a lockout time of 1 min44 or a continuous
infusion of remifentanil at 0.05µg/kg/min and a bolus
of 25 µg with a lockout time of 5 min provides
satisfactory analgesia.36 There is also a report of its
prolonged use for 34 h in a complex parturient in whom
regional techniques were contraindicated; there were
no adverse effects.45 Studies using remifentanil in labor
have not fully answered whether or not it is a superior
systemic opioid analgesic for parturients.46 While
preliminary reports have been promising, it is still
somewhat premature to advocate the use of remifen-
tanil until larger studies have fully evaluated its use.

Butorphanol and nalbuphine
Butophanol and nalbuphine are opioid agonist-
antagonists that are structurally related to oxymorphone
and naloxone. They have the potential advantages of
producing less nausea and vomiting as compared
with other opioids. Butorphanol is a kappa-agonist, a
mu-antagonist, and has minimal affinity for sigma-
receptors. Its dose is 1–2 mg IM or IV, and it has a
duration of action up to 4 h. Nalbuphine is a partial
kappa-agonist and a potent mu-antagonist with
minimal sigma-receptor activity. A dose of 10 mg IV or
IM is equivalent to 10 mg morphine with an onset of
2–3 min for IV or 10–15 min for the IM route. It
provides analgesia for up to 6 h.

One advantage of these agents as compared to
mu-agonists is that they demonstrate a ‘ceiling effect’ so
that increasing doses do not produce further respiratory
depression.47 Unfortunately, the use of these drugs is
limited in clinical practice because they are rapidly
transferred across the placenta and have produced
sinusoidal FHR patterns.48,49 While it appears that this
FHR pattern is benign and does not signify life-
threatening fetal jeopardy as usually associated with
such a pattern, many obstetricians do not wish to
administer a drug that might mimic this ominous FHR
tracing. In addition, the use of antagonists or agonist–
antagonists may precipitate acute withdrawal syndrome
in the mother and the newborn of an opioid-dependent
parturient. This has been reported following both
parenteral and neuraxial administration.50

Sedative tranquilizers
Sedative tranquilizers, including barbiturates,
phenothiazines, hydroxyzine, and benzodiazepines,
have been used during labor. While barbiturates such
as secobarbitol were once popular, especially during

early labor, they are currently unfashionable due
to potential anti-analgesic effects in the mother and
prolonged depressant effects on the neonate. Even with
small doses of barbiturates that result in no depression
of the Apgar score, the newborn’s attention span may
be depressed for upwards of 4 days.51

Promethazine is a phenothiazine occasionally used
in the obstetric patient. Administered together with
meperidine, it can be given in doses of 25–50 mg to
reduce the risk of emesis. Its ability to potentiate the
analgesic effects of opioids, however, has been
challenged.52 Promethazine appears in the fetal blood
within 1–2 min following intravenous injection in the
mother and reaches equilibrium within 15 min.53

Ketamine is an N-methyl D-aspartate (NMDA) recep-
tor antagonist that produces dissociative anesthesia
and has been used in pregnant patients. As a phenyl-
cyclidine derivative, its mechanism of action may be
mediated by an interaction with phencyclidine
receptors located in the limbic and corticothalamic
areas of the brain. There is evidence, however,
suggesting that NMDA antagonism is central to the
effects of ketamine. Ketamine has been used in
subanesthetic doses (0.5–1 mg/kg or 10 mg every
2–5 min to a total of 1 mg/kg over 30 min) during
labor.54 Its main disadvantages are the potential for
hypertension and emergence reactions. High doses
(greater than 2 mg/kg) can cause psychomimetic effects
and increased uterine tone; causing lower Apgar scores
and abnormalities in neonatal muscle tone.55

Benzodiazepines such as diazepam (valium),
lorazepam (ativan), and midazolam (versed) can be
used as sedatives and anxiolytics in labor. When
administered intravenously, these drugs readily cross
the placenta with elimination half-lives as long as 48 h
for diazepam and upwards of 120 h for its main
metabolite N-desmethyldiazepam.56 There is anecdotal
evidence suggesting that exposure to the benzodi-
azepines (valium) early in utero may result in malfor-
mations such as cleft lip.57 Closer analysis involving
first trimester administration of benzodiazepines, how-
ever, demonstrates that the majority of infants were
normal at birth and had normal postnatal develop-
ment.56 The use of these drugs during labor will
obviously have no effect on fetal malformations, but
they may be associated with other problems in the
neonate including sedation, hypotonia, cyanosis, and
impaired metabolic responses to stress. In addition,
since these drugs are potent amnestic agents, a
parturient may not be able to remember her birthing
experience.58 Many of the adverse effects can be
reversed by the administration of flumazenil, which is
a competitive benzodiazepine-receptor antagonist.

Recently, a study evaluating the use of intrathecal
midazolam has suggested that this may be advan-
tageous. This study, however, which was performed
in Australia, used a non-preservative-containing
formulation of midazolam which is not available in
the United States and many other countries.59

1870 Pain relief during labor
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Inhalation analgesia
Inhalation analgesia consists of the administration of
subanesthetic concentrations of inhalational anesthe-
tic agents to relieve pain during labor. This pain relief
technique should not be confused with inhalation
anesthesia (during general anesthesia), which produces
unconsciousness and loss of protective laryngeal
reflexes. Although inhalation analgesia provides some
degree of pain relief, it is not associated with an
adequate level of analgesia to provide sufficient pain
relief for most mothers. It may, however, have a place
as an adjunct to neuraxial techniques or in parturients
for whom regional anesthesia is contraindicated.
Inhaled analgesics can be administered either inter-
mittently (e.g., during contractions) or continuously.
They can be self-administered, but the patient should
have a healthcare provider present in order to ensure
an adequate level of consciousness and proper use
of the equipment. Although inhalational agents con-
tinue to be used in parts of Europe as well as in some
developing countries, they are seldom used for labor
analgesia in the United States.

Entonox (50:50 N2O/O2 mixture) has been used for
many years both as a sole analgesic and adjuvant to
systemic and regional techniques for labor. Associated
side effects include dizziness, nausea, dysphoria, and
inability of the parturient to cooperate. The maximum
analgesic effect occurs after 45–60 s of inhalation, and
it is therefore important that the parturient uses
entonox at the early onset of her contractions and
discontinues its use after the peak of the contraction.
The lack of scavenging systems in labor rooms may
theoretically put staff at risk of exposure to excessive
levels of this agent over a prolonged period. The
administration of nitrous oxide and oxygen in a 50:50
combination appears to have no effect on hepatic,
renal, cardiac, or pulmonary functions. While safe
and economic, it is unfortunate that analgesia with
50% nitrous oxide has not been demonstrated to be
reliable.60

Desflurane (0.2%), enflurane, and isoflurane
(0.2–0.25%) have also been used successfully to
provide labor analgesia, but their effectiveness
appears to be comparable to nitrous oxide. While
Abboud and coworkers found that enflurane and
nitrous oxide were equipotent, others have found that
enflurane 1% provided better pain relief.61–63 The use
of these volatile agents, however, is limited by
drowsiness, an unpleasant smell, and high cost. The
major risk when using volatile agents is accidental
overdose resulting in unconsciousness and loss of
protective reflexes. In addition, proper scavenging of
gases in a labor room remains problematic.

Local and regional anesthesia for labor
Local anesthesia can provide differing degrees of
sensory and motor block over specific regions of the
body. Advantages over intravenous analgesia include

lack of maternal central nervous system depression
and low maternal-to-fetal transfer of drugs. It may be
produced with peripheral nerve blocks (pudendal and
paracervical blocks) or central nerve blocks at the
level of the spinal cord or spinal nerve roots (caudal,
epidural, spinal, combined spinal–epidural). Currently,
the most commonly performed regional techniques
for labor are epidural, and combined spinal–epidural.
Less frequently, lumbar sympathetic blocks are
performed.64 Paracervical, pudendal, and local perineal
infiltration are occasionally used by the obstetrician,
but use is limited by side effects.

Patient evaluation and preparation
It is important to evaluate all patients prior to
placement of a regional block by obtaining a focused
medical and obstetric history, performing a clinical
examination, and an airway evaluation. Use of herbal
medications by the general population is gaining in
popularity,65 and obstetric patients are no different. It
has recently been reported that there is a 7.1%
incidence of herbal remedy use by parturients after 20
weeks’ gestation.66 Preparations containing garlic,
ginkgo, ginseng, ginger, and feverfew may have
anesthetic implications.

The obstetric plan and fetal well-being should be
noted during this preoperative assessment. Patients
should be evaluated and screened for contraindications
for neuraxial blocks. Certain medical conditions
require lab testing prior to performance of a neuraxial
blockade. Informed consent must be obtained, and
the anesthesiologist should explain the procedure and
the potential complications of the technique. A retro-
spective study of patients’ attitudes toward labor
analgesia satisfaction and the consent process
revealed that pain and distress during labor did not
interfere with the women’s ability to understand the
information associated with the consent process prior
to epidural placement. Furthermore, patients felt that
the most valuable information received was either
from the anesthesiologist who placed the epidural or
from an antenatal course. A full check of emergency
equipment must be performed to ensure the immediate
availability of resuscitative drugs and equipment. In
addition, an intravenous infusion should be started
and appropriate maternal and fetal monitoring should
in place before starting the procedure.

Epidural analgesia
The epidural space is a potential space containing
blood vessels, fat, and lymphatics. This space extends
from the end of the sacrum to the foramen ovale. For
analgesia during labor it is usually entered via the
lumbar intervertebral space (usually L3–L4 or L4–L5).
There is no physical end-point to guide epidural
catheter placement, such as free-flow of cerebrospinal
fluid (CSF) when initiating spinal anesthesia. There-
fore, identification of the epidural space is made
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using either the ‘loss of resistance’ or ‘hanging drop’
techniques to allow verification of needle placement.
The epidural needle is relatively large (usually 17 or
18 gauge) so as to allow passage of a 19- or 20-gauge
catheter, which is threaded into the epidural space.

Before dosing with local anesthetic, proper place-
ment of the epidural catheter should be assured.
Accidental intravenous or subarachnoid placement
may prove disastrous if unrecognized. The volume of
local anesthetics necessary to achieve anesthesia are
much larger than the required spinal doses, and if an
epidural volume is injected into the spinal space it
may cause a ‘total spinal’ with resultant hypotension,
respiratory paralysis, and unconsciousness. Epidural
doses of local anesthetics given intravascularly may
cause symptoms ranging from mild central nervous
system effects (tinnitus, lightheadedness) to total
circulatory collapse, depending on agent, dose and
rate of injection. For this reason a ‘test dose’, often
consisting of a local anesthetic with a small amount of
epinephrine, is sometimes given, especially before the
use of the catheter for cesarean delivery. Evidence of
significant sensory and/or motor block indicates an
intrathecal placement of the catheter, while a sudden
increase in heart rate shortly after injection may
indicate intravascular placement of the epidural
catheter. Intravascular infusions of ultradilute local
anesthetics (e.g., 0.0625% bupivacaine) do not pose a
serious threat unless given for prolonged periods.
However, if the concentrated local anesthetic is
administered for operative delivery, intravascular
injection remains a real hazard.

Once the proper placement of the epidural catheter
is assured, a dilute solution of local anesthetic may be
given to provide labor analgesia. To achieve analgesia
during the first and second stages of labor, a segmental
block from the lower thoracic to the sacral dermatomes
is needed. The dermatomal segments blocked depend
on the location of the catheter as well as the dose,
concentration and volume of the anesthetic agent used.

It has been suggested that epidural analgesia for
labor may influence the outcome of labor.67 Studies
that have examined the effect of an epidural on the
length of labor, incidence of malposition, and
incidence of operative delivery, however, have been
conflicting in their conclusions, with some finding no
effect.68–70 and others finding an increased risk of
operative delivery.71,72 Unfortunately, the majority of
studies which have attempted to answer this question
have been non-blinded, non-randomized, or retro-
spective. More recent studies suggest that there is no
increased risk for cesarean delivery with epidurals as
currently administered73 although there is still
controversy as to the possible increase of instrumental
deliveries and possible prolongation of labor that may
occur. Despite the controversy surrounding the
influence of epidural analgesia on labor progress, this
technique remains the most effective method of
providing pain relief during parturition.71

Bupivacaine, in concentrations ranging from 0.0625%
to 0.125%, is often used to provide epidural analgesia
in the laboring patient. Initially, 8–12 ml of local
anesthetic is administered via the epidural catheter
(often in divided doses) to initiate analgesia. The dilute
local anesthetic concentrations provide a solid sensory
block with only minimal motor block. Because
hypotension may occur, ephedrine and phenylephrine
should be available to treat hypotension if it occurs.

Because of concerns about cardiotoxicity with
inadvertent intravascular injection of bupivacaine,74

levo isomers, thought to be less cardiotoxic, are being
used by some anesthesiologists. Ropivacaine, with a
similar phamacodynamic profile as bupivacaine but
with less cardiotoxicity,75 may replace bupivacaine as
the local anesthetic of choice for epidural anesthesia.
Santos et al.76 reported that intravenous ropivacaine
did not lead to any decrease in uterine artery blood
flow in pregnant sheep. Levobupivacaine is also being
studied and may provide an improved safety profile
as compared with racemic bupivacaine.

Continuous epidural infusions
Most obstetric anesthesiologists now advocate the use
of continuous infusions of dilute local anesthetic
solutions for labor. Local anesthetics are used either
alone or, more commonly, in combination with an
opioid. The addition of epinephrine may enhance the
quality of the analgesia by reducing vascular uptake,
systemic absorption of local anesthetic, and by a direct
agonist effect on alpha-2 spinal receptors.77,78 From a
parturient’s perspective, a continuous infusion offers
numerous benefits because it allows for a continuous
level of comfort rather than waiting for intermittent
epidural top-ups, but may be associated with higher
incidence of anesthetic interventions as compared to
patient-controlled techniques.79

Patient-controlled epidural analgesia
Patient-controlled epidural analgesia (PCEA) is a safe
and effective technique.80 This method of delivery
offers effective labor analgesia and excellent patient
satisfaction. It reduces the total amount of local
anesthetic used; consequently, it lessens unwanted
effects such as motor block. It also reduces the
demands on the labor floor staff, and it gives many
patients a feeling of self-control. Typically, after
analgesia is established (either via spinal or epidural)
the catheter is connected to the PCEA device, and the
patient can then self-administer further boluses as
required. Some authors advocate a continuous
infusion with patient controlled top-ups; others
suggest only boluses be used.81

Spinal analgesia
Opioids with or without small doses of local
anesthetics introduced into the intrathecal space may
be used to provide analgesia for labor vaginal
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delivery. The block produced by spinal agents may
produce anything from a little to complete sensory
and motor block, depending on the agent used and its
concentration. Intrathecal opioids have the advantage
of providing satisfactory analgesia without causing a
motor block. Commonly used intrathecal opioids
which may provide labor analgesia include sufentanil
and fentanyl. While meperidine and morphine have
been used, they have side effect profiles that make
them suboptimal as sole agents.82,83 Combinations of
opioids plus local anesthetics have also been des-
cribed.84 The addition of 2.5 mg bupivacaine to a
spinal opioid has been shown to prolong the sensory
block without significantly increasing motor block.85

A sensory block to T10 is considered adequate
for controlling the pain of the first stage of labor.
In situations where analgesia or anesthesia is only
needed in the sacral dermatomes (as in the provision
of anesthesia for a forceps delivery), a ‘saddle block’
may be performed. With this technique, spinal
anesthesia is performed using small amounts of
hyperbaric local anesthetics with the patient in the
sitting position. Because the solution given is heavier
than cerebrospinal fluid and the patient is sitting
while the local anesthetic is administered, only the
lowest dermatomes are blocked.86

Spinal blocks for labor may be associated with the
complications that may occur with any central nerve
block, including hypotension and dural puncture. The
risk of postdural puncture headache can be greatly
reduced, however, through the use of atraumatic spinal
needles. These newer needles (including Sprotte,
Gertie Marx, Whitacre, and Pencan needles) are
pencil-point in shape and do not cut the dural fibers
to the same extent as conventional (Quincke) spinal
needles.87

A major disadvantage of single-injection spinal
analgesia for labor is the inability to administer more
medication should labor last longer than the duration
of the spinal medication, or should cesarean section
become necessary. Continuous spinal analgesia via a
spinal microcatheter is no longer used in the United
States due to Food and Drug Administration (FDA)
sanctions, which arose as a result of several reports of
cauda equina syndrome after use of intrathecal
microcatheters.88 The use of macrocatheters (placing an
epidural needle subarachnoid and advancing a
standard epidural catheter into the spinal space) has
been advocated, especially in very high risk parturients
or following accidental dural puncture (‘wet-tap’).

Combined spinal–epidural analgesia
The combined spinal–epidural (CSE) technique is
widely used in obstetric practice to provide analgesia
for parturients. It offers effective, rapid onset of spinal
analgesia along with the ability to prolong the duration
of analgesia, as required, via an epidural catheter.
In addition, should an operative delivery become
necessary, that same catheter can be used to provide

operative anesthesia. Onset of spinal analgesia is
almost immediate, and the duration is between 2 and
3 h depending on whether fentanyl or sufentanil is
chosen.

In addition to the advantage of the rapid onset of
pain relief, the CSE technique may reduce the
incidence of several potential problems associated
with the conventional epidural, including incomplete
blockade, motor block, and poor sacral spread. Another
potential advantage of the CSE technique is that some
preliminary evidence suggests that it may be associated
with a significantly reduced duration of the first stage of
labor in nulliparous parturients.89

Side effects of intrathecal opioids include pruritis,
nausea and vomiting, and urinary retention. Respiratory
depression (due to cephalad spread of opioid) is rare
when using lipid soluble opioids.

Use of a dilute concentration of a continuous
epidural infusion (0.0625–0.1% bupivacaine) provides
sensory analgesia without motor block; consequently,
it permits many parturients to ambulate during labor.
Prior to ambulation, however, women should be
observed for approximately 30 min to ensure maternal
and fetal well-being, and be assessed for adequate
motor function.

Paracervical block
The paracervical block utilizes local anesthetic placed
via transvaginal injection in the lateral fornix on each
side of the cervix. This produces anesthesia to the
nerves of the uterus (T10–L1), which is helpful in
relieving pain of the first-stage labor. Currently, this
block is infrequently used because of a high incidence
of potentially severe and life-threatening complica-
tions. These include the possibility of local anesthetic-
induced maternal seizures from intravascular injection,
hematoma formation, and a high incidence of fetal
bradycardia, which has been reported in 10–70% of
patients who receive these blocks. Fishburne et al.90

suggested that the fetal bradycardia results from
decreased placental perfusion due to drug-induced
uterine artery vasoconstriction, although other theories
include high blood concentrations of local anesthetic
in the fetus, and an increase in uterine activity.91

Because of these risks, paracervical block is considered
to be a suboptimal choice when fetal compromise exists
or is anticipated.92

Pudendal block
A pudendal block may be performed to reduce the
pain of the second stage of labor, facilitate forceps
delivery, or allow the performance of a painless
episiotomy. The pudendal nerve (S2–S4) innervates
the vagina and the perineum, but does not affect the
pain felt from uterine contractions, so its block is
ineffective for the first stage of labor. In addition,
perineal analgesia is incomplete, so discomfort may
be felt if the episiotomy is extended or the vaginal
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delivery is difficult. This block is performed by
anesthetizing the pudendal nerves as they travel just
posterior to the junction of the ischial spine and the
sacrospinous ligament. Aspiration prior to injection
of the local anesthetic is essential in order to decrease
the risks associated with paracervical block. This
block has a low incidence of maternal hypotension and
fetal bradycardia when properly performed. Rare
complications of paracervical block, however, include
infection, puncture of the rectum, hematoma forma-
tion, toxic reactions of the local anesthetic, and sciatic
nerve block if the needle is inserted too deeply.93

Lumbar sympathetic blocks
Another nerve block that can be considered an alter-
native to central neuraxial block is the paravertebral
lumbar sympathetic technique. This block can be
used to block transmission of pain from the uterus
during the first stage of labor.94 Although it is a
technically difficult block to perform, it appears to be
associated with far fewer complications when
compared to paracervical blockade.

Local anesthetic agents

Bupivacaine
Bupivacaine is an amide local anesthetic commonly
used for spinal and epidural anesthesia and analgesia
in obstetric practice. Its long duration of action,
differential sensory to motor block,95 and relative lack
of tachyphylaxis makes it a popular choice.

The placental transfer of bupivacaine, as with other
amide local anesthetics, is governed by two factors: the
degree of ionization at physiologic pH, and the extent
of protein binding. Bupivacaine has a pKa of 8.05
(highly ionized at physiologic pH) and is 95% protein-
bound; thus, it has limited transfer to the placenta
when compared to other local anesthetics. In the 1980s,
safety concerns were raised following reports of several
deaths related to cardiovascular or cardiac toxicity
of bupivacaine.96,97 Following these reports, the FDA
prohibited the use of 0.75% concentration epidural
solution in obstetric practice. Bupivacaine consists of
two stereoisomers S(–) and R(+) and is marketed as a
racemic mixture of these. When separated, the R
component was found to predominantly contribute
to bupivacaine’s toxicity.98,99 This led researchers to
develop the use of S(–) isomers for clinical practice,
and it resulted in the introduction of ropivacaine (the
S-isomer of the propyl homologue of bupivacaine) and
levobupivacaine (the S-isomer of bupivacaine).

Lidocaine
Lidocaine has been used for many years in obstetric
anesthesia. It has a quick onset with an intermediate
duration of action. Umbilical venous/maternal venous
ratios reported in the literature are approximately

0.4–0.6.100 Although lidocaine is very popular for use
as an epidural local anesthetic for operative delivery
(especially 2% with epinephrine), it is not popular for
providing labor analgesia. While early reports sug-
gested that lidocaine compromised neonatal neuro-
behavioral function,101 numerous follow-up studies
have not confirmed this.102 Controversy has developed
regarding the use of 5% hyperbaric lidocaine for
spinal anesthesia because of reports of transient
neurologic symptoms. In 1994, the FDA issued a letter
concerning 5% hyperbaric lidocaine; it urged
physicians to dilute the lidocaine with saline or CSF
prior to injection. These precautions were subsequently
incorporated into the package insert for this drug.
More recent data indicate, however, that the 2.5% and
2% solutions may still cause transient radicular
irritation (TRI).103 As a result, and despite many years
of use without clinical evidence of neurotoxicity,
many anesthesiologists have abandoned the use of 5%
hyperbaric lidocaine for cesarean section.

2-Chloroprocaine
2-Chloroprocaine is an ester local anesthetic with a
rapid onset time and short-lived duration of action. Its
rapid metabolism by ester hydrolysis (t1/2�45 s) makes
it a very safe agent for use in obstetrics since almost no
drug crosses the placenta.104 Because of this and its
speed of onset, its primary role in obstetric anesthesia is
for establishment of epidural anesthesia for emergency
cesarean (when an epidural catheter is already in place).
In addition to its short duration of action, a potential
disadvantage of chloroprocaine is that it may interfere
with the action of epidurally administered opioids.105

This interaction may be due to antagonism at the
mu and kappa receptors.106 Furthermore, it has been
reported that chloroprocaine may also interfere with
the action of epidurally administered bupivacaine.107

Previous preparations of 2-chloroprocaine were con-
sidered to be potentially neurotoxic because of reports
of arachnoiditis following unintentional subarachnoid
injection of this anesthetic.108 Subsequent reports
incriminated the low pH of the anesthetic along with
the preservatives used for stabilization.109 Removal of
metabisulfite and methylparaben have decreased the
risk of neurotoxicity. However, caution is advised
because despite the availability of preservative-free
preparations (marketed as MPF or methylparaben free),
older formulations containing preservatives are still
commercially available.110

Levobupivacaine
Based on the evidence that the cardiotoxicity of
bupivacaine was more pronounced with the R(+)
enantiomer, the S(–) enantiomer of bupivacaine
(levobupivacaine), was developed for clinical use.
Levobupivacaine is a long-acting local anesthetic with
a similar clinical profile to bupivacaine. Both animal
and human volunteer studies have demonstrated its
greater safety profile compared to racemic bupivacaine.
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Assessment of sensory block between 0.5% bupivacaine
and 0.5% levobupivacaine demonstrated no difference
in adequacy of block or time taken to reach a surgically
adequate block. Similarly, other authors have recently
reported that there was no difference with regard to
onset or duration of sensory block when patients
received either levobupivacaine 0.5% or bupivacaine
0.5% for cesarean section. In addition, the onset and
regression of sensory and motor blockade, quality of
anesthesia, and muscle relaxation were comparable
between the two groups.111 Levobupivacaine has also
been used to provide epidural analgesia for labor.
A recent multicenter study comparing levobupivacaine
and bupivacaine reported these drugs have equivalent
analgesic efficacy. In addition, motor blockade was
similar between the groups.112 As with other local
anesthetics, recent evidence suggests that fentanyl
significantly reduces levobupivacaine requirements for
epidural analgesia in labor.113

Ropivacaine
Ropivacaine is a homolog of mepivacaine and bupiva-
caine, and was the first S-levo isomer local anesthetic
to be marketed. Ropivacaine is less soluble than
bupivacaine and therefore may be less potent. While
clinical evidence suggests that the two drugs might be
similar in potency,114 Minimum Local Anesthetic
Concentration (MLAC) studies have suggested that the
analgesic potency of ropivacaine was 0.60 (0.47–0.75)
relative to bupivacaine. Claims for reduced toxicity and
motor block must be considered with differences in
analgesic potency kept in mind,115 because, in theory,
more drug would need to be administered and any safety
advantage might be minimized.

Psychoprophylaxis – non-pharmacological methods
‘Natural childbirth’ stems from a phrase coined by
Grantley Dick-Read in 1933; he believed that childbirth
was a painless process that did not need medical
intervention if the mother was adequately prepared.116

The Pavlovian methods of controlling childbirth pain
used in Russia were adapted by the French obstetrician
Fernand Lamaze in the late 1950s, and his work
popularized natural childbirth as an option for par-
turtients. This method focuses on teaching the mother
conditioned reflexes to overcome the pain as well as
the fear of childbirth. It also employs an education
program, human support during labor, breathing
techniques, relaxation techniques, a strong focus of
attention, and specific activities to assist concentrate
during contractions. Indeed, even the effect of the
presence of another woman during labor to support the
expectant mother has been shown to have a positive
effect on outcomes, including duration of labor.117

Transcutanaeous electrical nerve stimulation
Transcutanaeous electrical nerve stimulation (TENS)
is thought to reduce pain by nociceptive inhibition at

a presynaptic level in the dorsal horn by limiting
central transmission. Electrical stimulation preferen-
tially activates low threshold myelinated nerves.
Afferent inhibition effects inhibit propagation of
nociception along unmyelinated small ‘c’ fibers by
blocking impulses to target cells in the substantia
gelatinosa of the dorsal horn. TENS is also thought to
enhance release of endorphins and dynorphins
centrally.118 Placement of electrode pads over the
lower back in the distribution of T10–L1 has been
shown to provide some degree of analgesia for some
patients in early labor.119 However, other reports have
failed to demonstrate its effectiveness for labor
analgesia or as an adjunct to epidural analgesia.120,121

Anesthetic drugs and the fetus
After drug uptake into the maternal circulation,
a portion of the drug will cross the placenta and enter
the fetal circulation. The amount of drug that ultimately
is delivered to the fetus will depend on numerous
factors, including uterine blood flow, the characteristics
of the drug itself, and the characteristics of the placenta.

Placental transfer of drugs
Since the placenta has the properties of a lipid
membrane, the physiochemical factors related to
transfer may be described by the Fick law, which
states that:

Q/T �KA (Cm – Cf)/D

where Q/T is the rate of diffusion, A is area of
placenta involved in diffusion, Cm is the maternal
blood concentration, Cf is the fetal blood concentra-
tion, D is the thickness of the membrane, and K is the
diffusion constant which is unique to each drug and
is dependent on the properties of the drug itself
including its degree of ionization, lipid solubility,
protein binding, and molecular weight.

Factors that favor transfer across the placenta
include low molecular weight, low degree of ioniza-
tion, high lipid solubility, and low protein binding.122

Since most anesthetic drugs are weak bases,
a decrease in pH of the blood (acidemia) will increase
the percentage of drug that will be in the ionized form.
This will decrease the amount of drug transferred
across the placenta.

The increasing ionization of most drugs with
decreasing pH may cause high levels of drugs to
accumulate in the fetus. For example, if lidocaine is
transferred from the blood of the mother to an
acidemic fetus, the lower pH of the fetal blood will
increase ionization of the lidocaine. This additional
ionization may make the lidocaine less able to diffuse
back across the placental membrane to the mother.
Thus, the ratio of lidocaine level in the fetus
compared to the lidocaine level in the mother’s blood
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will be higher. This phenomenon is known as fetal
ion trapping, and explains why increased blood levels
of anesthetic drugs may be seen in the compromised
(acidemic) fetus.123

Fetal circulation and anesthetic drugs
During general anesthesia for cesarean section, the
mother is unconscious and her muscles paralyzed. The
newborn child, however, is removed from the uterus
fully awake and moving. This is explained by maternal
circulation and the physiochemical processes of drug
transfer across the placenta from mother to fetus.124

An additional factor is the unique physiology of the
fetal circulation.125 The lack of muscle paralysis in the
newborn is explained by the highly ionized nature of
muscle relaxants, which permits minimal drug to cross
the placental membrane to enter the fetal circulation.
However, induction drugs (such as thiopental) freely
pass through the placental membrane. The lack of
rapid fetal effect of these drugs is explained by the
fetal circulation. Drugs crossing the placenta are
directed to the liver which will act as a reservoir for a
portion of the drug. Some of the drug reaching the
fetal circulation, however, will bypass the liver via
the ductus venosus and proceed to the right atrium
via the inferior vena cava. From the right atrium, a
portion of the drug will be shunted via the foramen
ovale to the left-sided circulation from which even-
tually it will reach the fetal brain, where the greatest
effect will occur. However, a majority of the drug that
enters the right ventricle passes through the ductus
arteriosus into the lower systemic circulation, with
very little drug reaching the brain.

Regional anesthesia and drug effects in the newborn
A well-conducted regional anesthetic given for pain
control in labor will have no long-term neuro-
behavioral effects in the newborn. Local anesthetics
injected into the intrathecal or epidural space have
very limited uptake into the maternal circulation.
Opioids injected into the intrathecal space for labor
require only small doses compared to those needed
for analgesia via the intravenous route. This results in
low maternal blood levels and distribution to the
fetus. The acid–base status of infants whose mothers
receive epidural anesthesia during the first stage of
labor is more favorable than when mothers do not
receive regional anesthesia. Apgar scores are not
affected in mothers receiving epidural analgesia, even
when continuous epidural infusions of low-dose
bupivacaine and fentanyl are maintained for many
hours.126

Uterine activity and anesthesia
In the uterus there are α1- and β2-adrenergic receptors.
Stimulation of α-receptors increases uterine tone,
while β-stimulation produces uterine relaxation. The

pain and stress of labor causes the adrenal gland
to release epinephrine, which has primarily β2-
stimulating properties. This may reduce uterine
contractility and slow the progress of labor. However,
labor analgesia and anesthesia, because they decrease
maternal pain and the stress response, may decrease
adrenal epinephrine secretion.

The effect of neuraxial anesthesia on the progress of
labor depends on when it is administered. If given
during the active phase of labor, epidural analgesia will
have little effect on the progress of labor and may even
increase uterine activity. This is presumed to be due to
a decreased release of epinephrine from the maternal
adrenal gland in response to a decrease in pain.
Systemic narcotics may also have a negative impact on
labor. When given during the latent phase of labor they
generally reduce uterine contractility, but when given
after labor is well established they generally have no
effect or increase uterine contractility.

Uterine blood flow and anesthesia
Uterine blood flow is directly proportional to uterine
perfusion pressure and inversely proportional to
uterine vascular resistance. Uterine perfusion
pressure is the difference between uterine arterial
pressure and uterine venous pressure. Since uterine
arterial pressure is proportional to maternal mean
blood pressure, anything that decreases maternal
blood pressure will ultimately decrease transfer of
respiratory gases across the placenta. This may result
in a compromised, acidotic fetus. Anything that
increases uterine vascular resistance may also have a
negative effect on the fetus because it decreases
uterine blood flow.

Anesthetic agents may both directly and indirectly
change uterine blood flow. Regional anesthesia may
decrease maternal blood pressure and thus indirectly
impact on uterine blood flow. This may be due to
the sympathectomy caused by local anesthetics,
particularly if the patient is hypovolemic. Deep
general anesthesia with volatile agents may also
decrease maternal blood pressure due to decreases in
systemic venous resistance and/or cardiac output.
These unwanted effects of both regional and general
anesthesia may be exaggerated if aortocaval compres-
sion is present.

Very high concentrations of local anesthetics in the
uterine circulation may cause an increase in uterine
vascular resistance. This may occur when large doses
of local anesthetics are accidentally given intra-
venously. In animal studies, vasopressor agents that
directly stimulate α1-adrenergic receptors, such as
phenylephrine, norepinephrine and epinephrine, have
been associated with increased intrinsic vascular
resistance in the uterine vasculature. Ephedrine has
been considered the vasopressor of choice in
obstetric anesthesia because it does not decrease
uterine blood flow. This is because ephedrine has
primarily direct β1-adrenergic agonist activity. It has
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some α-stimulating effects, but this is by an indirect
mechanism (release of catecholamines from sympa-
thetic terminals instead of directly stimulating the
α1-receptors). Recently, many anesthesiologists have
begun using phenylephrine or a combination of
phenylephrine and ephedrine to treat hypotension in
the parturient following administration of neuraxial
analgesia or anesthesia.127

Increased uterine tone may also decrease uterine
vascular resistance. This occurs with physiologic
contractions associated with labor and may be
especially pronounced with oxytocin infusions,
resulting in tetanic contractions. Accidental intra-
vascular injections of large amounts of local anesthetics
can also cause increased uterine tone, which may
result in fetal compromise.

Anesthesia for cesarean section
Cesarean birth has become the most common hospital-
based operative procedure in the United States and
accounts for more than 25% of all live births.128 The
increased use of the procedure has been attributed to
the liberalization of indications for fetal ‘distress’ as
well as elective repeat cesarean sections.129 The most
common indications for cesarean delivery include
‘failure to progress’, non-reassuring fetal status,
cephalopelvic disproportion, malpresentation, pre-
maturity, and prior uterine surgery. The choice of
anesthesia for cesarean section depends on the
indications for the surgery, degree of urgency,
maternal status, and the desires of the patient.

Regional anesthesia for cesarean section
The use of regional anesthesia has dramatically
increased, and since 1997 that of general anesthesia
for cesarean section has been steadily decreasing in
the United States.130 Regional anesthesia techniques
have several advantages, including a decreased risk of
failed intubation, and aspiration of gastric contents,
avoidance of depressant agents, and the ability of the
mother to remain awake and participate in the
birthing experience. In addition, it has been suggested
that blood loss is reduced under regional anesthesia
for cesarean delivery.131

Although epidural, spinal, continuous spinal,
and CSE techniques have all been advocated, most
straightforward cesarean sections are now performed
under single-shot spinal anesthesia which has been
found to be faster, provide a superior block, and is
more cost effective than alternative techniques.132

Spinal anesthesia
Spinal anesthesia offers many advantages for cesarean
delivery. It has a rapid onset and provides a dense
sensory block. Because of the small doses used, there
is little risk of local anesthetic toxicity, and there is

minimal transfer of drug to the fetus. In addition,
failure rates including incomplete or patchy blocks
are very infrequent with spinal anesthesia. Disadvan-
tages of this technique include the finite duration of
anesthesia and a higher incidence of hypotension,
associated with the very fast onset and associated
sympathetic blockade.

Spinal anesthesia can be initiated with the patient
either in the sitting or the lateral position and using
either plain or hyperbaric solutions. Each method has
its advantages and disadvantages. The sitting position,
however, appears to be optimal for placement of a
neuraxial block in the obese parturient.133 Hyperbaric
solutions have an advantage of greater predictability
of block height than plain solutions, and they allow
the anesthesiologist the ability to adjust block height
by adjusting table position.134

Despite achieving an adequate (T4) block, some
women under spinal anesthesia will experience some
degree of visceral discomfort during cesarean section.
This is particularly true in situations in which the
obstetrician exteriorizes the uterus. Quality of the spinal
anesthesia has been reported to be improved by the
addition of epinephrine,135 morphine,136 fentanyl,137 or
sufentanil.138

Epidural anesthesia
When flexibility is necessary (e.g., for a potentially
prolonged cesarean section or need to bring up a
block slowly), a catheter technique is optimal, and
an epidural approach is often chosen. In addition,
women with an indwelling epidural catheter for labor
who require cesarean section usually receive medi-
cation via that catheter. In high-risk parturients, such
as women with ‘difficult airways’, epidurals are often
placed early so they will be available in the event that
emergency cesarean section becomes necessary. This
illustrates the importance of continuous assessment of
epidural catheters and their effectiveness during labor.

The ideal local anesthetic agent for cesarean section
should provide rapid onset of dense sensory or motor
block with an appropriate duration of action. Com-
monly used agents include 2-chloroprocaine, lidocaine,
and bupivacaine. As compared to spinal anesthesia,
very large doses of local anesthetic are used to achieve
adequate levels for cesarean section. Epidural catheters
can migrate and even a negative aspiration of the
catheter does not absolutely rule out intrathecal or
intravascular placement. Since large volumes of poten-
tially toxic local anesthetics are administered via an
epidural catheter, several measures can be utilized to
reduce the risks of local anesthetic toxicity. First, the
catheter should be aspirated before use and an appro-
priate test dose administered. Second, the anesthetic
should be administered in fractionated doses. Last, safer
drugs (such as chloroprocaine and lidocaine) or the
newer amide local anesthetics (such as ropivacaine and
levobupivacaine) should be considered.
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Intraoperative analgesia under epidural anesthesia
may be improved if fentanyl (50–100 µg)139 or sufen-
tanil (10–20 µg)141 are added to the local anesthetic.
Clonidine has also been used as an additive to
epidural local anesthetics, but it has been associated
with sedation, bradycardia, and hypotension.141

Combined spinal–epidural technique
The combined spinal–epidural (CSE) technique has
recently increased in popularity.143 The advantage of
this technique is that it provides rapid onset of dense
surgical anesthesia while allowing the ability to prolong
the block with an epidural catheter. In addition, because
the block can be supplemented at any time, the CSE
technique allows the use of smaller doses of spinal local
anesthetics which may, in turn, reduce the incidence of
high spinal block and hypotension.143

Continuous spinal anesthesia
Continuous spinal anesthesia has many potential
advantages as compared to single-shot spinal or
continuous epidural techniques. The classic technique
required the use of large bore epidural needles or a
32-gauge microcatheter inserted through a 26-gauge
spinal needle.144 The technique rapidly gained in
popularity despite technical difficulties, but, as
previously described, it was abandoned following
withdrawal of these catheters by the FDA. The
advantages of continuous spinal anesthesia, however,
remain and macrocatheters (e.g., placing an epidural
catheter intrathecally) can still be used in high-risk
parturients. In order to perform a continuous spinal
anesthetic, the anesthesiologist intentionally pierces
the dura with an epidural needle and then threads the
epidural catheter 3 cm within the intrathecal space.
Catheter placement can be tested by aspiration of CSF.
Since a catheter is being used, smaller doses can be
given in an incremental fashion. This is particularly
advantageous in high-risk parturients such as those
with cardiac disease, respiratory disease, morbid
obesity, and those with neuromuscular disease. In
order to reduce the risk of headache following this
technique, the epidural needle should be turned so
that it is parallel to the dural fibers at the time of
insertion. In addition, to reduce further the risk of
headache, it has been suggested that several steps be
taken, including leaving the epidural catheter in situ
for more than 12 h and injecting a bolus of preservative-
free normal saline prior to its removal.145

General anesthesia
Although the use of general anesthesia for cesarean
delivery has dramatically declined during recent
decades, it is still necessary for the management of
several situations, including maternal hemorrhage,
overt coagulopathy, life-threatening fetal compromise,
or in cases in which patients refuse regional anesthesia.
A recent study found that anesthesia-related maternal

mortality associated with regional anesthesia has
declined, but the number of deaths involving general
anesthesia has remained relatively constant. This has
led to an increase in the relative risk of fatality during
general anesthesia to more than 16 times that for
regional.146 Despite these problems, general anesthesia
has the advantages of speed of induction, control of the
airway, and superior hemodynamics. The frequency of
the use of general anesthesia is dependant on many
factors including the number of patients at that insti-
tution who receive epidural analgesia for labor, the
percentage of high-risk parturients, and the skills of
the anesthesiologist. Although there are no absolute
contraindications to general anesthesia, certain con-
ditions such as malignant hyperthermia or the patient
with a difficult airway may require a modified anes-
thetic technique. Potential problems associated with
general anesthesia for cesarean section include failed
intubation, pulmonary aspiration of gastric contents,
neonatal depression, and maternal awareness.

Steps to provide anesthesia in the healthy parturient
for cesarean section include the following:

(1) Administer a non-particulate antacid. Addi-
tional agents such as metoclopramide or an
H2-blocker should be considered in the patient
at high risk for aspiration or failed intubation.

(2) Apply routine monitors including EKG, pulse
oximetry, and capnography. Ensure that suction
is functioning and that failed intubation
equipment is readily available.

(3) Position patient with left uterine displacement
and optimize airway position.

(4) Denitrogenate with high flow of oxygen for 3–5
minutes or four vital capacity breaths.

(5) After the drapes are applied and the surgeon is
ready, initiate a rapid sequence induction. Apply
cricoid pressure and continue this pressure
until correct position of the endotracheal tube
is verified and cuff is inflated. In hypotensive
crises, ketamine 1–1.5 mg/kg should be substitu-
ted for thiopenthal. A defasiculating dose of
muscle relaxant is not necessary.

(6) Ventilate with 50% oxygen and 50% nitrous
oxide and volatile agent as necessary. Maintain
normocarbia and use muscle relaxation as
necessary with either a non-depolarizing muscle
relaxant or succinylcholine infusion. Administer
0.5–0.75 MAC of volatile agent until delivery.

(7) After delivery, increase nitrous oxide to 70%,
discontinue or reduce volatile agent, administer
opioid and benzodiazepine. Add oxytocin to
intravenous fluids.

(8) Insert orogastric tube prior to completion of
surgery.

(9) Reverse neuromuscular blockade, as necessary,
at completion of surgery.

(10) Extubate when patient is awake, adequately
reversed, and following commands.
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Failed endotracheal intubation
A study of anesthesia-related deaths in the United
States between 1979 and 1990 revealed that the case
fatality rate with general anesthesia was 16.7 times
greater than with regional anesthesia.146 Most
anesthesia-related deaths were due to hypoxemia when
difficulties securing the airway were encountered. The
most commonly occurring adverse respiratory events
have been failure to intubate, failure to recognize
esophageal intubation, and failure to ventilate. It has
been recently reported that airway evaluation can often
identify the parturient with a difficult airway, but it
was not performed in upwards of 10% of cases in
which maternal mortality occurred.147 Others have
evaluated the risk factors associated with difficult
intubation, and it appears that the greatest risks are
associated with a Mallampatti 4 airway, short neck,
protruding maxillary incisors, and mandibular
recession.148 From these data, an estimated prediction
of a difficult airway has been calculated. Regardless of
the initial assessment, all patients must have a repeat
airway examination performed before initiation of
anesthesia for cesarean section because it has been
demonstrated that pregnancy and labor may be
associated with changes in the maternal airway.149,150

Complications of regional anesthesia
in the pregnant patient
Hypotension
Hypotension is defined as a fall of systolic blood
pressure to less than 100 mmHg or > 20% from base-
line values. The reported incidence of hypotension in
the parturient receiving a conduction anesthetic
varies depending on the type of anesthetic, the extent
of the block, the type of prophylaxis, the site and
frequency of blood pressure monitoring, and the
definition of hypotension.151 Ralston and Shnider152

reported that the incidence of hypotension was
reduced from 82% to 14% by conservative measures,
including administration of lactated Ringer’s solution
and left uterine displacement. Hypotension following
induction or regional anesthesia occurs primarily as a
result of the sympathetic blockade, since a block of
sympathetic fibers will alter the blood vessel tone and
cause vasodilatation. When hypotension is recognized
and immediately treated, no negative sequelae occur.
However, if hypotension is not adequately treated, it
may have profound effects on fetal well-being.153

These fetal effects are primarily due to a decrease in
uterine blood flow. If maternal hypotension is not
treated, the uterine blood flow may decrease to the
point where fetal hypoxia and acidosis occur. This
is because, at term, the placental vasculature is
usually completely dilated. Any untoward fetal
effects of regional anesthesia are due to the ensuing
hypotension and are not secondary to the anesthesia
per se.

Treatment of hypotension should start in the
preanesthetic period with appropriate prophylaxis.
An intravenous catheter must be inserted prior to
initiation of the block and 500–1000 ml crystalloid
should be administered in order to avoid hypotension
associated with vasodilatation.154 Since glucose easily
crosses the placenta, the rapid administration of glucose-
containing solutions may actually cause newborn hypo-
glycemia and are generally best avoided.155 Left uterine
displacement is also vital in order to avoid hypotension
due to compression of the aorta and inferior vena cava.

If recognized and treated promptly, transient
maternal hypotension should not be associated with
maternal or neonatal morbidity.156 As previously
discussed, while intravenous ephedrine in 5–10 mg
increments remains a first-line treatment, recent
evidence supports the use of phenylephrine.157 There
appears to be no benefit in the prophylactic admini-
stration of commonly used doses of ephedrine.158,159

Accidental dural puncture
A relatively common and problematic complication
of epidural placement is accidental puncture of the
dura (‘wet tap’), with an incidence of up to 3%.160

This complication can lead to the development of a
postdural puncture headache (PDPH) in the majority
of cases.161 The traditional management of accidental
dural puncture has been to remove the epidural needle
and reinsert it at a different interspace. In more recent
years, however, many anesthesiologists have advo-
cated that the epidural catheter should be placed into
the CSF; providing intrathecal delivery of local anes-
thetic as a continuous spinal technique. This esta-
blishes rapid and effective pain relief that can be very
carefully titrated. In addition, analysis of aggregate
data from limited retrospective trials demonstrated a
significant reduction in the incidence of PDPH and
the need for epidural blood patch in those patients who
received continuous spinal analgesia after unintentional
dural puncture.162 In addition, the catheter provides
excellent labor analgesia and a route toward almost
instant onset of blockade for cesarean section. Further-
more, a recent review suggested that spinal headache
could be reduced if five steps were followed. They
include: (1) injection of the cerebrospinal fluid from the
epidural syringe back into the subarachnoid space
through the epidural needle; (2) insertion of an epidural
catheter into the subarachnoid space; (3) injection
of preservative-free normal saline through the intra-
thecal catheter before its removal; (4) administration of
continuous intrathecal labor analgesia; and (5) leaving
the intrathecal catheter in-situ for a total of 12–20 h.163

Not all postpartum headaches occur as a result of a
dural puncture. A large analysis reported that
headaches occurred in 15% of parturients who did
not receive an epidural, and 12% of parturients
who had an epidural but did not show evidence of
dural puncture.164 Other causes of headache in the
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postpartum period include non-specific headache,
migraine, hypertension, pneumocephalus, infection
including sinusitis and meningitis, cortical vein
thrombosis, and intracerebral pathology. A recent
report also suggested that neurocysticercosis should
be considered in the differential.165 In addition, since
coffee and tea intake is so prevalent, one should also
consider caffeine withdrawal in the differential
diagnosis. A PDPH has a typical presentation of a
postural headache that is worsened by standing or
straining and relieved by lying down. Generally,
PDPH is initially treated conservatively with increased
intake of both oral and intravenous fluid administra-
tion of caffeine and analgesics. There is no evidence,
however, that increasing the fluid intake will cause a
greater production of CSF; recently, the use of intra-
venous fluid has been questioned.

Drugs that have been used to treat PDPH include
caffeine, vasopressin, theophyline, sumatriptan, and
ACTH. Caffeine, a cerebral vasoconstrictor, has been
successfully used, but the effects appear to be tran-
sient.166 Caffeine treatment is more effective when head-
aches are the result of smaller rather than larger needles.
A negative aspect of the caffeine treatment is that
patients may feel anxious and unable to sleep. In addi-
tion, there are reports of seizures and cardiac arrhyth-
mias following caffeine administration.167 While some
of the caffeine is present in breast milk, it has not been
shown to have a deleterious effect on the newborn.168

If symptoms are severe enough to limit a mother’s
activity, or if evidence of cranial nerve involvement
appears, an epidural blood patch (EBP) should be
considered. The epidural blood patch was first
described more than 40 years ago and it still appears to
be the most effective treatment for PDPH. Although
early reports suggested immediate and permanent cure
of PDPH, it has recently been suggested that complete
success rates are approximately 75% and that the
effectiveness of EBP is decreased if the dural puncture
is caused by a large-bore needle.169 One study reported
that although immediate relief occurred in almost all
patients, a permanent cure following EBP was achieved
in only 61%.170 The success of an epidural blood patch
is probably not as simple as the clotted blood obstruc-
ting the dural tear. CSF volume replacement is not
rapid, yet the symptoms resolve almost immediately.
Other explanations for the effectiveness of EBP include
the increase in CSF pressure and cerebral vasocon-
striction.171 There is some controversy regarding the
optimal volume of blood to be injected; however, most
practitioners use 15–25 ml and stop injection of the
blood if severe pain occurs. While the incidence of
complications (especially back pain) increases with
increased volume of blood injected, it appears that
increased volume also increases the success rate.172

Total spinal
This rare complication occurs when the level of
anesthesia rises higher than C4 and thus prevents

movement of the diaphragm and effective spontaneous
ventilation. It may occur from an excessive spread of
local anesthesia after intrathecal injection of a correct
dose, from injection of a miscalculated dose of a
spinal drug, or more commonly, from an inadvertent
intrathecal injection of an epidural dose. This compli-
cation may occur initially or during the course of a
previously uneventful epidural anesthetic.173 Treat-
ment consists of immediate establishment of an
airway and initiation of adequate ventilation. Since
these patients cannot protect their airway, endotracheal
intubation will allow for ventilation while providing
protection against aspiration. Severe bradycardia
progressing to cardiac asystole has been reported and
therefore bradycardia should be treated early.174 If
cardiac arrest occurs, a full resuscitation dose of
epinephrine should be immediately administered.175

Local anesthetic toxicity
Local anesthetic toxicity occurs when high blood
concentrations of local anesthetics occur. This can
occur following accidental intravascular injection of
therapeutic amounts of epidural local anesthetic or by
administration of massive doses of local anesthetic into
the proper space. Accidental intravascular injection
can occur with any regional anesthetic technique.
Table 177.5 lists the maximal recommended doses of
the local anesthetics commonly used in obstetrics.

Local anesthetic toxicity is usually recognizable by
prodromal symptoms of central nervous system
toxicity, including ringing in the ears, perioral
numbness, disorientation, and excitation. These
symptoms, if unchecked, may progress to frank con-
vulsions. Cardiovascular toxicity often begins with
hypertension but quickly progresses to hypotension,
arrhythmias, and cardiac arrest. Because it generally
takes a higher blood level of local anesthetic to induce
cardiovascular symptoms, the central nervous system
and cardiovascular reactions may be usually tempo-
rally separated. Of all the local anesthetics commonly
used in obstetrics, bupivacaine represents the greatest
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Table 177.5 Maximum recommended doses of local
anesthetics commonly used in obstetrics*

Dosage (mg/kg)
LA without LA with 
epinephrine epinephrine

Lidocaine 4–5 7
Mepivacaine 5–6 8–9
Bupivacaine, ropivacaine 2.5–3 2.5–3
Chloroprocaine 8–10 15

*Caution note – the recommended maximum safe dose is
influenced by many factors and should be adjusted to the site of
injection
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risk due to its potential for cardiotoxicity and the
difficulty associated with resuscitation of these
patients.176 Morishima et al. demonstrated that
bupivacaine is more cardiotoxic than other local
anesthetics.177 Because of these risks, the manufac-
turers of bupivacaine have suggested that 0.75%
bupivacaine not be used for obstetric patients. To
minimize the risks associated with this drug, it has
become standard practice to administer local anes-
thetics by incremental injection. As noted previously,
newer local anesthetics, including levobupivacaine and
ropivacaine, may prove to offer improved qualities
while being less cardiotoxic.178–180

Treatment of local anesthetic toxicity involves pre-
ventive measures (such as aspiration of the catheter
and fractionated doses), early recognition and prompt
response. Adequate oxygenation is of paramount
importance and endotracheal intubation usually
needs to be immediately performed. Benzodiazepines
may be used to stop the convulsions. If cardiac arrest
occurs, the patient should be treated with cardiac
massage, defibrillation and cardiotonic drugs, as
necessary. Emergency cesarean delivery should be
considered, as early delivery following cardiac arrest
has been demonstrated to increase the chances of
maternal as well as infant survival.181 Table 177.6
outlines the resuscitative medications and equipment
that should be immediately available.

Allergic reactions to local anesthetics
True allergy to local anesthetics is rare.182 Currently
used local anesthetics are either amino esters or
amides. Allergic reactions to amide local anesthetics
(e.g., lidocaine, bupivacaine) are extremely rare.
However, allergic reactions to esters (procaine,
tetracaine) occur more commonly. Since allergy to
p-aminobenzoic acid might suggest a potential for
allergic reaction to an ester (which gets broken down
to PABA), patients with a possible history of local

anesthetic allergy should be asked about allergies to
cosmetics and sunscreens. If a patient states that she
has had an allergic reaction to a local anesthetic, she
should be referred for an antepartum evaluation.
Should a patient arrive on labor and delivery with
a question of local anesthetic allergy, a thorough
and detailed clinical history (including the exact
symptoms and timing of the supposed allergic
reaction) may reveal a history of ‘adverse reaction’
and exclude true hypersensitivity.183 Recent evidence
suggests that latex allergy is increasing and may be
the cause of anaphylaxis in the parturient. Physicians
should be aware of this growing problem and be
prepared to manage the patient with a known or
suspected latex allergy.184 Management of an allergic
reaction to a local anesthetic will depend on the
severity of reaction. Despite the potential for
alterations of uterine blood flow, epinephrine is the
drug of choice in severe reactions.

Neurological complications
Direct nerve injury from spinal or epidural needles is
extremely rare. Pressure on the cord or intraneural
injection causes severe pain. While neuraxial blockade
may cause neurologic sequelae, it is important to note
that not all neurologic complications after labor and
delivery are due to administration of a regional
anesthetic. The process of childbirth may itself cause
neurologic sympotoms. In fact, the first documented
case of maternal postpartum palsy was reported in
1838, prior to the introduction of either regional or
general anesthesia.185 Obstetric causes for neurologic
injury include poor patient positioning, incorrectly
positioned stirrups, prolonged application of retractors
and difficult forceps application.186 Potential neuro-
logic complications of spinal and epidural anesthesia
include epidural hematoma, epidural abscess, or
meningitis. Chemical contaminants have also been
reported as a cause of neurologic injury, but with the

Table 177.6 Resuscitative equipment and medications that should be immediately available*

Emergency medications Hemodynamic support – atropine, ephedrine, phenylephrine, epinephrine
Muscle relaxation – succinylcholine
Hypnotics – propofol, thiopental, brevital

Equipment for Laryngoscope and assorted blades
emergency airway management

Endotracheal tubes, with stylets
Laryngeal mask airways of assorted sizes
Device for emergency non-surgical airway ventilation-jet ventilator, combitube
Device for emergency surgical airway
Oxygen source
Self-inflating bag and mask for positive pressure ventilation
Suction source with tubing and catheters

*The items listed represent suggestions and should be customized to preferences and skills of the practitioner and health care facility
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use of disposable epidural and spinal kits and
commercially prepared drug ampoules, chemical
meningitis is exceedingly rare. Unfortunately, there
continue to be case reports describing the neurologic
sequelae of accidental administration of intravenous
drugs into an epidural catheter.187–189 These accidents
can be prevented by vigilance, careful handling, and
inspection of drug ampoules, and the use of portless
epidural tubing.

Compression of the spinal cord by a spinal or epi-
dural hematoma is a potentially devastating compli-
cation which, if diagnosed early, does not necessarily
cause permanent neurologic sequelae. The incidence of
neurologic injury resulting from hematoma associated
with neuraxial anesthesia is very low, with estimates of
1 in 150,000 and 1 in 220,000 for epidural and spinal
anesthesia, respectively.190 A review of 61 cases of
spinal hematoma associated with spinal or epidural
anesthesia reported evidence of hemostatic abnorma-
lity in 68% of patients and difficult or bloody place-
ments of needles and catheters in 25% of cases. A new
risk factor for development of spinal hematoma is the
high-risk parturient who is receiving low molecular
weight heparin (LMWH). Recent guidelines by the
American Society of Regional Anesthesia (ASRA)
suggest that neuraxial techniques should be deferred
for 10–12 h in the parturient who has received
preoperative LMWH or 24 h for those parturients on
higher doses of LMWH (e.g., enoxaparin 1 mg/kg twice
daily).192

Backache
Low back pain is common following delivery. Many
patients believe that back pain is linked in some way to
epidural analgesia administered for labor; and the
alleged relationship between labor epidurals and
postpartum backache has been suggested by several
retrospective studies.192,193 Recently, however, prospec-
tive studies evaluating labor epidural analgesia and
postpartum back pain failed to find a significant link
between epidural placement and pain. One study
reported that the incidence of postpartum backache in
women who received epidural anesthesia was equiva-
lent to those who did not (44% vs. 45%).194 Further
data analysis in that study demonstrated an association
between new-onset postpartum back pain with greater
weight and shorter stature; postpartum back pain was
also associated with a previous history of back pain,
greater weight, and younger age. Similarly, another
recent study found no difference in the incidence of
long-term low back pain in patients who received
epidurals for labor compared to controls.195

Anesthesia for the high-risk parturient
Parturients are considered to be ‘high risk’ from an
anesthesiology perspective if they have a preexisting
medical condition, obstetric complication, a problem

that can potentially necessitate an emergency
cesarean section, or a potential uncertainty regarding
anesthetic management.

Pre-eclampsia–eclampsia

Analgesia for vaginal delivery
Although in the past it had been suggested that
epidural analgesia should not be performed in the
pre-eclamptic patient, there is a growing body of
opinion among anesthesiologists and obstetricians
that epidural analgesia (if there is no coagulation
abnormality) is the preferred method of providing
analgesia to the pre-eclamptic.196 Epidural analgesia
offers several advantages, including:

(1) It may facilitate blood pressure management;
(2) It potentially increases uteroplacental perfusion

by decreasing endogenous catecholamines;
(3) It allows a fast route for cesarean section, if

necessary, without the use of general anesthesia.

Anesthesia for cesarean section

General anesthesia. If general anesthesia is necessary,
one should consider the following:

(1) Laryngeal edema and other airway changes may
make endotracheal intubation difficult.

(2) Hypertension may be worsened by laryngoscopy
and therefore elevated blood pressure should be
treated prior to induction of anesthesia. Drugs
that have been suggested include: labetalol,
hydralazine, nitroglycerin, trimethophan and
nitroprusside.

(3) Magnesium sulfate may potentiate the effects of
neuromuscular blocking agents.

Regional anesthesia. Although spinal anesthesia has
recently been advocated by some authors,197,198 others
suggest that epidural anesthesia causes fewer changes
in blood pressure and should be used when regional
anesthesia is chosen for severely pre-eclamptic
women undergoing cesarean section. Points to
consider include:

(1) Epinephrine-containing local anesthetics199 may
exacerbate hypertension.

(2) Consider central venous line, or pulmonary
artery catheter prior to initiation of epidural, if
volume status is in question.

(3) Ephedrine (and phenylephrine) should be used
in small incremental doses to treat hypotension.

Assessment of platelet function
in pre-eclamptic women
It is generally accepted that if the platelet count in
pre-eclampsia is greater than 100,000/mm3, it is likely
that the other indices of coagulation will be normal.
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However, rarely, pre-eclamptic women may have a
normal platelet count with abnormal platelet
function. While in the past the bleeding time had
been suggested as a good test to determine platelet
function, it is no longer performed by most obstetric
anesthesiologists since it has not been shown to
predict the risk of hematoma formation. Rogers and
Levin200 stated that ‘our analysis of bleeding time data
from 640 publications reveals that the value of the test
in diagnosis remains unclear’. Thromboelastography
can be used as a bedside measure of viscoelastic
changes but has not yet been shown to be predictive
in pre-eclamptic women.

Regional anesthesia can be safely performed on the
pre-eclamptic patient if:

(1) A recent platelet count is normal;
(2) The recent platelet count is not dramatically

lower than the previous value;
(3) There is no clinical evidence of coagulopathy.

Antepartum hemorrhage

Placenta previa

Actively bleeding/major blood loss (general endotracheal
anesthesia). The following steps should be taken:

(1) Get help; second intravenous placement;
(2) Intravenous fluid administration (via rapid

infusion device with warmer, if available); and
(3) Rapid sequence induction; consider ketamine

1 mg/kg.

No active hemorrhage; hemodynamic stability. If there
is no hypovolemia, epidural or spinal anesthesia may
be used.

Placenta accreta
Since placenta previa in a patient for a repeat
cesarean delivery may be associated with placenta
accreta,201 these patients should be treated as though
major blood loss will occur. Two intravenous lines
should be inserted, blood should be available, and the
patient should be made aware that a cesarean
hysterectomy may become necessary and that general
anesthesia may be required to provide appropriate
operating conditions and to protect her airway in
the event of massive hemorrhage and cesarean hys-
terectomy. In an elective repeat cesarean delivery in a
patient with a placenta previa, regional anesthesia
may be used and if hemodynamics remain stable, and
may be continued even if a hysterectomy following
delivery is performed. In a recent multi-institutional
study, 12 patients received epidural anesthesia for
elective or emergency cesarean hysterectomy and
none required intraoperative induction of general
anesthesia.202 Should the patient become unstable,
however, general anesthesia should be considered.

Fetal distress
The American College of Obstetricians and Gyneco-
logists has issued a Committee Opinion entitled
Anesthesia for Emergency Deliveries.203 They suggest:

(1) Failed intubation and pulmonary aspiration
remain prominent causes of maternal morbidity
and mortality from anesthesia.

(2) The obstetric care team should be alert to the
presence of risk factors that place the parturient
at increased risk for complications from
emergency general or regional anesthesia.

(3) When risk factors are identified, the obstetrician
should obtain an antepartum anesthesia
consultation.

(4) Strategies should be developed to help minimize
the need for emergency induction of general
anesthesia. Such strategies might include early
placement of an epidural or spinal catheter.

Regional anesthesia for fetal distress

(1) Consider placement of epidural catheters in
patients who are at increased risk for operative
delivery [non-reassuring fetal heart rate tracing,
intrauterine growth restriction, pre-eclampsia,
preterm labor, vaginal birth after cesarean section
(VBAC), multiple gestations, breech presentation,
diabetes].

(2) If an epidural is functioning at the time of
cesarean section, administer 15–20 ml of 3%
chloroprocaine in 5 ml increments. Onset of
block is within 3–5 min. Chloroprocaine is
rapidly metabolized in the mother and fetus and
placental transfer is not increased in the presence
of fetal acidosis.

(3) The use of spinal anesthesia for emergency
cesarean section remains controversial, but is
routinely practiced at many institutions. Several
authors have reported excellent results with spinal
anesthesia in the presence of fetal distress. If the
patient is not hypovolemic or acutely bleeding and
if anesthesia can be achieved quickly (i.e., the
patient is not morbidly obese), spinal anesthesia is
an attractive alternative to general anesthesia for
emergency cesarean section. If early attempts at
dural puncture are unsuccessful, the anesthesio-
logist must have the discipline to abandon further
attempts and proceed with an alternative plan
(such as general anesthesia).

(4) Intravenous fluid should be administered prior to
initiation of a spinal anesthetic, but there is
evidence that the anesthetic need not be delayed
until the total amount of fluid is administered.
Consider having pressure infusion bags available
so that fluid can be administered quickly in the
scenario in which a patient without prior intra-
venous fluid administration needs an emergency
cesarean section.
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(5) If possible, continue to monitor the fetal heart
rate in the operating room while placing the
regional anesthetic.

(6) In the absence of an ongoing epidural or con-
tinuous spinal anesthetic in a case of profound
‘fetal distress’ (e.g., profound acidosis or fetal
bradycardia, not resolving) in a patient with a
normal airway, general anesthesia (with a rapid
sequence induction) should be considered.

(7) In the event of a history of a failed or difficult
intubation, the anesthesiologist should consider
an awake fiberoptic intubation or regional
anesthetic.

(8) A large bore atraumatic needle (such as a 22-
gauge Sprotte needle) may speed the initiation of
a spinal while still minimizing the risk of
postdural puncture headache.

Summary
Obstetric anesthesia and the anesthesiologist play an
important role on the labor and delivery suite. To
optimize patient care and to offer the best care to our
patients, cooperation and open lines of communication
between all health care personnel are required.

1884 Pain relief during labor
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178 Instrumental delivery
H. Hopp and P. Husslein

Vaginal operative delivery involves the extraction of
the fetus by traction on its head. In some cases, this
may also involve correcting the fetal attitude and
position. Whether an operative delivery is appropriate
depends on the circumstances of the labor, the
informed consent of the mother, and the relevant
experience and ability of the obstetrician. Because
vaginal operative births can cause severe trauma to
mother and child, it is generally accepted that they
should be avoided when possible. The option of
completely eliminating assisted vaginal delivery is,
however, unreasonable, as there are situations in
obstetrics in which such deliveries would be less
traumatic and safer for a mother and child than a
cesarean section or allowing the labor to continue.

In general, the degree of risk that accrues to mother
and child is directly proportional to how high the
head of the fetus lies in the birth canal when the
delivery has begun, and to how much the sagittal
suture deviates from the antero-posterior axis of the
pelvis at that time. Operative delivery should be
resorted to only when necessary, and midcavity
deliveries should be carried out only by qualified and
experienced obstetricians.

Frequency and indications
In the state of Berlin, the number of vaginal operative
births decreased from 10% to 8.6% during the 1990s
and has been 8.1% since 2000. The proportion of
forceps deliveries, in comparison to vacuum extrac-
tion, is about 20%. In Austria, the figure for vacuum
extraction deliveries during the 1990s was just below
4%, and forceps deliveries just over 1%; in 2003, the
frequencies of these were 4.7% and only 0.3%,
respectively (Figure 178.1). In the United States,
approximately 9% of births are assisted vaginal births,
of which 3% are forceps and 6% vacuum assisted
deliveries, with the proportion clearly shifting toward
vacuum extraction in recent years.1

Vaginal operative delivery can be indicated for
maternal or fetal reasons. Sometimes emergencies
arise in response to evidence of fetal oxygen
deprivation derived from fetal heart rate monitoring
or blood gas analysis. In these urgent situations,

judgment is required to determine what the safest and
most expeditious mode of delivery should be.

In the event of contraction-induced acute fetal
endangerment, intrauterine resuscitation measures
should be used, including tocolysis when necessary,
even if operative delivery is planned. This can serve
to minimize further deterioration, and reduce the
need for unnecessary emergency operations. If the
infant’s head is positioned suitably for forceps and
there is a highly abnormal fetal heart rate pattern, the
shortening of the bearing-down period in the second
stage by operative delivery can reduce the risk of
severe fetal acidosis. The heart rate pattern alone is
not always adequate to make a reliable prediction of
the fetal blood gas status; fetal capillary blood
sampling can be an important correlative technique.

Maternal indications (sometimes combined with
those related to the fetus) occur. An example would be
severe pre-eclampsia, or abnormalities of fetal descent,
particularly arrest of descent. If the fetus is in good
health and the mother has sufficient energy reserves,
the American College of Obstetricians and Gynecolo-
gists (2000) set the following maximum time limits for
the expulsion phase of labor:2 for nulliparas, 3 h with
and 2 h without regional anesthesia; for multiparas, 2 h
with and 1 h without regional anesthesia.

It is not uncommon for the birth to be delayed due to
abnormalities of fetal position (e.g. occiput posterior)
and attitude (e.g. marked deflexion). In such cases, the
circumference of the head that must be accommodated
by the birth canal is larger than if the head were well

Figure 178.1 Instrumental delivery in Austria, 1994–2003.
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flexed and anterior. Exhaustion of the mother can
sometimes be an indication for operative delivery, as
can the existence of various maternal diseases that
would mitigate against excessive bearing-down efforts
(e.g. cardiopulmonary and cerebrovascular diseases).
For psychological reasons, vaginal operative deliveries
should be subject to relatively strict indications and
should not be carried out as prophylactic measures,
which were, at one time, promoted.3

Conditions for operative delivery
A skillful operator working in the context of an
appropriate indication ensures that the operative
procedure will be as gentle as possible for the mother
and fetus. Prior to the operation an accurate diagnosis
must be established and documented in the record.
This should include assessment or assurance of the
following:

• The cervix is completely dilated
• Station of the fetal head
• Fetal presentation, position, and attitude
• Membranes must have ruptured
• Description of fetal pelvic relationships, and

comment on the likelihood of disproportion
• Fetal condition
• Maternal condition.

Station of the fetal head
The precise determination of fetal station and the
assessment of whether operative correction of any
positional abnormalities is appropriate or possible
are of utmost importance for the assisted vaginal
delivery. The determination of station is based on the
definition of the pelvic planes. In order to understand
this concept, the pelvic inlet, the narrowest region of
the pelvis, should be considered as one plane. The
midpelvic region consists of a large curved cavity
with anterior and posterior walls of different lengths;
it reaches from the terminal plane of the pelvic in-
let to the pelvic outlet plane.4 The pelvic floor is
anatomically equivalent to the pelvic diaphragm,
which restricts the pelvic outlet surrounded by the
bony pelvis. While the plane of passage cannot be
determined accurately by vaginal examination, the
level of the presenting part within the birth canal can
be situated by indicating the number of centimeters
below (negative values) or above (positive values) the
midcavity plane. This division, according to DeLee,3

considers the midcavity at the level of the ischial
spines as the zero plane and allows the station of the
presenting part to be determined in relation to it.
Thus, the assessment of fetal descent is based on the
station of the presenting part in relation to the station
of the plane of passage at the pelvic inlet or midcavity
(Figure 178.2). The exact station of the fetal head
is assessed by clinical examination and must be

documented prior to the operative procedure. The
vaginal operative delivery should be carried out only
if the station has been documented as being in the
midcavity region or, preferably, on the pelvic floor.

With a vertex presentation, the midcavity position
is reached when the occiput has completely engaged
into the pelvis. The head has passed the pelvic inlet
with its narrowest part at the level of the ischial
spines and extends approximately 4 cm above the
midcavity line. The leading edge of the head in the
axis of the birth canal has reached the midcavity
plane (station 0). The midpelvic position ends as soon
as the presenting part has descended to the pelvic
floor (+4). It follows that the fetal head, in a flexed
position and with a palpable bony presenting part at
0 to +3 is in the midcavity.

When the station is in the midpelvic cavity,
rotation has generally not been completed and
instrumental deliveries from this area require a great
deal of operative expertise. The degree of difficulty
and danger for the operative delivery increases if
the presenting part is at a station above +2, or if the
sagittal suture deviates from the antero-posterior
position by more than 45 degrees. If the obstetrician
does not have the necessary expertise to perform such
deliveries, cesarean section is generally preferred.

Operative delivery from the midcavity generally
requires stricter indications than those done when the
head has reached the pelvic floor, and should be
carried out only in exceptional circumstances. Due to
the fact that in most departments of obstetrics (at least
in German-speaking countries) the proportion of
births per trainee and junior level physicians has
decreased quite considerably over recent years, it has
become increasingly difficult to teach assisted vaginal
deliveries. It is therefore anticipated that cesarean
section will largely replace midpelvic operative
deliveries in the near future.

When the presenting part has reached the pelvic
floor (+4) the plane of passage (the biparietal

Conditions for operative delivery 1889

Figure 178.2 The determination of station of the presenting
part and plane of passage, according to Hodge – parallel levels
and according to De Lee – zero plane. BE Beckeneingang
(Pelvic inlet), BM Beckenmitte (Mid cavity), BB Beckenboden
(Pelvic floor), O Obere Schossfugenrandebene (Superior edge of
the symphysis), U Untere Schossfugenrandebene (Inferior edge
of the symphysis) I Interspinalebene (Level of the ischial spines),
BB Beckenbodenebene (Pelvic floor plane)
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diameter of the head in a vertex presentation) is located
parallel to the pelvic floor at the level of the ischial
spines (Figure 178.3). At this time the spines and the
sacral hollow are no longer readily palpable on vaginal
examination. The head is visible in the vagina, and
the sagittal suture has completed internal rotation,
or deviates only slightly from the antero-posterior
diameter of the pelvis (exceptions occur depending on
the architecture of the pelvis). The majority of
instrumental deliveries are performed with the
presenting part at the pelvic floor. If the fetal head has
descended to the introitus and remains visible between
contractions, the plane of passage reaches the final
phase of the birth mechanism and soon crowns at the
pelvic outlet. If the baby’s head does not progress
naturally in this situation, operative delivery is referred
to as outlet forceps or outlet vacuum extraction. In
most situations, operative delivery in this situation
serves primarily in a supporting role to help the mother
cope with her physical exhaustion.

Contraindications
Assisted vaginal delivery of a flexed vertex
presentation with the presenting part above 0 station
is contraindicated; with a deflexed head the station
must be at least +2. Because of the considerable
distance between the plane of passage and the leading
edge of the presenting part, when the head is deflexed
it has generally not passed the pelvic inlet, despite the
fact that the presenting part can be palpated at station 0.
Operative vaginal delivery should never be attempted
without clear evidence that the head has engaged.

With the station of the presenting part at or below
+2, operative delivery should generally be attempted
only when the sagittal suture is within 45 degrees of
the antero-posterior position. Even so, it should be
performed only by an experienced and qualified
obstetrician. With a marked delay in progress during
the second stage and clinical or sonographic evidence
of fetal macrosomia, the decision to perform vaginal
operative delivery is problematic, even if the fetal head
has already reached the midcavity. If in doubt, a
cesarean section is generally preferred. Incorrect
assessments that disregard deflexed attitudes or marked
molding that deforms the head are the most common
contributors to failed vaginal operative delivery.

The above considerations must be taken into
account independent of the choice of delivery
instrument. The fact that a vacuum cup can be easily
placed does not justify its use in an unengaged head. It
is particularly important in situations in which there
are alternative treatment methods being considered
(vaginal operative delivery or cesarean delivery) to
inform the patient of these options and to explain the
relevant benefits and risks. In most situations, it is
necessary to respect the mother’s wishes. It cannot
be stressed enough that these discussions should be
started at the first sign of abnormalities during the
pregnancy or labor that could necessitate vaginal
operative delivery. That is the best way to guarantee
that the mother has had sufficient opportunity to
participate in the decision-making process.

Contraindications for vaginal operative delivery
may be summarized as follows:

• Station of the presenting part above 0 with well-
flexed vertex presentation

• Presenting part above +2 with a diagonal or
transverse sagittal suture

• Station above +2 with deflexion of the head
• Cephalopelvic disproportion
• Abnormal progress in descent with fetal macrosomia

Forceps delivery technique
Instruments
Forceps consist of two blades, which are locked
together in a crossed (e.g. Naegele, Simpson, Kielland)
or in a parallel fashion (e.g. Shute, Bamberger Diver-
gence forceps). Each blade consists of the headpiece,
the shank, and the handle. The headpiece is curved to
secure an application to the curvature of the contour
of the fetal head. The conformation of the forceps to
the axis of the pelvis is accomplished by the pelvic
curvature of the shank, one of the factors that
differentiate each forceps model.

Procedure
After it has been determined that forceps delivery will
be done, the patient is placed in the dorsal lithotomy
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Figure 178.3 Head on the pelvic floor O Obere Schoss-
fugenrandebene (Superior edge of the symphysis), U Untere
Schossfugenrandebene (Inferior edge of the symphysis) I
Interspinalebene (Level of the ischial spines), BB Becken-
bodenebene (Pelvic floor plane), BA Beckenausgangsebene
(Pelvic outlet level)
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position. It is useful to hold the closed forceps in front
of the introitus in what will be their final orientation
once they are inserted. It is helpful to judge the
correctness of placement by observing the orientation
of the handles after insertion. In order to achieve a
biparietal application to a head in an anterior position
using forceps with a crossed lock, the left hand takes
the handle of the left blade, the convex side of the
headpiece of which is on the left of the mother. The
left hand positions the left blade so that it is initially
vertical and hanging in front of the vulva. After the
index and middle finger of the right hand have been
placed between the vaginal wall and the fetal head,
the blade should initially slide toward the sacrum and
then, after lowering the handle along the inserted
fingers, should slide into the birth canal. The right
blade should be held with the right hand in the same
manner, and must slide along the inserted fingers of
the left hand between the vaginal wall and the fetal
head after lowering the handle. If the head has not

internally rotated completely, one blade must be
made to wander, i.e. it must be guided gently from its
initial position at insertion across the head toward the
symphysis in order to be able to position the inserted
blades biparietally in the first or second diameter of
the lesser pelvis. The blades of the instrument can be
locked by appropriate action of the relevant hand
(Figure 178.4a).

The obstetrician’s hand is placed in the vagina to
ensure that the forceps are correctly positioned on the
baby’s head and that no soft tissue is trapped between
them. A trial of traction is then carried out by the left
hand, which grasps the lock of the upper handle and
carries out a short tentative traction. The right hand
checks the progression of the head during this
maneuver. The progression of the head during the
contraction combined with the trial of traction ensures
that a gentle and successful delivery is likely to occur.

Both hands are then used to hold the handles of the
forceps. The right hand grasps the instrument from

Figure 178.4 Forceps delivery procedure
(a) Closing of forceps
(b) Traction toward the forceps handles
(c) Vertical traction and perineum support with the free hand
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above at the level of the lock. The left hand has a firm
grip on the handles and controls the instrument. With
classical types of forceps, the right hand is clasped
over the Busch–Drawhook. Never use excessive
traction and ensure that the direction of traction is
only in the midline of the pelvis and not laterally.

With an occiput anterior vertex presentation from
low in the pelvis, the extraction from the curved
position is slowly corrected into a flexion. Following
the biparietal application, the forceps are pulled
initially horizontally (toward the handles) until the
hypomochlion (hairline at the nape of the neck) has
reached the lower border of the symphysis pubis
(Figure 178.4b). The deeper the head descends into
the pelvis, the higher the handles of the forceps
should be held. The delivery of the head is completed
with the forceps handles being almost vertical. The
obstetrician then turns either to the left or right side
of the patient (to the side of the hand that is clasping
the forceps above the lock) and, ideally, supports the
perineum with his or her free hand (Figure 178.4c).

If the head has not internally rotated completely,
the forceps extraction requires that flexion and
rotation of the head be completed before traction is
applied. The forceps blades are placed in a biparietal
application. This requires the drifting of the anterior
blade across the face of the fetus toward the
symphysis. With the first attempt at traction, flexion
is completed and the head is carefully rotated into the
occiput anterior position. The minimum necessary
force should be applied to ensure gentle progression
of the fetus down the birth canal.

The forceps delivery of occiput posterior
presentations must be appropriate to the relevant
mechanical birthing procedures. The traction vector
is more downward (posterior) than with an anterior
vertex presentation; the head is flexed by raising the
forceps handles after the fetal brow has stemmed
under the symphysis. In other words, the exit
mechanism of a fetal attitude abnormality is to be
emulated during the extraction. Due to the risk of
severe trauma to the fetus, vaginal operative delivery
should not be carried out if the brow or face is
presenting.

Vacuum extraction
To achieve sufficient traction with the vacuum cup,
designed initially by Mälmstrom in 1954 (Figure 178.5),
the area of the cup above the opening is expanded.5

The various modifications of the original metal cup
have retained this basic principle, which, with
increasing vacuum, allows the soft tissues of the fetal
scalp to be drawn into the cup. The artificially created
caput succedaneum helps fix the cup to the fetal
head, which allows the extraction. In addition
to the metal cup, silicone vacuum cups have been
developed that attach to the head by adhesion and do

not cause the caput succedaneum (Figure 178.6). The
advantage of this cup is the rapid accumulation of
pressure. The vacuum strength, however, is relatively
less, so this tool is recommended primarily for outlet
deliveries.

In a 2001 review of nine studies on the effect of soft
and rigid vacuum extractor cups, Johanson and
Menon concluded that metal cups are more suitable
for occiput posterior, transverse, and difficult occiput
anterior positions.7 The success rate of soft cups for
vaginal deliveries is lower, but their use is associated
with fewer scalp injuries to the baby. The technique of
application involves choosing the largest cup possible
that will fit in the available space. The cup is placed in
the vagina, rotated 90 degrees, and placed on the fetal
scalp. The cup is placed on the presenting part of
an occiput anterior vertex presentation over the
small (posterior) fontanel. With occiput posterior
presentations it is placed over the anterior fontanel. The
development of the vacuum should occur in several
steps over a period of about 2 min. After the first step,
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Figure 178.5

Figure 178.6
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the position of the cup is rechecked to ensure that
there is no maternal tissue between the fetal head and
the vacuum cup. After the cup has been attached with
low pressure of about 0.8 kg/cm2 (600 mmHg) the trial
traction confirms whether the head is descending
appropriately during traction. Various manufacturers
recommend different optimal vacuum pressures for
their instrument, and physicians who use vacuum
extraction instruments should be familiar with the
recommendations and the specifications of the
particular unit they employ.

In recent years, easy to use disposable rigid plastic
vacuum cups (e.g. the Kiwi Omnicup) have been
developed.8 They allow the buildup of adequate
pressure through an attachable hand pump (Figure 178.7).
Maximum strength of the suction is more likely to be
severely restricted by this method; however, the
preparation for this form of operative delivery is
much less complicated, which can have a positive
psychological effect on the parents.

Traction on the vacuum device should occur
coincident with maternal contractions, with increasing
and decreasing traction forces paralleling those of the
contraction. Using Kristeller pressure on the fundus
can be helpful for the extraction if done gently.

When the fetus presents as occiput, anterior
traction should occur in the axis of the birth canal and
change according to the anatomic curve of the canal.
The right hand is placed on the cross-handle of the
cup; the left hand, or contact hand, confirms whether
the fetal head is descending and whether its attitude
is being maintained and rotation is proceeding as
anticipated. As the head crowns, the perineum is
supported to control the speed of the delivery. The
obstetrician can step to the patient’s left and support
the perineum with the right hand. An episiotomy is
not necessarily required, but can sometimes make it
easier for the head to pass the terminal portions of the
birth canal. After the head has been delivered, the
vacuum pump is switched off. Following depres-
surization, the cup can be lifted easily from the head

as soon as the shoulders and trunk are visible. The
caput will usually resolve spontaneously after
12–24 h. The risk of cephalohematoma depends on
the duration of traction, which should therefore be
minimized.9 Severe abrasions of fetal skin related to
long periods of extraction, excessive pulling, and
popping off of the metal or even the silicone vacuum
cup can occur.

If fetal attitude is abnormal or internal rotation has
not been completed, the vacuum cup should be
placed over the portion of the head that will need to
be flexed and rotated. Following careful reexami-
nation of the situation, the eccentric application of the
vacuum cup and the required direction of travel are
established. With this kind of application, correction
of fetal attitude can be attained. In most cases, the
outstanding rotation is achieved by correction of the
attitude and descent of the head.

Choice of instrument
Whether the attendant chooses to use obstetric
forceps or the vacuum extractor depends on several
factors. These include the condition of the fetus prior
to attempts at delivery, and, of utmost importance, the
expertise of the obstetrician with a particular
instrument. Although in German-speaking countries
the vacuum cup is the dominant instrument, for most
of the last century forceps delivery was favored in the
United States. Recently, however, increasing numbers
of obstetric centers there have changed, and now
emphasize vacuum extraction as the preferred
approach in most situations. Although the American
College of Obstetricians and Gynecologists recom-
mended in 20002 that an experienced obstetrician
should master both methods and use them depending
on the given situation, this seems unrealistic, especi-
ally because the number of operative deliveries has
been decreasing over recent decades, and as a con-
sequence the opportunity to achieve and maintain
expertise with two instruments is diminished.

With regard to the risk of trauma for full-term
babies, there is no documented difference between the
two methods. The listed advantages and disadvantages
take into account the results of prospective studies10–12

and were included in the recommendations of the
German Institute for Gynecology and Obstetrics regard-
ing vaginal operative delivery from the midcavity.13

Decisions favoring vacuum over forceps may have
been influenced by the recent technical advances in
vacuum cups (‘soft cups’, ‘M-cup’) and higher rate of
injuries to the mother caused by forceps, with their
potential for long-term effects on pelvic floor function.
As a consequence, the frequency of vacuum extractions
has been increasing progressively, even in countries
that previously preferred the use of forceps.14,15

The conclusion of a Cochrane Review of the issue is
that vacuum extraction is the preferred instrument to
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Figure 178.7
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minimize maternal morbidity. There is a counter-
balancing benefit of forceps delivery, in the reduction of
cephalohematomas and retinal hemorrhage.16

Midcavity delivery
Instrumental delivery from the midcavity is indicated
to manage acute fetal distress or arrest of descent
during the expulsion phase of labor. When there is a
persistent fetal bradycardia during the terminal
portion of labor, an experienced obstetrician will
usually prefer vaginal operative delivery to cesarean
section because of the ability to deliver the baby more
expeditiously. Complex midcavity deliveries should,
however, be avoided. Forced vacuum extractions
should under no circumstances be carried out because
of the risk of injury to the fetus. A rapid buildup of
pressure, followed by popping off of the cup and
related intracranial pressure fluctuations can
contribute to a high risk of intracranial hemorrhage.
The general guideline to initially attempt vaginal
operative delivery rather than opting directly for
cesarean section is no longer accepted universally.
Under the premise that severe trauma for mother and
child cannot always be avoided following vaginal
operative deliveries and because of the increased
danger of floor damage and permanent impairment of
urinary and anal incontinence, instrumental delivery
is questionable.

The significance of the patient’s psychological well-
being associated with the delivery experience has been
highlighted as an important consideration in obstetric
decision making. Recently, vaginal operative delivery
was shown to be undesirable in this regard.17 However,
after long second stages of labor, cesarean section may
be considered equally undesirable.18 Certain changes in
the anterior pelvic floor compartment (paravaginal
defect) have already occurred in a high proportion of
cases and the morbidity and mortality during a
secondary cesarean section as compared to vaginal
birth is still significantly increased. With a vaginal
operative delivery, the risk of injury to mother and
child is greater the higher the head lies and the more
the sagittal suture deviates from the antero-posterior
dimension of the pelvis. This type of operation should,
therefore, be kept to a minimum or, preferably, avoided
altogether. The midcavity delivery, especially with
the station of the presenting part above +2, should
be carried out by an experienced and qualified
obstetrician. The decision to opt for an instrumental
midcavity delivery is greatly influenced by the
personal experience of the physician. In borderline
situations, such as the station of a presenting part above
+2 or a deviation of the sagittal suture more than 45◦

from the vertical with acute fetal distress, a cesarean
section must be carried out immediately, especially in
the presence of fetal growth restriction.

If it becomes apparent during the operation that
the assessment of the station or the position of the
head was incorrect, or if excessive force appears to
be required, vaginal operative delivery must be
abandoned. Therefore, the preparations for a possible
emergency cesarean section must be made as soon as
the decision for a vaginal operative delivery has been
made. In some cases, the trial of forceps or vacuum
extraction may require the presence of an anes-
thesiologist and surgical staff in the operating room.
However, due to the severe psychological stress it
creates for the mother a trial of operative delivery
should remain an exception. The exceptional circum-
stances of these situations should always be discussed
clearly with the patient and her partner. The neonatal
morbidity associated with these deliveries should
be stressed. The risk of intracranial bleeding in
newborns is highest if cesarean section must be
carried out after the failure of instrumental vaginal
delivery.19 This high risk of injury applies as well
when delivery is attempted with both instruments in
sequence, most commonly vacuum followed by
forceps. We may conclude that a vaginal operative
delivery should not generally be attempted if the
success rate is considered to be low. Moreover,
persistent attempts to complete the delivery vaginally
when difficulties are encountered are fraught with
danger. Keen judgment is necessary to avoid trauma
in these situations, and abandoning attempts at
forceps or vacuum in favor of cesarean should by no
means be considered a failure; in fact it may signal
good medical judgment.

Outlet instrumental delivery
Vaginal operative delivery when the head has reached
the pelvic floor is considered safe and presents
minimal risk to mother and fetus when performed
properly. This is true when the head is in a direct
anterior position, or with the sagittal suture no more
than 45 degrees from the midline. When the head has
assumed a transverse position the risks of forceps
delivery are considerably greater, and the obstetrician
must have expert knowledge of the mechanisms of
labor and of the expertise required to correct
abnormalities in fetal position and attitude. Often a
persistent transverse position with the head relatively
low in the pelvis results from the head failing to flex.
The fontanelles are consequently palpated at the same
level of the pelvis. Flexion of the head with the
forceps or vacuum is necessary in order to allow
internal rotation, descent, and delivery.

To accomplish this flexion using the vacuum
extractor, the vacuum cup is positioned eccentrically
over the small fontanelle, primary traction to the
opposite side and dorsally is carried out until the
head is in a direct anterior position. The increasing
flexion of the head produces the passive rotation and
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no further assistance is required in this regard. The
subsequent traction follows the axis of the birth canal
with appropriate changes in the direction.

Forceps may also be used to effect delivery of a
fetus in a low transverse position. In a right occiput
transverse, the left blade of the forceps is inserted first
between the head and the sacrum. It is then moved
carefully across the fetal face to achieve a diagonal
application. The right blade is then inserted in the
first diameter of the lesser pelvis (Figure 178.8a).
During the extraction, the forceps must be initially
rotated so that the small fontanelle is directed under-
neath the symphysis pubis. The resulting occiput
anterior vertex presentation thereby progresses along
the axis of the birth canal with no need to alter the
application of the forceps before applying traction
(Figure 178.8b).

Kielland forceps, a special instrument that lacks a
pelvic curve, were designed especially for the rotation
of the head in a transverse or posterior position. Some
operators remove them after the rotation and apply
classical forceps for the traction.

Complications
The risk of fetal and maternal injury related to forceps
or vacuum use is increased in proportion to the
complexity of the vaginal operative delivery. With
fetal stations above +2, correct positioning of the
forceps is difficult to achieve and often results in
hematomas and abrasions of the fetal skin. When
instrumental rotation of the head is necessary,
rotational shearing forces can cause severe maternal
injuries.

Technical conditions concerning vacuum extrac-
tion influence risk. Proper application of the cup is
important, as is applying sufficient traction in the
correct direction. The potentially lower tractive force
generated when the cup is positioned eccentrically

and the prolonged extraction time when it is
necessary to correct fetal attitude and position
increase the danger of the cup popping off, which can
cause intracranial pressure fluctuations of up to
50 mmHg as well as injury to the scalp. Subgaleal
hemorrhage may occur and be severe enough to be
life-threatening. Excessive force or inappropriately
long durations of traction should be avoided
irrespective of the choice of instrument. The easy
placement of the vacuum cup cannot per se justify
attempting delivery from above the midpelvis.

Fetal injuries
Excessive force should under no circumstances be
used during vacuum extraction because of substantial
risks of injury to the fetus. The rapid development of
pressure from excessively forceful traction followed
by popping off of the cup can lead to considerable
intracranial pressure fluctuations and a risk of
intracranial hemorrhage.20

The most common external fetal trauma from
vaginal operative delivery is cephalohematoma,
which occurred in 3% of 1672 forceps deliveries and
in 12% of 371 vacuum extractions.21 The indication
‘impending asphyxia’ during vacuum extractions
resulted in the frequency of cephalohematomas
increasing 10-fold, presumably related to the perceived
need for rapid development of the vacuum. In a review
of 10 randomized studies of instrumental delivery,
Johanson and Menon16 concluded that cephalohe-
matomas and retinal bleeding occurred more often
during vacuum extractions than forceps delivery. The
pathogenesis of retinal bleeding that is the consequence
of instrumental delivery is uncertain, as are its long-
term effects.

Skin injuries from the vacuum extractor can result
in long-term alopecia, caused by scarring. Fetal
injuries following forceps deliveries include abrasions
of the skin, hematomas, and transient (rarely,

Figure 178.8 Forceps delivery of a fetus in low transverse position
a. With right low transverse position the forceps are positioned in the first diameter of the lesser pelvis
b. After rotation into vertical position, the progression of the occiput anterior vertex presentation follows
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permanent) paresis of the facial nerves. Skull
fractures and intracranial bleeding occur rarely with
both methods if the operative technique is applied
correctly.

Neonatal morbidity (5-min Apgar score less than 7
and umbilical artery pH below 7.20) following vaginal
operative deliveries from the midcavity did not differ
from instrumental delivery from the pelvic floor,
despite the higher operative pressure and mani-
pulation suffered by a head that has not yet
descended or completed its flexion and rotation.21 In
comparing the results of midcavity forceps to
cesarean delivery, one study showed no difference
regarding the neonatal adjustment responses for the
frequency of linguistic and neuromotor development
delays.22 There is, however, controversy about this
area (see Chapter 187).

Maternal injuries
Maternal injuries, such as lacerations of the
perineum, vagina, or cervix, are a function of the
choice of instrument as well as the degree of expertise
of the obstetrician. There is evidence16 that vacuum
extraction causes significantly fewer maternal injuries
than does forceps delivery. Vacuum delivery is also
associated with less use of regional and general
anesthesia and less pain during delivery and in the
24 h after birth.

Cheong et al.23 demonstrated that an approach to
teaching precision in vaginal operative delivery did
not necessarily increase the success rate but clearly
reduced the number of complications to mother and
child. Weitzel and Hopp21 found little difference
between instruments in the frequency of vaginal
lacerations (25% during forceps deliveries and 23%
during vacuum extractions). However, forceps
deliveries resulted in significantly more third- and
fourth-degree perineal tears than vacuum extraction
(7.4% vs. 1.7%), particularly when performed from
the midcavity. Similar results were found by Johanson
et al.11 and Sultan et al.24 who reported that the
number of hidden anal sphincter injuries (35% with
spontaneous births) doubled following forceps
deliveries. In a recent inquiry, their group25 dis-
covered that vaginal delivery, particularly after
forceps or vacuum, was associated with a reduction
of anal pressure and increase in sphincter trauma,
independent of the choice of instrument.

The risk of injury to the mother and child is greater
the higher the head lies and the more the sagittal suture
deviates from the antero-posterior diameter of the
pelvis at the time the instrumental delivery is begun.2

Because injuries are relatively frequent, it is necessary
to inspect the vagina and cervix thoroughly after each
vaginal operative delivery to make an early diagnosis of
these injuries and to repair them surgically.

Questionnaires received from patients showed
that 18% of mothers who had vacuum deliveries and

27% who had forceps delivery reported unbearable pain
during the delivery, and 7% and 18%, respectively,
reported similarly of severe pain in the perineal
region on the fourth day after delivery.11,14 Garcia
et al.26 made the following statement: ‘Compared to
forceps delivery, women who deliver by vacuum
extraction suffer less pain, but have more trouble with
their babies’. This was confirmed in a study27 in
which a total of 31,000 vacuum and 19,000 forceps
deliveries between 1991 and 1996 were examined.
It was established that there was a relative risk of 0.48
of perineal trauma during vacuum extraction. The risk
of subarachnoid bleeding was, however, 5.4 times
greater and the risk of cephalohematoma was twofold
higher compared to that of a forceps delivery.

For vaginal operative delivery, in addition to the
benefit of pain relief, relaxation of the pelvic muscles
by pudendal block analgesia (when the head is at the
pelvic floor) or epidural anesthesia (when the head is
in the midcavity) is beneficial. Pudendal block
analgesia is easy to carry out transvaginally. It allows
the active participation of the parturient during the
delivery process. Vacuum delivery from the pelvic
floor, however, is often carried out relatively easily
and does not always require anesthesia.

Guidelines for operative
vaginal delivery
Guidelines for the physician regarding the indications
and contraindications for vaginal operative delivery
are based on clinical experience as well as on
recommendations of expert committees.2,13,28 In terms
of choice of instrument, convincing evidence is
available based on meta-analyses.7,16 These indicate
that both forceps and the vacuum extractor are
acceptable and safe instruments for vaginal operative
delivery. The expertise of the operator is imperative
for the choice of instrument in a particular situation.
The meta-analyses indicate that vacuum extraction is
associated with a higher rate of failed operations as
well as more cephalohematomas, retinal bleeding,
and neonatal jaundice. Forceps are associated with
higher associated rates of regional or general
anesthesia and maternal trauma. There is no apparent
difference between the two instrument types with
regard to cesarean section rates, Apgar scores, and
5-year follow-up of maternal and child condition.
With regard to the choice of cup material, metal cups
have a higher rate of scalp injuries than do silicone
cups. The latter, however, are associated with more
failed operations, especially with malpositions of the
occiput and delivery from the midcavity.

Other recommendations are based on more limited
or inconsistent scientific evidence.10,19,29 It can be
concluded that vaginal operative delivery from the
midcavity with a station of +2 should be carried out
if the clinically estimated likelihood of success is high
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and if the obstetrician is qualified and trained in the
method. The length of the vacuum application is
related to the frequency of cephalohematoma
formation and other forms of head trauma; therefore,
this time should be minimized. The incidence of
intracranial bleeding is highest in newborns delivered
by cesarean section following a failed operative
delivery. This risk is high as well when the com-
bination of vacuum extraction and forceps is used.
One can conclude that vaginal operative delivery
should not be attempted if the a priori success rate is
considered to be low.

Forensic viewpoint
The law in many countries is becoming increasingly
strict with regard to the physician’s requirement
to inform the patient of the risks, benefits, and alter-
natives of medical procedures. As soon as there is any
indication that the birth may require an operative
procedure, the obstetrician must discuss this with the
patient and request her authorization. The earlier this
is carried out the more likely is the patient to be still
fit enough to agree, i.e. still able to follow the con-
versation and weigh the advantages and risks of the
recommended procedure.

If treatment alternatives can result in different
levels of pain and suffering for the mother or fetus, or
have different success rates, the doctor is required to
inform the patient of these. It is important, especially

with midcavity positioning of the baby’s head, that the
patient be aware of the different delivery options:
vacuum extraction, forceps, and cesarean. Because the
dangers to the mother and fetus are different in each of
these methods, according to German and Austrian law,
the mother has the option of either making her own
interests a priority or choosing according to the best
interests of her baby. There is great discrepancy
between the legal requirement and the reality of birth,
however, which results in the patient sometimes being
completely overwhelmed with the decision process.
Moreover, the need to process objectively information
that may be complex and unfamiliar during a time of
great stress is at best challenging, and at worst
impossible. It is the physician’s duty to respect the
patient’s autonomy and to assist her as best as possible
to comprehend the situation and its potential harm
and benefits.

This basic principle applies: the more urgent the
situation, the shorter the time to inform the patient.
If adequate information can still be conveyed in an
emergency, but would delay an urgent operation, the
doctor will be held liable in the case of damage.11 With
expected complications during a vaginal operative
delivery (delivery with a possible requirement for a
cesarean section), the patient must be informed of the
increased fetal risk. The patient should ideally have
already received basic information about vaginal and
abdominal surgical procedures during her prenatal
care, so that further information can be given in
abbreviated form during an emergency.
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Cesarean delivery is defined as the delivery of the
fetus through an incision in the abdominal wall
(laparotomy) and the uterine wall (hysterotomy). This
definition does not include the removal of the fetus
from the abdominal cavity in the case of a rupture of
the uterus or an abdominal pregnancy.1

Frequency
Monitoring of cesarean delivery rates is one way to
take the pulse of obstetric practice and is a key factor
in any form of obstetric audit and in international
comparisons.2 Over the last three to four decades, a
substantial increase in cesarean delivery rates has
been registered almost everywhere in the developed
world. The incidence of cesarean delivery has
increased from 4–5% to 15–25% on average; however,
some countries report much higher rates (e.g. 40% in
South Korea in 2000,3 52% in Italy, especially in
Campania4 in 2000, and in some hospitals in Brazil as
high as 72%5). This increasing incidence has been
observed despite the recommendation of the World
Health Organization to keep it below 10–15%.6

Comparative studies of cesarean delivery rates in
industrialized countries in the mid- to late 1980s
showed a wide variation.7–9 Almost a quarter of births
in the USA and one-fifth in Canada were by cesarean
delivery, compared with 6–7% in the Netherlands,
Japan, Slovenia, and the former Czech Republic. The
rates for other developed countries, for which data
are available, ranged from 10% to 15%.2 A further
increase in almost all countries has been observed
since the late 1990s: in 2002 it was 26.1% in the
USA10 and 13% in Slovenia.

Fear of litigation is widely held to have played a key
part in the rise in the cesarean delivery rates in the USA
and the UK.11–13 In Canada, however, where litigation is
not nearly so widespread as in the USA, the rate is
nearly as high and well above that for most European
countries.12,13 One factor may be that doctors rather than
midwives supervise most of the deliveries in the USA,
and the countries in which midwife deliveries predom-
inate generally have lower cesarean rates. Methods of
payment may also be important: high rates have been
observed among private patients, in private hospitals

and in other settings where fee-for-service payments are
involved.14,15 In Sao Paolo, Brazil, the cesarean section
rate in the private sector is 80%, and in the public
health system, 32.1%.16 Although the evidence that an
elective operative delivery leads to a better outcome for
term breeches2,17,18 or for very small babies17 is contro-
versial, cesarean rates for these indications have also
increased considerably in developed countries.2

Fetal distress and a previous cesarean delivery were
important contributors to the growth of cesarean deliv-
ery rates in Scotland, Norway and Sweden in recent
decades. Cesarean deliveries for a previous cesarean
delivery and dystocia are the primary contributors to a
substantially higher cesarean delivery rate in the USA.19

In the Netherlands, the largest increase in the
cesarean delivery rate was found within the medium-
risk group (singleton, at term, vertex presentation,
normal birth weight, mothers aged 20–35 years and
with a normal diastolic blood pressure). Although no
evident pathology can be found in the data, these
women no longer belonged to the low-risk group,
because they had been referred to an obstetrician.20

Increasing cesarean delivery rates coincided with
several changes in obstetric practice, including the
introduction and dissemination of technology (ultra-
sound, cardiotocography); women becoming pregnant
and delivering despite severe diseases; improved
safety for women undergoing operative delivery;9 the
increased inclination of obstetricians to operative
delivery, uncritically transferring the experiences of
others to their own institution; and ever-less obstetri-
cal experience in maternity hospitals with a decreas-
ing number of deliveries, resulting in obstetricians
being no longer skilled in various operative deliveries
(e.g., breech delivery). Numerous articles have been
published on the effects of vaginal delivery on the
pelvic floor, urinary incontinence, pelvic organ pro-
lapse, and, especially, fecal incontinence. All these
publications conclude that cesarean section has a pro-
tective effect.21 An association exists between pelvic
floor damage and childbirth, but this cannot be attrib-
uted entirely to vaginal delivery and occurs after a
cesarean delivery as well.22

The incidence of cesarean delivery performed on
request without a medical indication is rising too. The
reasons for this are not only a perceived medical
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benefit but also social, cultural, and psychological
factors. The legal and ethical issues of cesarean deliver-
ies on request are complex. In dealing with requests
for a cesarean section, obstetricians should establish the
reasons for the request and provide clear, unbiased
information based on the best available evidence.22

Although some claim that over the last 20 years the
decrease in the perinatal mortality rate from 20–30
per 1000 to 10 per 1000 is mainly due to the increased
cesarean delivery rate, there are others who disagree
this. For example, while data show a close relation-
ship between mortality and cesarean rate in the USA,
the same fall in mortality was observed in Ireland
without a significant change in its cesarean rate.23

The decrease in perinatal mortality has occurred for
various reasons, such as higher patient educational
and socioeconomic levels and generally improved
perinatal care, but primarily, it has been due to better
neonatal intensive care and therapy.

Many studies have found no relationship between
the frequency of cesarean delivery and the level of
perinatal mortality. The comparison among different
countries has also shown that in some populations,
low levels of early infant mortality can be achieved
despite a low cesarean delivery rate.17,24 On the con-
trary, it has been found that in many instances,
cesarean delivery increases the risk to the mother,
fetus, and neonate. Different authors have demon-
strated that the overall cesarean delivery rate can be
safely lowered without increasing the maternal, fetal,
or neonatal morbidity and mortality (from 17.5% to
7.8% and from 31.1% to 15.4%).26–28

A stated USA national goal by the year 2000 was to
reduce the cesarean delivery rate from 25% to 15%. It
was estimated that this 10% reduction in the national
cesarean rate could save more than 1 billion US health
care expenditure dollars annually.29 This goal was,
however, not achieved.

In our opinion, and that of many others,20,30,31 the
cesarean delivery rate could be decreased by decreas-
ing the number of repeat cesareans, active management
of dystocia, efforts to increase the vaginal breech deliv-
ery rate, improving methods of diagnosing fetal dis-
tress, and preventive and timely active management of
labor (timely termination of pregnancy, augmentation
of weak contractions, external cephalic version for a
transverse lie and breech presentation, etc.).

Indications
There are various indications for cesarean delivery.
Generally, they can be divided into fetal, maternal,
and fetomaternal indications. However, they are
greatly affected by the different policies of individual
maternity hospitals, and by individuals; this has also
been reported in a study performed in five maternity
hospitals.32 It was found that the clinical and non-
clinical factors that influence the cesarean delivery
rate are highly site-dependent. This implies that

physicians practicing at different sites are influenced
by different criteria when deciding whether a
cesarean delivery should be performed.

The majority of cesareans are performed for fetal
indications; a few are done solely for maternal rea-
sons, and some for the benefit of both the fetus and
the mother. The most frequent indications for a
cesarean delivery found in the literature are the fol-
lowing: arrest of progress of labor (dystocia), fetal dis-
tress, breech presentation, and repeat cesarean
delivery with various possible combinations. In dif-
ferent countries, the cesarean delivery rate by indica-
tions may be quite disparate.

In the early 1990s, the cesarean delivery rate was
three times higher in the USA than in Slovenia, which
was then known for a relatively low operative deliv-
ery rate (12% of deliveries were done by cesarean,
vacuum extraction, or forceps).24 The cesarean deliv-
ery rate for various indications in Slovenia was quite
different. The relative share of repeat deliveries and
dystocia was smaller, whereas for all other indications
it was larger. The absolute rate for all other indica-
tions was 2.14% in Slovenia, even lower than in the
USA (3.3%) (Table 179.1).

In Slovenia, with 19,108 deliveries in 1995, and an
overall early neonatal mortality (over 500 g) of 2.4 per
1000 live births, the cesarean delivery rate was 9.2%
in 1994 and 1995. The comparison between the time
periods 1988–1991 and 1992–1995 (Table 179.1)
shows an increase in cesarean deliveries with all indi-
cations, the highest being for breech presentation and
the lowest for dystocia. Despite these good results, the
cesarean delivery rate in Slovenia increased to 13% in
2002, while the early neonatal mortality rate remained
the same (2.4 per 1000 live births).

Over the last few years, the number of cesarean
deliveries done in response to patient request has been
increasing. While for many women the experience
of vaginal delivery is among the most fulfilling of
their entire life, comparable only to sexuality-related
moments of ecstasy, there are women who regard deliv-
ery as the worst thing ever to have happened to them,
an experience attended by pain, fear, loneliness, and
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Table 179.1 Cesarean delivery rates (per 100
deliveries) for selected indications in the United
States and in Slovenia (the data for USA are adapted
from Cunningham et al.1)

Rate (%)

Slovenia Slovenia 
Indication USA, 1985 1988–1991 1992–1995

Repeat section 9.0 (36) 1.25 (17.0 ) 1.55 (17.9)
Dystocia 7.6 (31) 1.41 (19.2) 1.56 (18.0)
Fetal distress 2.3 (9) 1.30 (17.7) 1.52 (17.6)
Breech 2.5 (10) 1.25 (17.0) 1.58 (18.3)
All others 3.3 (13) 2.14 (29.1) 2.44 (28.2)
Total 24.7 (100) 7.35 (100) 8.65 (100)
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perhaps long-lasting negative consequences.33 In
some countries, the indication ‘cesarean delivery on
request’ has been accepted and is documented in
records; thus, in Norway the rate of cesarean delivery
on request is known to have been 7.6% in recent
years.34 In most countries, this indication is not offi-
cially recognized. However, many believe35 that a
woman can always find an obstetrician willing to per-
form a cesarean section for non-medical reasons. Of
course, the indications for these sections are hidden,
mostly under the diagnosis of dystocia.

Many distinguish between absolute indications for
a cesarean delivery, and clinical situations in which
a cesarean delivery may be indicated (relative indica-
tions). However, there are many different opinions,
especially concerning the clinical situations in which
a cesarean delivery may be performed.

The absolute indications include the following.

(1) Placenta previa totalis (centralis)
(2) Placental abruption (with fetal distress, jeopar-

dized mother)
(3) Cephalopelvic disproportion (evident)
(4) Umbilical cord prolapse (with incomplete cervi-

cal dilatation)
(5) Transverse lie
(6) Proven (pH) fetal distress (with incomplete cer-

vical dilatation)
(7) Active genital herpes infection
(8) Obstructive benign and malignant tumors
(9) Impending maternal death.

The relative indications include the following.

(1) Previous classical cesarean delivery
(2) Previous uterine surgery
(3) Arrest of progress of labor (dystocia)
(4) Abnormal presentation
(5) Fetal anomalies
(6) Suspected fetal distress [fetal heart rate (FHR)]
(7) Multiple pregnancy (triplet or higher).

Decisions for cesarean for fetal distress must include
thorough analysis, an interpretation of FHR pattern
abnormalities, with consideration of the stage and
progress of labor, and the presence of factors such as
intrauterine growth restriction, thick meconium, and
oligohydramnios.

Various maternal diseases are classified among the
relative indications, i.e. cases in which the physician
treating the basic disease fears an increased risk to the
parturient, especially with prolonged and difficult labor.
The risks to the fetus for various diseases, such as rhesus
isoimmunization should also be taken into account.

Each relative indication provokes a higher risk if
combined with another. All decisions for intrapartum
cesarean should be strongly influenced by assessment
of the progress of labor. The decision-making process
should be influenced by evidence-based consider-
ations when possible; but often there will be no good

quality studies to bear on specific situations, and the
obstetrician must use his or her own clinical wisdom
and experience.

Contraindications
In modern obstetrics, with a good anesthesiology ser-
vice, there are no absolute contraindications for
a cesarean delivery, but there exist several relative
contraindications.

The most common inappropriate reasons for
cesarean include the following.

(1) Diagnosis of failed induction when the labor is
still in a normal latent phase

(2) Diagnosis of inadequate uterine contractions
when oxytocin stimulation has not been properly
applied, or there has been exceedingly heavy
sedation

(3) Diagnosis of abnormal fetal descent before com-
plete cervical dilatation

(4) Breech presentation as the only indication
(5) Transverse lie without a previous attempt at

external cephalic version
(6) Fetal distress (without a reliable cardiotoco-

graphic evaluation or pH measurement)
(7) One previous cesarean delivery
(8) Single or combined indications, such as advanced

maternal age in a nullipara, infertility, high-risk
pregnancy, etc.

(9) Intrauterine fetal demise.

Repeat cesarean
The attitude toward the management of labor after a
previous cesarean has greatly changed over the last
two decades. The policy of many maternity hospitals
followed the principle of ‘once a cesarean, always a
cesarean’ for many years. However, with the recogni-
tion that vaginal delivery can be effected safely after a
cesarean, this policy has changed.

The main concerns about laboring after a prior
cesarean delivery relate to the risk of uterine rupture
and its consequences. These were most frequent when
the cesarean was done through a vertical incision in
the uterine fundus (now referred to a as a ‘classical’
cesarean), which was commonly performed in the
past. Repeat cesarean delivery remains the leading
indication in many maternity hospitals. In the USA
in 1978 repeat cesarean deliveries were performed
in 98.0% of cases, and represented 30% of all the
indications for a cesarean delivery.35 Repeat cesarean
delivery was thus one of the main reasons for the
increased cesarean delivery rate in the USA.

Once obstetricians began to do most cesareans using
a low transverse uterine incision, the occurrence of
uterine rupture decreased considerably, thus making
the possibility of a vaginal delivery following a
cesarean section more feasible. There is evidence that
the mother with a previous low-segment vertical
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cesarean delivery can undertake a trial of labor with
relative maternal and perinatal safety. The likelihood of
a successful outcome and the incidence of compli-
cations are comparable with those published for trials of
labor after a previous low-segment transverse incision.36

A substantial reduction in the cesarean rate can be
achieved safely and efficiently by using a trial of labor
for appropriate cases with prior cesareans. In a study
of 17,322 patients with a previous cesarean delivery,
a trial of labor was used in 80% of women with one
previous cesarean, 54% with two, and 30% with three
and more. The success rate was significantly higher
with one previous cesarean delivery (83%) than with
two or more (75.3%).37 Others report 75–81% success
rates with trial of labor.38–40 In a large retrospective
analysis of trials of labor, the variables that signifi-
cantly predicted success were prior vaginal delivery,
malpresentation, pregnancy-induced hypertension,
and Bishop score ≥4.38

The indications for a previous cesarean delivery,
such as cephalopelvic disproportion or arrest in the
progress of labor, are not absolute contraindications
for trial of labor in a subsequent pregnancy. With these
indications for a previous cesarean section, a trial of
vaginal delivery was successful in 50–75% of
women.35–38 Multiple previous cesarean deliveries are
not an absolute contraindication either. Comparative
studies report results almost as favorable for trials of
labor after two previous cesarean deliveries as after a
single previous cesarean.35 The maternal and perinatal
mortality rates were not increased, but there were
slightly more uterine dehiscences and lacerations of
a minor degree (up to 3.8%).35 A trial of labor for
patients with more than one previous cesarean deliv-
ery is allowed under the conditions that permit
prompt recognition and treatment of emergencies.

Thus, the results of many studies show the benefi-
cial effect of trial of labor after a previous cesarean
delivery, especially if there are no strict contraindica-
tions. The repeat cesarean delivery is done only if
new indications for a cesarean occur.

A vertical lower uterine segment incision has been
reintroduced in some maternity hospitals for preterm
cesarean deliveries, because a thick undeveloped
lower uterine segment may not safely accommodate a
standard transverse incision. This seems to have
resulted in more reports of uterine rupture. It has been
found,35 however, that they are not as frequent as with
classical incisions, probably due to the preterm
cesarean incision being made in the lower segment
rather than in the fundus. The difference between
uterine rupture following a lower transverse incision
and that following a vertical incision on the uterine
corpus is that the latter frequently occurs suddenly
and unpredictably in pregnancy, and is thus more
dangerous. According to our experience, there is usu-
ally no proper indication for a vertical incision
in preterm labor. With an unripe lower uterine seg-
ment, we recommended making a transverse incision
somewhat higher than in normal conditions.

Procedures with a trial of labor
The use of oxytocin for either induction or augmentation
of labor in women with a prior cesarean had long been
controversial. The overview of various reports shows
that the use of oxytocin does not increase the incidence
of rupture; therefore, it can be used for induction and
augmentation of labor under the same conditions as in
labor in an unscarred uterus.42 In most Slovenian mater-
nity hospitals, oxytocin has been successfully used in
induction and augmentation of a trial of labor after a
previous cesarean delivery for many years.

The use of analgesia and regional and epidural
anesthesia has also been greatly discussed. In the
opinion of some, analgesia could mask the pain and
uterine sensitivity at the site of the scar, thus delaying
identification of a rupture; others claim that the use of
analgesia does not increase the risk of trial of labor
after a previous cesarean delivery.35

In 1970, Greenhill43 recommended that the uterus be
digitally examined after every vaginal delivery. In some
maternity hospitals, this recommendation is still being
followed. Enkin35 considers the question of the thin-
ning or laceration of the uterus to be of a purely acade-
mic nature. If there is no bleeding, repair of injuries to
the uterus is not necessary. Besides, no beneficial effect
of a digital examination of the uterus following deliv-
ery has been reported so far. There is always a possibil-
ity of infection, or of enlarging a simple dehiscence into
a greater rupture. Some recommend digital examina-
tion of the uterus only if significant bleeding persists
more than 1 h after delivery. Improved techniques of
cesarean delivery have almost abolished severe rup-
tures, and only one-half of uterine dehiscences are due
to a previous cesarean delivery.

Conclusion
In the absence of an absolute contraindication to vagi-
nal delivery, based on history and the situation
in the current pregnancy, a trial of labor is highly rec-
ommended. The management of this labor follows the
same principles as that of labor without a previous
cesarean delivery, except that more careful monitor-
ing is required for the development of risk factors,
signs, or symptoms of uterine rupture. Should there
be a threatened rupture of the uterus, the decision for
cesarean delivery is made earlier than it might be in a
labor without a uterine scar.

Cesarean delivery for
breech presentation
Over recent decades, cesarean delivery rates for breech
presentation have increased in most developed coun-
tries, thus contributing to the overall rise in the
incidence of cesarean delivery (see Chapter 181). This
approach is based on the experience of some obstetri-
cians who have attempted to prevent the poor out-
comes of vaginal breech delivery by recourse to
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cesarean section, beginning especially after publication
of the studies of Kubli and colleagues and Ingemarsson
and associates pointing towards acidemia and adverse
long-term sequelae for the newborn after vaginal breech
delivery.44 The rates of cesarean delivery thereafter
continued to rise; thus, in many European and North
American maternity hospitals, especially in small ones,
breech presentation per se is an accepted indication for
a cesarean delivery. Over the last two decades, the man-
agement of breech delivery has changed from mainly
vaginal to principally abdominal delivery45 in some
maternity units, while in some others this policy has
never been accepted.46–48 In maternity units with mod-
erate policy, the cesarean delivery rate in mature
breech deliveries has in many European countries
increased to 30–40%.46,48

Authors of numerous studies propose a policy of
either routine cesarean or selective vaginal breech
delivery. Some claim that the registered data on single-
ton-term breech deliveries imply that vaginal delivery
is associated with increased morbidity and mortality.49

The results of many other studies suggest that a routine
cesarean delivery does not in itself guarantee a
reduction in neonatal morbidity and mortality, and
should not be promoted at the expense of maternal
health.48,50,51 Poor perinatal outcomes of breech deliv-
eries are primarily related to factors other than breech
presentation; moreover, the route of delivery in infants
weighing more than 1500 g does not influence neonatal
outcome.52 Cesarean delivery solely for breech presen-
tation in birth weights of more than 1500 g does not
appear to be justified.53 Observational data, based on
the Slovenian perinatal database, suggested better out-
comes in 5012 singleton breeches delivered vaginally
than in those delivered by cesarean.54

The increased cesarean delivery rate in breech pre-
sentation has resulted in a 5- to 25-fold higher mater-
nal mortality rate53 and up to a 38-fold increase in
maternal morbidity.54,55 Cesarean delivery can reduce
the risk of adverse childhood neurologic outcomes for
those born with myelomeningocele and may reduce
the rate of brachial plexus palsies, neonatal herpes
virus and human immunodeficiency virus (HIV)
infections. However, children born by cesarean have
no reduced risk of childhood neurologic problems or
cerebral palsy that can be documented.56

While some57 report better outcomes of cesarean
deliveries in babies weighing between 1000 and
1500 g, others are of the opinion that there are no dif-
ferences between the respective modes of delivery in
this weight group. In a prospective study, Weisbach et
al.58 found no differences in the outcome of delivery
of babies of less than 1500 g according to the route of
delivery. Among breeches, the route of delivery does
not significantly influence the outcome among com-
plete and frank presentations; abdominal delivery
may offer some benefit for footling breeches.

An observational study using the Slovenian data-
base59 showed that the outcomes of 6020 singletons in
breech presentation weighing more than 1000 g

(excluding the babies with lethal malformations and
stillbirths) delivered vaginally using the Bracht or
Covianov maneuver were most favorable in terms of
early neonatal mortality and some signs of neonatal
morbidity. Less-favorable outcomes were achieved
with abdominal deliveries, and the poorest by all
kinds of vaginal extraction.

Conclusions
On the basis of recommendations by the International
Federation of Gynecology and Obstetrics Committee
on Perinatal Health, Eskes and Wallenburg44 proposed
a solution to the problem, i.e. external cephalic ver-
sion at term, as well as the use of physicians well
trained and experienced in handling vaginal breech
delivery.

Complications of cesarean delivery
Maternal morbidity and mortality
Maternal morbidity following a cesarean is much
higher than following a vaginal delivery, the main
causes being infections, hemorrhage and injuries to the
urinary tract. Infections are very common; 10–80% of
women have elevated body temperature, usually due to
endometritis.60 Dehiscences and wound infections are
less frequent. Infections are often associated with low
socioeconomic status of the mother, frequent vaginal
examinations, long duration of labor, and a long inter-
val from rupture of membranes to cesarean delivery. In
long labor, in which delivery starts more than 6 h after
the rupture of the membranes, endometritis occurs in
up to 85% of cases.7

In a meta-analysis of several prospective studies,
Enkin35 found that febrile morbidity was significantly
less frequent in the vaginal (2.4–23.1%) than in the
cesarean delivery group (9.8–37.7%). In addition,
blood transfusion, infection of the abdominal wound,
thromboembolic complications, anesthesia-associated
complications, pyelonephritis, pneumonia, and sep-
ticemia were also less frequent in the vaginal delivery
group. Between the two groups, no significant differ-
ences in perinatal morbidity and mortality were found.

In many cesarean deliveries blood loss is great,
especially with placenta previa, placental abruption,
pre-eclampsia, and multiple pregnancy. It depends on
the surgical technique used; it is greater if a classical
longitudinal incision is made into the uterine corpus.
It is less when a transverse or a small longitudinal
incision in the lower uterine segment is made. If a
transverse incision is made too low in the lower uter-
ine segment of an unripe uterus, uterine arteries may
often be injured.

The incidence of injuries to the urinary bladder in
a cesarean delivery is 0.3%. The incidence may be
higher in a repeat cesarean.9 Injuries to the urinary
bladder are more frequent in the presence of adhe-
sions between the bladder and the anterior abdominal
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wall. Injuries to the ureter occur less frequently,
mainly when attempts are made to stop the bleeding
from major uterine vessels.

Late complications of cesarean delivery include
intestinal obstruction from adhesions, dehiscence of
the uterine scar in subsequent pregnancies, and inci-
sional hernia in a longitudinal skin incision (laparoto-
mia mediana inferioris). Multiple cesarean deliveries
pose little risk to the mother, but may be associated
with an increased neonatal risk, attributed mainly to
a preterm non-elective cesarean delivery.57

In developed countries, maternal mortality related to
cesarean delivery has decreased over the last two
decades. In the USA and Great Britain, maternal mor-
tality is less than 1 per 1000 cesarean deliveries. In
other parts of the world, maternal mortality resulting
from cesarean delivery is markedly higher.61 Generally,
it is 2–4 times higher than with vaginal delivery.61 The
main causes of death following a cesarean delivery are
infections, hemorrhage, pulmonary embolism, and
anesthesia-associated complications, the most frequent
being aspiration pneumonia and cardiopulmonary
arrest. Cesarean delivery was an important underlying
cause of death in Norway and contributed to the
increased maternal death ratio in the last decade.62

Neonatal morbidity
Cesarean delivery is not always atraumatic to the
fetus. Although injuries are fewer than with vaginal
delivery, they are also relatively frequent during
cesarean section, especially in premature babies and
in forceful deliveries or extractions. The fetal head in
the vertex presentation is sometimes injured when the
head is low in the birth canal or the operative incision
is too small, resulting in difficulty extracting it.
Fractures of long bones may also occur. All these
injuries are more frequent with extraction by the feet.
In breech deliveries, the soft tissues, bones and fetal
head are most exposed to injuries.

In babies delivered by cesarean, the incidence of
respiratory distress is higher, and so is the neonatal
mortality due to hyaline membrane disease. The
lecithin/sphyngomyelin ratio is poorer after elective
cesarean than after induced labor. In babies delivered
by an elective cesarean, the volume of the lungs is
smaller, and the resistance of the respiratory tract is
increased compared to babies delivered vaginally.
The outcome of babies delivered by an emergency
cesarean delivery is ranked somewhere in between.63

Cesarean delivery is associated with an increased
risk of disorders of placentation in subsequent preg-
nancies. Delivery by cesarean delivery in the first
pregnancy could increase the risk of an unexplained
stillbirth in the second. The risk of unexplained
antepartum stillbirth at or after 39 weeks’ gestation is
about double the risk of stillbirth or neonatal death
from intrapartum uterine rupture.64

Unfortunately, there are few data to suggest that the
liberalized indications for a cesarean delivery have

reduced the incidence of cerebral palsy and other
long-term disabilities. This is probably because
most perinatal morbidity and mortality is caused by
premature births, fetal anomalies, or antepartum
events.65,66

Elective and emergency
cesarean delivery
A delivery is designated an elective cesarean delivery
when the obstetrician decides on a cesarean delivery
prior to labor, for various indications. To facilitate the
elective cesarean delivery, some induce labor for an
hour or two before the procedure in order to achieve the
thinning of the lower uterine segment and better uterine
contractility, which may result in reduced blood loss
and improved adaptation of the newborn to extrauterine
life. Although the onset of labor is induced, the delivery
is still referred to as an elective cesarean. Emergency
cesarean delivery occurs when indications for delivery
arise during labor, which require a cesarean.

In developed countries, the rates of elective
cesarean delivery are increasing, especially in cases
where cesarean is commonly performed on patient
request, for breech presentation and for twins. In the
USA, the cesarean delivery rate for the second twin
after vaginal delivery of the first twin is approxi-
mately 9.5%.54

Technique of cesarean delivery
Preparation of the parturient
At emergency cesarean delivery, the preparation of
the parturient is short, especially when done in haste.
The parturient should be given an explanation of the
procedure, of the risks involved, and she should
be given the reason why the procedure is necessary.
The appropriate informed consent form(s) should be
signed by the woman, stating the type of procedure,
the type of anesthesia, potential complications neces-
sitating further procedures (blood transfusion, hys-
terectomy, if necessary), and any special requests of
the parturient. The blood group should be verified
and pubic hair shaved.

Prior to elective cesarean delivery there is enough
time to discuss the reasons for the procedure, the pro-
cedure itself, and the postoperative course with the
woman in greater detail. The obstetrician enquires
about the possibility of sterilization. The woman is
advised to do respiratory exercises, and if a smoker,
she is advised not to smoke for some time before the
procedure. She has to have her blood group deter-
mined, if this has not been already done, and some
basic blood tests are performed as well. The woman is
examined by an anesthesiologist, and additional tests
are carried out if she suffers from any disease (heart or
kidney diseases, diabetes mellitus, etc.).
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Prophylactic amnioinfusion in women with thick
meconium decreases the incidence of meconium
below the fetal vocal cords and the impact on the inci-
dence of meconium aspiration syndrome may be
apparent in future in larger series.67

Anesthesia
Considerable data support the presumption that the
fetal condition worsens as the time of exposure to
general anesthesia lengthens. Progressive fetal depres-
sion as the induction-to-delivery time is prolonged
makes it important to avoid unnecessary delay during
the operative procedure. The abdomen should be
fully prepared, draped, and ready for the incision
before general anesthesia is induced.40

Just before surgery, the woman should be given
antacid to neutralize the acids in the stomach con-
tents to prevent pulmonary complications in case of
vomiting and aspiration. It is not yet clear which
agent best achieves this effect.

In Slovenia, a cesarean delivery is performed under
general endotracheal anesthesia. In some countries,
regional anesthesia is increasing in popularity as the
mother feels more involved in the birth of her baby
and there is less likelihood of neonatal respiratory
depression.68 The procedure of anesthesia is descri-
bed in detail elsewhere.

Usually 1–2 l of fluid containing electrolytes is
infused during and immediately after the operation.
Throughout the procedure, and subsequently while in
the recovery area, the blood pressure and urine flow
are monitored closely to ascertain that the perfusion
of vital organs is satisfactory.

Position of the patient and immediate preparation
At a cesarean delivery, the woman is at high risk of
developing thrombophlebitis and thromboembolism.
Therefore, proper care of the parturient’s legs in the
operating room is important, and spontaneous move-
ments of the legs and early ambulation after a
cesarean delivery are strongly recommended.

In Slovenia, a cesarean delivery is usually per-
formed with the parturient on the gynecologic opera-
ting table and her legs spread on the leg supports
(Figure 179.1). Thus, vaginal interventions are made
possible, if necessary (e.g. pushing up the head).
Immediately before the procedure, the urinary bladder
is catheterized, and methylene blue injected, so that an
incision of the bladder is quickly recognized.

The most convenient position for the parturient
is slightly lateral (15◦) and light Trendelenburg posi-
tion (15◦).

Skin incision
Two skin incisions are commonly used: transverse,
the incisio secundum Pfannenstiel being more com-
mon, and vertical (laparotomia mediana inferior).
Advocates of the former claim that the incision leaves
a better cosmetic effect, as the scar is smaller, and is

usually covered with pubic hair, and that incisional
hernia is a less frequent consequence. The advocates
of the latter consider the vertical incision to offer
more rapid access and better visibility of the whole
abdomen. In general, the transverse incision is
reproached for slower access, especially in the case of
a repeated incision, and the vertical incision for a less
cosmetically desirable scar, and more frequent inci-
sional hernias.69

In agreement with the enumerated advantages of
the transverse incision, we are of the opinion that
it should be used in the majority of the cases. The ver-
tical incision should only be used in exceptional
cases when good visibility of the upper abdominal
cavity is required.

Uterine incision
Two uterine incisions are mainly used: transverse in the
lower uterine segment, and a vertical incision. Some
distinguish between the vertical incision of the lower
uterine segment and the high vertical incision of the
uterine corpus, although a combination of both is most
commonly used. Frequent occurrence of serious uterine
ruptures during subsequent pregnancies following a
high vertical approach has made this incision nearly
obsolete. In the opinion of some,68 it is appropriate with
a neglected transverse lie, when the approach to the
lower uterine segment is not easy (congenital anomalies,
severe adhesions following inflammations and surg-
eries, tumors of the lower uterine segment – primarily
leiomyomas – and severe kyphoscoliosis of the parturi-
ent), and with the preterm uterus with an undeveloped
lower segment. A skilled surgeon has to revert to the
vertical uterine incision only rarely.

Recommended technique
We recommend a technique that, in our experience,
provides relatively quick access to the uterus and
results in little blood loss, minimal lacerations of
the uterus and major uterine vessels, infrequent postop-
erative complications, and a favorable cosmetic effect.

Incision of the abdominal wall
The surgeon stands to the left of the parturient, the
first assistant to the right. The second assistant, if
required for expected operative complications (multi-
fetal pregnancy, etc.), stands between the patient’s
legs. The skin incision (Pfannenstiel) should be made
with a determined move transversely in a slightly
curvilinear direction, approximately 2 cm above the
symphysis pubis, preferably in the skin fold (Figure
179.2a) at the level of the pubic hairline. An incision
of 12 cm is sufficient. A subcutaneous tissue incision
is made somewhat higher than the skin incision, but
only in the middle to provide access to the fascia.
Minor bleeding veins are ignored; arterial bleeding,
which occurs uncommonly with such a small inci-
sion, is managed with a small clamp, which is left in
place.
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A short median transverse incision in the anterior
rectus fascia is made with a scalpel (Figure 179.2b).
The fascia is separated from the underlying muscle
with closed scissors in the direction of the intended
incision; then, pushing the half-open scissors later-
ally, the fascia is incised curvilinearly on either side
for 7–8 cm (Figure 179.2c). The surgeon and the
assistant grasp the superior edges of the fascia and
elevate them with strong forceps. The surgeon and
the assistant hold the upper incised edge of the fas-
cia approximately 2 cm from the midline on each
side, and separate the fascial sheath from the under-
lying rectus muscles with the index finger (Figure
179.2d) for 2 cm on either side of the intact midline
and upward almost to the umbilicus. They should be
careful not to rupture the blood vessels coursing
between the muscles and the fascia. Ruptures occur
only rarely if we take care not to separate the fascial
sheath from the muscles too laterally from the mid-
line. In case of a rupture, the blood vessel is clamped
and ligated. With semicurved scissors, the midline
of the fascia is then sharply separated from the rec-
tal muscles to near the umbilicus (Figure 179.2e).

The rectus muscles are separated with the index
fingers or with the tip of the closed forceps and the
separation is stretched in the direction symphysis–
umbilicus; the pyramidalis muscles are detached in
the midline with the scissors.

The surgeon and the assistant grasp the parietal
peritoneum and incise as far cephalad as possible to
avoid damage to the bladder. This incision of the peri-
toneum is then lengthened, first upward, and then
downward. Some surgeons prefer simply to perforate
the peritoneum, after which the two sides are
stretched with the index fingers. This may reduce the
risk of bladder injury.

The laparotomy wound may be covered with soft
gauze. Only a sufficiently wide anterior hook is
inserted into the abdominal cavity in a downward
direction to uncover the site of the uterine incision.

Uterine incision
With smooth forceps, the surgeon grasps and lifts the
serosa in the midline, approximately 1 cm above the
bladder and incises with the scissors (Figure 179.2f).
The scissors are inserted between the serosa and
myometrium, which are then separated laterally and
incised. The incision, made curvilinearly somewhat
in a cranial direction, is approximately 5 cm long
on either side. Varices, if any, should be avoided.
Extremely unripe cervices in low gestational age or
extremely dilated cervices demand the incision to be
made 1 cm or more higher. It is not necessary to sepa-
rate the bladder from the myometrium. The small low
transverse uterine incision is begun in the middle
(Figure 179.2g). To avoid incising the fetus, it is safer to
perforate a thin posterior layer of the uterine wall with
a finger or a handle of the scalpel. With the two index
fingers the incision is extended by spreading the inci-
sion to achieve the required size of the opening. The
initial incision needs only rarely to be lengthened using
the scalpel or scissors. This may, however, be the case
with an unripe uterus, when the uterine wall is thick
and the incision is made too low. The incision should
be made carefully, curving it laterally cephalad, to
avoid injuries to the major uterine vessels. If the mem-
branes are still intact, they should be ruptured, and the
amniotic fluid suctioned. If the placenta is encountered
in the line of incision, it must be incised. When the pla-
centa is incised, the cord should be clamped as soon as
possible to prevent fetal hemorrhage. The anterior hook
is removed to enlarge the opening.

Delivery of the baby
Delivery of the fetus in the vertex presentation. The
surgeon’s left hand gently slips behind the symphysis
and between the lower uterine wall and the head,
attempting to reach as far below the fetal head as
possible. The head should then be flexed gently and
elevated into the incision. When the fetal head is
rather tightly wedged into the birth canal, a careful
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Figure 179.1 Position of the patient for
cesarean delivery (slightly lateral and light
Trendelenburg position, legs spread on the leg
supports).
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Figure 179.2 (a) Skin incision in skin fold; (b) small incision of the fascia with scalpel; (c) incision of the fascia with scissors;
(d) separation of the fascia with index finger; (e) sharp separation of the fascia from rectal muscles; (f) incision of visceral peritoneum;
(g) incision of the uterine wall; (h) delivery of fetal breech; 
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upward pressure exerted through the vagina by an
assistant will help to dislodge the head. It is of the
utmost importance that the surgeon’s right hand
presses the uterine fundus, retaining it and preventing
it from moving upward. When pressing the fetal head
upward, especially if it is already deep in the birth
canal and thus more force is required, the surgeon
may, especially if too forceful, push the entire uterus
upward, resulting in an unwanted extension of the
initial incision. If the fetal head and the surgeon’s
hand are both large, the use of the right blade of the
forceps may prove helpful in flexing and directing
the fetal head. Once the fetal head is directed toward
the incision, the assistant helps deliver the head by

pressing the uterine fundus through the abdominal
wall. If necessary, the surgeon simultaneously retracts
the uterine wall over the head with the fingers of his
or her right hand. When the head is delivered, and the
baby’s mouth and nose are wiped, the head is held
with both the surgeon’s hands in an attempt to deliver
the trunk, in similar manner to vaginal delivery. If the
baby is large, the shoulders are usually delivered by
pressing the baby’s head toward the umbilicus. First,
the inferior shoulder is delivered; then, by pressing
the head against the symphysis, the superior one. The
baby should not be held above the level of the uterus
until the cord is clamped, otherwise the blood will
tend to drain from the fetus to the placenta.

1908 Cesarean delivery

Figure 179.2 (i) delivery of placenta with cords traction; (j) continuous suturing of the uterine wall; (k) continuous suturing of the
visceral peritoneum; (l) continuous suturing of the parietal peritoneum; (m) continuous suturing of the fascia; and (n) interrupted
sutures of the skin.
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After the baby is born, the umbilical cord is
clamped at three sites to obtain blood for pH mea-
surement, which is important for evaluation of the
baby’s condition at birth.

Breech delivery. At a frank breech presentation, the
buttocks are directed toward the incision by the
surgeon’s left hand in a similar manner to the fetal head
at a vertex delivery. If this manipulation fails, the
surgeon attempts to deliver the buttocks by hooking the
fetal inguinal regions with both index fingers (Figure
179.2h). With various types of footling presentations, or
with transverse and oblique lies, the delivery is started
by delivering a foot, or feet, if possible. By the traction
on a foot or feet, the fetal trunk is delivered. Traction
limited to one foot only should be performed carefully
to avoid fracturing the femur, especially when rotating
the foot. At delivery of the aftercoming head, a spasm of
the uterine muscles around the fetal neck sometimes
occurs, especially when the traction has been hasty, or
when the fetus is smaller with a relatively larger head.
In the rare instance in which the extraction of the fetal
head by a modified Mauriceau–Smellie–Veit maneuver
fails, the uterine incision should be extended, usually
by T-incision.

In either mode of delivery, an ecbolic agent
(ergometrine 0.25 mg or oxytocin 5 units) is adminis-
tered intravenously after the fetal head is delivered. By
gentle traction on the umbilical cord, the placenta is
delivered (Figure 179.2i). To avoid heavier bleeding,
manual removal of the placenta is not recommended.
The edges of the uterine incision should be grasped with
ring forceps, first at the angles, and then in the middle
of the lower edge. If heavy bleeding occurs at other sites,
they are also clamped with ring forceps. When the deliv-
ered placenta is incomplete, or the membranes have
been retained, the uterine cavity is explored and wiped
using a swab on a stick. Manual exploration should be
avoided, especially with preterm rupture of the mem-
branes and with suspected chorionitis. Should manual
exploration be absolutely necessary, surgical gloves
should be changed after suturing the uterine wall.

The hysterotomy incision is then reapproximated
with either continuous or interrupted sutures (Figure
179.2j), usually in one layer when the uterine wall is
thin, and in two layers when the uterine wall is thick.
The endometrium should be directed toward the uter-
ine cavity. Sutures are applied as far apart as possible
(1.5–2 cm), not tightly tied, or not sutured with a
running-lock, to avoid ischemia.

When the second layer is being sutured, the stitches
are put between the stitches of the first layer. After each
layer has been sutured, massage of the uterus is neces-
sary. If after the suturing there is still bleeding, addi-
tional hemostatic sutures are introduced.

Serosal edges are usually approximated with con-
tinuous sutures (Figure 179.2k). Many do not close the
visceral peritoneum. Nagele et al.70 reported that non-
closure of the visceral peritoneum was associated with
lower febrile and infectious morbidity.

After the suturing, the uterus is massaged again, the
adnexa are examined, and the abdominal cavity above
the uterus manually explored to verify the possible
presence of adhesions. Blood is also removed, usually
by hand. If a gauze pack is used for the purpose, force-
ful wiping should be avoided, as it may cause postop-
erative atony of the bowels or lead to injuries of the
serosa. The injured serosa presents a higher risk of sub-
sequent adhesion formation than the retained blood.

Continuous sutures, avoiding forceful traction of
the suture, can be used to close the parietal peri-
toneum (Figure 179.2l). Some do not approximate the
peritoneum; its non-closure does not cause increased
postoperative complications.71,72

After delivery, the suturing of the rectus abdominus
muscles is not necessary, or just one suture is made at
the top of the pyramidalis muscles.

The fascial edges may be reapproximated with
either a continuous suture (Figure 179.2m) or inter-
rupted sutures about 1 cm apart, mostly with synthetic
resorbable sutures. Care must be taken not to wipe off
the blood clots, which are hemostatic; therefore, only
gentle blotting is applied. The clamps, if used, are
removed, and ligation is used only if bleeding occurs.
A few interrupted sutures may be made to obliterate
the dead space and reduce the tension on the skin
edges. If there is abundant adipose tissue, these
sutures should not be too tightly tied either. The skin
is usually sutured with interrupted sutures (Figure
179.2n), which should not be too close together or tied
too tightly. Alternatively, we can use staples.

Cesarean delivery performed in the manner
described usually takes 15–17 min. The most common
operative errors are the following.

(1) Making the skin incision too long
(2) Making the transverse skin incision too high
(3) Excessive coagulation or ligation of the bleeding

sites, leading to necrosis and development of
favorable conditions for infections

(4) Making the rectus fascia incision shorter than
the skin incision

(5) Separating the anterior rectus fascia from the
rectal muscles too laterally

(6) Not separating the fascia from the rectal muscles
up to the umbilicus

(7) Separation of the bladder from the myometrium
in the case of a low transverse uterine incision

(8) Making a transverse uterine incision too low,
especially when the cervix is unripe or fully
dilated

(9) Failing to curve the lateral portions of the uter-
ine incision upward, with consequent rupture of
uterine vessels

(10) Forceful extraction of the fetus, leading to risks
of uterine laceration and damage to the fetus

(11) Tying the sutures too closely and too tightly, result-
ing in ischemia and greater risk of infections

(12) Forceful wiping of the uterus and abdominal
cavity
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(13) Suture of the anterior fascia too laterally, resulting
in the entrapment of the cutaneous nerves (gen-
itofemoralis) consequent pain after the operation.

Hemorrhage
Parturients undergoing a cesarean delivery, in whom
factors for an increased risk of hemorrhage exist,
can be identified prospectively. These women will
benefit greatly from extended preoperative counseling
when possible, effective utilization of blood bank
technology through the type and cross-match requests,
and preventive measures during abdominal delivery
to minimize blood loss.73

The woman of average size with a hematocrit of
30% or more, and a normally expanded blood volume
and extracellular fluid volume, most often tolerates
blood loss up to 1500 ml without difficulty.1,5 The
average reported blood loss during a cesarean delivery
is 800–1100 ml.74 In the Ljubljana maternity hospital,
the mean blood loss is 500 ml. In only 5% of women
is the blood loss greater than 1000 ml.

Antibiotic prophylaxis
The advantages and disadvantages of antibiotic pro-
phylaxis of the parturient at a cesarean delivery have
been discussed for years. In our opinion, antibiotic pro-
phylaxis (treatment) should be used at every cesarean
delivery after a preterm rupture of the membranes, with
suspected chorioamnionitis, with prolonged labor and
thus numerous vaginal examinations, and in maternity
hospitals with frequent postpartum infections. In
all such cases, after the umbilical cord is clamped,
intravenous antibiotic (ampicillin or preferably a

cephalosporin) should be injected. The administration
is usually repeated twice.

Postoperative procedure
The basics of the postoperative course are the following.

(1) Regular monitoring of uterine contraction and
hemorrhage (at least twice on the day of surgery,
and once daily afterward)

(2) Monitoring of the operative wound (once daily)
(3) Infusion: 1500–2000 ml of fluid, usually Ringer

lactate in a 5% glucose solution, on the day of
surgery and the following day

(4) Analgesia: intravenously when access is available;
afterward oral or intramuscularly, if required

(5) Getting up: 3–6 h after surgery
(6) Breast-feeding: almost immediately after recov-

ery from anesthesia
(7) Nutrition: fluids and light food as soon as bowel

sounds reappear and nausea disappears
(8) Active physical exercises immediately after

surgery: arms, legs, breathing, pelvic floor
(9) Removal of sutures: 4–6 days after surgery

Discharge from hospital is becoming dictated by the
economic and insurance conditions, rather than an
ideal management. In the opinion of some authors,
the mother may be safely discharged from hospital on
the third or fourth postpartum day, unless there are
complications in the puerperium.1 In Slovenia, the
mother is usually discharged from hospital on the
seventh or eighth day.

1910 Cesarean delivery
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180 Transverse lie, brow
and face presentations
Ž. Novak-Antolic

The lie and presentation assumed by the fetus have
considerable influence on perinatal and maternal
morbidity and mortality. These influences relate in
part to the factors that cause abnormal lies or
presentations and in larger measure to the complica-
tions that accrue to pregnancies with these abnorma-
lities during the process of labor and delivery. In this
regard, abnormal lies and presentations have an
increased risk of cesarean delivery (CD), as well as of
fetal injury during labor and vaginal birth. The early
diagnosis of these abnormalities is important for
optimal management.

Maternal and fetal factors are involved in the term
fetus assuming the most commonly encountered
longitudinal cephalic–occiput presentation. At the
end of gestation the fetus probably adjusts to the
position in which it best fits: generally its podalic
pole is where there is more space and, because of the
piriform shape of the uterus, the fundus is more
spacious. When the normal tonus of the uterus, the
abdominal wall or the fetus is absent or other factors
are present, an abnormal lie or presentation ensues.
Other factors are fetal and uterine anomalies,
polyhydramnios, uterine leiomyomas or other pelvic
tumors, and placenta previa. Hydrocephalic and
anencephalic fetuses are often in breech presenta-
tions; those with nuchal teratomas or goiter are likely
to be in face presentation.

Transverse lie
Face and brow presentations

Definition
The lie of the fetus is determined with regard to the
relation between the longitudinal axis of the fetal
spine and that of the maternal spine. Longitudinal
axes are usually parallel; when they are not, the lie is
transverse or oblique. The latter is sometimes referred
to as an unstable or transitory lie. When labor starts,
most transverse lies change into longitudinal ones.
We do not know when or whether this is about to
occur, and at the end of pregnancy, interventions to
convert the fetus to a more favorable lie before labor

starts may prevent complications and perinatal and
maternal morbidity and mortality.1

Diagnosis
The diagnosis can sometimes be made solely by
inspection, and suspected with palpation and vaginal
examination. Ultrasound should be used to confirm
the lie and to rule out placenta previa. With early
diagnosis, complications can be reduced.2

Labor and delivery
The presenting part is the fetal shoulder. The fetal back
can be superiorly, inferiorly, anteriorly, or posteriorly
positioned. A full-term fetus in a transverse lie cannot
be delivered without serious injury. (If, however, the
fetus is previable or dead it can be delivered.) If
the regular strong contractions have fixed the fetus in
the transverse lie, a CD should be performed imme-
diately. The technique of CD itself may need to be
modified, because the lower uterine segment has not
generally softened and thinned. Sometimes the vertical
cervico-isthmic incision is the proper solution. When
possible, intraoperative version just before the uterus
is incised may be performed.

If the labor proceeds, the most serious compli-
cation, the so-called neglected transverse lie, results:
after rupture of the membranes and when uterine
contractions push a fetal shoulder into the pelvis, the
lower uterine segment becomes very thin. A fetal arm
may prolapse through the cervix (Figure 180.1). With
further contractions, the risk of uterine rupture is
substantial. It can occur spontaneously, or be
provoked by any vaginal manipulation at this stage.

Epidemiology and predisposing factors
Among more than 52,000 deliveries in 3 years
(1997–1999) in Slovenia, the overall occurrence of
transverse lie was 0.24%. With placenta previa,
transverse lie occurred in 13.6%; in babies weighing
less than 1500 g, in 3.3%; and with uterine anomalies,
in 4.5%. The percentages are quite similar to those in
the period from 1987 to 1995, calculated for more
than 204,000 deliveries.3 The percentage was the
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highest at 27 weeks (11.5%), and dropped to 0.1% at
term. With polyhydramnios there were 1.7%, with a
lethal malformation 1.4%, and with myomas present
there were 1.2% of transverse lies. The occurrence of
transverse lie was 0.5% if the maternal age was over
35 years. Transverse lie occurred in 0.13% of
nulliparas and in 0.9% of those with a parity of four
or more, which is significantly different from brow,
breech, and vertex presentations.

Therefore, the factors predisposing to transverse lie
are as follows: placenta previa, uterine anomalies, low
birth weight, prematurity, polyhydramnios, lethal
malformations, myomas, maternal age over 35 years,
and multiparity.

Complications
The complications of transverse lie are cord prolapse,
obstructed labor, rupture of the uterus, and infection.
As these complications are rare, the numbers
calculated for the larger of the above-mentioned
populations3 are presented: in the transverse lie, cord
prolapse occurred 17 times more often (1.7% vs.
0.1%), perinatal mortality was 12 times higher (8.4%
vs. 0.7%), and rupture of the uterus occurred 10 times
more often (0.3% vs. 0.03%) than in cephalic
presentations. Also, blood transfusion was given six
times more often, as placenta previa is a frequent
cause of transverse lie. Postpartum infections were
four times more common.

Conclusions
Whenever the presenting part cannot be felt in the
pelvic inlet in late pregnancy, ultrasound should be
performed to diagnose a possible transverse lie and
also to rule out placenta previa, pelvic tumors, and
fetal anomalies. When fetal maturity is reached, the
cervix is ripe, and there are no contraindications,
external cephalic version (ECV) could be performed,
followed by amniotomy and oxytocin infusion. In a
randomized trial, ECV with epidural analgesia was
more successful4 than without. ECV was also
described in a woman with ruptured membranes;
however, prolapse of the cord ensued.5 It should be
noted that pregnancies after successful version should
not be considered the same as normal pregnancies.6

For breech presentation at term it appears that ECV
reduces the chance of non-cephalic birth and cesarean
section; there is not enough evidence to quantify most
risks of ECV at term.7 There are no useful data for
other malpresentations. During labor, or when the
membranes have ruptured, one cannot wait and a CD
should be performed as promptly as possible. Internal
podalic version (IPV) is contraindicated because of its
associated high perinatal mortality.8 Even in resource-
poor countries, safe cesarean section is regarded as a
technology that should be employed to help reduce
maternal mortality.9

Transverse lie of the second twin

Epidemiology
Among 2226 pairs of twins (Slovenia, 1987–1995),3

55.2% were both in cephalic presentation, and the CD
rate was 16.8%. There were 17.2% of cases that presen-
ted as cephalic (first twin)/breech (second twin), of
which 24.3% were delivered by cesarean; 10.8% were
breech/breech (CD 63%); and 7.5% were breech/
cephalic (CD 58.5%). Transverse lies were not uncom-
mon: 4.7% presented as cephalic/transverse (CD
55.9%), 3.3% as breech/transverse (CD 91.7%), and in
0.7% both were in a transverse lie (CD 100.0%); 0.3%
were transverse/breech and the same percentage
were transverse/cephalic. The percentages of various
combinations were similar for the population of 780
pairs of twins born during 1997–1999; the CD rate,
however, being higher for all combinations in the more
recent period. In roughly 1% of cases, CD was
performed for the second twin only.

Combined delivery
The indications for the so-called combined delivery,
in which the first twin is delivered vaginally and the
second by cesarean, are most often prolapse of the
cord, transverse lie, brow, face and compound
presentations, cephalopelvic disproportion, fetal
distress, placental abruption, contracted cervix,
extreme discordance, and failed versions.10–12 The
setting must be such that the interval between births

Transverse lie 1913

Figure 180.1 Neglected transverse lie.
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1914 Transverse lie, brow and face presentations

is not too long; otherwise, the outcomes are not
good.13 A Cochrane review indicated that caesarean
section for the birth of a second twin not presenting
cephalically is associated with increased maternal
febrile morbidity with, as yet, no identified improve-
ment in neonatal outcome; this policy should not be
adopted except within the context of further
controlled trials.14 The occurrence of combined
deliveries is directly proportional to the increased use
of CD for twin pregnancy.11 One of the causes of an
increasing occurrence of cesarean births in twins is
the fact that obstetric experience in the cases of
vaginal delivery in these circumstances is not easily
acquired; the other is the threat of litigation.

External cephalic version
Intrapartum ECV (Figure 180.2) of the second twin,
whether in transverse lie or breech presentation, is
most successful in gestations over 35 weeks, with
intact membranes of the second diamniotic twin, no
oligohydramnios, and no nuchal cord.15

The complication rate of ECV (cord prolapse,
persistent abnormal fetal heart rate tracings, abruptio
placentae, and compound presentation) is 10 times
higher16 for the second twin compared to ECV in
singletons before labor. Possible explanations for the
high complication rate are more premature deliveries,
advanced cervical dilatation, and less experience of
the operator in twin deliveries, in which ECV occurs
in the context of labor, whereas in singletons it is
planned.

Internal podalic version
IPV with unruptured membranes using nitroglycerin
as a uterine relaxant was performed under epidural
anesthesia successfully in 20 of 22 second twins
found in transverse lie.17 In their report, the authors

stated that IPV is superior to ECV.18,19 The numbers
reported in most studies were small, and the studies
were neither prospective nor randomized.

The attitude of a group of doctors toward the mode
of delivery of twins was surveyed; it is interesting to
note that 64% of respondents on twin births were
interested in a randomized controlled trial to compare
planned caesarean section with planned vaginal birth
for twin pregnancies.20 In a cohort study it was found
that, at comparable gestational ages, the neonatal
morbidity of second twins was comparable to that of
a low-risk population. It should be remembered that
because immediate management of the vaginally
delivered second twins often needs to be more
intensive than that of vaginally delivered singletons
in the cephalic presentation, appropriate obstetric
and neonatal care must be available to ensure optimal
outcome.21

Deflexion attitudes
Brow presentation

Definition
The fetal head is extended more in the face presenta-
tion and less in the brow presentation (Figure 180.3),
the presenting part being the part of the fetal head
from the anterior fontanelle to the root of the nose
(Figure 180.4). Reported incidences differ because of
the different times when the diagnosis was made.

Diagnosis
Twenty-four percent are not diagnosed before the
second stage.22 The root of the nose, the upper part of
the orbits, frontal sutures, and the anterior fontanelle

Figure 180.2 Intrapartum external cephalic version.
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are felt on vaginal examination. The anterior
fontanelle is the point of orientation.

Labor and delivery
Brow presentation is transient in most cases: it is
delivered as a vertex if the head flexes, or as a face
presentation if the head further extends. As long as
labor progresses without signs of fetal distress, one
can wait. Very small babies can be delivered vaginally
even without further flexion or extension.

With the electrodes for internal fetal heart rate
monitoring, damage may be done to the fetus if the
electrode is attached to the face or over the anterior
fontanelle; therefore, the external mode is preferred.
Likewise, one must be very careful with the sites
chosen for fetal blood sampling.

In persistent brow presentation, delivery is only
possible with a very small baby when the fetal back
is posterior or when the pelvis is extremely large.
Extensive molding of the head occurs so that the
occipitomental diameter is diminished, and usually
there is a large caput succedaneum over the forehead.
Swelling might be such that it feels to the examiner as
if the head is descending. Delivering over the
perineum, the fetal head first flexes so that the brow,
the sinciput, and the occiput are delivered, and then
it extends so that the face is delivered. In most cases,
when brow persists and the labor is dysfunctional, a
CD should be performed, as vaginal manipulations
increase perinatal mortality dramatically.

Epidemiology and predisposing factors
At the time of delivery, brow presentations were
present in 0.09% of more than 204,000 deliveries over
9 years (1987–1995) in Slovenia.3 During the second
period analyzed (1997–1999) there were also 0.096%

of brow presentations. With polyhydramnios, the
occurrence of brow presentation was 0.4%, and in
babies weighing less than 1500 g it was 0.19%. The
percentage was the highest before 34 weeks (0.16%),
dropped to 0.08% at term, and rose slightly after 42
weeks to 0.10%. Brow presentation occurred in 0.1%
of nulliparas, and in 0.04% of those whose parity was
four or more, which is significantly different from the
face presentation and transverse lie. The predisposing
factors, listed in decreasing order of appearance, were
polyhydramnios, low birth weight, prematurity, and
postmaturity. Uterine leiomyomas were not pre-
disposing factors, nor were uterine anomalies, lethal
malformations, maternal age over 35 years, or birth
weight over 4000 g.

Mode of delivery and complications
In the above-mentioned population of brow presen-
tations,3 69% were delivered by cesarean and 5.9% by
vacuum extraction. Compared to vertex presentations,
cord prolapse occurred five times more often, and
rupture of the uterus 17 times more often (0.5% vs.
0.03%); blood transfusion was three times more
likely, and postpartum infections occurred four to five
times more often than in vertex presentations. The
perinatal mortality was 1.6% compared to 0.7% in
vertex presentations.

Conclusions
When a brow presentation is diagnosed early in labor, a
policy of watchful waiting is usually appropriate.
Oxytocin should be used cautiously if uterine con-
tractions are weak, but should be avoided when the
descent is absent, or abnormal, or cephalopelvic dispro-
portion is suspected. If a brow presentation persists, a
full-term fetus should be delivered by cesarean.

Deflexion attitudes 1915

Figure 180.4 Brow presentation. Small fetus.Figure 180.3 Brow (left) and face (right) presentation.
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Face presentation

Definition
The fetal head is completely extended. The position
during labor is designated by the mentum, which can
be on the left or on the right and anterior or posterior,
as felt on vaginal examination.

Diagnosis
Forty-nine percent are not diagnosed before the
second stage.22 Sometimes, by abdominal palpation,
parts of the fetal head are palpated better on the side
of the fetal back. The nose, eyes, mouth, and chin are
felt on vaginal examination. The chin is the point of
orientation. If the face is swollen, which is common,
it can be mistaken for a breech.

Labor and delivery
A direct electrode should not be applied (or, if
absolutely necessary, with extreme caution on the fetal
chin; it must be removed carefully to avoid injury to
the skin), but external fetal heart rate monitoring
should be used. For the same reason, fetal blood
sampling cannot be performed. Stimulation of the face
is sometimes used as an indicator of good fetal
condition. Very careful oxytocin stimulation may be
used. Labor should proceed as in vertex presentation:
arrest of labor and fetal distress are indications for CD.

The mentum anterior position with the fetal back
posterior may be delivered vaginally (Figure 180.5).
The neck is relatively short and can flex around the
pubic symphysis; but because it cannot flex around
the sacrum, term fetuses in the mentum posterior
position cannot safely deliver vaginally. A persistent
mentoposterior (Figure 180.6) is therefore accepted as
an absolute indication for CD. In the anterior position,
the head delivers by flexing, so first the face emerges,
then the brow, the sinciput, and the occiput. An
episiotomy should be performed.

The mento-occipital diameter might be somewhat
elongated because of molding. The baby’s face is often
quite swollen, and difficulties may sometimes arise
because of laryngeal edema.

Epidemiology and predisposing factors
Face presentations constituted 0.11% among more
than 204,000 deliveries over 9 years in Slovenia,3 an
incidence similar to that reported by other authors.22

Face presentation occurred in 0.9% of babies with a
lethal malformation; in babies weighing less than
1500 g, 0.71% were face presentations. In association
with polyhydramnios, 0.63% of the presentations were
face, and with placenta previa, 0.46%. The percentage
was the highest before 34 weeks (0.51%), dropped to
0.09% at term, and rose after 42 weeks to 0.18%. In
primiparas there were 0.08%, in secundiparas 0.12%,
in terciparas 0.16% and in those who delivered for the
fourth time or more 0.18%, which is significantly
different from brow presentation. The predisposing
factors, listed in decreasing order of appearance, were

the following: lethal malformations, low birth weight,
polyhydramnios, prematurity, postmaturity, multiparity.

Myomas were not predisposing factors, nor were
uterine anomalies, maternal age over 35 years, or birth
weight over 4000 g.

Mode of delivery and complications
In the above-mentioned Slovenian sample, cesarean
deliveries were performed in 44% of cases. Cord
prolapse occurred nine times more often, rupture of
the uterus 30 times more often (0.9% vs. 0.03%), and
blood transfusion was given twice as often as in
vertex presentations. The perinatal mortality was
5.8% compared to 0.7% in vertex presentations.

1916 Transverse lie, brow and face presentations

Figure 180.5 Face presentation, mentum anterior.

Figure 180.6 Face presentation, mentum posterior: indication
for cesarean delivery.
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Conclusions
When labor starts, one can wait as long as there is no
fetal distress and labor proceeds normally. Fetal
anomalies should be ruled out. Very often, the face
presentation does not undergo internal rotation
until the face has encountered the pelvic floor. A

persistent mentum posterior position is indication
for a CD. 

Figures by Bojan Pecar, reprinted with permission
from Pajntar M, Novak-Antolic Z (eds): Pregnancy,
labour and delivery management, Second edition,
Slovenia, CZ 2004
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181 Breech presentation
M. Foley and M. Alarab

Introduction
The incidence of breech presentation is relatively low
at term, but because cesarean birth is the mode of
delivery in at least 50% of cases, maternal mortality
and morbidity are increased. Perinatal mortality
and morbidity rates are increased for a number of
reasons, of which prematurity is the most significant.
The incidence of breech presentation is about 20% at
28 weeks’ gestation and 3% at term, indicating that
most fetuses that are in a breech presentation early in
gestation undergo spontaneous cephalic version. In
countries with high rates of premature birth, the
incidence of breech delivery is therefore proportion-
ately higher.

The major controversy regarding the management
of breech presentation concerns the question of what
method should be used for delivery at term: is a trial
of labor and vaginal delivery in selected cases as safe
as universal cesarean section? This question took on
particular importance following publication of the
Term Breech Trial in 2000,1 which concluded that
elective cesarean birth was best for breech presenta-
tions at term. Interestingly, at the same time this
approach was being recommended as the standard of
care, individual centers were reporting the safety of
vaginal breech birth.2–4 Of great concern with regard to
setting policy is that vaginal breech delivery requires a
degree of skill acquired by practice and experience.
Even if vaginal delivery by an experienced attendant
were appropriate, one may reasonably ask how
today’s obstetricians in training can acquire that skill
in the context of shorter work hours and fewer vaginal
breech deliveries available to allow the requisite
acquisition of skill and clinical judgment? Of course,
those skills will be necessary under any circumstances
because a proportion of planned cesarean births will
labor and may present in advanced labor when the
expertise for a safe vaginal delivery is needed; also,
some mothers may opt to have a trial of vaginal breech
birth.

External cephalic version (ECV) would seem an
obvious answer for the breech problem, but suffers
from variable popularity in different countries and
within institutions, possibly because the procedure is
not without risk (albeit small), requires a measure

of skill and experience, and has a relatively high
failure rate – an unpopular combination with many
obstetricians. There is a danger that this expertise may
also be lost as part of the breech controversy, because
some obstetricians now feel that cesarean section is
the only solution for breech presentation in general.
Moreover, a greater proportion of women are declin-
ing the offer of ECV than in the past and are opting for
cesarean birth. Perhaps, critical to the current con-
troversies is the question of informed consent based
on objective evidence for both trial of vaginal breech
delivery and ECV, balancing short- and long-term
risks of cesarean delivery for the mother and baby.

Cesarean delivery for breech birth has been shown
to increase both short- and long-term maternal
morbidity and mortality in both observational and
randomized controlled studies,5–8 not least because
it predisposes to further cesareans in subsequent
pregnancies. A change to cesarean delivery for all
breech presentations in institutions currently offering a
trial of vaginal delivery (with a 50% vaginal delivery
rate) would double the cesarean rate attributable
to breech presentation from 2% to 4% of all term
deliveries, with an inevitable incremental effect on
the repeat cesarean rate.

Etiology
Premature delivery is the commonest reason for
breech presentation, just because there will have been
insufficient opportunity for spontaneous version. The
fetus may be a factor: the majority of breech presen-
tations at term have extended legs, suggesting that this
posture prevents spontaneous version. Version is less
likely to occur spontaneously in nulliparas compared
with multiparas, probably because of increased
uterine tone or abdominal wall tone or both and is
also less likely to occur in a patient who has had a
previous breech delivery, presumably because of
some uterine factor9 (Table 181.1; Figure 181.1). A
fetal malformation may be a factor. For example,
hydrocephalus may prevent version, as may a
neurologic deficit in which poor muscular activity
does not promote spontaneous version. Seemingly
high rates of long-term handicap have been reported
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in term breech fetuses independent of the method of
delivery – cesarean or vaginal – but data on outcome
of cephalic births were not always available for
comparison.10 While there has always been the
anecdotal suggestion of an ‘inherent’ breech problem,
this may not be true when corrected for prematurity
and intrauterine growth restriction.11 Excessive or
reduced amniotic fluid volume are risk factors, as is
placenta previa, the management of which takes
priority over the presentation. Uterine malformations
are obvious causes, and occasionally a pelvic tumor, e.g.
a leiomyoma or ovarian cyst, may prevent spontaneous
cephalic version.

Techniques of breech delivery and their attendant
risks are related in part to the type of breech presen-
tation that exists (Figure 181.2). The commonest type
of breech presentation is the extended or frank breech,
in which both legs are extended at the knee (60%).

The flexed or complete breech (15%) has both legs
flexed at the knee. The footling breech (25 %) has one
or both feet presenting.

Perinatal mortality and morbidity
Prematurity and its consequences are the major
contributors to mortality and morbidity: extreme
prematurity incompatible with survival, intraven-
tricular hemorrhage, respiratory distress syndrome,
infection, necrotizing enterocolitis, jaundice, feeding
difficulties, and the psychosocial effects of being in a
neonatal intensive care unit all affect outcome.
Neonatal respiratory morbidity is also increased up to
fivefold following elective cesarean delivery,12 and
while delaying delivery until after 39 weeks’ gestation
can minimize this, the chance of having to deal with a
breech in spontaneous labor increases.

Perinatal mortality specific to vaginal breech
delivery includes cord prolapse, anoxia caused by
delay in the actual delivery of the breech, and
traumatic intracranial hemorrhage. The latter can be
related to difficulty delivering the head, or in the
opposite case, to a rapid uncontrolled delivery
associated with sudden compression and then
decompression of the unmolded head. Both situations
can result in tearing of the falx cerebri and associated
catastrophic intracranial hemorrhage. Intrapartum and
early neonatal hypoxic deaths are highest when
intrauterine growth restriction has been undiagnosed13,
and when there exist fetal heart rate abnormalities
in labor.14 Skeletal trauma can include fracture of
the femur during vaginal delivery and can also be
a problem at cesarean delivery when the legs are
extended. The clavicle or humerus may be fractured
during delivery of the shoulders. Skeletal injuries
generally heal quickly with no long-term sequelae.
Cranial nerve or nerve root injury can occur but seem
to be less common than with shoulder dystocia;1

recovery depends on the degree of the initial trauma.

Table 181.1 Likelihood of spontaneous turning during pregnancy in two groups of mothers (from Westgren et al.,9

with permission)

Ultrasound findings Persistent breech (n =133) Spontaneous cephalic version (n =177)

Fetal size
Biparietal diameter, mm (SD) 82.2 (4.4) 82.6 (3.9)
Abdominal diameter,* mm (SD) 90.4 (5.6) 91.2 (5.4)
Femur length, mm (SD) 62.3 (2.8) (2.9)

Fetal posture
Legs flexed at knees, n (%) 27 (20) 92 (52)**
Legs extended, n (%) 106 (80) 85 (48)

Placenta location
Fundal, n (%) 49 (37) 65 (37)
Anterior, n (%) 53 (40) 91 (51)
Posterior, n (%) 31 (23) 21 (12)

*Mean of anterior–posterior and transverse diameters; **significant difference between the two groups, P < 0.001

Figure 181.1 Probability of spontaneous version of breech to
cephalic presentation according to parity, gestational age, and
prior breech delivery
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The genitalia, facial structures, and even intra-
abdominal viscera may be injured, but these injuries
area not exclusive to vaginal breech delivery; they can
also occur at cesarean section. The 2-year neurologic
follow-up of babies in the Term Breech Trial15 showed
no differences between the planned vaginal breech
delivery and the planned cesarean section groups,
and similar results have been reported at 7 years
comparing breech and cephalic deliveries.16

Diagnosis
The diagnosis is made by abdominal palpation, and
while not really relevant until 34 weeks’ gestation, it
is worth noting at earlier visits to serve as an aide

memoire for 34 weeks when the option of ECV should
first be considered. Difficulty palpating a fetal head
above the pelvic brim, or the sense that there is a
deeply engaged head should raise the possibility of
malpresentation. With increasing use of imaging in
antenatal care, the incidence of undiagnosed breech
presentation should be minimal, and while a cephalic
presentation can revert to a breech at any time in
multiparas, this probably almost never happens in
late pregnancy in nulliparas.

Occasionally, a patient will present in labor with
an indeterminable presentation on vaginal examina-
tion. The differential diagnosis generally includes
breech presentation, face presentation, compound
presentation, shoulder presentation, fetal malforma-
tion (e.g. anencephaly), and, rarely, a pelvic tumor

1920 Breech presentation

Figure 181.2 Types of breech presentations: (a) frank breech; (b) complete breech/footling; (c) incomplete breech/footling;
(d) complete footling; (e) incomplete footling; (f) knee. Numbers indicate largest circumference of the presenting part (cm) in an
average size fetus. From Pajntar, M. Breech presentation. In Kurjak A. Textbook of Perinatal Medicine, 1st edn. London: Parthenon
Publishing, 1998.
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(e.g. a cervical fibroid or an ovarian cyst in the Pouch
of Douglas), or even a congenital uterine abnormality
(e.g. a prolapsed uterine horn). The diagnosis is made
by palpation but should be confirmed by ultrasound.
The management of most of these cases, with the
exception of anencephaly, often is cesarean section. A
plain film of the abdomen might be helpful in some
circumstances when neither palpation nor ultrasound
can confirm the diagnosis.

External cephalic version
With the decline in enthusiasm for vaginal breech
delivery the main opportunity for reducing the rate of
cesarean section for breech presentation is to increase
the use of ECV, and the availability of this procedure
to all patients is recommended by both the American
and the Royal Colleges of Obstetricians and
Gynecologists.17,18 Since the Term Breech Trial,
however, there has been a decline in enthusiasm for
ECV as well as for vaginal breech delivery.19

There is good evidence that ECV reduces the
incidence of non-cephalic births by nearly 60%,20

although the risk of intrapartum cesarean is still
higher after successful ECV than for spontaneous
cephalic presentations.21 One study calculated that
four attempted version procedures were required
to prevent one cesarean section, reducing to two
attempts if applying current practice of cesarean
section for all term breech presentations.22 Despite
this, the technique is not part of routine clinical
service in many centers;23,24 and in general the uptake
of ECV is low, partly because of patient refusal.22,25

The success rate is greater in multiparas (60%)
compared with nulliparas (40%), presumably because
uterine and abdominal wall tone is greater in
nulliparas, which is a strong argument for analyzing
all data separately by parity. A disproportionately
higher number of nulliparas presented in our series4

with a breech presentation, which may have reflected
the higher success rate of ECV in multiparas. Although
the success rate of ECV declines with advancing
gestational age, it is generally recommended that it be
carried out at 37 weeks’ gestation, to allow for
spontaneous version in some cases, reduce the
incidence of spontaneous reversion of the fetus, and
minimize potential neonatal problems in the event of
an emergency delivery being required.

Comparing ECV at 34–36 weeks’ gestation with
37–38 weeks’ gestation, the rates of breech presenta-
tion at birth were lower in the early ECV group, but
not significantly so,26 and a recent Cochrane review27

concluded that early ECV was not effective in
lowering non-cephalic presentation or the rate of
cesarean section. A survey of practice in Australia and
New Zealand24 (74% response rate) found, neverthe-
less, that almost 40% of obstetricians attempted ECV
before 37 weeks. While neither of the authors of this

chapter has experience in the use of tocolytics to
facilitate ECV, analysis of a variety of interventions,
including use of tocolytics, fetal acoustic stimulation,
epidural or spinal regional analgesia vs. none, showed
that only the use of routine tocolysis with beta-
stimulants was associated with fewer failures of ECV.28

Therefore, the major decisions concerning the use
of ECV relate to the gestational age at which the
procedure is attempted, particularly in relation to
parity, and the use of tocolytic drugs. Despite all the
evidence, our experience is that the best chance of
ECV in nulliparas is between 34 and 36 weeks. It is
extremely rare for a cephalic presentation to convert
to breech in nulliparas and for this to occur after a
‘successful’ ECV would suggest that the ECV was not
successful in the first place. The same is not true of
multiparas and for them ECV at 37–38 weeks is
reasonable, but has to be balanced against parity.
A multipara with one previous pregnancy is not the
same as one with five, who might almost be regarded
as having an unstable lie. On this basis, if tocolytics
are to be used they should certainly be offered to
nulliparas. It is our understanding that many of these
questions will be answered by ongoing randomized
trials.

Complications of ECV are well documented.
Antepartum hemorrhage complicating the procedure
must be interpreted as being due to placental separa-
tion and therefore requiring delivery, usually by
cesarean. Factors predisposing to placental separation
(hypertension, a previous antepartum hemorrhage)
are therefore relative contraindications to ECV. Feto-
maternal transfusion is an issue in two respects: in the
rhesus-negative patient immunoprophylaxis is recom-
mended, which may deter patients from undergoing
ECV; also, a major fatal fetomaternal transfusion may
rarely occur during the procedure. The potential
complication of cord entanglement unfortunately
captures the imagination (particularly of the patient),
but should not be any more common than with
spontaneous version. Certainly, the fetal heart slows
down if pressure is applied to the fetal head and a
bradycardia is common after an attempted or
successful ECV. The wise option is to perform fetal
heart rate monitoring as well as an ultrasound scan
prior to the procedure, because in some cases breech
presentation is associated with preexisting fetal
compromise (abnormal fetal heart rate pattern,
fetal growth restriction, reduced amniotic fluid) and
this should be excluded as far as possible before
embarking on ECV. The fetal heart rate should be
monitored after the procedure, but it must be borne in
mind that temporary fetal heart rate abnormalities are
common after ECV and should be anticipated. The
risk of emergency cesarean section for fetal distress
following ECV is small, at less than 1%.29,30 Both
Royal and American Colleges recommend that the
procedure be performed in a hospital setting with
emergency facilities available; whether it should be

Kurjak-181.qxd  5/10/2006  12:20 PM  Page 1921



performed in the operating theatre with the patient
fasting is questionable. Relative contraindications to
ECV include previous cesarean section and other
previous uterine surgery (e.g. myomectomy) and an
estimated birth weight at term of greater than 3800 g,
as the failure rate is higher with larger babies.

The management of ECV
Ideally, cases should be referred to a dedicated breech
clinic. The question of consent, balancing the risks of
ECV, vaginal breech delivery, and cesarean birth
should be initiated by the referring doctor; but if
presented in a negative fashion it is probably not worth
referring the patient. A good service, well organized
and with good results, would obviously help to dispel
any negative preconceptions. Every attempt should be
made to diagnose breech presentation at 34 weeks’
gestation, to allow plenty of time to formulate a plan
of management. The initial assessment includes a
structured ultrasound examination documenting
placental site, estimated fetal weight, amniotic fluid
estimation, type of breech, fetal attitude, and fetal
morphology. ECV is offered with informed consent if
the estimated fetal weight, amniotic fluid volume,
placental site, and fetal morphology are normal. A
non-stress test is performed before and after the
procedure.

A useful technique is as follows: The presenting
breech is first disengaged from the pelvis and directed
laterally at least 90 degrees; generally, the head would
have passed 90° in the other direction. Then, both
poles can be manipulated in tandem to complete the
ECV. Manipulation of the head as a first step is less
likely to be successful except perhaps in a multi-
parous patient. When a tocolytic is to be prescribed,
and provided there are no medical contraindications,
the drug is administered 30 min before the procedure.
Most recommend no more than two attempts at ECV
in any one session, but ECV can be repeated later in
the pregnancy; this decision is determined by how
early the initial attempt is made.

The premature breech
The management of the premature breech in labor has
clearer established guidelines, mainly favoring cesarean
delivery, although this approach has not been subjected
to large clinical trials. The evidence suggests that
cesarean birth reduces neonatal mortality in babies less
than 32 weeks and weighing less than 1500 g,31,32 with
no differences in the incidence of handicap between
the two methods of delivery.

Condition at birth is a major determinant of early
neonatal progress, and while neonatologists would
probably favor cesarean delivery for the premature
baby, abdominal delivery does not guarantee an easy
birth. When the lower uterine segment is poorly

developed, a high transverse incision is preferable to
an inadequate low incision, which may necessitate
extending the incision into the upper uterine segment
or making a T-incision in order to deliver the baby.
Anecdotal evidence suggests that a high transverse
incision through the upper segment of the uterus is
less likely to rupture in a subsequent pregnancy than
a vertical incision in that area. Prior preterm cesarean
section is, however, a risk factor for uterine rupture in
a subsequent labor33 and this should be a considera-
tion when deciding to perform a preterm cesarean
delivery, particularly if subsequent deliveries are
likely to be poorly supervised. When the birth weight
is between 1500 and 2500 g the concern is that the
cervix may entrap the aftercoming head and for that
reason cesarean section is recommended. This is an
unpredictable and unpreventable emergency and
the treatment options include using traction and
making relieving incisions in the cervix. The main
complications are trauma and asphyxia secondary to
delayed delivery, often with a catastrophic outcome
for the neonate.

Vaginal breech delivery at term
Case selection and management in labor are most
important when considering a trial of vaginal
delivery, and the old maxim of ‘breech and any other
problem – cesarean section’ still holds true. General
non-specific obstetric indications for elective prelabor
cesarean delivery include maternal age, infertility,
maternal disease likely to put the fetus at risk (e.g.
diabetes), and significant preeclampsia. In our center,
prelabor cesarean delivery is offered at 41 weeks as an
alternative to induction because oxytocin to induce or
augment labor is more likely to be required following
induction of labor and for prolonged pregnancy,
particularly in nulliparas; oxytocin is not used either to
augment or to induce labor with a breech presentation.

It is generally felt that an estimated birth weight of
3800 g at term should be the cutoff for a trial of vaginal
delivery, but there are difficulties in predicting birth
weight on palpation and by ultrasound. To be a
candidate for a vaginal delivery, the fetus should be
in the extended or flexed position, i.e. not footling.
Hyperextension of the fetal head – an angle of exten-
sion of greater than 90◦ – is rare, but must be excluded
because hyperextension makes vaginal delivery of the
head very difficult. If the problem is not recognized
in labor until delivery of the head, it may be, unfor-
tunately, too late to prevent spinal cord injury. Any
evidence of fetal compromise such as suspected
intrauterine growth restriction or oligohydramnios is
an indication for cesarean section.

Although the selection criteria for elective cesarean
section from various centers are similar, the reported
percentage considered suitable for a trial of vaginal
delivery varies from less than 20% in some hospitals

1922 Breech presentation
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in the USA34,35 to around 70% in some European
centers;3,36 56% were considered suitable for a trial of
labor in the Term Breech Trial. Less clearly defined in
most series are the criteria for management of breech
labor, particularly in relation to the timing of the
onset of labor, and hence the diagnosis of prolonged
labor, time limits for the duration of the first and
second stages of labor both for nulliparas and
multiparas, the use of oxytocin to augment labor, the
question of induction of labor, and the expertise of the
obstetrician conducting or supervising a vaginal
breech delivery.

In our unit, patients are offered a trial of vaginal
delivery if the following criteria are fulfilled:
(1) estimated fetal weight 2500–3800 g; (2) deepest
amniotic fluid pool 30 mm or more; (3) normal
fetal morphology and normal placental location;
(4) absence of hyperextension of the fetal head (an angle
exceeding 90°); and (5) flexed (complete) or extended
(frank) breech presentation. Management of fetal
anomalies depends on the type of malformation
identified. Elective prelabor cesarean section is
advised based on the following indications: estimated
fetal weight more than 3800 g, footling breech,
hyperextension of the fetal head, or when fetal
compromise is suspected. Maternal indications for
elective cesarean section include maternal preference,
previous cesarean section, significant preeclampsia,
and placenta previa. Induction of labor is not
practiced with breech presentation. Elective prelabor
cesareans are scheduled for 39 weeks’ gestation or, if
a trial of labor has been planned, at 41 weeks if labor
has not ensued.

On admission in spontaneous labor, a vaginal
examination is carried out early in labor to confirm the
type of presentation, to exclude cord presentation, and
to rupture the membranes in order to inspect the
amniotic fluid. Oxytocin is not used to augment labor
in the first or second stage. Time constraints for the first
and second stages are based on the average duration of

the first and second stages of labor in this hospital for
nulliparas and multiparas.37 The average first-stage
durations are 6 and 2 h, and the active second stages 1 h
and 30 min, respectively; up to 1 h may be allowed for
descent of the presenting part at full dilatation but not
associated with active pushing. We have a very low
threshold for intervention and cesarean section in both
the first and second stages of labor if there is delay or if
fetal distress is noted. The presence of meconium with
a breech presentation does not necessarily indicate
fetal distress; nevertheless, its presence should not be
altogether ignored if detected in early labor. All should
have continuous external monitoring in labor, and
cesarean section should be performed for suspected
fetal distress with a breech presentation. Epidural
administration is based on maternal request. An
experienced obstetrician (senior resident with at least
4 years’ experience or a consultant) conducts all
vaginal breech deliveries, and a pediatrician is also in
attendance.

In our institution, during a 42-month study period4

up to the year 2000, 641 patients presented with
singleton breech presentation at term, of whom 374
(58%) were nulliparas and 267 (42%) were multiparas.
They were managed according to the guidelines out-
lined above. Applying our selection criteria, 343
patients (54%) underwent elective prelabor cesarean
section, and 298 (46%) progressed to a trial of vaginal
delivery (Figure 181.3). Specific obstetric indications
for elective prelabor cesarean delivery were present in
56% of cases; these included birth weight more than
3800 g, gestation more than 41 weeks, previous
cesarean section, pre-eclampsia, oligohydramnios,
suspected intrauterine growth restriction, hemolytic
disease, and placenta prevail. Non-specific indications,
such as maternal or obstetrician’s preference pertained
in 151 cases (44%).

Of 298 patients who progressed to a trial of vaginal
delivery, 146 (49% of the total) delivered vaginally and
152 (51%) were delivered by intrapartum cesarean
section (Figure 181.2); 13 (8.6%) intrapartum cesareans
were performed in the second stage of labor. One
hundred and forty-three of the intrapartum cesarean
sections (94%) were performed for failure to progress in
labor and seven (4.6%) for suspected fetal distress; all
seven babies had Apgar scores of 9 at 1 min. The vaginal
delivery rate in multiparas (63%) was significantly
higher than the rate in nulliparas (37%) (P< 0.001)
(Figures 181.4 and 181.5). Nine patients (6%), two
nulliparas and seven multiparas, were ready to deliver
on admission to the delivery ward. There were two
intrapartum cesarean sections for cord prolapse: one
was detected on admission in labor and one 2 h after
admission. Epidural analgesia was used in 53% of
labors (nulliparas 61% and multiparas 45%); 82 (56%)
women with epidural analgesia delivered vaginally.

Mean birth weight and the frequency of birth
weight exceeding 3800 g were significantly greater in

Figure 181.3 Obstetric outcome in 641 consecutive vaginal
breech presentations at term, analyzed according to intended
and actual route of delivery. Adapted from Alarab et al.,4 with
permission.
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women delivered by elective or intrapartum cesarean
section compared with those delivered vaginally,
particularly among nulliparas. The mean durations of
the first and second stages of labor for nulliparas who
delivered vaginally were 4.4 h (range 0.5–11), and
24 min (5–75), respectively, and for multiparas they
were 3.0 h (0.2–11), and 13 min (10–45), respectively,
indicating that our criteria for management of labor,
including avoiding oxytocin and applying strict time
limits for the first and second stages of labor, select
out the larger babies for cesarean delivery. There was
no significant neonatal morbidity and no intrapartum
or neonatal deaths in normally formed infants in
either the vaginally or cesarean delivered cohorts.

This study, in keeping with other well-organized
retrospective studies2,3,34,38,39 showed that vaginal
delivery is still a safe option provided strict criteria
for selection for a trial of labor and for the manage-
ment of labor are applied, with a low threshold for
cesarean delivery in either the first or the second stage
of labor, and an experienced obstetrician to conduct
the delivery.

The Term Breech Trial showed that cesarean
delivery was safer than vaginal delivery for a breech
birth and that perinatal morbidity and mortality were
increased by a factor of 3 in the planned vaginal
breech delivery group. These findings have been
criticized for a number of reasons.34,40 Intrauterine
growth restriction, one of the exclusion criteria for
vaginal breech delivery, was underdiagnosed; fetal
monitoring in labor was inadequate; induction and
oxytocin augmentation of labor were freely used; the
definitions of prolonged first and second stages of
labor would be questionable in most centers with a
cephalic presentation; the study was conducted in 26
different centers with a range of approaches and
possibly experience, and some of the centers had very
few vaginal breech deliveries. An unexpected finding
was that a composite of adverse perinatal outcomes
was worse in countries with low background perinatal
mortality rates; but analysis of perinatal deaths only
showed no difference and revealed that some were
unrelated to the method of delivery. The definition of

perinatal morbidity used in the study has been
questioned, and the normal outcome at 2 years for
both arms of the trial supports that criticism.15

The study was, however, unique because of its size
and organization and will probably never be repeated.
While the Term Breech Trial was randomized and
prospective, a large retrospective study36 of over
33,000 breech deliveries from the Netherlands in
Northern Europe reported results similar to those of
the Term Breech Trial. This report from a country in
which practices have been fairly standard and stable
over years, and where vaginal breech delivery is
widely practiced, probably carries more weight on
this side of the Atlantic, because of their strong
background experience of vaginal breech delivery and
also because of a presumption in that country that
vaginal breech delivery was perfectly safe with
careful selection (at least until the publication of their
recent trends19). The Dutch study also addressed one
important question by showing that cesarean section
was safer even in a group managed without induction or
augmentation of labor with oxytocin, thus addressing a
potential weakness in the interpretation of the Term
Breech Trial. They did report that the highest neonatal
morbidity and mortality occurred with delivery of the
aftercoming head and was related to the duration of
the second stage (a 20% complication rate with the
aftercoming head after 90 min in the second stage).36

This is a complication that we advise could be mini-
mized with stricter guidelines for the duration of the
second stage for nulliparas and multiparas. Although
the question of the presence of an experienced obstetri-
cian for the delivery was not addressed, we would
assume that this was the case in the Netherlands. The
authors suggested that obstetricians had rushed with
‘unseemly haste’ (Macbeth) to abandon vaginal breech
delivery and perhaps should show more consideration
for the long-term consequences of cesarean delivery.36

A study from Finland that compared breech
cesarean delivery, breech vaginal delivery, and vertex
vaginal delivery interestingly found no significant
differences in perinatal mortality between the vertex
and breech vaginal deliveries and less trauma in the

1924 Breech presentation

Figure 181.4 Outcome of labor in nulliparas. Adapted from
Alarab et al.4 with permission.

Figure 181.5 Outcome of labor in multiparas. Adapted from
Alarab et al.4 with permission.
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vaginal breech delivery group, although the Apgar
scores were lower in the breech vaginal group. All
adverse events were lowest in the planned cesarean
section group. The breech vaginal group required
fewer admissions to the outpatient department and
the cumulative incidence of long-term morbidity in
the breech vaginal delivery group was smaller to the
age of 7 years than in the breech planned cesarean
group. Age at going to school and school performance
showed no dependence on the mode of delivery. They
asked the question, ‘Are our expectations of term
breech infants unrealistically high?’.16 A neonatal
follow-up of babies born in the Term Breech Trial
showed no significant differences at 2 years between
the various groups.15 Our study showed that with
careful selection, careful management in labor, and
the mandatory presence of an experienced obstetri-
cian (arguably the most important factor), safe vaginal
delivery could be achieved. With fewer vaginal
breech deliveries, and shorter working hours for
physicians (at least in Europe), the need for an
experienced attendant at a breech delivery is fast
becoming the weak link in the chain.

Studies1,8 comparing morbidity in elective vs.
emergency cesarean section for breech presentation
showed no difference, although it has been argued41

that the increased morbidity associated with emergency
cesarean section in general outweighs the gain in
vaginal breech delivery once the number of vaginal
breech deliveries falls below a critical level. With our
criteria for the management of breech labor,
emergency cesareans are performed relatively early in
labor (average 3.8 h, range 0.5–9 h in nulliparas and
2.4 h, range 0.5–8 h in multiparas) and because the
lower segment has thinned out and the breech is
usually not deeply engaged in the pelvis they are
arguably the easiest cesareans from a technical point
of view. Emergency cesareans after prolonged labor
with a cephalic presentation are as difficult as an
elective cesarean section with a poorly formed
vascular lower segment, whatever be the presentation.
We are not recommending a trial of vaginal breech
delivery to facilitate a subsequent cesarean section,
but feel strongly that the argument regarding an
increased morbidity with emergency cesarean section
is irrelevant within the guidelines for the duration of
labor in our reported series.

Conduct of vaginal breech delivery
The breech is allowed to descend spontaneously to
the maternal perineum; the fetal anus should be
visible with a contraction. When delivery appears
imminent, timing is critical to ensure that the delivery
commences at the start of a contraction, holding back
the presenting part if necessary. As the contraction
begins, an episiotomy is timed to coincide with a
concentrated maternal effort, the objective being to
deliver the trunk of the baby with a single contraction.
If the trunk delivers only up to halfway, we do not

advise delivering the legs at this stage because the
extended legs of the frank breech act as a splint to
protect the cord, and may also provide a better
stimulus for the next contraction than the soft fetal
abdomen. If difficulty is experienced with delivery of
the shoulders with the next contraction, traction
should be applied to the fetal pelvis, keeping in mind
the potential risk of damaging intra-abdominal
viscera. Lovsett’s maneuver should be used to deliver
the shoulders. In general, traction should only be
required as a last resort and the breech should be
allowed to deliver by maternal effort. The breech
should now be suspended from the mother, as this
facilitates passage of the fetal head into the pelvis.
Delivery of the head is controlled by either the
Mauriceau–Smellie–Veit maneuver or with obstetric
forceps. Some obstetricians find it easier to control
the descent and delivery of the head using forceps
and employ them routinely; in this case, the forceps
are not used for traction. The most important
principle is to deliver the head slowly, as rapid
compression and decompression of a fetal head that
has not undergone gradual molding can result in a
tentorial tear or other injury. The same principles
hold for cesarean breech delivery.

If the head does not descend into the pelvis on its
own and delivery is not imminent with the next
contraction, either of the above procedures can be
used to deliver the head into the pelvis. In most
centers, operative deliveries are performed in the
lithotomy position, but delivery in the left lateral
position should be considered because access is
easier, and the baby can be suspended over the side of
the bed when the trunk has been delivered.

Alternative approaches
Alternative methods to encouraging cephalic version
and for vaginal breech delivery are described as part
of an excellent and balanced review of the whole
question of breech birth42 but we have no personal
experience with these.

The aftermath of the Term Breech Trial
The experience in the aftermath of publication of the
Term Breech Trial was an almost immediate, dramatic
change in practice, amplifying an already existing
trend of rising cesarean sections rates for term
singleton breech presentation. This trend had been
first reported from the Netherlands,18 with similar
experience in the USA,43 Canada,44 and Australia/
New Zealand.19,45 The incidence of term breech has
increased significantly in the periods studied, which
may reflect a degree of indifference to the practice of
ECV, which has been proposed as a viable solution for
the rising cesarean section rate for breech presen-
tation.23 What was most surprising in some of the
centers was the rapidity with which vaginal breech
delivery was dropped in favor of cesarean section. It
seemed almost as if a generation of obstetricians,
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secretly terrified of vaginal breech delivery, could
hardly wait for the ‘permission’ to abandon the
practice that the Trial seemed to provide.19

Nevertheless, the experience from the randomized
trial (10%) and from our study (6%) showed that a
proportion of women scheduled for planned cesarean
breech delivery presented in an advanced stage of
labor and required a vaginal delivery. In some cases,
the diagnosis of a breech presentation will first be
made in labor; in a comparison of such cases with
antenatally diagnosed breeches, a higher vaginal
delivery rate with no increase in neonatal morbidity
among the cases diagnosed in labor was reported.46

In an editorial43 titled ‘Teaching Infrequently Used
Skills: Vaginal Breech Delivery’, the editor of the
American Journal of Obstetrics and Gynecology
argued that given two opposing views (vaginal vs.
cesarean breech delivery), the one appearing to
minimize professional liability risk will prevail in
this litigious age. This view makes more compelling
the question: How will we teach vaginal breech
delivery? Perhaps we need to learn from educational
approaches used for other infrequently used skills
such as cardiopulmonary resuscitation (CPR) and
management of shoulder dystocia. Teaching films,
hands-on sessions, and mannequins have been shown
to be of value in teaching CPR. Such approaches
should be brought to bear for breech delivery. It is also

important to remember that the technique of breech
delivery during a cesarean section is similar to a
vaginal breech delivery. All the common maneuvers –
Lovsett, Mauriceau–Smellie–Veit, and application of
forceps to the aftercoming head – are routinely
employed, and a formal teaching approach could be
used at this time.

In conclusion, the evidence suggests that most
obstetricians feel that cesarean section is the preferred
method of delivery for breech presentation, and this is
already the prevalent approach in the developed
world. There is evidence that ECV can reduce the
incidence of breech presentation at term. Numerous
studies from individual institutions have reported the
safety of vaginal breech delivery at term, but whether
this expertise can be maintained with fewer vaginal
breech deliveries requires careful monitoring.
Developing countries will have to balance a practice
of prelabor cesarean for breech presentation against
the long-term maternal risk of cesarean delivery,
particularly where subsequent labor is likely to be
poorly supervised, and also with the immediate
complications and cost implications. It is an
interesting irony that when the expertise for vaginal
breech delivery exists and where vaginal breech
delivery is widely practiced, there are arguably better
results for this presentation compared with the
developed world.1

1926 Breech presentation
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182 Shoulder dystocia
F. Goffinet and D. Cabrol

Definition and mechanism
During normal labor and delivery, the fetal shoulder
width (the bisacromial diameter) advances through
one of the oblique diameters of the pelvic inlet: the
posterior shoulder moves into the concavity of the
sacrum or the sacrosciatic notch, while the anterior
shoulder glides behind the symphysis. Then, as they
descend, the shoulders turn into the anteroposterior
diameter of the midpelvis. Shoulder width usually
ranges between 12 and 13 cm; compressed, it passes
easily through the pelvic inlet.

Shoulder dystocia (SD) can be categorized into
three degrees of increasing severity:1

(1) Slight dystocia, in which the shoulders rotate
normally, but the large size of the baby requires
considerable compression of the shoulders in
order to deliver.

(2) Unilateral dystocia, in which the posterior shoul-
der enters the pelvis, but the anterior shoulder
remains above the symphysis.

(3) Bilateral dystocia, in which both shoulders
remain above the pelvic inlet.

In the latter two types, downward traction on the fetal
head when it has delivered serves only to aggravate
the impaction of the shoulders in the pelvis. As the
brachial plexus is already stretched once the head is
delivered and one or both shoulders remains impacted,
any further stretching through traction risks lacera-
tions of the C5-T1 nerve roots. Prolonged forcible trac-
tion can lead to delivery only at the cost of injury to
the mother and the child.

Because this anatomical classification is difficult to
use in practice, more pragmatic definitions have been
proposed and are sometimes used in the literature.
These include: (1) a condition in which special
maneuvers, in addition to downward traction and epi-
siotomy, are required to deliver the shoulders; (2) the
arrest of spontaneous delivery due to impaction of
the anterior shoulder against the symphysis pubis; or
(3) a time between the delivery of head and body
longer than 60 s.2

Frequency
The variety of different definitions used in published
series results in a great variability in the reported fre-
quency of SD. If we consider only the third, most
severe, stage, this accident occurs in 1 of every 4000
deliveries.1 With more pragmatic definitions, the fre-
quencies reported range from 0.2% to 2.1% of all vagi-
nal deliveries.3 The frequency also varies according to
the population considered, and, in particular, according
to the distribution of the principal risk factors, such as
fetal macrosomia.

Maternal and neonatal consequences
Neonatal complications included mortality, asphyxial,
neurologic, and orthopedic damage. Perinatal mor-
tality may increase as much as ninefold among babies
with SD,4 although the perinatal mortality rate associ-
ated with it in a recent series was reported to be below
1%.3 In a British study of 1,400,000 deliveries and
56 deaths directly associated with SD, the incidence
of fatal SD was reported to be 0.04 per 1000 births and
0.025 per 1000 births when the definition of ‘true SD’
was used.5 In this registry, the perinatal loss rate was
0.57 per 100 cases of SD, with a vaginal delivery rate
of 70% and the SD incidence 1% of all vaginal deliv-
eries. In their literature review, Rouse et al. reported
two to four SD-associated deaths with SD per 100,000
births.6

Neonatal morbidity has been reported to compli-
cate 24.9% of births with SD.3 In addition to nerve
injury and fractures, neonatal asphyxia, due to the
long and difficult delivery, is a common causal mech-
anism. Hope et al. reported that in their series, the
median interval between delivery of the head and
the body for the 56 deaths caused by SD was only
5 min.5 A 5-min Apgar score < 3 was found with a fre-
quency 6–11 times greater in births with SD than in
controls.4

The most common fractures are those of the clavi-
cle and the humerus, associated with SD in 9.5% and
4.2% of cases, respectively.3 The incidence of clavicle
fractures in the general population is estimated as 2.7%;
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among infants with a birth weight of 4000–4500 g it
reaches 14%, and among those weighing more than
4500 g it reaches 38%.1

Gherman et al. reported brachial plexus injury (BPI)
in 16.8% of SD cases and Rouse in 6–35%.3,6 Most are
temporary, persisting at 1 year among about 5–8% of
babies.3,6 The most common injury affects the C5 and
C6 nerve roots and causes Duchenne–Erb paralysis.
Paralysis of the C7 to T1 roots below the plexus
(Klumpke paralysis) is quite rare, but has a worse prog-
nosis, with a recovery rate of only 40% in 1 year.

Permanent brachial plexus palsy is not always asso-
ciated with SD, or even with vaginal delivery: one
study found that no perinatal risk factors could be iden-
tified in one-third of the cases of brachial plexus
palsies identified in newborns.7 Numerous other stud-
ies confirm that brachial palsies cannot be accurately
predicted before delivery, either by risk factor scoring
or by partographic analysis.8,9 Finally, infants with tran-
sient brachial plexus neuropathies do not differ from
those with permanent injuries with respect to most
antepartum or intrapartum characteristics.10 Birth
weight is the only reproducibly identified risk factor;
but a minority of large babies have brachial plexus
injuries. In a series of 210,947 births, the overall inci-
dence of BPI was 50 per 100,000.11 This risk was 2.5-
fold higher in neonates weighing 4000–4500 g and
10-fold higher in those > 4500 g.

Adverse maternal consequences of shoulder dysticia
may include cervicovaginal injuries, third-stage hemor-
rhage, and infection.3 The frequency of these complica-
tions is not well documented in the literature.

Risk factors and predictability
Risk factors
Fetal macrosomia is the principal risk factor of SD.
Two recent series found the risk of SD to be 11.4% for
babies weighing 4200 g or more and 22% for babies
weighing 4500 g or more.12,13 Table 182.1 summarizes
the distribution of birth weights in the series by Gonen
et al., according to the three most common traumatic
injuries.14 The clear relationship between birth weight
and the risk of SD and BPI notwithstanding, predicting
SD from the presence of estimated fetal weight (EFW)
is associated with numerous false-positive and false-
negative predictions. The vast majority of macrosomic
babies delivered vaginally do not present with SD.
Moreover, half the cases of SD and BPI occur in chil-
dren with a birth weight less than 4000 g. A recent
review reports that 26–58% of the cases of SD and
24–44% of the BPIs occur among babies weighing less
than 4000 g, even though the risk of SD among infants
with macrosomia is multiplied by nine [OR =9.1, 95%
CI (8.3–10.0)].15

Maternal diabetes mellitus is an important factor
that, because of its common association with fetal

macrosomia, increases the chance of delivery trauma.
The incidence of SD among children of non-diabetic
mothers varies by birth weight category as follows:
4000–4250 g, 5.2%; 4250–4500 g, 9.1%; 4500–4750 g,
14.6%; and 4750–5000 g, 21.1%; for those with mothers
with diabetes, the frequencies in the same birth
weight groups are 12.2%, 16.7%, 27.3%, and 34.8%,
respectively.16 In a large series of children with birth
weights > 4000 g, Langer et al. found that the risk of
SD was multiplied 3.6-fold when the mother had
diabetes.4

Other risk factors that have been implicated
include a history of SD in a prior pregnancy (risk mul-
tiplied by 17), high maternal weight gain during preg-
nancy, multiparity, long labor, and the need for
forceps-assisted delivery.17 Table 182.2 summarizes
the principal risk factors of macrosomia and SD.
Because so many of these criteria are cross-correlated,
it is difficult to identify their independent contribu-
tions to risk. The use of these criteria for predicting
macrosomia and SD is thus disappointing. While their
sensitivity is good, their specificity is very mediocre,
because most women with at least one of these risk
factors give birth to a child weighing less than 4000 g
and without SD.

Prediction of fetal macrosomia: Evaluation
of the available diagnostic methods
Prenatal assessment of the risk of SD is often limited to
an assessment of the risk of macrosomia. Unfortunately,
prenatal diagnosis of macrosomia is also difficult.
Screening during standard prenatal monitoring gener-
ally involves abdominal palpation and measurement
of fundal height, but this technique is quite imprecise.
One study found the precision of EFW by clinical
examination to be ±500 g in 82.5% of all cases but in
only 35.3% of those with a birth weight > 4500 g.18

With the introduction of ultrasound in the late 1970s,
it was hoped that the problem of this imprecision
would be solved. Numerous formulas and indices
for predicting fetal macrosomia have been reported;
they used various combinations of biparietal diameter,
head circumference, transverse abdominal diameter,
abdominal circumference, and femur length.19–21 These

Table 182.1 Distribution of complications according
to birth weight categories (from Gonen et al.14)

n (%)

SD BPI Clavicle fracture 
Birth weight (n =92) (n =9) (n =39)

< 4000 46 (50) 5 (56) 32 (82)
4000–4500 40 (43.5) 3 (33) 7 (18)
>4500 6 (6.5) 1 (11) 0
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formulas for EFW differ little in precision, and none is
clearly superior to any other. The mean error is signifi-
cantly higher in cases of macrosomia, reaching approx-
imately 15%,21,22 while 50–70% of the estimates have a
mean error less than 10%.22–25 For example, McLaren
et al. showed that for an EFW of 4000 g, there was a 95%
chance that the birth weight would range between 3288
and 4798 g and for an EFW of 4500 g, between 3750 and
5269 g.26 These data confirm the imprecision of the
EFW calculated by ultrasound, which thus yields many
false-positive and false-negative predictions.

Several studies have compared the relative utility
of clinical and ultrasound estimates for predicting
birth weight at term, and most have not found ultra-
sound to be clearly superior.27,28 In an earlier study,
predicted birth weight was similar for ultrasound,
clinical examination, and the woman’s own estimate
at the onset of labor.29 Similarly, Gonen et al. found
diagnostic value to be better with clinical examina-
tion alone than with clinical examination and ultra-
sound for predicting newborns ≥4500 g.14

In view of the imprecision of ultrasound in pre-
dicting fetal macrosomia, most teams do not systema-
tically use it to estimate birth weight at the end of
pregnancy. Generally, screening involves standard
prenatal monitoring with ultrasound then performed
only if macrosomia is suspected.

Prediction of the risk of SD
Since the principal goal is to predict SD (or, better,
BPI) and not fetal macrosomia, several authors have
sought to identify criteria specifically predictive of
SD. Some risk factors have been identified, but their
extremely low sensitivity and specificity make them
essentially useless for practical decision making.
This applies as well to radiographic pelvimetry
for which there exist no data to justify its use to pre-
dict SD.

Among the most predictive factors, we find the
sequence dubbed ‘DOPE’ (diabetes, obesity, post-
datism, excessive fetal weight or maternal weight gain).
Although the concurrence of these factors does not
justify systematic cesarean, it signals the need for
extreme prudence during labor.

Shoulder width is thought to be greater in newborns
with SD than in those who had uncomplicated deliver-
ies 30. The factors associated with increased shoulder
width are the same as those linked to SD and are often
interdependent, as Verspyck et al. showed in a
prospective study.17 In addition to greater shoulder
width, newborns with SD have other biometric charac-
teristics different from those with the same birth weight
but without SD.31 These findings have led some
authors to seek antenatal ultrasound criteria to predict
SD. Some data suggest that differences between ratios
of measurements (e.g. thoracic diameter to biparietal
diameter, as well as between abdominal diameter or
thoracic circumference and the biparietal diame-
ter)19,32,33 can identify fetuses at increased risk of SD.
Riska et al. found the ultrasound measurement of the
distance between the humeral heads to be significantly
correlated with the measurement of shoulder width.34

Others showed that shoulder width can be measured
by magnetic resonance imaging (MRI) and suggest that
the comparison of its measurement by MRI and
radiopelvimetry might be a decision criterion.35 Their
studies are generally preliminary and isolated:
prospective confirmation of these results will require
considerable supplementary data. Moreover, only one
report assessed the predictive value of these different
parameters for the risk of SD: Verspyck et al. measured
shoulder width in 2222 consecutive births.17 The
prevalence of SD in that study was 1.2%, and the mean
shoulder width was significantly higher in the cases of
SD than among those without it (130.1±9.6 mm vs.
122.1 ±10.5 mm, P < 0.001). Table 182.3 summarizes
the predictive values for SD of the various significant
parameters, especially the shoulder width. Although
the predictive values of some criteria appear interesting,
specificity must be very high if they are to serve as a
basis for decision making in a general population. The
overall conclusion of these authors was that regardless
of the criterion or shoulder width threshold chosen,
predictive value is insufficient to justify the use of
these indicators in daily practice. Thus, even if shoul-
der width could be measured perfectly, that is, with no
false-positives or false-negatives before labor (the mea-
surements in the study discussed were made at birth),
its predictive value for SD would be inadequate.17

1930 Shoulder dystocia

Table 182.2 Risk factors for fetal macrosomia and SD

History Current pregnancy Intrapartum events

High maternal birth weight Gestational diabetes Abnormal labor, especially
SD Excessive weight gain during second stage
Macrosomia Suspected fetal Instrumental delivery for 
Preexisting diabetes macrosomia failure to progress 
Gestational diabetes Post-term at mid pelvis
Obesity
Multiparity
Maternal age >35 years
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Table 182.3 Predictive value of maternal and neonatal criteria significantly associated with SD (from Verspyck
et al.17)

Predictive factors Sen Spe PPV NPV

Shoulder width (mm)
≥130 68.2 69.3 2.7 99.4
≥140 27.3 91.8 4.0 99.0
≥145 9.1 98.5 7.1 98.9

Maternal weight gain (kg)
≥15 72.1 64.3 2.5 99.5
≥20 31.8 92.6 5.2 92.6

Gestational age at delivery (weeks)
≥41 36.4 85.7 3.1 99.1
≥42 9.1 96.7 3.4 98.8

Birth weight (g)
≥4000 36.3 95.3 8.7 99.2
≥4250 22.7 98.8 19.2 99.0
≥4500 13.6 99.5 25.0 99.5
≥5000 4.5 99.9 50.0 98.8

Prevalence of SD =1.2% (n =22)
Sen, sensitivity; spe, specificity; PPV, positive predictive value; NPV, negative predictive value

Prevention of SD
Efforts proposed to prevent SD generally entail an
attempt to identify cases of fetal macrosomia so that a
cesarean delivery can be performed, or labor induced
before the fetus gains even more weight. Two assump-
tions underlie this approach. The first is that the esti-
mation of SD risk is clinically meaningful, and the
second is that some effective preventive management
would be possible once the risk is identified.

To be clinically useful, a method to predict SD
would need to be associated with only a small percent-
age of false-positives and false-negatives. In practice,
diagnostic resources are directed toward fetal macroso-
mia rather than its complications. Accordingly, even if
the diagnosis of macrosomia were always correct, the
number of false-positive diagnoses of complications
would be very high (approximately 90% of cases of
macrosomia are not accompanied by SD). Moreover, it
is not clear that intervention to prevent SD could be
rationalized. For example, cesareans for 10% of the
total population based on estimated excess fetal weight
would result in a rise in maternal morbidity (or even
mortality), an increase in the number of uterine scars,
and changes in the organization and cost of care. These
changes must be assessed according to the number of
complications avoided.

Cesarean in cases of suspected fetal macrosomia
Some physicians consider that an EFW > 4000 g or
> 4500 g indicates the need for cesarean delivery,

although no policy of that type has yet been subjected
to systematic evaluation. We can, nevertheless, study
the risks and benefits of such approaches using theo-
retical decision models, such as those employed by
Rouse et al.6 Table 182.4 summarizes the conse-
quences of three intervention strategies on the rates of
cesarean delivery, SD, and BPI per million pregnan-
cies without diabetes after 39 weeks’ gestation.

A policy of systematic cesarean for EFW > 4000 g
would result in a cesarean rate of 27.6% for the total
population, and 3695 cesareans would be performed
to prevent one Erb palsy; systematic cesarean for EFW
> 4500 g would reduce the cesareans required to pre-
vent one BPI to 2345. The authors conclude that such
a policy is indefensible, given the number of unnec-
essary cesareans that would be performed. This low
‘yield’ is due to the low frequency of SD (1%) and the
low predictive value of EFW for macrosomia and SD.
If the mother also has diabetes, 489 cesareans would
be necessary to avoid one case of permanent BPI at a
threshold of 4000 g and 443 cesareans at a threshold
of 4500 g.

Weeks et al. reviewed their 6-year experience with
504 consecutive cases of infants born weighing more
that 4200 g.36 Macrosomia had been diagnosed prena-
tally for 102 of these. The principal findings of the
study (Table 182.5) were a significant increase in the
number of cesareans before labor, more inductions of
labor, and more failed inductions in the group with
‘diagnosed fetal macrosomia’ compared with the
‘undiagnosed fetal macrosomia’ group. The two
groups did not, however, differ in their rates of SD or
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BPI. The authors concluded that ultrasonography and
induction of labor for patients at risk of fetal macro-
somia should be discouraged.36 These results are
similar to those found in a prospective study in
15 maternity hospitals in Paris and the Ile-de-France
area.37 Although these findings must be interpreted
prudently (the most high-risk cases may have been
screened and delivered by cesarean), they nonetheless
show the limits of decisions based on EFW. In another
retrospective study, similar results were found: the
policy of elective cesarean section for diagnosed fetal
macrosomia (EFW > 4500 g) did not have a significant
effect on the incidence of brachial plexus palsy.38

The problem seems different, however, in cases
in which macrosomia is associated with another
important risk factor, such as maternal diabetes. In a
historical study of 1200 pregnancies of mothers with
diabetes, the authors compared a period during which
fetal weight was not estimated and a second period
where a cesarean was performed when the EFW was
≥4250 g.39 They found a significant reduction of
nearly 50% (2.8% vs. 1.5%) in the SD rate, with only
a moderate increase in the number of cesareans
(21.7% vs. 25.1%). Accordingly, most authors con-
sider that when the mother has diabetes, an EFW of
about 4250 or 4500 g requires cesarean delivery; there
are, however, no data precisely on point, probably
because of the difficulty of recruiting enough subjects
to reach a conclusion.

Should labor be induced when fetal
macrosomia is suspected?
Many obstetricians think it is reasonable to induce
labor before the weight of the fetus becomes excessive
and increases the risk of complications associated
with macrosomia. A systematic review of observa-
tional studies found, however, that labor induction for
suspected fetal macrosomia increased the cesarean
delivery rate without improving perinatal outcome.40

Table 182.6 reports the results of a meta-analysis
based on the two published trials:42,43 their combined
results show that induction of labor does not reduce
the risk of cesarean or instrumental delivery. Birth
weight and gestational age were comparable in both

groups. Neonatal morbidity was similar in both but
their statistical power to demonstrate differences
with this regard was weak. Based on what we now
know, inducing labor for suspected macrosomia is not
recommended.

Management at delivery
Our ability to predict SD is unfortunately very lim-
ited, as pointed out above. The audit by Hope et al. of
56 cases of fatal SD showed that its occurrence was
most often unpredictable.5 SD occurs and will con-
tinue to occur in numerous cases with no known pre-
dictive factors. In view of this unpredictability, the
only real solution is to prevent its complications
(nerve palsies, fractures) by appropriate management
at delivery. Obstetricians and midwives must know
the appropriate maneuvers thoroughly. Each depart-
ment should have a written protocol, which lists the
order in which the different maneuvers should be per-
formed, and these should be regularly explained and
reviewed.

General rules
In all cases of suspected macrosomia, the entire team
must be informed at the woman’s arrival in the deliv-
ery room. A case–control study in the Paris metropol-
itan area of 384 deliveries of babies with macrosomia
found that the midwife was alone for 53.4% of the
spontaneous vaginal deliveries with suspected macro-
somia.37 At delivery, an obstetrician, anesthetist, and
pediatrician should be in the delivery room with the
midwife. Prophylactic use of the McRoberts maneu-
ver and suprapubic pressure is not recommended in a
population of patients at increased risk of SD, since it
appears to be ineffective. Delivery time did not differ
in a randomized trial between the prophylactic and
control patients (24 ±18 s vs. 27 ±20 s, P =0.38).44

The first step in management is the rapid recogni-
tion of SD, so as to avoid inappropriate procedures
with potentially irreversible adverse consequences.
The accoucheur must remain calm and act rapidly,
but neither precipitately nor impulsively. A large
episiotomy should be performed. Analgesia must be
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Table 182.4 Obstetrical results and cost according to three different management policies for 1 million pregnant
women with diabetes after 39 weeks (USA) (from Rouse et al.6)

n of CS to 
Management policy CS (%) SD (%) BPI (n) avoid one BPI Cost ($)**

Classic management 19.1 1.00 157* 9.0
Systematic ultrasound and cesarean if EFW > 4500 g 27.6 0.84 134 3695 18.0
Systematic ultrasound and cesarean if EFW > 4000 g 30.6 0.64 108 2345 26.0

CS, overall rate of cesarean deliveries in the population; n, number
*Or 0.0157%. **Millions of US dollars
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Table 182.5 Obstetrical results and risks of SD according to whether macrosomia was predicted before birth (from
Weeks et al.36)

Macrosomia Macrosomia 
predicted (n D 102) not predicted (n D 402)

(%) (%) P

Cesarean (rate) 52.0 30.0 < 0.01
Cesarean before labor 14.7 10.2 NS
Cesarean before 4 cm (among 49.0 16.5 < 0.01

attempted vaginal deliveries)
Induction 42.5 26.6 < 0.01
Failure of induction 59.5 33.4 0.01
SD 11.8 11.7 NS

Table 182.6 Induction of labor in cases of suspected fetal macrosomia: meta-analysis of results of two clinical trials
(from Irion and Boulvain49)

Induction of labor (n =153) Expectant (n =160) Relative risk (95% CI)

Cesarean 32 38 0.88 (0.59–1.34)
Instrumental interventions 17 18 0.98 (0.53–1.82)
SD 9 9 1.06 (0.44–2.56)
BPI 0 2 0.21 (0.01–4.28)

Birth weight (g) 4086 4149 NS

perfect; peridural anesthesia is often sufficient, but in
case of agitation or pain, general anesthesia may be
administered.

The ‘3 Ps’ summarize what absolutely must not be
done:1 Panic-pulling, Pushing, or Pivoting.45 That is,
do not exert traction, which might rupture the brachial
plexus of the anterior shoulder; do not exert fundal
pressure; and do not pivot the head by twisting the
neck.

Several maneuvers have been described that are
potentially useful for the resolution of impacted
shoulders. Operators must not only know them per-
fectly, at least in theory, but also must know the order
in which they will employ them. The protocol in our
department calls for beginning with McRoberts
maneuver, because it is the least invasive and the least
difficult, and then, if it fails, attempting a Jacquemier
maneuver (delivery of the posterior arm). The advan-
tage of having two principal preferred maneuvers is
that they are explained regularly to the staff at the
morning meetings when interns, midwives, and the
senior obstetrician describe in detail to the rest of
the team any maneuvers they performed during the
night. If the Jacquemier maneuver fails, a careful
Woods maneuver will be attempted. If these fail, we
recommend beginning them over, in the same order.

The McRoberts maneuver1,46

This is a simple method with a high success rate and
should be attempted first. In a retrospective study of
236 cases of SD, use of the McRoberts position alone

successfully alleviated SD in 98 cases (42%).47 The
woman’s feet should be removed from the stirrups
and her legs hyperflexed at both the hip and the knee
joints, so that her thighs rest on her abdomen, while
her buttocks remain in complete contact with the
delivery table. This maneuver elevates the pubic sym-
physis and thus brings the axis of descent closer to the
umbilical–coccygeal axis of the pelvic inlet.

Oblique suprapubic pressure by an assistant on the
median line above the symphysis is used in association
with the thigh hyperflexion and is part of the maneuver.
It pushes the posterior face of the anterior shoulder
toward the ventral surface of the fetus, thereby reduc-
ing shoulder width. The operator applies downward
traction in an attempt to accomplish delivery. Fundal
pressure is expressly contraindicated.

The Jacquemier maneuver
This maneuver is designed to deliver the posterior
arm of the fetus. The accoucheur, kneeling, introduces
a lubricated hand into the vagina. The palm of the
hand should face the fetal abdomen (left hand if the
back is to the left, right hand if the back is to the right)
and enter the uterus along the umbilical–coccygeal
axis. The posterior shoulder is identified at the level
of the sacral promontory; the arm is followed distally
past the elbow and forearm (often flexed), and the
hand grasped firmly. If the hand cannot be grasped
initially, the humerus should be brought in front of
the fetal thorax with the operator’s fingers placed to
support the humerus, to reduce the risk of its fracture.
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Once the hand is grasped, the arm is withdrawn
gently, by sweeping it across the front of the chest and
face of the fetus. This maneuver transforms the
bisacromial diameter (shoulder width) into an
axillo–acromial diameter and may be sufficient to
deliver the fetus. If delivery of the posterior arm is not
sufficient, the body should be rotated 180° to transfer
the anterior shoulder into the posterior shoulder and
then repeat the Jacquemier maneuver.

Other maneuvers

The Woods maneuver
This approach involves transforming the posterior
shoulder into the anterior shoulder. It is important to
exert the rotational force on the shoulders, and not the
head. To do this, the accoucheur places a palm behind
the posterior shoulder and exerts pressure on it to
force a 180° rotation of the shoulder axis. Exerting
pressure in the opposite direction on the front of the
anterior shoulder can facilitate rotation. This maneu-
ver allows the engagement beneath the sacral promon-
tory of the anterior shoulder, which becomes posterior
at the end of the rotation.

The Zavanelli maneuver (replacement of the fetal head)
This method is used for dystocia considered intra-
ctable. It involves flexion of the fetal head, after
tocolysis, in order to reintroduce it into the vagina,
and then the uterus in order to perform a cesarean. In
nearly 70 published cases, this maneuver has often
been presented as easy to accomplish.48 In a retro-
spective study, O’Leary et al. reported 59 women who
underwent replacement of the fetal head after unsuc-
cessful attempts at vaginal delivery.49 All but six
infants were successfully replaced and delivered by
cesarean. Three neonates died and five had perma-
nent brachial plexus palsy. Hysterectomy was required

for two women. The authors conclude that cephalic
replacement is a useful technique that need not be
used as a last resort, but may be considered if any
undue difficulty is encountered. It may have a place
as an initial technique for those who are inexperi-
enced with management of SD. It is difficult to inter-
pret the results of this study because we know neither
the severity of the cases of SD nor what maneuvers
were attempted before the cesarean. The role of this
maneuver must still be defined. We think that it is
preferable to attempt the maneuvers described above
rather than resort early to this technique. We have
never had to use this extreme method in our hospital
and have had no deaths associated with SD over the
past 10 years.

Conclusion
The occurrence of SD in the delivery room, because it
is so often unable to be predicted, cannot be attributed
simply to poor medical practice. Even careful screen-
ing for macrosomia cannot eliminate this catastrophic
complication. SD occurs and will continue to occur in
numerous cases that have no known predictive fac-
tors. In view of this unpredictability, the only real
solution is to prevent its complications (primarily
BPI, fractures, and hypoxia) by optimizing manage-
ment at delivery. Obstetricians and midwives must
know the appropriate maneuvers thoroughly, and each
department should have a written protocol, which lists
the order in which they should be attempted. More-
over, these maneuvers must be regularly explained
and their procedures repeated. It is also necessary that
the entire obstetrical team – including the midwife,
senior obstetrician, anesthetist, and pediatrician – be
in the delivery room for cases of suspected fetal
macrosomia.
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183 The third stage of labor
and the puerperium
G. Sylvestre and Y. S. Thornton

The third stage of labor is defined as the time between
delivery of the infant (or infants) and that of the
placenta. The puerperium, also referred to as the
postpartum period, is broadly defined as the interval
between placental delivery and 6–12 weeks after
delivery. While a wealth of literature is available on
prenatal care and on the first and second stages of
labor, relatively little attention has been devoted to
advance our understanding of the third stage of labor
and the puerperium.

The puerperium is remarkable in that many of
the physiologic changes that evolved gradually over the
course of pregnancy in virtually every organ system
revert to the non-pregnant state at an astonishing
pace. These rapid changes are well tolerated by most
women, but those with certain underlying pathologic
conditions may not withstand them very well, and may
suffer serious complications. For example, the sudden
blood loss and fluctuations in the cardiovascular
indices in the immediate postpartum period can cause
acute decompensation in patients with cardiovascular
conditions such as pulmonary hypertension or aortic
stenosis. Not surprisingly, more women die from
anomalies of the third stage of labor than during the
two other stages combined.1,2

The third stage of labor
Normal third-stage physiology
The delivery of the infant at the end of the second
stage causes a dramatic reduction in uterine volume.
This rapid uterine involution leads to a proportional
decrease in the decidual surface where the placenta
is inserted, leading to the shearing of the placenta
off its uterine attachment. Myometrial contractions
then effectively compress the large blood vessels and
venous sinuses lying in the placental bed, thereby min-
imizing excessive bleeding and assisting expulsion of
the placenta and membranes. Uterine massage during
that moment is uncomfortable for the mother, and
is unlikely to hasten the process of placental expul-
sion. For most parturients, spontaneous placental

separation occurs within two contractions after
vaginal delivery of the neonate and placental expul-
sion is usually completed after a few more contrac-
tions. Although the length of the third stage does
not vary significantly across gestational ages, with
median durations of 8 and 5 min, at 26 and 40 weeks,
respectively, many studies have noted an association
between preterm delivery and prolonged third stage
of labor.3

Minimizing blood loss in the third stage
Under normal circumstances, in the interval between
delivery of the infant and effective compression of the
placental bed vasculature by myometrial contractions,
a substantial amount of blood loss normally takes
place. Given the physiologic increase in blood volume
associated with pregnancy, this blood loss is usually
well tolerated and intervention to minimize it is prob-
ably unnecessary for most parturients. However, in
some cases, such as patients with significant anemia or
those with a history of postpartum hemorrhage, phar-
macologic and non-pharmacologic interventions may
be warranted to minimize puerperal blood loss. The
association between prolonged third stage and post-
partum hemorrhage is well documented, so most inter-
ventions are aimed at decreasing the duration of the
third stage.

Controlled cord traction (Brandt–Andrews technique)
After delivery of the infant, many clinicians apply
controlled cord traction (CCT) to the umbilical cord
at the level of the introitus. At the same time, cephalo-
posterior pressure on the uterus or direct grasping of
its fundus is used to prevent uterine inversion. The
CCT method, widely used in Canada and elsewhere,
is less popular in the United States, where expectant
management and maternal pushing efforts are more
commonly used to achieve placental delivery.

Khan et al. compared CCT to no intervention
and found CCT was associated with significantly
decreased incidences of postpartum hemorrhage,
prolonged third stage, and the need for surgical
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intervention.4 Another well-designed randomized
controlled trial comparing CCT to expectant man-
agement failed to detect a difference in the need
for surgical removal of the placenta, but confirmed
reduced blood loss and shorter duration of the
third stage5 in the intervention group.

Oxytocin/oxytocin and ergotamine
The efficacy of oxytocin administered after delivery
in reducing the risks of postpartum hemorrhage, the
need for secondary uterotonic drugs, and postpartum
anemia has been well established.6,7 In theory, its
administration prior to placental delivery could lead
to contraction of the cervix and of the lower uterine
segment, thus interfering with placental expulsion;
but one study comparing administration of oxytocin
pre- to postplacental delivery failed to show any dif-
ference in the incidence of placental retention and the
need for surgical placental removal.8

Oxytocin is most commonly administered intra-
venously as a dilute solution after placental delivery,
but can also be given intramuscularly and as a direct
injection in the myometrium. Intravenous injection of
an undiluted oxytocin bolus is best avoided, as sudden
hypotension can occur with this route. The addition of
the ergot derivative ergometrine to oxytocin substan-
tially increases the rate of hypertensive episodes, nau-
sea and vomiting after its administration and offers, at
best, marginal superiority over oxytocin alone.9,10

Misoprostol
In the last decade, misoprostol, a prostaglandin E1 ana-
log, has been used more frequently in obstetrics and
its use has been introduced for the prevention
and treatment of postpartum hemorrhage. Oral, vagi-
nal, and rectal routes of administration have been
described, with varying degrees of success. Its greatest
advantages over other drugs used to prevent postpar-
tum hemorrhage are its low cost, ease of storage, and
non-intravenous route of administration. One ran-
domized controlled trial suggested superiority of
rectal misoprostol over placebo,11 so in countries
where oxytocin is unavailable, misoprostol is a wel-
come alternative. Oxytocin is, however, superior to
rectally or orally administered misoprostol, and is,
therefore, the drug of choice for this purpose. The
addition of oral misoprostol to intravenous oxytocin
may be slightly superior to oxytocin alone in prevent-
ing postpartum hemorrhage.12,13

Retained placenta/abnormal placentation
Traditionally, a prolonged third stage is diagnosed
when the placenta has been retained for more than
30 min. Irrespective of elapsed time, in the presence
of heavy vaginal bleeding, manual removal of the
retained placenta should be undertaken immediately.
In a cohort study of third-stage duration, Dombrowski
et al.3 noted that 11.5%, 3.5%, and 2.1% of patients
required surgical removal of the placenta at 26, 34,

and 40 weeks’ gestation, respectively. In addition to
preterm birth, other factors that have been associated
with a prolonged third stage include fetal anomalies,
pre-eclampsia, nulliparity, and labor induction.14

Surgical removal of the placenta usually involves
introducing a hand through the vagina, finding the
plane between the uterus and placenta, and then
separating the placenta from its uterine attachment.
Regional or general anesthesia is usually appropriate
for this procedure, although intravenous sedation can
also be used. If cotyledons or pieces of membrane
appear to be missing from the removed specimen, or
if the specimen is extensively fragmented, the proce-
dure should be completed with curettage of the
uterine cavity, using a large curette. If difficulty is
encountered in finding the plane between the uterus
and placenta when attempting to extract the placenta,
or if fragments are resistant to removal, or if bleeding
becomes brisk, one should suspect placenta accreta.
Excessive traction on the uterus or overaggressive
curettage places the patient at risk of uterine inver-
sion, perforation, and can contribute to severe hemor-
rhage. In such cases, it is usually wiser to proceed
promptly to hysterectomy. The following factors place
patients at particularly high risk for placenta accreta
and percreta:

• Prior uterine incision (e.g. cesarean or myomectomy)
• Multiple previous curettages or intrauterine mani-

pulations (such as hysteroscopic myomectomy or
polypectomy)

• Abnormal placental location (e.g. placenta previa
or low-lying placenta)

• Grand multiparity.

Before attempting manual removal of a placenta in a
situation in which there is a high risk of placenta acc-
reta, good intravenous access is important, and blood
for transfusion should be available when possible.

Uterine inversion
This uncommon but serious complication occurs
with an incidence of 1 in 3000–6000 deliveries. It is
encountered more frequently with a fundal placenta,
and may be more common with excessive traction
on the umbilical cord between uterine contractions.
Typically, partial delivery of the placenta is noted,
and is followed rapidly by severe blood loss and
hypotension. Uterine inversion is graded as incom-
plete, complete, or prolapsed. Incomplete inversion is
limited to the fundus and does not reach the cervix.
Complete uterine inversion refers to the delivery of
the uterine fundus and corpus through the cervix.
If the inverted uterus extends beyond the introitus, it
is referred to as a prolapsed inversion. Uterine inver-
sion is an obstetric emergency and, unless corrected
rapidly, the cervix and lower uterine segment create a
constricting band around the inverted fundus. The
constriction causes edema of the uterus, reduction of
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its blood supply and, eventually, necrosis. The
following sequence of steps should be followed to
manage uterine inversion:

(1) If recognized early, before substantial edema is
present, the uterus can be replaced without anes-
thesia through the constricting band, with trans-
vaginal pressure over the inverted fundus.

(2) When the constricting band is too tight and the
uterus too edematous, the maneuver described
above should be tried using a combination of gen-
eral anesthesia and uterine relaxants, which may
assist in releasing the constriction.

(3) If still unsuccessful, laparotomy should be per-
formed. A combination of traction on the round
ligaments from above and upward pressure on
the uterine fundus from below are applied.

(4) A posterior vertical incision can be made on
the posterior wall of the uterus and is useful in
many ways.15,16 It allows the surgeon to visualize
directly and to reverse the inversion; it makes
upward traction easier; and it relieves the con-
stricting band.

It is of utmost importance to replace the blood lost
aggressively, as hemodynamic shock is a frequent com-
plication. Intravenous access through two large-bore
catheters is recommended. Unless it has already sepa-
rated from the uterine wall, the placenta should not
be detached during the above manipulation, as profuse
bleeding may result. It should be removed only once
the uterus is restored to its normal position and the
patient is hemodynamically stable. Once the uterus is
successfully repositioned, there is a great risk of atony.
Therefore, all uterine relaxants should be discontin-
ued and uterotonics administered.

The puerperium
Postpartum hospital stay
From the beginning of humanity until the 20th century,
the vast majority of deliveries occurred at home, either
unsupervised or monitored by lay attendants. In the
early 1900s, a new trend began, and childbirth became
a more ‘medicalized’ event in the industrialized world,
taking place increasingly in hospitals (often referred
to as ‘lying-in hospitals’) and supervised by medical
personnel. There were many perceived advantages to
hospital birth:

• Hospital births were safer. With more births
taking place in hospital, a significant reduction
in both perinatal and maternal morbidity was
observed, attributable to some extent to hospital-
based childbirth.

• Some interventions, such as analgesia, cesarean
birth, antibiotics, and transfusions, were accessible
only in a hospital setting.

• It allowed the opportunity for medical personnel
to be trained in obstetrics.

• Women could rest more comfortably away from
their home.

Until a few decades ago, hospital bed rest was recom-
mended for the postpartum woman, often for an
extended period of time. Since the 1980s, however,
this trend changed, with more and more women
wishing to return home as soon as possible after the
delivery. The cause for this shift probably is a combi-
nation of the desire of women to ‘demedicalize’ child-
birth and, in some countries, a desire to decrease the
costs associated with childbirth and the puerperium.

In the United States, the law in most states requires
hospitals to allow a minimum of 48 and 96 h post-
partum stay after an uncomplicated vaginal birth
and cesarean delivery, respectively. Discharge within
24–48 h after an uncomplicated birth, has proven safe
in most contexts.17 Prior to discharge, the following
minimum conditions should be met:

• Common maternal and neonatal problems such
as infection, bleeding, severe anemia, and hyper-
bilirubinemia have been ruled out.

• Neonatal screening has been completed, in accor-
dance with local regulations. For example, neona-
tal screening for phenylketonuria is required by
many states. This test must be performed after 24 h
of life, and unless it has been arranged for testing
as an outpatient, this precludes neonatal discharge
before 24 h of life.

• The mother must be familiar with breast-feeding
or, if applicable, other forms of infant nutrition.
Frequently, optimal ‘hands-on’ education about
breast-feeding cannot take place immediately
postpartum, a period during which the breast
milk cycle has not yet been established. This must
be taken into consideration before discharge.
Sometimes formal home visits during the days after
early discharge are used for follow-up and patient
education.

• The mother is properly educated about normal and
abnormal postpartum and neonatal findings.

• Appropriate resources are available to ensure effi-
cient and rapid assessment of the mother or new-
born, should any acute problem occur at home, or
should the parents have any questions or concerns.

• Potential social problems that could compromise
care for the newborn have been addressed, such as
financial difficulties or limited intellect.

In a Canadian study, Liu et al. reported a higher read-
mission rate in children discharged within 48 h, most
commonly for neonatal hyperbilirubinemia, feeding
problems, and suspected infection.18 In another study,
maternal readmission rates were found to have been
similarly affected by early discharge. When compared
to a 5-day postpartum stay after a cesarean delivery,
women who were discharged at 2, 3, and 4 days

1938 The third stage of labor and the puerperium

Kurjak-183.qxd  5/10/2006  12:18 PM  Page 1938



postcesarean have a readmission rate increased by
21%, 18%, and 10%, respectively.19 Ideally, prepara-
tion for short postpartum stays should take place early
in prenatal care so that patients deemed suitable for
early discharge, and, where it is optional, willing to
participate, can be identified. Multiparas with proper
home support are often good candidates.

Physiologic changes
From conception until delivery, many maternal organ
systems have undergone some degree of physiologic
or anatomic changes to adapt to the pregnant state.
The return to prepregnant status is not immediate,
and in some cases, the changes induced by the preg-
nancy are permanent (e.g. the cervix and the breast).

Postpartum weight loss
The rate of obesity in the Western hemisphere is
increasing, particularly so in the United States, where
over 50% of women have a body mass index of over
25 kg/m2,20 and where 18% of women are frankly
obese, defined by a body mass index over 29 kg/m2.21

One event that most pregnant women look forward to
is the dramatic weight loss that occurs during the puer-
perium. Although considerable weight is shed imme-
diately through delivery of the fetus, amniotic fluid,
and placenta, the remainder of the weight gained
during pregnancy – increased fat stores and expanded
intravascular and extracellular fluid – is lost more
slowly. Rooney and Schauberger studied the postpar-
tum weight pattern in a cohort of 795 women from
Wisconsin.22 At 2 weeks, 6 weeks, and 6 months post-
partum, the average weight lost was 9.7, 10, and 11 kg,
respectively. Twenty-two percent of patients had
returned to their prepregnancy weight by 6 weeks and
37% by 6 months. Most women were still above their
prepregnancy weight at 6 months postpartum, with an
average net weight gain of 1.4 ± 4.8 kg. The persistence
of net weight gain after pregnancy was confirmed by a
large study from Smith et al. During a 5-year period,
they studied the effects of pregnancy on weight in a
racially diverse cohort of 2788 women. When com-
pared to women who remain nulligravid throughout
the study period, black and white women who experi-
enced a first pregnancy gained an extra 4.3 and 2.3 kg,
respectively. The findings did not differ significantly
when corrected for behavioral factors such as baseline
fitness, smoking status, and education.23

Although women who gain weight excessively
during pregnancy lose more weight postpartum than
those who gain more modestly, many authors have
also noted that these women also retain more weight
at 6 months postpartum and are at increased risk for
long-term obesity.24 Less weight is retained postpar-
tum in smokers and in women who return to work
promptly. In a large cohort of women studied during
more than one pregnancy, Green et al. found that
there was a direct correlation between weight gain

during the first pregnancy and the weight at the onset
of a subsequent pregnancy.25 Cesarean delivery is also
associated with delayed postpartum weight loss, but
at 6 months that difference is no longer significant.
Breast-feeding has not consistently been associated
with more effective postpartum weight loss but, reas-
suringly, aggressive maternal weight loss through diet
and exercise has no deleterious effect on the growth of
breast-fed infants.26

It is important to note that although there are clear
associations between pregnancy and postpartum
weight patterns and long-term development of obesity,
it has not been established whether or not interven-
tions for weight control during pregnancy or the puer-
perium have any impact on enduring obesity.

Uterus
At term, the uterus weighs nearly 1 kg and its fundus
reaches the level of the xyphoid process. Its cavity is
large enough to accommodate one (or more) fetus(es).
Immediately after delivery of its content, the uterus
contracts and involutes down to the dimensions it
had at 20 gestational weeks. The uterus then contin-
ues to decrease in size through a diminution in cell
size and through dissolution of the connective tissue
framework. Two weeks later, it usually has returned
to its pelvic location. Uterine involution plateaus at
12 weeks postpartum and, for primiparas, the organ
rarely returns to its original nulligravid size.

Endometrium
Within days following the delivery, the superficial
decidual layer necroses and sloughs off in the form of
lochia, a term used to describe the vaginal discharge
during the puerperium. New endometrium is regen-
erated from the underlying basal layer and within
7–10 days after delivery, the endometrial surface has
been completely regenerated with the exception of the
area of placental implantation. The placental site is
slowly resurfaced from the adjacent growth of new
endometrium.

Lochial discharge is divided into three phases.
Immediately postpartum, it consists of lochia rubra, a
bloody discharge that lasts until the third or fourth
day postpartum. It is then replaced by lochia serosa, a
mucopurulent discharge with a more watery consis-
tency that lasts up to a few weeks. Eventually, the
blood and water content of the discharge decrease and
its inflammatory cell content increases, forming the
lochia alba, a yellowish-white discharge that lasts a
few weeks further postpartum. Although it is often
thought that lochial discharge stops after 2 weeks
postpartum, more recent research suggests that many
women experience a longer duration than previously
thought. The duration of the lochia varies, and aver-
ages approximately 5 weeks, with a frequent waxing
and waning amount of flow and color. In a cohort
of 477 Filipina multiparous women, Visness et al.
reported that postpartum vaginal discharge persisted
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beyond 6 weeks after delivery in nearly 10% of
women.27

Cervix
Immediately after delivery of the uterine contents,
the cervix retracts, looks edematous, loses much of
its elasticity, and frequently bears minor lacerations,
especially on its lateral edges. Although the cervix
regresses back to its prepregnancy appearance and
consistency after approximately 1 week, the external
os never reachieves its pinpoint nulligravid appear-
ance; it is wider, flat, or stellate in appearance.28

Perineum, perineal lacerations, and episiotomy
Some degree of perineal pain is almost universal
during the immediate puerperal period, and is usually
proportional to the severity of the lacerations or epi-
siotomy. Ibuprofen is the analgesic of choice as it usu-
ally provides sufficient perineal analgesia, relieves the
pain from postpartum uterine contractions, and, being
present in very low levels in breast milk, is safe for the
breast-fed newborn.29 Further relief can be obtained
by cold Sitz baths, where ice cubes are added to the
water in which the perineum is immersed. The cold
temperature provides immediate relief by decreased
excitability of severed nerve endings.30

Perineal infections are surprisingly uncommon,
given the high bacterial colonization of the lower gen-
ital tract and high frequency of perineal lacerations.
This is probably explained, at least to some extent, by
the dense vascularity of the perineal tissues. Perineal
injury dehiscence usually presents within a few days
or weeks postpartum, and is almost always associated
with infection of the involved tissues.31 For this
reason, immediate reapproximation of episiotomy or
laceration breakdown has been traditionally discour-
aged, with a period of 3 or 4 months usually allowed
until secondary repair is contemplated. This period
allows the tissue to revascularize, the infection to clear,
and, in most cases, the injury to heal spontaneously by
primary intent. Some authors advocate early repair of
episiotomy or laceration breakdown, i.e. within a few
days after the dehiscence.32 If performed early, the
repair must be preceded by meticulous debridement of
necrotic tissue, diligent cleaning of the wound edges
(using Sitz baths and local wound care) and clearance
of infection, with systemic or local antibiotics. Once
the wound edges are well granulated and show no
evidence of necrosis or infection, usually after a few
days, they are reapproximated using usual postpartum
laceration repair techniques.

Bladder
There has recently been an extensive burst of new
data concerning the effects of pregnancy and delivery
on the urinary tract. Both hormonal and mechanical
factors account for these changes. Vaginal delivery

leads to marked distension of the lower genital tract
and may cause some degree of trauma to the urethra,
bladder, and pelvic floor. The most commonly
observed postpartum urinary dysfunctions are urinary
retention, usually a short-term, self-limited problem,
and genuine urinary stress incontinence, which can
be more of a chronic issue. Some authors have found
increased rates of postpartum bladder dysfunction
in the second stage complicated by macrosomia, use
of forceps or vacuum, and perineal lacerations. Other
authors suggest that vaginal delivery in itself is a risk
factor for the subsequent onset of urinary dysfunction,
such as genuine stress incontinence,33,34 and go even
further in suggesting that there may be, in selected
cases, a role for elective cesarean delivery in prevent-
ing incontinence. Urinary incontinence is an underes-
timated and under-reported problem and some degree
of urinary incontinence has been described in at least
12% of women following delivery. Factors associated
with a more severe degree of incontinence include
development of symptoms during pregnancy and
anteceding pregnancy. It is unclear whether the use of
Kegel exercises during pregnancy and the puerperium
ameliorates the risk and course of urinary stress
incontinence.35

Lactation and breast feeding
A full description of lactogenesis and breast feeding
is beyond the scope of this chapter. Nevertheless,
important considerations about breast-feeding are
introduced here, and should be known by any clini-
cian dealing with women in the puerperal period.
After a period of relative unpopularity in the United
States, breast feeding is regaining ground with over
60% women now having done some breast feeding by
the time they leave the hospital. Breast feeding offers
many advantages to both mother and newborn: trans-
fer of immunoglobulins (IgA) to the newborn with
consequent decrease in the incidence of gastroenteri-
tis, colic, and other infections; decreased admission
to the hospital during infancy; improved maternal–
infant bonding; low cost; and reduced long-term devel-
opment of diabetes and obesity. Maternal advantages
include a reduced incidence of breast and ovarian can-
cer, a degree of contraception, and reduced anemia,
from the delayed return of menses. Successful lacta-
tion relies on many factors: motivation of the mother;
physicians and nurses who understand breast feeding
and can provide assistance and advice; and a hospital
or birthing center hospitable to breast feeding and able
to provide adequate education on the topic.

Breast feeding relies on milk production (lactogen-
esis) and the ejection (let-down) reflex. Progesterone
exerts an inhibitory effect on lactogenesis. The dra-
matic decrease in its concentration immediately after
delivery allows lactogenesis to begin, a process that is
mediated by prolactin. Milk production gradually
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increases from as little as 50 ml in the first 24 h to
750 ml/day by the eighth day.36 Milk ejection is medi-
ated through the release of oxytocin, which contracts
the myoepithelial cells within the milk sinuses.
Suckling of the infant stimulates both milk production
from the lactotrophs and milk ejection from the milk
sinuses and ducts, via the release of prolactin and oxy-
tocin, respectively.

It is important that mothers (and their attendants)
understand that the relatively limited production of
milk in the first few days is a normal event, and that the
infant can safely lose up to 5–10% of its body weight
during that period. That weight is usually regained by
days 7–10. The breast-fed infant should void and stool
at least once, twice, and three times during the first,
second, and third days of life, respectively. After this,
at least six voids and three stools should be expected.
Voids and stooling less than this or weight loss beyond
7% warrant reviewing breast feeding techniques with
the mother. Breast feeding is not contraindicated in
women who previously underwent breast surgery,
such as reduction mammoplasty and breast augmenta-
tion, providing that the lactiferous ducts were not sub-
stantially disturbed. Patients who had mammoplasty
via periareolar incisions, and those who had very little
breast tissue prior to breast augmentation are more at
risk for insufficient milk quantity.37–39 Patients who
had a breast cyst removal or a lumpectomy can usually
breast feed without problems.40 Adequate caloric
intake in the newborn is confirmed by monitoring
proper weight gain and frequency of voiding and stool-
ing episodes as described above.

Postpartum cognitive issues, postpartum
depression (PPD), and postpartum psychosis
Even in the most uneventful pregnancy, significant
physical, biochemical, and important psychosocial
changes take place, at a relatively rapid pace. Conse-
quently, pregnancy, delivery, and the puerperium
bring about unique and complex stresses. The
psychological changes noted during pregnancy are
well documented but not fully understood and are
probably the result of interactions among social, bio-
logical, and cultural factors. Forgetfulness, confusion,
and inability to concentrate are often reported during
the puerperal period. In addition, ‘postpartum baby
blues’ are common, and manifested by anxiety, sadness,
irritability, and some degree of confusion. Unlike PPD,
the baby blues usually do not significantly interfere
with daily functioning and resolve by the 10th post-
partum day. These minor mood and cognitive changes
are almost universal – and most likely benign in nature;
but 10–15% of women suffer from more clinically
concerning psychiatric disorders.

PPD is a well-recognized entity and has been
reported in at least 10–12% of women in the postpar-
tum period. The clinical findings associated with PPD

are similar to non-puerperal depression, and its diag-
nostic criteria are identical,41 except that they must be
present within 4 weeks after birth (Table 183.1). The
diagnosis is often delayed or the condition simply
missed because mood changes, weight loss, or change
in appetite – classical signs of depression – can easily
be considered normal postpartum symptoms by the
inexperienced clinician. As in non-puerperal depres-
sion, management usually consists of a combination of
psychotherapy and pharmacotherapy. Although some
antidepressants must be used cautiously in the breast
feeding mother, most have little effect on the breast-
fed infants. The agents of choice are the secondary
amines and the selective serotonin reuptake inhibitors,
which have gained increasing popularity in the last
decade.

Risk factors for PPD include pregestational psy-
chiatric conditions, antepartum pregnancy complica-
tions, especially those requiring hospitalization,
complications during parturition, and poor social
support. Women who experience PPD are at risk for
a recurrence in a subsequent pregnancy as well as for
non-puerperal depression.

Postpartum psychosis is a rarer, but serious con-
dition. There is significant risk for both newborn and
mother and it therefore should be considered a psychi-
atric emergency. Suicide or infanticide has been
reported to occur in 5–10% of cases. Its onset is usually
within the first 2 weeks postpartum and is charac-
terized by marked disorganization, delusions, and
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Table 183.1 Symptoms of major postpartum
depression with postpartum onset (from American
Psychiatric Association:41 postpartum depression is
defined in the DSM-IV as that which begins within 4
weeks after delivery)

Major depression is defined by the presence of five of the
following symptoms, one of which must be either
depressed mood or decreased interest or pleasure*

Depressed mood, often accompanied or overshadowed
by severe anxiety
Markedly diminished interest or pleasure in activities
Appetite disturbance – usually loss of appetite with
weight loss
Sleep disturbance – most often insomnia and fragmented
sleep, even when the baby sleeps
Physical agitation (most commonly) or psychomotor
slowing
Fatigue, decreased energy
Feelings of worthlessness or excessive or inappropriate
guilt
Decreased concentration or ability to make decisions
Recurrent thoughts of death or suicidal ideation

*Symptoms must be present most of the day nearly every day for
2 weeks. A diagnosis of major depression also requires a decline
from the woman’s previous level of functioning and substantial
impairment
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hallucinations. Compared to non-puerperal psychotic
episodes, postpartum psychosis is often more akin to
psychosis caused by an organic syndrome. Neuro-
leptics, lithium carbonate, electro-convulsive therapy,
and antidepressant drugs have all been used in the
treatment of postpartum psychosis with some degree
of success. However, the optimal management of
PPD remains unclear, as there are limited numbers
of comparative trials looking at the efficacy of the
various pharmacologic agents. Given the lack of data at
this point, the therapeutic approach is similar to
the non-pregnant state. Compared to non-puerperal
psychosis, recovery from postpartum psychosis is
faster, and its overall long-term prognosis is better. The
recurrence rate in subsequent pregnancies is 20%.
Interestingly, some authors have described the use of
sublingual estrogen, and reported significant efficacy,
for the treatment of both postpartum psychosis42 and
PPD.43

Sexuality and the puerperium

Resumption of sexual activity
Physicians frequently recommend an arbitrary period
of abstinence after delivery, usually between 2 and
6 weeks. There is little evidence that it is medically
necessary but, obviously, there are many non-medical
reasons that women choose to abstain from sexual
activity during the postpartum period, including sleep
deprivation, concerns about the newborn, sudden
change in the family dynamics, lochia, perineal pain
and tenderness, and fear of pregnancy. For many women
who have had a vaginal birth and for all women who
have had an abdominal delivery, intercourse shortly
following delivery would be painful, as a certain period
of time is needed for proper perineal and abdominal
healing. Furthermore, the hypoestrogenism associ-
ated with breast feeding frequently contributes to vagi-
nal dryness and consequent dyspareunia. After the
vagina has healed properly, this problem is easily man-
aged with a simple vaginal lubricant. If the problem is
recalcitrant, local estrogen cream can also be used.
Although a small amount of hormone is absorbed sys-
temically with the local use of estrogen, breast 
feeding should not be affected.

Resumption of fertility and menstruation
The return of menstruation is highly variable during
the postpartum period, and is significantly influenced
by breast feeding. Campbell and Gray44 and Gray
et al.45 extensively studied the relationships among
lactation, ovulation, and menstruation. In their cohort
of 22 non-lactating and 66 lactating mothers, first
ovulation occurred on average 45 days after delivery
among non-breast feeding mothers and 189 days
among breast-feeding mothers. The initial menstrua-
tion is frequently anovulatory or its luteal phase is

inadequate; but resumption of the normal ovulatory
cycle is observed rapidly thereafter. All non-breast
feeding mothers menstruated within the first 12 weeks
postpartum, compared with just 20% of nursing
mothers. Factors directly proportional to the risk of
ovulation include duration of suckling per feed and
the daily number of nursing episodes. Up to 6 months
postpartum, exclusive breast feeding reduces the risk
of pregnancy by 98–99% during amenorrhea and by
94–97% after anovulatory menstruation. Only amen-
orrheic women practicing exclusive breast feeding
during the first 6 postpartum months can achieve a
pregnancy rate below 2%, suggesting that contracep-
tive use is recommended among all other lactating
women who resume menstruating before 6 postpar-
tum months or who continue to breast feed beyond
6 months.

Birth control
The lactational amenorrhea associated with exclusive
breast feeding provides effective contraception (98%
effectiveness) for some time, but the failure rate is
much higher if more than 10% of the caloric intake is
not provided by breast milk. In a cohort study of 319
women who initiated breast feeding, Halderman and
Nelson found that only 24% provided at least 90% of
their child’s caloric intake through breast feeding at
6 weeks postpartum.46 This indicates that, as noted
previously, effective contraception is frequently
needed even among breast feeding women.

The most popular contraceptive methods used in
the postpartum period are the barrier methods (con-
doms, diaphragm) and hormonal contraception.
Because of their lack of influence on breast milk pro-
duction, progestin-based contraceptive methods such
as levonorgestrel pills and intramuscular medrox-
yprogesterone acetate are ideal choices. Compared
to progestin-based oral contraception, estrogen–prog-
estin combination oral contraception offers more effec-
tive contraception and more cycle regularity but has
been discouraged in the breast feeding mother mainly
because of its effect of decreasing milk production.
This effect is less clinically significant when such con-
traceptives are initiated after 6 weeks postpartum. In
women who have a well-established breast feeding
pattern and who would be able to detect a clinically
important decrease in milk supply, combination oral
contraception can be considered after 6 weeks post-
partum. Another reason to delay its use is the preg-
nancy-associated thrombogenic state, which could
be worsened by estrogen. There are at this time insuf-
ficient data on the transdermal estrogen–progestin
patch or on the transvaginal estrogen-releasing ring to
consider their use in the breast feeding mother.

The timing of initiation of hormonal contraception
in the postpartum period has been the object of much
debate. Since ovulation rarely occurs prior to 45 days
after delivery, and is even more delayed in the breast
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feeding mother, and since many couples wait a few
weeks prior to resuming sexual activity, contraception
can safely be withheld in most couples until 2–3
weeks postpartum. The United States Food and
Drug Administration recommends waiting 6 weeks in
the breast-feeding mother and 3 weeks in the non-
breast feeding mother prior to initiation of progestin-
based oral contraceptives, but practical reasons (e.g.

questionable compliance with postpartum visit or
medical insurance coverage issues) may call for earlier
initiation of such contraception. This practice has not
been shown to be deleterious to successful breast feed-
ing or newborn growth. In many clinical settings, prog-
estins are administered intramuscularly at 2–3 days
postpartum, immediately before discharge from the
hospital, and no adverse effects have been found.47
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184 Postpartum hemorrhage
J. Herczeg
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At the beginning of the 20th century, parturient
mothers were fearful for their own lives during child-
birth. Beginning some 40 years ago, an unprecedented
and rapid development of the management of child-
birth occurred, especially in the field of electronic
surveillance and in the care of the critically ill obstetric
patient.

Throughout recent decades in the developed
world, fetal health has been the primary focus of pre-
natal and intrapartum care. Obstetrics in the 21st cen-
tury will pose new challenges, many of which will be
directed at the maintenance of maternal well-being.
One contributor to this shift in emphasis relates to the
change in maternal demographics that has occurred in
many parts of the world. Some women are prepared to
undertake high medical risks to their own lives by
having a child close to or ‘beyond’ the extremes of
their reproductive lives.

The peripartal period is one of the most dangerous
times of life. Family expectations are very high, and
the responsibilities of the obstetrician are expanding.
It is very difficult to draw a line between good and
substandard care, and practitioners of obstetrics are
well aware of the fact that modern reproductive
research does not eliminate all the risks and hazards
associated with childbirth.

Direct causes of maternal mortality in modern
obstetrics include:

(1) Postpartum hemorrhage (PPH)
(2) Infections during labor and delivery
(3) Puerperal sepsis
(4) Complications arising from the second stage of

labor
(5) Pregnancy-induced hypertension
(6) Obstructed labor
(7) Abortion-related causes
(8) Uterine inversion.

Although modern medicine has made considerable
progress in reducing the mortality from all these
causes, PPH remains one of the most frequent causes of
maternal mortality, arising most often from uterine
hypotonia or atony. Ironically, with the availability of
appropriate modern techniques of prevention and
treatment, many of these deaths are avoidable.

Maternal death rates from infection and sepsis have
shown a steady decrease over the last several decades,
while hemorrhage-related maternal deaths have
declined more slowly, pointing to the fact that they
are more difficult to prevent.1 PPH is still a leading
cause of maternal mortality in some areas of the
world. The incidence of PPH is 3–5% of all deliveries,
and its incidence is doubled after induced labors.2 It
is the greatest single cause of maternal deaths in the
majority of mortality surveys, and is directly respon-
sible for 12–60% of maternal mortality in developing
countries.

Postpartum hemorrhage can also be indirectly
responsible, as an associated factor, for a further pro-
portion of maternal deaths attributed directly to other
causes, such as infection and obstructed labor. About
one-third of all maternal mortality is related to obstet-
ric hemorrhage. In sharp contrast to antepartum hem-
orrhages, which usually claim life after 10 h if left
untreated, PPH kills swiftly, often in less than 2 h if not
properly treated. In the overwhelming majority of
cases, the PPH occurs unexpectedly, exploding into a
drama in the labor room, where blood is seen every-
where. The mother’s face and lips are pale and her skin
is covered with a cold sweat. Her calm suggests that she
thinks she is going to die. In such a severe clinical
emergency, successful management requires immedi-
ate access to special expertise and facilities, and the
outcome is dependent on instant availability of blood
replacement facilities, and swift expert decisions on
the steps necessary to bring the bleeding under control.

Clinical definitions
The widely accepted clinical definition of PPH is
blood loss greater than 500 ml during the first 24 h
after delivery. The excessive bleeding is usually
evident within 5 min following birth. It should be
pointed out that blood loss after spontaneous vaginal
delivery may be up to 600 ml and can amount to
1000 ml or even as much as 1500 ml, following instru-
mental or operative delivery. Extensive obstetric
experience is necessary to determine if bleeding is
occurring too rapidly, and if it is responsive to con-
ventional treatment. Excessive blood loss is especially
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dangerous in cases where the physiologic expansion
of blood volume during pregnancy has not occurred,
such as in cases with preeclampsia.

Bleeding during the third stage of labor occurring
before delivery of the placenta (third stage of labor
defined here as the period from delivery of the fetus
to expulsion of the placenta and its membranes and
establishment of satisfactory uterine tone) is also
categorized not as intrapartum but as PPH.

Primary PPH
Primary PPH has been defined internationally as more
than 500 ml of  blood loss during the first 24 h follow-
ing delivery. The main argument for this threshold
rests on the fact that postpartum blood loss is notori-
ously and significantly underestimated. In addition,
there are clinical cases in which the mother does not
undergo the normal physiologic blood volume adap-
tation during pregnancy, or in which the mother is
anemic (small stature women, pregnancy blood
expansion not yet developed, or restricted, such as in
preeclamptic patients). In such cases, a lower level of
blood loss should prompt therapeutic measures.

Primary PPH is a frequent, unpredictable and poten-
tially lethal complication of childbirth. In the vast
majority of cases, primary PPH is caused by hypotonia
or atony of the uterus. The most common causes of
primary PPH are listed in Table 184.1.

Secondary (late) PPH
Secondary PPH is defined as serious bleeding from
the genital tract after the first 24 h and during the first
6 weeks of the postpartum period. Its most frequent
causes are the subinvolution of the attachment site of
the placenta, puerperal infection (endometritis), and
retained placental fragments. Its prevention resides in
awareness of the dangers and avoidance of misman-
agement of the third stage of labor. Treatment includes
oxytocic administration. In severe cases, administra-
tion of third-generation prostaglandin analogs may
become necessary. In the author’s experience these
have proved to be extremely useful. It should also be
noted that in rare cases a primary PPH (e.g. postce-
sarean hemorrhage) may be followed 10–15 days later
by a secondary ‘attack’ necessitating the reintroduc-
tion of the original treatment. In late hemorrhage
cases, gentle curettage and antibiotics are also in the
mainstream of management.

Causes of PPH
Uterine atony
Uterine atony is defined as a loss of blood that is not
arising from trauma to the birth canal or from placental
tissue left in the uterine cavity. In modern obstetric
practice, the increased use of labor induction carries

an increased risk of postpartum atonic hemorrhage
(PPAH).

The incidence of PPH due to uterine exhaustion or
hypotonia (arrhythmia) is very high. Uterine atony is
responsible for 90% of all PPHs (trauma is responsi-
ble for about 7% and coagulation failure for 3%).3

Severe hemorrhage from uterine atony can be defined
as a > 30 mmHg drop in blood pressure, a decrease of
hemoglobin by 3g/dl or more, and an estimated blood
loss > 1000 ml. 

If routine oxytocics are not administered following
delivery, the frequency of PPAH is between 10% and
20%.4 Clinical investigations have proved that pro-
grammed routine use of oxytocics significantly
reduces the incidence of PPH.5

Postpartum atonic hemorrhage is a dramatic clinical
situation putting the life of the mother into immediate
danger, because it may lead to circulatory collapse
within a few minutes, and it is often accompanied by
coagulation dysfunction, which can perpetuate severe
bleeding. It is imperative to be aware of (1) predispos-
ing factors, because postpartum uterine atony can
sometimes be anticipated, and (2) the fact that PPAH
often does not respond to conventional therapy.

Retained placental fragments
In the natural course of the third stage of labor, the
placenta generally separates in about 10–15 min, then
gradually descends to the lower part of the genital
tract. In cases with a history of previous radical
intrauterine instrumentation or infection, an unsus-
pected focal placenta accreta can develop, and part or
all of the placenta remains in the uterine cavity.
Retained placental fragments are the most common
cause of delayed PPH.

Placenta accreta
The rising cesarean delivery rate has increased the inci-
dence of placenta accreta. In these cases, the basal
decidual layer is defective, and the trophoblast invades
the myometrium. Manual removal of the placenta is
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Table 184.1 Common causes of primary postpartum
hemorrhage

(1) Uterine hypotonia/atonia
(2) Retained placenta, placental fragments (succenturiate

lobe or cotyledon)
(3) Subtle myometrial trophoblastic invasion (focal

placenta accreta)
(4) Obvious myometrial trophoblastic invasion (placenta

accreta, increta, percreta)
(5) Lacerations of the lower genital tract
(6) Intravascular coagulation
(7) Rupture of the uterus
(8) Uterine inversion
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difficult even in mild, focal cases, because there is no
clear cleavage plane for placental separation. In most
cases with significant placental invasion, manual
removal of the placenta is impossible, and hysterec-
tomy is usually required to control hemorrhage.

Bleeding from lacerations
Lower birth canal lacerations should be suspected
if the uterus is firmly contracted but the bleeding is
profuse. Adequate exploration with good exposure is
necessary; lacerations must be repaired promptly and
with careful attention to good hemostasis.

Uterine rupture
The most severe obstetric catastrophe is uterine
rupture. Damage to this upper region of the genital
tract is serious because this region is supplied by large
vessels; therefore, any vascular tear in this region can
result in immediate and catastrophic loss of blood. Its
incidence is about 1 in 2000 deliveries (there is great
variation among different places, ranging from 1:100
to 1:11,000). The dehiscence of a previous cesarean
section scar is less dangerous than the rupture of an
unscarred uterus, and in modern obstetrical institu-
tions the use of the partogram has proved to be help-
ful in avoiding this serious complication.

Careful management of labor inductions, with close
supervision of uterine stimulation with oxytocin infu-
sion is an important preventive measure. The rate of
the oxytocin infusion must be decreased when the
partogram shows that the acceleration phase of labor
has been reached. Preinduction ripening of the uter-
ine cervix with a prostaglandin E2 gel preparation
should also be carefully supervised, because the
prostaglandin might initiate strong contractility with
the potential to rupture the uterus. Clinical manage-
ment requires considerable surgical skills, because
the uterus in most cases should be removed, and large
hematomas may be present in the operative field.

Acute inversion of the uterus
Fortunately this problem is rare, if mismanagement of
the third stage of labor is avoided. Its incomplete forms
should also be recognized. Management sometimes
requires uterine relaxation with betamimetics, manual
repositioning, and administration of a prostaglandin
analog to keep the uterus well contracted.

Coagulopathy
Bleeding from venous puncture sites or the sutured
cesarean section wound suggests coagulopathy.
A platelet count and D-dimer (a fibrin degradation
product) level can be quickly obtained before any
sophisticated tests; a low platelet count or the pres-
ence of elevated D-dimer concentrations raises the
possibility of disseminated intravascular coagulation

(DIC). DIC is often triggered by a sudden episode of
blood loss, and the generated fibrin degradation prod-
ucts from the transient DIC episode further impair
myometrial contractility.

To correct the coagulation disturbance, fresh whole
blood (very difficult to obtain nowadays), fresh frozen
plasma, and, if possible, thrombocyte preparations,
should be administered.

Basic studies: exhaustion of cellular
mechanisms of contractility
The human uterus has a highly sophisticated, multi-
layered bleeding control system. The first line of
defense is the hemostatic contractions of the different
myometrial layers, twisting and compressing the vessel
tree. This myometrial contractile action is supple-
mented by constriction of the torn maternal vessels at
the placental site.

The level of excitability and the condition of electri-
cal coupling between myometrial cells determine the
ability of the uterine muscle to contract. Hormonal,
nervous and immune intrinsic factors, and many
extrinsic pharmacologic factors, can modulate mem-
brane potential, ionic exchange and electrical propa-
gation. Between myometrial cells electrical coupling
is possible via gap junctions; postdelivery disappear-
ance of gap junctions is accompanied by a nearly total
inability of the muscle to contract and respond to
stimulation.6 The exhaustion of cellular mechanisms
(ionic exchange and electrical propagation) after
delivery can be an explanation for uterine atony.7

Exogenous prostaglandins in pharmacologic doses
can sometimes restart the ‘burned out’ system.

Contractility of uterine muscle is regulated by cal-
cium. Prostaglandins facilitate the entry of calcium
into the cell through specific calcium channels or
receptor-operated channels.8

The intracellular adenosine triphosphate-dependent
Ca2+ transport pump is an important regulator of cyto-
plasmic calcium levels, and thus of the contractile
state of the muscle.8 Ca2+ is essential for myosin light-
chain kinase activation, and is carried by the calmod-
ulin–Ca2+ complex. An unknown calcium regulatory
system may play a role, allowing uterine muscle to
remain contracted at less than maximum levels of cel-
lular calcium.9 Subthreshold doses of prostaglandins
potentiate the spasmogenic Ca2+, even after removal
of the prostaglandins.10 Synergistic effects of Ca2+ and
prostaglandins are utilized to enhance mid-trimester
uterine activity.11 Therefore Ca2+ entry blockers
(nifedipine) should not be used close to delivery
because of the high risk of postpartum atony, resistant
to oxytocics.12–14

There is no anatomically demonstrable specific
pacemaker and propagation system in the human
uterus. There appears to be a physiologic pacemaker
area. Contractions begin high in the lateral side of the
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fundus, and the speed of stimulus propagation down-
ward is 2 cm/s. When the whole uterus is covered, the
stimulus travels back.15,16 Contractions are strongest
near the pacemaker and have the longest duration
there (high power area, HPA).17 In the synchronous
pattern, HPA is monofocal and is high in the fundus.
The HPA propagates all over the uterus. HPA is of
multifocal origin in false labor, proceeding in an asyn-
chronous pattern leading to uterine arrhythmia.17

Disorders of HPA will be manifest as an inverted
triple descending gradient, in terms of propagation,
intensity, duration, and are called wandering HPA,
resulting in impaired contractions. Asynchronous
tocograms predict complicated labor, and may forecast
uterine atonia.17

Risk factors for atonic PPH
Widely-known risk factors include previous PPH,
manual removal of the placenta, abruptio placentae,
placenta previa, prolonged labor with prolonged
administration of oxytocin, precipitate labor, difficult
vacuum extraction or forceps delivery, and breech
extraction.

Following uterine inertia during labor, for which
correction has been attempted by supportive adminis-
tration of oxytocin, or following a short, precipitate
labor, or following labor induction, the uterine muscle
often fails to contract in the third stage. The failure of
the normal hemostatic contraction and retraction of
the myometrium is due to exhaustion of the cellular
contractile system.

Postpartum uterine activity is also impaired under
anesthesia. The resting tone remains unchanged, but
contractility is inhibited, recovering with time.18,19

The predisposing conditions for uterine atony are
listed in Table 184.2. However, the predictive values
of antenatal factors is disturbingly low. Previous
third-stage bleeding in the case history increases the
likelihood of PPH twofold. Pregnant women with unfa-
vorable characteristics, such as age over 35 years, infec-
tion, diabetes mellitus and cardiac disease, are not
necessarily at increased risk for PPH, but these under-
lying conditions worsen the serious sequelae of PPH.

Maternal response to
massive blood loss
Normal pregnant patients expand their original
5000 ml blood volume by at least 1500 ml, a hemato-
logic adaptation that reduces the risk from hemorrhage
at delivery. Some fraction of this extra volume can be
lost without obvious signs of hypovolemic shock.

If an obstetric patient with a normally expanded
blood volume bleeds profusely, symptoms of shock
will usually appear following a loss of more than
1500 ml. Loss of 25% of intravascular volume may be

fatal, but in the early stages of shock arterial blood
pressure remains unaltered.3

Coagulation failure often accompanies severe post-
partum bleeding.20 Disseminated intravascular coagu-
lopathy may be triggered by obstetric events such as
release of thromboplastic substances during placental
abruption, or may develop as a consequence of hypo-
volemic shock. When there has been massive blood
replacement, an element of dilutional coagulopathy
may also exist. Diagnosis may not await the results
of sophisticated tests; observing the operative field
and a tube of freshly drawn blood for the presence
of clots and a thrombocyte count can aid prompt
diagnosis.

Good myometrial contractions generally prevent
fatal hemorrhage from the placental site, even when
the maternal blood is incoagulable, but fatal bleeding
can occur in the presence of uterine atony.

Prevention of PPAH
Nowadays, there are new aspects to the prevention of
PPAH. Patients are concerned about receiving blood
transfusions, because of the small HIV and hepatitis
risk. Autologous blood can be taken and retransfused
when needed, but this is not a simple method, and
requires that excessive blood loss is anticipated.

Planning of labor inductions so that patients deliver
during the daytime, when access to life-supporting
facilities are optimal, can help, but induction itself is
a predisposing factor to uterine exhaustion and atonic
bleeding.21 The introduction of active third-stage
management, controlled cord traction, and use of oxy-
tocics were major improvements, but these measures
are not without risks. Oxytocin can cause a drop of
blood pressure, and can lead to arrhythmias. Ergot
derivatives can precipitate hypertension in one-third of
cases and cause nausea or vomiting in a quarter of
cases. Prostaglandins offer a better and more efficient
choice to prevent and correct uterine hypotonia.
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Table 184.2 Conditions predisposing to postpartum
hemorrhage4

Case history Prenatal factors Labor factors

Primigravida Placenta previa Labor induction
Multigravida (5+) Placental Prolonged/

abruption obstructed labor
Myoma Hydramnios Short labor
Von Willebrand’s Multiple Cesarean section
disease pregnancy
Anemia Intrauterine death Epidural anesthesia
Purpura Pre-eclampsia Disseminated 

intravascular
coagulation

Unknown Placenta accreta Chorioamnionitis 
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Prostaglandins in postpartum
uterine hemostasis
Prostaglandins play a fundamental role in the mainte-
nance of continued contractions, myometrial retraction,
vasoconstriction and platelet activation. Prostaglandin
metabolites rapidly increase in the peripheral circula-
tion at the time of placental separation, pointing to a
dramatic increase of myometrial prostaglandin syn-
thesis, which is responsible for maintaining uterine
tonicity and controlling postpartum hemostasis.22,23

Prostaglandins offer a logical choice to fight against
uterine hypotonia, because endogenous prostaglandins
are involved in maintaining postpartum resting uterine
tone and stimulating myometrial contractions, which
continue after delivery of the baby and the placenta.24,25

Their usefulness has been demonstrated in many clini-
cal studies during the last two decades.

When uterine activity and blood flow were studied, it
was shown that intravenous sulprostone (16-phenoxy-
prostaglandin E2) infusion resulted in a uterine
contracture (sustained contraction) response, which
was obvious on photographs taken intraoperatively;
a change of color of the uterine surface indicated
reduction of perfusion.26

Early observations with prostaglandin F2α
in the

third stage proved that intramyometrial injections
cause myometrial ischemia and sustained contrac-
ture, with rapid spread over the uterine surface pro-
viding good hemostasis.27 These early observations
provided the basis for use of prostaglandins in atonic
hemorrhage.

The pioneering clinical use of first-generation
prostaglandins more than 15 years ago was not without
problems. Takagi et al. injected prostaglandin F2α

intramyometrially.28 Later, 15-methyl-prostaglandin F2α

was used,29 but maternal arterial oxygen desaturation,
secondary to increased intrapulmonary shunting, was
reported after this prostaglandin was given for arresting
postpartum atonic bleeding.30 Continuing research has
resulted in the development of second-generation
prostaglandin analogs, with significant improvement
in utero-selectivity and clinical acceptability.

A multisubstituted third-generation prostaglandin
analog, the 16-phenoxy-E2 molecule (sulprostone), has
a highly selective effect on the uterus, since it does not
influence the function of other smooth muscle tissues,
as natural or first-generation prostaglandins do. From
this observation, a significant clinical advantage
originated: there is separation between the desirable,
therapeutic effects and the unwanted, mainly gas-
trointestinal, side-effects.31 The drug is available in
Europe, but not in the United States.

Sulprostone has shown good tolerance in local and
systemic routes of administration, focused action on
the uterus, and an acceptably low incidence of side-
effects. The use of relatively low doses is possible due
to its marked biostability.32 The main effect of the
uterotopic sulprostone is induction of controllable

uterine contractions, with simultaneous compression
and constriction of the uterine blood vessels, especially
at the placental site. Following intramuscular injection,
sulprostone reaches maximal plasma levels within
5–15 min; its plasma level decreases by 50% in 1–2 h.
The uterorelaxant effect and risk of atonic bleeding
from tocolytics such as betamimetics, magnesium
sulfate in toxemia, and prostaglandin synthetase
inhibitors, can be quickly neutralized by postpartum
administration of sulprostone infusion.33–35

Prevention and treatment of PPAH
in the labor and delivery room
In cases of atonic bleeding quick action is necessary
to save the life of the mother. The two simultaneous
lines of treatment are: (1) control and stop the bleed-
ing, and (2) correct hypovolemia (hematocrit is not
reliable in sudden acute severe blood loss). The age-
old observation should be kept in mind: ‘An empty,
well-contracted uterus with good myometrial contrac-
tile ability will not bleed’. The following management
approach consists of 10 steps, assuming that the deliv-
ery takes place in a hospital and that active third-stage
management was employed. The scheme is summa-
rized in Table 184.3.

Step 1
React to excessive rates of bleeding even if the loss has
not exceeded 500 ml. Reconsider the history and the
clinical course for possible causes, remembering that
more than one etiologic factor could be responsible.

Step 2
If the uterus is atonic by abdominal palpation, and the
placenta has already been expelled, fundal massage
should be started immediately, which helps to initiate
good uterine contraction and expel accumulated clots
from the uterine cavity. Do a bimanual examination
and perform bimanual uterine massage and compres-
sion. Order oxytocin and intravenous ergometrine.

External fundal massage should be complemented
by internal bimanual compression: with one hand in
the lower birth canal the cervix and the paracervical
region should be compressed, and with the other
hand the uterus should be elevated. This forced ante-
flexion of the uterus should help to control the bleed-
ing, and it also makes it possible to give a prostaglandin
injection through the abdominal wall directly into the
myometrium. For this purpose only the safest avail-
able prostaglandin analog should be used, such as
sulprostone (described in step 5).

Step 3
If bleeding continues, and the uterus is still boggy and
atonic, consider early intravenous administration of a
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third-generation prostaglandin analog, as described in
step 5. Install a reliable intravenous line, and ask for
blood typing and cross-matching. Notify anesthesia
and operating room personnel.

Step 4
If the uterus is well contracted and the bleeding is
continuing, prepare for mandatory manual explo-
ration of the uterus under general anesthesia, to
remove possible placental fragments and rule out
injury in the higher region of the genital tract. This
exploration is extremely important, because it is the
only defense against severe mistakes, such as over-
looking cervical or high sulcus lacerations or, the
most severe obstetric complication, rupture of the
uterus. Lower genital tract lacerations are repaired
under adequate exposure.

Step 5
Mild atonic hemorrhage will not exceed 1000 ml of
lost blood. The patient is still in the labor and deliv-
ery room and the modern management list includes
all of the above: massage and bimanual compression
of the uterus, giving uterotonic drugs, exploring the
uterus, placing an ice bag over the lower abdomen,
and simultaneous establishment of an intravenous
line for administering sulprostone, 500 µg in 250 ml
of any isotonic crystalloid solution. The recom-
mended dosage is 4.1 µg/min (40 drops/min) for
120 min, which can be increased up to 16.7 µg/min
(120 drops/min) for 30 min as a maximum.

Step 6
For management of severe atonic bleeding exceeding
1000 ml of blood loss, immediately start restoring lost
volume with an estimate of blood loss. Rapid volume
replacement is crucial, even before deterioration in
the patient’s vital signs, because in the early stages of
shock, arterial blood pressure can remain unaltered.3

Fresh whole blood is ideal for treatment of serious
obstetric hemorrhage; but over the last 25 years, the
availability of whole blood has decreased due to
blood bank fractionation, and packed red blood cells
are generally used, along with crystalloid solutions
and fresh frozen plasma as required.

Prepare the operating room and inform the patient
that surgery may become necessary. The sulprostone
intravenous dose may be increased briefly to
330 drops/min (33.3 µg/min). Take a quick look at
blood coagulation, looking for the presence of clots,
because obstetric events often trigger a sudden, tran-
sitory episode of DIC.20 Coagulation failure with
decreased thrombocyte count suggests DIC, while
fragile coagulums with normal thrombocyte count
point to fibrinolysis as the main pathological event.

Rule out injury, and remove intrauterine clots.
Chronic intravenous administration of sulprostone
should be continued. The infused dose of sulprostone
per hour should not exceed 500 µg (approximately
80 drops/min). The infusion should be continuously
supervised, and the maximum total dose should be
1500 µg. With this therapy, atonic blood loss will be
no more than 1000 ml, because the rapid, efficient and
long-lasting myometrial contraction induced by the
prostaglandin compresses the uterine vessels.
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Table 184.3 Management of postpartum (atonic) hemorrhage

Step 1 React to excessive bleeding, even if it does not exceed 500 ml
Step 2 If the uterus is atonic, do fundal massage to expel clots; perform bimanual massage and compression; order oxytocin

and intravenous ergometrine
Step 3 If bleeding continues with an atonic uterus, consider early intravenous prostaglandin analog; install a reliable

intravenous line; ask for blood typing and cross-matching
Step 4 If the uterus is well contracted but the bleeding is continuing, prepare for manual exploration of the uterus
Step 5 Mild atonic hemorrhage will not exceed 1000 ml of lost blood; intravenous sulprostone 4.1 µg/min (40 drops/min) for

120 min, up to 16.7 µg/min
Step 6 For severe atonic bleeding exceeding 1000 ml of blood loss, immediately restore lost volume with fresh whole blood

and estimate blood loss; sulprostone dose may be increased briefly up to 330 drops/min (33.3 µg/min)
Step 7 If bleeding is continuing, transfer patient to the operating room; intracervical prostaglandin analog injection might

help
Postcesarean atonic bleeding within 30 min is especially dangerous; transfer patient back to operating room;
sulprostone intracervically on the operating table
For intraoperative atonic bleeding during cesarean section give intraoperative, intramyometrial injection of
sulprostone (100–300 µg)

Step 8 In cases of acute inversion of the uterus: after manual repositioning of the uterus give intravenous sulprostone
infusion

Step 9 Ligation of the hypogastric artery or the uterine artery can control pelvic hemorrhage
Step 10 Hysterectomy is indicated when all attempts to control the bleeding have failed. Placenta previa with previous

cesarean section and uteroplacental apoplexy are especially prone to uncontrollable bleeding, and are often
hysterectomy indications
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Step 7
The patient is transferred to the operating room if
all the above measures fail to control the bleeding.
Manual exploration has been done, and damage to the
birth canal has already been ruled out in the labor and
delivery room. On the operating table, while prepar-
ing for surgical intervention as a last resort, intracer-
vical prostaglandin analog injection can be carried out
under adequate exposure.

At the same time, accumulated intrauterine clots
can be removed. At this stage a coagulation failure
with DIC is usually present; therefore fresh frozen
plasma should be administered. Even if the bleeding
is decreasing, the patient is kept on the operating
table, with full preparation for surgery. In such cases,
usually 1–4 h are required to complete cessation of the
bleeding. Intravenous prostaglandin analog treatment
is continued as described above.

Postcesarean atonic bleeding is especially danger-
ous, and usually appears within 30 min following
transfer to the recovery room. The patient should be
immediately transferred back to the operating room
and treatment should proceed as described in steps
5 and 6. Sulprostone can also be given intracervically
under adequate exposure on the operating table. In
high-risk atony-prone cases, postoperative prophylac-
tic intravenous low-dose administration (2 µg/min) of
sulprostone may be recommended.

Intraoperative atonic bleeding during cesarean
section is quite common, especially if there was a pre-
ceding elective labor induction with oxytocin. In the
author’s experience, intraoperative, intramyometrial
injection of sulprostone (100–300 mg) proves to be
extremely helpful. Contraction is promptly initiated
within seconds by the prostaglandin analog, given
into the anterior wall of the uterus. Avoid direct
intravascular injection of the prostaglandin.

Step 8
In case of acute inversion of the uterus, which is fortu-
nately rare, a two-stage treatment is recommended:
first, in some cases betamimetics are needed for relax-
ing the contraction ring; then, after manual reposition-
ing of the uterus, intravenous infusion of sulprostone
should be started immediately, while holding the repo-
sitioned uterus in its correct position by hand. This
type of treatment has proved to be successful.

Step 9
Ligation of the hypogastric artery or the uterine artery
is described in every standard textbook of obstetrics.
The use of this method is advocated in cases of pla-
centa previa, focal placenta accreta, and cervical preg-
nancy. However the author’s experience has showed
that in a real catastrophic obstetric scenario, the large
uterus prevents adequate exposure of the vessels,
especially if a hematoma is present. Such a case has
been encountered when even a vascular surgeon was

unable to locate the vessels for more than 30 min in the
large pelvic hematoma. Although hypogastric artery
ligation can control pelvic hemorrhage through elimi-
nating uterine artery pulsation (the so-called ‘trip-
hammer effect’), it is a time-consuming approach with
potential for serious operative field complications.36

Ligation of the ascending branch of the uterine
artery on both sides requires the elevation of the
uterus out of the abdominal cavity. The ureter is in
close proximity, and there is a danger of ureteral liga-
tion, because of the distorted anatomy of the postpartum
uterus.

Step 10
Hysterectomy is indicated when all attempts to con-
trol the bleeding have failed. It is a striking observa-
tion that 26% of patients who require emergency
hysterectomy cannot be identified before delivery by
the existence of predisposing risk factors.37

The author’s experience has shown that in cases in
which severe PPH is combined with severe  DIC and
multiorgan failure, it is futile to try to preserve the
uterus. In many such cases when the uterus was pre-
served, it became a focus of infection, and the patient,
who already survived the bleeding and the DIC, died
of sepsis.

The author had a case in which, after a placental
abruption, the uterine bleeding and DIC were suc-
cessfully controlled, but then multiorgan failure
supervened. The patient became unconscious, and
was transferred by helicopter in deep coma to a national
center. There she underwent hysterectomy, and recov-
ered after a long stay in a critical care unit.

Placenta previa with previous cesarean section is
especially prone to uncontrollable bleeding and is
often an indication for hysterectomy. Uteroplacental
apoplexy (Couvelaire uterus) is very often accompa-
nied by a total inability of the uterus to contract, due
to intramural bleeding spots, and the fibrin degrada-
tion products (originating from the coagulopathy)
further impair myometrial contractility; therefore hys-
terectomy is frequently needed.

In cases of uterine rupture and placenta accreta,
removal of the uterus also serves the best interests of
the patient. In a hemodynamically unstable patient,
subtotal hysterectomy may be performed.

In the fortunately rare surgically unmanageable,
case of diffuse posthysterectomy bleeding, a situation
accompanied by DIC, a pelvic pressure pack can be
used (Logothetopulos umbrella pack).38

Future clinical aspects
Obstetrics is a ‘bloody arena’, and in the new millen-
nium practitioners of obstetrics are facing new chal-
lenges. The inability to predict PPH makes it necessary
to be always prepared to deal with it. The main prob-
lem is the poor predictive power of screening, because
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low-risk women who have delivered normally previ-
ously, without complications, do sometimes develop
serious postpartum bleeding.

Avoiding transfusion in obstetric management is
increasingly demanded for various reasons, and at the
same time the availability of fresh whole blood is also
decreasing. Some have taken extraordinary measures
in this regard. A placenta percreta case in a Jehovah’s
Witness, diagnosed by magnetic resonance imaging,
has been posted previously on the Internet. The patient
donated blood for herself and in week 37 she under-
went laparotomy, the aorta was clamped, hysterotomy
was performed, and then bilateral hypogastric artery
ligation was carried out prior to hysterectomy.

The life-threatening association of massive hemor-
rhage and coagulation failure, which knocks out the
stability of the hemostatic system, is the most feared
cascade of events frequently seen in postpartum
bleeding scenarios. Clotting factors are consumed
(consumption type) or removed from the bloodstream
(in case of placental abruption) and the fibrinolytic
system is activated. Thromboplastic materials,
cytokines, and interleukin-6 may enter the blood-
stream; endothelial damage and intravascular hemol-
ysis occur, with release of procoagulants. These
factors explode into DIC, resulting in a critically ill
obstetric patient with uncontrollable hemorrhage.

There are no ‘evidence-based’ markers or clear
guidelines in this dark field: we have to wait many
years until such knowledge will be available. In 2004,
the author participated in the EUPHRATES expert
meeting (European Project on Obstetric Hemorrhage
Reduction: Attitudes, Trial, and Early warning
System) in Paris, trying to reach a multinational min-
imum consensus on PPH management and raising the
level of awareness of professionals, health care plan-
ners and governments of the magnitude and impor-
tance of this cornerstone of obstetrics. For the coming
years our own clinical experience, professional judg-
ment, clinical research data from the literature, and
expert opinion are still the prime source of our
management plans.

A large number of maternal deaths could be attrib-
uted to this deadly combination of PPH and coagula-
tion disorder. The author’s experience also showed
that saving the life of these patients requires a con-
certed team effort, often including access to emer-
gency air transport to a state-of-the art critical care
facility, where there is experience in dealing with
massive hemorrhage and its consequences. The avail-
ability of all modern blood-banking equipment,
including plasmapheresis, can be life-saving.

Obstetricians are continuously trying to use novel
approaches in such critical treatments, and also redis-
cover some old options, like uterine packing. Here are
some examples of newly proposed approaches to PPH:

Compression sutures, B-Lynch suture39: This tech-
nique is designed to try to control uterine atony by
compressing the uterus with large sutures. These may

cause severe complications, and require a word of
caution.40 The use of prostaglandin analogs is the
more logical treatment choice in uterine atony cases.
In the author’s experience over the last 30 years, since
the availability of synthetic prostaglandins, there was
not a single case of uterine atony that was not
successfully managed by a prostaglandin analog.

The author was only forced to resort to hypogastric
artery ligation in a case of cervical pregnancy, but
never encountered a case in his large obstetric prac-
tice, when a uterine compression suture was thought
to be needed.

In such a case of cervical pregnancy with profuse
bleeding the author compressed the abdominal aorta
transabdominally with his left hand, and opened the
abdomen, without stopping to scrub, still compressing
the abdominal aorta until the bleeding was controlled.
The patient recovered smoothly and quickly without
any fever. So, in the author’s opinion, the ‘best com-
pression’ is the age-old hand compression of the abdom-
inal aorta, until the bleeding is brought under control.

Misoprostol,41 a prostaglandin-E1 analog that was
developed for the management of peptic ulcer disease,
has found some uses in obstetrics. Its use is plagued by
legitimacy issues,41 and in case of massive bleeding –
when every passing second increases the risk, its rectal
use is inadequate in the author’s opinion.

Pelvic arterial selective embolization42 requires a
hemodynamically stable patient, when the bleeding is
not immediately life-threatening, and a special unit
with an interventional radiologist. The technique is
not without serious complications, but has been used
with success in selected situations.

Recombinant activated factor VII (rFVIIa)43–45 is a
new and promising option to fight intractable post-
partum bleeding arising from the life-threatening
combination of profuse bleeding and associated desta-
bilization of the hemostatic system (DIC, hemolysis,
elevated liver enzymes, low platelet count (HELLP
syndrome)), especially the rampant variety, character-
ized by gross depletion of coagulation factors and very
high levels of fibrin degradation products (D-dimer).20

Its place in the management of PPH is still uncertain,
and it suffers from the problems of a short half-life
(about 2 h) and extremely high cost. Limited experi-
ence suggests that it may have a lifesaving role when
DIC cannot be controlled by more conventional means.

Over the years the author has encountered many
cases of horrendous postpartum bleeding, one in
which the patient was operated on five times in 30 h,
and got 25,000 ml of blood; another in our national
critical care center received 100,000 ml of blood until
stabilization. It is hoped that in the coming years
rFVIIa will give us great help, and such heroic,
extremely high-volume blood transfusions will be a
relic of the past. The use of rFVIIa might prove to be a
quantum leap in this murky field of obstetrics. The
author recently had a case with acutely successful
use of rFVIIa, which stopped the postcesarean, then
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posthysterectomy bleeding; however, due to its short
half-life, the intra-abdominal bleeding restarted 6 h
later, requiring another reoperation. The patient
ultimately recovered smoothly.

Some adjunctive treatments like planned auto-
transfusion, erythropoietin, synthetic blood also
deserve research as potential tools in the management
of patients during and after severe PPH.

Summarized conclusions
from clinical experience
Strategy: Try to identify high-risk cases that are prone
to PPH.

Tactics: Management should be carried out accord-
ing to a logical plan, which should include the early
or immediate use of third-generation prostaglandin
analogs when atony is present.

Be alert: Always rule out damage to the higher and
lower genital tract. In cases of a reluctantly atonic

uterus with non-traumatic bleeding, use prostaglandin
analogs as a first choice, especially in high-risk cases
of atony.

Be aware: Labor induction or augmentation
increases PPAH risk by uterine exhaustion.

Think prevention: By using intravenous third-
generation prostaglandin analogs, prevention can be
achieved. Accompanying coagulation disturbance is
dynamic and self-limiting with time if the bleeding is
controlled.

Keep in mind: The intravenous route for chronic
administration of prostaglandin analog is especially
good if atonic hemorrhage is persistent.

Count on: Prostaglandin analog treatment decreases
bleeding within 2–4 min, and will stop non-traumatic
bleeding within 5–15 min.

Remember: Atony following cesarean section is
especially dangerous, and in cases at high risk for
atony prophylactic intravenous administration of
sulprostone is advisable, using a lower dose range
(approximately 2 µg/min).
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185 Resuscitation and immediate
care of the newborn
J. Babnik

1955

There are few moments in life when humans are as
vulnerable and as dependent on the help of others as
at birth. In a few seconds the newborn must adapt
from life in the warm, moist, sterile environment of
the mother’s womb to wholly different extrauterine
surroundings. Every organ must adjust to this change
over a few minutes or a few days; but the key to imme-
diate survival of the newborn is a smooth cardiopul-
monary transition. The neonate must successfully
inflate his or her lungs and rearrange the fetal circula-
tion. With modern obstetric care there are only a few
newborns who do not succeed in this adaptation,
primarily for reasons related to perinatal asphyxia.
Immediately after delivery these infants are not
vigorous, do not cry, and do not breathe regularly.
Resuscitation, from the Latin resuscitate, ‘to arouse
again’, implies those actions that restore life. Skillful
resuscitation of the asphyxiated infant immediately
after delivery can prevent brain damage and minimize
subsequent neonatal disease.

Approximately 5–10% of all newborn infants
require some form of resuscitation.1 Jain and
Vidyasagar2 found that the percentage could be as
high as 9.4% (excluding suctioning) and that 6% of
newborn babies were intubated. Not all hospitals
experience such high numbers of resuscitated infants.
Our data from the Ljubljana Maternity Hospital for
the 6-year period 1997–2002 include 33,357 live-born
babies. Of these, 4.2% were born with a 1-min Apgar
score < 7 and 0.6% with score < 3. The majority of
babies (94.7%) accomplished their transition to
extrauterine life without any help: 1.4% received only
suctioning, 3.6% were ventilated with bag and mask,
and an additional 0.4% required intubation, chest
compression or medication.3

Causes of newborn depression
Intrapartum asphyxia cannot be easily differentiated
clinically from neonatal depression caused by a vari-
ety of drugs during labor, congenital anomalies, pre-
maturity and other diseases of the infant. Initial

resuscitative measures are, nevertheless, similar in
all situations and should be initiated without delay.4

The major causes of neonatal depression at birth are
shown in Table 185.1. The diagnosis of perinatal
asphyxia should only be made when certain clinical
criteria are met.

Definition of perinatal asphyxia
Perinatal asphyxia remains a concern of obstetricians,
neonatologists and others involved in the care of
women, infants, and children. Despite considerable
advances in our knowledge of its epidemiology and
pathophysiology, and despite the development of
novel diagnostic tools and new treatments, a precise
definition remains elusive. The American College of
Obstetricians and Gynecologists’ (ACOG) Committee
on Maternal–Fetal Medicine and the American

Table 185.1 Causes of delayed onset of regular
respiration

Perinatal asphyxia
Excessive suctioning (vagal stimulation causes bradycardia
and apnea)
Trauma, especially to central nervous system (tentorial tears)
or cervical cord
Drugs that depress breathing (anesthetic, narcotic, alcohol,
magnesium sulfate, tranquilizers)
Severe immaturity (surfactant-deficient lung, inadequate
respiratory effort)
Perinatally acquired sepsis: group B streptococci, Listeria
monocytogenes
Primary neuromuscular disease (Werdnig–Hoffmann
disease, congenital myopathies, myotonic dystrophy,
congenital muscular dystrophy)
Congenital malformation obstructing the airway or
preventing lung expansion (choanal atresia, Pierre–Robin
syndrome, laryngeal atresia, diaphragmatic hernia,
pulmonary hypoplasia)
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Academy of Pediatrics’ (AAP) Committee on the Fetus
and Newborn have defined certain criteria that must
be met if neurologic deficits are to be attributed to
perinatal asphyxia.5 All of the characteristics listed in
Table 185.2 must be present, including evidence of at
least one organ dysfunction. If such evidence is lack-
ing, it is difficult to conclude that perinatal asphyxia
is the cause of later developmental disability.

Pathophysiology of asphyxia
and resuscitation
In order to undertake the necessary and appropriate
measures for resuscitation of the newborn, a firm
understanding of pathophysiologic events that occur
during asphyxia is vital. Asphyxia (which etymologi-
cally means ‘without pulse’) is defined as hypoxia
combined with respiratory acidosis (organ gas
exchange failure). When this occurs, the arterial carbon
dioxide partial pressure (PaCO2) rises, whereas the
arterial oxygen partial pressure (PaO2) and pH fall.
During lack of oxygen the cell switches to anaerobic
metabolism to meet energy requirements. Glycolysis
is accelerated, but in anaerobic conditions 15 times
more glucose is expended for the same amount of ATP
production as occurs in aerobic conditions. Therefore,
anaerobic glycolysis represents only a short-term com-
pensation and leads to a large amount of lactic acid
accumulation that is partially buffered by the bicar-
bonate in the blood.

The main causes of asphyxia are hypoxemia and
ischemia, hence the term hypoxic–ischemic encephalo-
pathy. Five principal mechanisms of asphyxia have
been described in the human infant during labor, deli-
very, and the immediate postpartum period.5 These
are: (1) interruption of umbilical blood flow (cord
compression, prolapse); (2) failure of gas exchange
across the placenta (placental insufficiency, abrup-
tion, or previa); (3) inadequate perfusion of the mater-
nal side of the placenta (severe maternal hypotension,
hypertension from any cause, or excess uterine con-
tractility); (4) impaired maternal oxygenation (car-
diopulmonary disease, anemia); and (5) failure of
adequate cardiopulmonary adaptation after birth

(insufficient lung inflation and faulty rearrangement
of the fetal circulation).

Classic changes of perinatal hypoxia were described
in the rhesus monkey experimental model and proba-
bly imitate events in human fetuses.6 Figure 185.1
illustrates the changes in heart rate, breathing
movements, blood pressure and pH during 10 min of
total asphyxia and after subsequent resuscitation.
Immediately after delivery, the umbilical cord was
tied, and the head of the monkey was covered with
a bag of a warm saline. Within 30 s a short series of
rhythmic respiratory efforts began, which was inter-
rupted by a series of clonic movements accompanied
by an abrupt and profound fall in heart rate to below
100 beats per minute (bpm), after which the animal
lay inert with no muscular tone. The skin became
cyanotic and during the next few minutes it gradually
became pale as vasoconstriction appeared and pro-
duced asphyxia pallida. The initial period of apnea
(primary apnea) lasted for 30–60 s. After primary apnea,
the monkey made deep gasping efforts for 4–5 min.
The gasping then weakened gradually until it ceased
completely, with the last gasp about 8 min after the
onset of total asphyxia. Secondary (terminal) apnea
followed, during which the heart rate and blood pres-
sure declined steadily. During the period of primary
apnea, spontaneous respiration could be induced by
tactile stimulation. Profound changes in pH, PCO2,
and PO2 occurred during the 10 min of total asphyxia:
pH decreased from 7.3 to 6.8; PaCO2 increased from
45 to 200 mmHg; and PaO2 decreased from the normal
umbilical arterial level of 25 mmHg to nearly zero.
During secondary apnea, tactile stimulation could not
induce spontaneous respiration, and unless resuscita-
tion with bag and mask ventilation began within a few
minutes, death resulted. The longer is the delay in ini-
tiating resuscitation after the last gasp, the longer is
the time to the beginning of spontaneous respiration
(Figure 185.2).

Early in perinatal asphyxia, cardiac output is main-
tained, but its distribution changes radically. Blood
flow to less vital organs such as gut, kidney, muscle and
skin is reduced by selective regional vasoconstriction.7

However, blood flow to brain and myocardium
increases, and the delivery of oxygen to these organs
is maintained despite reduced blood oxygen content.8

If asphyxia progresses to the severe stage, oxygen deliv-
ery to the brain and heart decreases. At first, the
myocardium uses its stored reserve of glycogen for
energy; but when this has been consumed, the com-
bined effect of hypoxia and acidosis impairs myocar-
dial function.9 The result is decreased blood flow to the
brain, which can lead to brain damage.

The adaptive events described above probably
reflect the responses of the human newborn to
absolute asphyxia such as could occur during total
placental abruption, rupture of the uterus or prolapse
and compression of the umbilical cord. Such experi-
mental knowledge is not always directly applicable to
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Table 185.2 Essential characteristics of perinatal
asphyxia5

Profound metabolic or mixed academia (pH < 7.00) in an
umbilical cord arterial blood sample
Persistence of an Apgar score of 0–3 for > 5 min
Clinical neurological sequelae in the immediate neonatal
period, including seizures, hypotonia, coma, or
hypoxic–ischemic encephalopathy
Evidence of multiorgan system dysfunction in the
immediate neonatal period
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the human fetus and newborn, because most clini-
cally encountered asphyxia is intermittent, subacute
or chronic. Nevertheless, the sequence of events in
successful resuscitation is quantitatively similar in all
species, including man.10

The apneic newborn who responds to tactile stim-
ulation by gasping is in primary apnea. If the infant is
till gasping, administration of air (oxygen) or gentle
tactile stimulation is sufficient for recovery, unless
the gasps are too feeble and arterial pressure too low.

If asphyxia is only moderate, the resuscitation
begins when the infant is apneic but the myocardium
has not yet failed. Effective ventilation with oxygen
corrects acidosis by lowering PCO2, while oxygena-
tion of blood dilates the pulmonary vascular bed.
During secondary apnea the human newborn is usu-
ally pale. The first sign of recovery once adequate

ventilation is achieved is an acceleration of the heart
rate. Following this, the blood pressure rises, the skin
becomes pink, and gasping then reappears after an
interval. The duration of this interval has some
practical value in indicating the magnitude of the
asphyxial insult that the infant has suffered. Rhythmic
spontaneous respiratory efforts become established
after a further interval and muscular tone reappears
gradually over the course of the next hour or more.

If the asphyxia proceeds to myocardial failure,
resuscitation must include the restoration of cardiac
output as well as the establishment of effective venti-
lation and perfusion of the lung. Generally, myocar-
dial failure does not occur until both pH and PaO2 are
extremely low, approximately 6.9 and 20 mmHg,
respectively. Chest compression (external cardiac
massage) should be performed until cardiac output is
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Figure 185.1 Physiological changes during asphyxia.6
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reestablished. As soon as the pH is raised to 7.1 and
PaO2 to 50 mmHg, the myocardium responds, and
heart rate and aortic pressure rise, while the central
venous pressure falls. Because vasoconstriction to
non-vital organs is still present, the infant becomes
hypertensive. With correction of acidosis and contin-
uous oxygenation, vasoconstriction is relieved and
pressure will fall toward normal. The skin becomes
pink and well perfused. The improved perfusion to all
organs means that lactic acid, sequestered in these
tissues, enters the circulation and makes the meta-
bolic acidosis even greater than before. Measuring lac-
tic acid in the umbilical cord just after delivery does
not always reflect the magnitude of the asphyxia, as
lactate is also produced in the placenta, and an
increased quantity may result from decreased uptake
by the asphyxiated fetal liver.11

The blood volume of the asphyxiated infant may be
abnormal. Usually there is no great shift of blood
between the fetus and placenta and the infant is born
with an adequate blood volume. In the clinical situa-
tion of external bleeding from the feto-placental unit,
in feto-maternal or feto-fetal bleeding, the infant’s
blood volume is reduced. The other most common
causes are cord compression (venous flow is com-
pressed more than the arterial flow), and severe
maternal hypotension and asphyxia occurring at the
end of labor.12

Clinically it may be difficult to determine if the
shock is hypoxic or hypovolemic, as both can cause
bradycardia, metabolic acidosis, hypotension and
poor peripheral perfusion. Only changes in the cen-
tral venous pressure, which is low in hypovolemic
shock, may be of discriminative value. The course
of events during resuscitation usually determines the
adequacy of blood volume. During asphyxia the sys-
temic and pulmonary vasoconstriction maintain
normal blood pressure, even with reduced blood vol-
ume. The administration of a blood volume expander
at this point would only overload the circulation. The
correction of asphyxia relieves vasoconstriction, and
a small blood volume becomes inadequate to support
circulation. Reperfusion of the ischemic tissues leads
to intravascular water loss from the capillary bed and
aggravates hypovolemia.

The signs of hypovolemic shock include low aortic
pressure with narrow pulse pressure, falling hemat-
ocrit, persistent metabolic acidosis, low central
venous PO2 (< 30 mmHg) after correction of arterial
hypoxia, cold extremities, and delayed capillary
refilling. Tachycardia is often absent, as the predomi-
nant regulator of cardiac output in the human fetus
and newborn is the Frank–Starling mechanism and
not the heart rate.13 As in the adult, the fetal heart fol-
lows a Frank–Starling curve in such a manner that an
increase in the filling pressure leads to an increase in
stroke volume. However, the fetal heart operates, in
its baseline state, high on its cardiac function curve.
With increasing atrial pressure, there is diminished

capacity to increase myocardial performance, as the
length–tension relationship has already approached
its maximal plateau.14

Hypovolemia should be treated promptly, lest pro-
longed under-perfusion of tissues leads to increased
capillary permeability and pulmonary disease, which
make resuscitation more difficult. Excessively rapid
volume replacement can lead to myocardial failure;
therefore, repeated small infusions of whole blood
(5 ml/kg) or packed erythrocytes should be used.

Resuscitation
Based on extensive review of available information,
neonatal resuscitation guidelines (basic and advanced
life support) were revised extensively in 1999 by the
International Liaison Committee on Resuscitation
(ILCOR) Pediatric Working Group, with representa-
tives from North America, Europe, Australia, New
Zealand, Africa, and South America.15 Consensus was
reached on almost all aspects of neonatal resuscita-
tion, was published,16 and is widely accessible on the
Internet (http://www.circulationaha.org, http://www.
pediatrics.org/cgi/content/full/103/4/e56).

Although the guidelines focus on the newly born
infant, most of the principles are applicable throughout
the neonatal period (first 28 days of life) and early
infancy. The term newly born refers specifically to the
infant in the first minutes to hours after birth. The point
at which neonatal resuscitation guidelines should be
changed to a pediatrics resuscitation protocol varies
for individual patients. The transition from fetal to
extrauterine life involves dramatic changes in car-
diopulmonary physiology (initial lung expansion,
decrease in pulmonary vascular resistance, closure of
intracardiac shunts), temperature regulation and meta-
bolic adaptation. Although certain physiologic features
are unique to the newly born, others pertain to infants,
especially to premature infants, throughout the neona-
tal period. Therefore, until discharge from maternity
hospital or from a neonatal intensive care unit newborn
resuscitation guidelines should be followed; after read-
mission pediatric protocols should be used.

However useful the guidelines are it should be
remembered that, much of what they proposed was
based on opinions of experienced clinicians or on less
than optimal studies.17 Only two of the recommenda-
tions are Class I (based on the evidence from random-
ized, controlled trials that showed a large effect);
therefore, areas of controversy and of high priority for
additional research were delineated. Moreover, the
guidelines made no distinction between the tech-
niques used for term and very preterm infants and it
is very likely that some of the proposed procedures
may even hurt preterm infants instead of treating
them. The current chapter includes the proposed
guidelines, with special consideration devoted to
areas of controversy.
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Only basic resuscitation measures, discussed in
this section, should be carried out in the labor ward.
The aim should be to normalize the heart rate and to
assure breathing, if necessary with the aid of intermit-
tent positive-pressure ventilation and chest compres-
sion. To achieve these goals, the only medications,
except for epinephrine and plasma expanders, which
can be tried blindly, are naloxone, a single dose of
bicarbonate, and an infusion of glucose. All other
treatments are best postponed until the baby is in the
neonatal intensive care unit.4

Anticipation of resuscitation and
preparation for the delivery
A maternity hospital should be designed so that the
delivery rooms and the neonatal unit are adjacent to
each other. If this is not the case the labor ward should
be prepared to carry out more prolonged resuscitation
and for the care of the baby, until transport to the
neonatal unit is accomplished.

Only about 5–10% of all newborn infants require
some form of resuscitation1 and this number increases
exponentially for very low birth weight (VLBW)
infants. The delivery of a baby requiring resuscitation
may often be predicted, as more than 50% of such
babies are born after some complications during preg-
nancy or labor. Whenever complications are expected,
it is advisable, when possible, to transport the woman
(transport in utero) to an institution where appropri-
ate care can be offered and experienced personnel

are available. Many of these high-risk categories,
presented in Table 185.3, have been defined, and
hospital practice is that such a delivery should be
attended by the neonatologist/pediatrician. Optimally,
the pediatrician should be present at more than 30%
of all deliveries, although he or she will often not be
needed. Cesarean section is the most common reason
for calling the neonatologist, although an elective
cesarean section is not necessarily a high-risk situa-
tion.18,19 Usually the risk factors are combined (emer-
gency cesarean section and fetal distress) but when
considered alone, the most common reasons for
skilled resuscitation are emergency cesarean section,
forceps and vacuum delivery, newborn being covered
with thick particulate meconium, breech delivery,
prematurity, multiple birth, and fetal distress.20,21

Although the causes of asphyxia are numerous,
review of the clinical situation and of the patient’s
history can help guide the physician’s approach to the
resuscitation. When time permits, the following infor-
mation should be acquired: gestational age, fetal
growth during pregnancy, findings of amniocentesis
or ultrasound assessment (gastrointestinal anomaly,
diaphragmatic hernia, bilateral renal anomaly), reasons
for preterm delivery (chorioamnionitis), complica-
tions during pregnancy, course of labor, indications
for operative intervention, drug administration, and
maternal health during labor (evidence of infection).

Personnel
Although it has been suggested that around 60%
of deliveries resulting in the need for neonatal
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Intrapartum factors

Emergency cesarean section
Forceps- or vacuum-assisted delivery
Breech or other abnormal presentation
Premature labor
Precipitate labor
Long labor (>24 h)
Prolonged second stage of labor (>2 h)
Chorioamnionitis
Fetal bradycardia
Abnormal fetal heart rate patterns
Use of general anesthesia
Narcotic administration to mother proximate to delivery
Meconium-stained amniotic fluid
Prolapsed cord
Abruptio placentae
Placenta previa

Antepartum factors

Maternal diabetes
Pregnancy-induced hypertension
Chronic hypertension
Chronic maternal illness (cardiovascular, thyroid,
neurological, pulmonary, renal)
Anemia or isoimmunization
Previous fetal or neonatal death
Bleeding in second or third trimester
Maternal infection
Polyhydramnios
Oligohydramnios
Prelabor rupture of membranes
Post-term gestation
Multiple gestation
Intrauterine growth restriction
Drug therapy (lithium, magnesium, adrenergic
blocking agents)
Maternal drug abuse
Fetal congenital anomalies
Diminished fetal activity
No prenatal care
Age < 16 or > 35 years

Table 185.3 Risk factors associated with the need for neonatal resuscitation (from Emergency Cardiac Care
Committee and Subcommittees, American Heart Association22 with permission)
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resuscitation can be anticipated,2 many more are
unpredictable events, and these usually require the
most urgent and most aggressive resuscitation. The
recommendation that someone who is trained in all
aspects of neonatal resuscitation should be present
at every delivery is impractical.22 More reasonable is
that such qualified person should be available in the
hospital at all times and should attend only high-risk
deliveries. Depending on the organization of the
health service and the particular hospital policy, this
person could be a pediatrician, an obstetrician, an
anesthesiologist, an obstetric nurse or a respiratory
care practitioner. It is imperative that he or she is well
trained in neonatal resuscitation, which includes ini-
tial management, bag and mask ventilation, intuba-
tion, and umbilical catheter insertion. However, in
cases of unpredictable events, resuscitation is given
by the first person available who is skilled in basic
procedures (prompt evaluation of the newborn’s
condition, clearing the airway, bag and mask ventila-
tion). These goals must be achieved through care-
fully programmed training for all persons who could
possibly be involved in resuscitation. It does not
mean that every person knows all the steps; a nurse
may not be expected to have the intubation skills, and
a respiratory therapist may not be asked to provide
medication.

Equipment
At every delivery the equipment and medication
necessary for resuscitation should be prepared, and
appropriate function should be checked before the
anticipated need, and replenished after each use. It is
recommended to have a list of the necessary equipment
and medication, and every day the integrity should be
guaranteed by the signature of a responsible person.

Most neonatal resuscitation is now carried out
on resuscitation trolleys built for this purpose or in a
special place in the delivery room (Figure 185.3),
equipped with the essential components listed in
Table 185.4 (radiant warmer, supply of oxygen, suc-
tion with manometer, large clock), and with good
access from at least two sides. The shelf should be
tiltable and at a comfortable height for the resuscita-
tor. On arrival to the labor ward the resuscitator should
check the equipment for resuscitation: radiant heater
and room temperature, oxygen supply, adequate suc-
tioning, functioning of self-inflating bag and laryngo-
scope, availability of the appropriate mask and
endotracheal tubes, warm towels and linen.

Evaluation of the
newborn’s condition
Immediately after birth (and not after the umbilical
cord is cut) the clock should be started and signs that
show infant condition (meconium in the amniotic fluid
or on the infant skin, cry or respiration, muscle tone,
color, term or preterm gestation) should be evaluated
simultaneously by visual inspection. Indications for
further assessement and intervention under the radi-
ant warmer include: meconium in the amniotic fluid
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Figure 185.3 Place for resuscitation of newly born infants in
the delivery room, with wall-mounted oxygen supply, suction
device and radiant heater.

Figure 185.2 Mean time from the onset of asphyxia or anoxia
to the last gasp, and mean time from the beginning of positive
pressure ventilation to the first gasp in fetal monkeys asphyxiated
for 10, 12.5 and 15 min.6
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or on the infant’s skin; absent or weak respiration;
persistent cyanosis; and preterm birth.

In every labor ward, the Apgar score is traditionally
used for the assessment of the newborn and to pro-
vide an overview of the degree of resuscitation likely
to be necessary. Before and during resuscitation, how-
ever, it is enough to assess sequentially the respiratory
effort, heart rate and color.

Respiratory efforts may be manifest as vigorous
crying, regular breathing, gasping respiration or apnea.
The assessment should be done by auscultation or

inspection of breathing movements. If breathing is
shallow or the infant is apneic, he or she needs
physical stimulation and bag and mask ventilation.
Regular respiration should be sufficient to maintain
heart rate > 100 bpm.

The heart rate may be evaluated by auscultation
with a stethoscope, with palpation of the pulse at the
base of the umbilical cord, or with a fetal cardiac
monitor (Doppler method). The palpation of femoral
or brachial pulses is unreliable and even umbilical
pulsation must not be relied upon if low or absent.23

The Doppler method is most desirable, as all resusci-
tators can hear the heart beat and take appropriate
steps in response to it. There is no need for exact
counting of the pulse rate during resuscitation; a rapid
estimation of whether the heart rate is above or below
100 bpm or whether it exists at all is most important.
Therefore, all other resuscitation measures are dis-
continued for some seconds during auscultation.

Color can range from normal pink with acro-
cyanosis to central cyanosis or pallor. Color indirectly
reflects the state of the circulation. Pallor is due to
peripheral vasoconstriction and is a sign of shock
(hypoxic or hypovolemic), acidosis or hypothermia,
whereas cyanosis suggests normal circulation, with
disturbed oxygenation. Preterm newborns are not
infrequently covered with bruises, making evaluation
of color difficult. A look at the lips usually suffices to
evaluate cyanosis and the need for oxygenation.

Immediate newborn care:
initial stabilization
Positioning
Just after delivery the face and nose should be wiped,
and a healthy baby is placed on his or her side to aid
drainage of the mucus from the nasopharynx and
trachea. Usually, the healthy baby retains good mus-
cle tone in the flexed position, and begins crying after
initial drying. Most immediate care of the healthy
newborn can be accomplished while the newborn is
held on the mother’s abdomen or under the radiant
warmer, which may be placed near the parents so that
they can see the baby. Because of reports of sudden
unexpected neonatal death, the baby lying prone
on the mother’s abdomen should be constantly
observed.24

The neonate requiring resuscitation should be
placed supine or on his or her side with the neck in a
neutral position. Overextension or flexion may pro-
duce airway obstruction and should be avoided.

Cord clamping
If time permits, umbilical cord should be clamped
when pulsations cease, usually 30–60 s after birth;
when resuscitation is required the umbilical cord
should be clamped immediately. It is important that
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Table 185.4 Resuscitation equipment required in the
delivery room16,22

Radiant warmer

Supply of oxygen with flowmeter (capable of delivering at
least 10 l O2/min) and tubing (including portable oxygen
cylinders)

Suction with manometer: the suction should not exceed
200 mmHg, and for routine use should be set at 100 mmHg

Suction equipment
Bulb syringe
Suction catheters, 5F or 6F, 8F, and 10F or 12F
Meconium aspiration device

Bag-and-mask equipment
Face masks, newborn and preterm size (mask with
cushioned rim preferred, should be easily detached from the
bags and replaced with endotracheal tube connectors)
Resuscitation bags: self-inflating with pop-off valve opened
at 30–35 cmH2O or anesthesia bags

Intubation equipment
Tracheal tubes, size 2.0, 2.5, 3.0, 3.5 and 4.0
(internal diameter)
Laryngoscope with straight blades No. 0 (preterm) and
1 (term)
Endotracheal tube introducers (optional)
CO2 detector (optional)
Magill forceps for nasotracheal intubation
Laringeal mask airway (optional)

Medication
Epinephrine ampule (1 mg/ml) (1:10,000 solution should be
prepared)
Naloxone hydrochloride (1 or 0.4 mg/ml solution)
Sodium bicarbonate (0.5 mEq/ml solution)
Volume expander: normal saline (0.9% NaCl),
Ringer’s lactate

Umbilical vessel catheterization tray
Umbilical catheters (3.5F and 5.0F)
Three-way stopcocks

Miscellaneous
Nasogastric feeding tubes (6F and 8F) for gastric suction
A selection of syringes, needles, intravenous cannulas,
specimen bottles
Scissors, adhesive tape of a type that will not damage very
fragile preterm infant skin
Solution for skin disinfection, gloves
Stethoscope
Oropharyngeal airways, newborn and premature infant size
Cardiac monitor and pulse oximeter or fetal cardiac monitor
are desirable
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as much umbilical cord blood as possible is taken for
further analysis: blood gas analysis, hematocrit, blood
group studies, lactate, etc. For this purpose a section
of cord is clamped between the newborn infant and
the placenta. The results of blood gas analysis may be
available within minutes and can be helpful in further
management of the asphyxiated infant.

Maintaining warmth
The first priority is to provide and maintain warmth,
because cold stress can increase oxygen consumption
and impede effective resuscitation.25 The newborn
is, therefore, dried immediately and all wet linen is
removed. Warmth can be maintained by covering the
newborn with warm blankets or by placing it in skin-
to-skin contact with the mother. There is no need for
bathing and removing the vernix from the infant’s skin.
These procedures can be safely postponed until the
end of the first day when the adaptation to extra-
uterine life has been well accomplished.

When placing the infant under a radiant warmer,
hyperthermia should be avoided because it is associ-
ated with respiratory depression.26,27 Moreover, recent
data suggest that even mild hyperthermia during or
following a hypoxic–ischemic insult may exacerbate
damage.28 The mechanism of this adverse influence is
unclear but may be related to a dramatic increase in
the release of excitotoxins.29

Some animal studies revealed that hypothermia
after hypoxic–ischemic injury reduced histologic
evidence of brain damage,30,31 delayed cerebral energy
failure,32 and improved behavioral outcome.33

Cooling was achieved with the head and neck covered
with ice bags and with peritoneal cold lavage per-
formed when the spontaneous circulation was
restored. The mechanism of therapeutic hypothermia
is multifaceted and includes preserving energy, stabi-
lizing membranes, decreasing oxygen demand, excito-
toxicity, free radical reactions, and deleterious
enzyme reactions.34

Under normal conditions the brain is metabolically
highly active, and produces about 70% of total body
heat in the newborn.35 The heat produced is dissi-
pated by conductive loss through the cerebral circula-
tion and by radiant loss from the scalp. There is a
normal core-to-skin gradient in the head of more than
1°C, which is lost when the external heating under a
radiant warmer begins.36 Considering that overhead
heating prevents heat dissipation and even promotes
cerebral hyperthermia, mild systemic hypothermia,
with or without head cooling has been proposed as a
therapeutic intervention in infants who suffer perina-
tal hypoxic–ischemic injury.37,38 However, because of
potential adverse effects, including metabolic, cardio-
vascular, pulmonary, coagulation, and immunologic
complications, hypothermia cannot be recommended
as a routine therapeutic intervention until appropriate
controlled studies in human have been performed.15

Tactile stimulation
Most newborn infants begin to breathe and cry during
wiping with a towel. However, rubbing the back and
slapping or flicking the soles are two other safe meth-
ods of tactile stimulation. Tactile stimulation may
initiate spontaneous respiration in a newborn with
primary apnea. If no response occurs within 10–15 s,
the infant should be placed under a radiant warmer
on the resuscitation desk, and positive pressure venti-
lation should be initiated.

Type of resuscitation
after initial stabilization
After initial evaluation and stabilization, one can clas-
sify the newborn as either healthy, with good tone,
regular breathing and a loud cry, or as one with shal-
low breathing, apnea, pallor or cyanosis.

Healthy newborn crying loudly
Such a newborn needs no additional care. No pharyn-
geal or tracheal aspiration is needed unless the amni-
otic fluid is exceedingly bloody or meconium-stained.
After clamping the umbilical cord, the infant should be
thoroughly dried, and put into contact with the mother.
The mother should be encouraged to put it against her
breast because early suckling induces more efficient
breastfeeding and quicker contraction of the uterus.
When still in the delivery room, the infant must be
identified and must receive 1 mg of vitamin K for
protection against hemorrhagic disease of the newborn.
Eye infection prophylaxis should be administered
with topical 1% AgNO3, 0.5% erythromycin or 1%
tetracycline.

Newborn not breathing and cyanotic or pale
The umbilical cord should be clamped quickly, the
infant put on the resuscitative trolley, and resuscita-
tive measures started without delay. The promptness
of the response to resuscitation efforts enables a retro-
spective diagnosis of primary or terminal apnea.

Most depressed newborns are in a state of primary
apnea, and they start breathing after sensory stimula-
tion (wiping or rubbing the soles or back) or after
short bag and mask ventilation. Once they become
pink, breathe regularly or cry, they may generally be
admitted to the ward for healthy newborns, regardless
of the 1-min Apgar score.

The newborn in terminal apnea experiences severe
asphyxia and will not start breathing spontaneously
without appropriate resuscitation measures. The
longer the resuscitation is postponed, the more severe
the metabolic and physiologic changes and the greater
the possibility of brain damage. Resuscitation should
be started immediately (Figure 185.4). Some newborns
are born dead (with Apgar score of 0) but are still
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resuscitatable. In that situation, resuscitation is
started unless the obstetrician is sure that the fetal
heart ceased beating more than 10 min before deliv-
ery. If the heart rate does not appear within 10–15 min
after birth, the resuscitation should be stopped.39

Techniques used during resuscitation
Suctioning
Guidelines for neonatal resuscitation16 still recom-
mend suctioning of the infant’s nose and mouth with
a bulb syringe after delivery of the shoulders, but
before delivery of the chest. This task is often difficult
to accomplish because, after delivery of the head, the
rest of the body often delivers promptly. In addition,
it has been shown that oropharyngeal suctioning at
the perineum does not affect the rate of meconium
aspiration syndrome (MAS).40

Immediately after the fetal head is delivered,
whether vaginally or by cesarean, the newborn’s face
should be wiped with gauze or a towel, and, once
delivered, a healthy baby should be put on its side or
prone. At birth the baby has amniotic fluid and mucus
in its mouth, nose and pharynx. We should remember
that throughout its intrauterine life the fetus exercised
respiratory movements and that the presence of amni-
otic fluid is indispensable for development of the fetal
lungs. If the amniotic fluid is not meconium-stained
and there is not much maternal blood in it, healthy,
vigorous newly born infants generally do not require
suctioning.41 With the first few deep breaths the new-
born expels the amniotic fluid, together with the rest
of the fluid from the lungs, into the pharynx and
swallows it. Some of the fluid is absorbed into the pul-
monary interstitium and removed by blood or lymph.
Aggressive suctioning of the pharynx may cause
laryngeal spasm and vagal bradycardia.42 Suctioning
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Figure 185.4 Algorithm for the resuscitation of the newly born infants.16,22
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should be carried out only when the newborn is
depressed and needs bag and mask ventilation or tra-
cheal intubation, especially when amniotic fluid is
meconium-stained or is exceedingly bloody.

Clearing the airway of meconium
Approximately 8–13% of infants are born with meco-
nium in the amniotic fluid43,44 and 3–7% of these
develop MAS.39,45 The meconium causes chemical
pneumonitis, and at the same time inhibits surfactant
activity and thus leads to severe respiratory distress.
The first priority after delivery is, therefore, to clean
the infant’s airway. As noted, although guidelines and
common practice counsel15,16 suctioning of infant’s
mouth, pharynx and nose just after delivery of the
head with a large-bore suction catheter (12F) or bulb
syringe, it is not certain that oropharyngeal suctioning
at the perineum reduces the risk of meconium aspira-
tion.39 To remove thick meconium a higher negative
pressure is needed than provided by a De Lee oral
aspirator or a bulb syringe. Efficient aspiration must
be carried out as soon as possible on the resuscitation
table with vacuum or air aspirators.

Results of several recent studies, summarized by
the Cochrane database of systematic reviews45–48

showed that intubation and suctioning of the appar-
ently vigorous meconium-stained infant did not result
in a decreased incidence of MAS or other respiratory
disorders. Therefore, intubation and suctioning should
be carried out only in depressed infants.

The initial aspiration of thick meconium may
require negative pressures as high as 150 mmHg.49

The 10F or 12F suction catheter is introduced under
laryngoscope-guided control; the mouth and pharynx
should be aspirated first, followed by the trachea.
Should meconium be found in the trachea, aspiration
is continued so that as much of the meconium as pos-
sible is aspirated in the shortest possible time before
the first breath. During this time all actions which
could induce breathing (drying, tactile stimulation)
should be postponed, until the posterior pharynx is
clean of meconium.47–49

If the meconium is extremely thick and infant is
still depressed, the trachea should be intubated.
Current recommendation is that aspiration and
removal of the tube are carried out simultaneously.
The procedure is repeated until the tracheal tube is
almost cleared.16 Between two aspirations, which
must be brief, the newborn’s condition is monitored.
If the infant’s heart rate or respiration is severely
depressed, resuscitation with positive pressure venti-
lation should be initiated, despite the presence of the
meconium in the airway. A large amount of meco-
nium is usually present in the stomach and should be
suctioned after cleaning the respiratory tree.

Ventilation
The indications for positive pressure ventilation after
birth are: apnea or gasping respiration; heart rate less

than 100 bpm; and persistent central cyanosis despite
the delivery of 100% free-flow O2.

Bilateral chest wall motion and audible breath
sounds are adequate signs of successful ventilation.
To establish effective ventilation after birth, the
neonate must generate an opening negative pressure
of 20–40 cmH2O,50 and even higher pressures may be
required to inflate the fluid-filled lung of the baby
who does not breathe spontaneously after birth.
Inflation should be prolonged, lasting 3–5 s to estab-
lish a functional residual capacity (FRC).51 Less
pressure and shorter inflation times are required
for succeeding breaths. The observation of chest wall
movement is a more reliable sign of appropriate
inflation pressure than any pressure read from the
manometer. If the lungs cannot be inflated, attempt
the following: (1) reposition the mask to ensure a tight
seal between face and mask; (2) reposition the head
in a case of overextension or flexion; (3) repeat suc-
tioning if necessary; and (4) use increased inflation
pressure. If these measures are inadequate, prompt
intubation is necessary. Prolonged bag and mask ven-
tilation may insufflate the stomach; therefore, after
suctioning the mouth and nose a catheter left open to
air should be inserted into the stomach. Ventilation
should be at the rate of 40–60 breaths per minute, and
after 15–30 s the infant’s response should be checked.

Most infants respond to adequate ventilation
within 10–15 s with increasing heart rate to more than
100 bpm, and with improvement in color. If sponta-
neous respiration is present, ventilation should be
slowly discontinued. Gentle tactile stimulation, such
as rubbing the skin, helps to commence and maintain
spontaneous respiration.

If the infant is cyanotic or pale blue despite
good chest wall movement, the heart rate should be
re-evaluated, even before 15–30 s as recommended.
If the heart rate is more than 60 bpm and rising, venti-
lation is continued. If the heart rate drops below
60 bpm, chest compressions are initiated and ventila-
tion continued.15,16

Face masks
Most neonates requiring respiratory support can be
adequately ventilated with a bag and mask at a rate of
40–60 breaths per minute. For proper ventilation, face
masks fitting term or preterm infants should be avail-
able. Cushioned, soft rims are essential for achieving
a tight seal between the mask and the face.

Ventilation bags. Two types of ventilation bags are
available: self-inflating bags and anesthesia bags
(Figure 185.5).

Self-inflating bags are independent of the gas flow.
The elasticity of the bag permits its rapid refill
through the intake valve that is open to air and to the
O2 reservoir. If there is sufficient O2 flow, keeping
the reservoir full, the bag can deliver nearly 100% O2.
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Without the reservoir, O2 is diluted with air. Many
self-inflating bags are equipped with a pop-off valve
that opens when the pressure exceeds 30–35 cmH2O.
If there is a leak around the face mask during bag and
mask ventilation the pop-off valve can be closed to
ensure a higher pressure. Bags without a pop-off valve
should be used with caution, especially if the infant
is intubated, because baro- or volutrauma from exces-
sive peak inspiratory pressures is the most common
complication during neonatal respiratory support.
Many self-inflating resuscitators are commonly used
with different characteristics in inspiratory or expira-
tory resistance, pressure relief valve, fraction of deliv-
ered O2, and function at extreme temperature.52 Bags
that cannot be disassembled easily and are equipped
with a reservoir to provide visual assurance of gas
flow may have less margin for error and can be more
easily used by resuscitators.53

The anesthesia bags require compressed air or O2
flow for inflation. As they can deliver very high pres-
sures, the pressure should be constantly monitored.
Proper balance between the flow of gas and the flow
control valve, and a tight seal around the face are
required for effective use. Usually more training and
experience is required for adequate use of anesthesia
bags than for self-inflating bags.

Laryngeal mask airway
The laryngeal mask airway (LMA), developed in 1981
by Brain,54 became available in 1988 for clinical use
in anesthesiology. Initially, the LMA was designed for
use in adults and has revolutionized routine airway
treatment in the operating theater.55 Later, many
studies reported its successful use during newborn
resuscitation,56 and successful resuscitation of infants
with Pierre–Robin syndrome when all the classical
methods (bag and mask ventilation, oropharyngeal
airway, tracheal intubation) failed.57 It has been
suggested that all pediatricians involved in neonatal
resuscitation should become familiar with LMA use,58

especially in the case of ineffective bag and mask
ventilation and tracheal intubation. Neonatal guide-
lines do not recommend its routine use at this time, as
the device cannot allow tracheal suctioning of thick
meconium.

If the neonate requires positive pressure ventila-
tion, the head is placed in the standard position for
tracheal intubation, and a lubricated size 1 LMA, with
the cuff fully deflated, is blindly inserted into the
pharynx. The LMA is advanced, with the aperture
facing anteriorly, until resistance is encountered. The
cuff is then inflated with 2–4 ml of air to make a low
pressure seal around the larynx.

The design of the LMA (Figure 185.6) prevents the
distal end from entering the esophagus while it sits
in the hypopharynx over the laryngeal inlet. When
the cuff is inflated, a gas-tight seal exists between the
larynx and the LMA which allows a peak inspiratory
pressure of up to 30–40 cmH2O; with some leaks this
is around 20 cmH2O.59 In the hands of an experienced
resuscitator it can be inserted within 8 s, nearly
always at the first attempt, with successful ventilation
within 20 s. The advantages over a facemask include
better oxygenation, prevention of gastric distension,
successful ventilation in cases of facial dysmorphism
(e.g. Pierre–Robin syndrome, Treacher–Collins syn-
drome) and blind insertion, avoiding the need for
laryngoscopy. The limiting features are that the air-
way is not protected from regurgitating gastric con-
tents (not a serious problem in resuscitation of the
newborn), and the low-pressure seal limiting inflation
of a low-compliance lung. The size of the LMA-1 is
appropriate for the newborn weighing more than
2.5 kg. Use of the LMA has not been sufficiently
studied for patients who require chest compressions
or who suffer from congenital anomalies (diaphrag-
matic hernia, abdominal wall anomalies). The LMA is
not a substitute for tracheal intubation, which should
be carried out when indicated.

Endotracheal intubation
Endotracheal intubation is indicated when: (1) bag
and mask ventilation is ineffective; (2) tracheal
suctioning of thick meconium or maternal blood is
required; and (3) prolonged positive ventilation is
anticipated. When chest compression is required,
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Figure 185.5 Self-inflating bag with reservoir and anesthesia
bag.
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positive pressure ventilation is much more easily
accomplished if the infant is intubated.

Successful intubation should be checked by
observing for: (1) symmetric chest wall motion during
inflation; (2) audible and equal breath sounds bilater-
ally, especially at the axillae; (3) improvement in
heart rate and color; and (4) absent breath sounds over
the stomach. When in doubt, the position of the tube
should be visualized, and the infant reintubated if
necessary. If the infant is to remain intubated, a chest
radiograph should confirm the proper position of the
tube before its fixation. When available, an exhaled-
CO2 monitor may be used to verify tracheal tube place-
ment. Inadequate pulmonary expansion, decreased or
absent pulmonary blood flow in cases with extreme
bradycardia or asystole, and small tidal volume may
limit its use in the delivery room.

The common ventilation rate is that of ventilation
with bags: 40–60 breaths per minute. If chest com-
pression is required, the ratio 3:1 should be applied
(three chest compressions interposed with one breath
at a common rate of 120/min).

The tracheal tube should be radio-opaque, without
cuff, and with the same diameter throughout.60 The
Cole tube, with a small diameter at the distal end,
is no longer recommended, as visualization of the
larynx is more difficult, and the narrowed diameter
prevents effective suctioning.61 The Murphy tube is
now preferred, with a uniform internal diameter,
centimeter markers along the length, and a default
marker 2 cm above the tip. The clinician can avoid
deep insertion, leaving the default marker at the level
of the glottis. Another guide to the proper depth of
tracheal tube placement is a distance from the tube tip
to the lip of the infant of 6 cm plus the infant’s weight
in kilograms (for infant weighing 3 kg, the ‘tip-to-lip’
distance would be 9 cm).62 The guidelines for tracheal
tube size are listed in Table 185.5.

Intubation can be performed orally or nasally. Oral
intubation is generally easier, faster and less traumatic,
and it is generally preferred in an emergency.

Orotracheal intubation. The infant should be placed
in the supine position and the chin extended slightly,
but care should be taken not to hyperextend the neck.
Hyperextension may impede venous return, increase
intracranial pressure,63 or kink the trachea.64 A new-
born glottis is in close proximity to the base of the
tongue and visualization is easier if the neck is not
extended. A laryngoscope with a Miller No. 0 or 1
straight blade, with the light close to the tip of the
blade, is used to visualize the glottis. The blade No. 0
is usually sufficient for all newborns, except the
largest ones. The laryngoscope is held between the
thumb and the first finger of the left hand, the other
fingers holding the chin. The blade is introduced from
the right side between the tongue and palate and,
while advancing, the tongue is pushed to the left.
With the small finger of the left hand, pressure over
the cricoid bone is applied to move the larynx
posteriorly and visualize the glottis. The tip of the
blade should advance into the vallecula epiglottis,
and with a slight elevation the epiglottis is lifted
anteriorly to expose the glottis (Figure 185.7). The
tracheal tube, held in the right hand, is then
introduced from the right corner of the mouth, along
the side of the laryngoscope, through the glottis.
When a properly sized tube does not pass easily into
the trachea, the neck should be slightly flexed, and
with rotating movement the tube should be slowly
advanced. For difficult intubation in cases of
dysmorphism of the upper airway a small broncho-
scope should be available.65 The bronchoscope
should be inserted into the tracheal tube and then
intubation can be endoscopically guided.

Nasotracheal intubation. Nasotracheal intubation is
more time-consuming and technically more difficult
for an inexperienced resuscitator. The tube should be
lubricated with a water-base lubricant, inserted into
one nostril, and with rotating movements advanced
until the tip is seen in the posterior pharynx. In cases
of difficult insertion a small suction catheter, pulled
through the tube, should be a guide. After advancing
through the nasal cavity the tube is easily passed and
the catheter is then removed. The laryngoscope is
placed into the mouth as described before, and the
glottis visualized. With the aid of the Magill forceps
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Table 185.5 Guidelines for endotracheal tube size

Tube internal Infant Suction 
diameter (mm) weight (g) catheter size

2.0 < 600 5F
2.5 600–1000 5F
3.0 1000–2000 6F
3.5 2000–3000 6F

3.5–4.0 >3000 8F

Figure 185.6 Laryngeal mask airway.
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the nasotracheal tube is grasped short distance from
its tip and advanced into the trachea.

Chest compression

Physiology
From the first report of cardiopulmonary resuscitation
(CPR) by Kouwenhoven et al. in 1960,66 it was
believed that the blood flow caused by external chest
compression was a result of direct squeezing of the
heart between the sternum and the spinal column
(cardiac pump mechanism). In 1976, Criley et al.67

reported that by repeated coughing, several patients
who developed ventricular fibrillation maintained a
cardiac output adequate to maintain consciousness.
These coughing spells were felt to increase the intra-
thoracic pressure, and the thoracic pump hypothesis
soon followed. According to this hypothesis the exter-
nal chest compression produces an increased intra-
thoracic pressure which translates to the lung and
heart. Because of a competent venous valve at the
thoracic inlet, the blood is squeezed out to the arterial
system. According to this theory the heart plays no
active role as a pump, but serves only as a passive
conduit for the flow. It has been reported that simul-
taneous ventilation and external cardiac compression
increase the intrathoracic vascular pressure to a
greater extent than either measure alone, and enhance
the cerebral and myocardial flow.68

Infants have a more pliable thorax, and during stan-
dard CPR a greater pressure in comparison with an
adult model is generated. Secondly, a neonatal car-
diac arrest differs from an adult cardiac arrest, which
is usually of cardiac origin with an arrhythmia (ven-
tricular fibrillation) as a terminal event. In infants and
neonates there is generally a respiratory failure which
leads to hypoxia and tissue acidosis with consequent
bradycardia, decreased cardiac contractility and
cardiac arrest. Therefore, establishing ventilation is
of primary importance during CPR. This task is more

easily accomplished with unobstructive ventilation
coordinated with compression.

There are two recommended techniques for perform-
ing chest compression in the neonate (Figure 185.8).69

In the two-thumb technique the hands are wrapped
around the chest with thumbs placed on the lower third
of the sternum, just below the line connecting the
nipples. In the two-finger technique the index and
middle fingers compress over the sternum, while the
other hand supports the thorax. With the two-thumb
technique the sternum is compressed and the thorax is
simultaneously squeezed; therefore, cardiac and tho-
racic pump mechanisms are operating simultaneously.
In animal studies it has been shown that with this tech-
nique higher arterial and coronary perfusion pressures
are achieved.70 For this reason, guidelines recommend
two-thumb technique for chest compression in new-
borns whose size permits its use.15,16

Current recommendations
Chest compression should be started only after estab-
lishment of adequate ventilation, when a heart rate is
below 60 bpm and not improving despite proper ven-
tilation with 100% O2 for 30 s. Both hands are placed
around the thorax, with the thumb on the lower third
of the sternum. Direct compression on the xiphoid or
lower part of the sternum can damage abdominal
organs and should be avoided. The sternum should
be compressed firmly, approximately one-third of the
anterior–posterior diameter of the chest, with a rate
of 120 per minute (2 per second). Chest compres-
sions should be interposed with intermittent ventila-
tion (through bags or tracheal tube) in a 3:1 ratio.71
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Figure 185.7 Placement of laryngoscope and landmark for
intubation.

Figure 185.8 Methods of applying chest compression: two-
finger technique and two-thumb technique. For a very small
newborn the thumbs could overlap each other. Thumbs or
fingers must be positioned on the sternum just below an
imaginary line drawn between the nipples.
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This means that the combined rate is 120 per minute:
90 chest compressions and 30 ventilations. It is
recommended that the rescuer who performs chest
compression counts loudly ‘one-and-two-and-three-
and-bag-and-one’ so that synchrony is accom-
plished.72 When the heart rate is greater than 60 bpm,
chest compression should be discontinued.

Medications
Severe bradycardia that does not respond to adequate
ventilation and chest compression is usually due to
long-standing intrauterine hypoxia superimposed on
acute deterioration during delivery. If after 30 s of
chest compression and ventilation with 100% oxygen,
bradycardia (heart rate < 60 bpm) persists, medications
are indicated. This recommendation is restricted to
delivery room resuscitation; therefore there is no
place for medications other than epinephrine and
volume expanders. Sodium bicarbonate is helpful
only after prolonged resuscitation, and naloxone
hydrochloride when respiratory depression secondary
to maternal analgesia is suspected to exist. Medica-
tions, routes of administration, and currently recom-
mended doses of commonly used drugs are provided
in Table 185.6.73

Intravascular access
In the delivery room the umbilical vein can be rapidly
identified and catheterized. A 3.5F or 5F single-hole
radio-opaque catheter should be inserted, with the
tip just below skin level, so that a free flow of blood
returns on aspiration. When the catheter is inserted
too deeply and without x-ray control, the tip of the
catheter may be wedged in the liver, and the adminis-
tration of vasoactive or hypertonic solutions may
damage the liver parenchyma. A peripheral vein can
be used, but can be difficult to cannulate in the pres-
ence of impaired circulation.

Tracheal access
Although this route of emergency drug administration
has been widely accepted and frequently used, little
scientific investigation on human subjects has been
carried out. Epinephrine and naloxone can be admin-
istered by this route.74

Many issues concerning drug dose, route of instil-
lation, and dilution have not been sufficiently clari-
fied by current recommendations for resuscitation
of the newborn infant. Several studies carried out on
animals show that direct instillation of diluted drugs
into the tube, followed by some inflation, produces
the same concentration and lung distribution as other
more cumbersome methods.75 Direct instillation of
epinephrine into the tube has also been found advan-
tageous in a pediatric animal study.76

Drug dilution is very important for ensuring a good
distribution over the largest possible surface area, pro-
viding a good pharmacological response. Redding
et al.77 found that 1 ml of endotracheal epinephrine
was ineffective in adults unless diluted with 10 ml of
water, and thereafter it has been generally accepted
that endotracheal drugs should be diluted with
5–10 ml of distilled water or normal saline. Currently,
there is no specific recommendation for diluting the
drug in neonates, but for practical and theoretical rea-
sons a common volume should be at least 0.5–1.0 ml.

Hypoxic neonates experience prolonged adaptation
to extrauterine life. They are likely to have fluid-filled
lungs and a right-to-left shunt at the level of the fora-
men ovale and ductus arteriosus.78 No studies have
been published on the pulmonary absorption of
epinephrine in a neonatal animal model. In the first
description of successful survival after the endotra-
cheal administration of epinephrine to neonates, who
did not respond to chest compression and ventilation,
a standard dose (0.01 mg/kg) was used.79

The current recommendation states that, whether
giving epinephrine intravenously or intratracheally,
0.01–0.03 mg/kg should be used. After giving the drug
into the trachea, five quick insufflations are recom-
mended before continuation of CPR.15,16

Intraosseous access
When a vascular line is difficult to achieve, intra-
osseous access can be useful for application of fluid
and medication in children and adults. This is not the
case in newborn infants, where the umbilical vein is
easily accessible, small bones are fragile, and the
intraosseous space is small, especially in premature
infants.
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Table 185.6 Medications for neonatal resuscitation73

Drugs Dose and route Concentration Total dose Precautions

Epinephrine 0.01–0.03 mg/kg, Diluted to 1:10,000 0.1–0.3 ml/kg Give rapidly
IV or ET

Volume expanders 10 ml/kg, IV Infuse over 5 min
Sodium bicarbonate 1–2 mEq/kg, IV 0.5 mEq/ml 2–4 ml/kg Give slowly over 2 min
Naloxone 0.1 mg/kg, 0.4 or 1.0 mg/ml 0.25 or 0.1 ml/kg Give rapidly, 

IV, ET, IM or SC preferred IV or ET

IV, intravenously; ET, endotracheally; IM, intramuscularly; SC, subcutaneously
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Epinephrine. Administration of epinephrine is
indicated when the heart rate is < 60 bpm after a mini-
mum of 30 s of adequate ventilation and chest compres-
sion. The dose for neonates is 0.01–0.03 mg/kg
(0.1–0.3 ml/kg of 1:10,000 solution), and the admini-
stration may be repeated every 3–5 min, if necessary.
If there is no venous access, epinephrine may be
administered intratracheally. Endotracheal epinephrine
can be associated with low plasma levels,80 and if
there is no response the drug should be given intra-
venously without delay.

Epinephrine is an endogenous catecholamine
with both alpha- and beta-adrenergic activity. It is
released from the adrenal medulla during hypoxia
and acidosis. Following intravenous administration
of 0.01 mg/kg epinephrine, a further increase in
plasma catecholamines is observed.81,82 After satura-
tion of the peripheral beta-receptors (which mediate
vasodilatation) epinephrine, through the stimulation
of alpha-1 receptors, decreases blood flow to the peri-
phery (skin and skeletal muscles) and enhances
myocardial and cerebral perfusion. This increase seems
necessary to bring the myocardial blood flow to a suffi-
ciently high level for restoration of spontaneous circu-
lation (more than 20 ml/100 g/min).83 Epinephrine also
stimulates and enhances cardiac contractility, and
increases heart rate.

During their early investigation, Redding and
Pearson84 found that 1 mg of epinephrine was effec-
tive in resuscitating dogs weighing approximately
10 kg, i.e. at a dose of 0.1 mg/kg. Nevertheless, the
standard dose of epinephrine in adult and pediatric
CPR has been for a long period considerably lower:
0.01 mg/kg. There have been reports in the pediatric
and adult literature that a 10-times higher dose of
epinephrine (0.1–0.2 mg/kg) is more effective than
the standard dose regimen.85,86 In the animal studies
standard-dose epinephrine had a minimal effect on
myocardial perfusion pressure and blood flow,
whereas high-dose epinephrine (HDE) enhanced both,
despite a significant reduction in cardiac output.87

Later, randomized clinical studies revealed that HDE
improved the return of spontaneous circulation, but
no benefit in the discharge rates or neurological out-
come was observed.88,89

Some of these clinical findings could be explained
by a beta-1 agonist effect of epinephrine on increasing
myocardial metabolism and oxygen demand, which
offsets any increase in myocardial oxygen delivery
during CPR. Moreover, many animal or human obser-
vational studies confirm that HDE has a detrimental
effect on postresuscitation myocardial function,
which includes prolonged hypertension, lactic
acidemia, tachycardia, low cardiac index, low sys-
temic oxygen delivery and consumption.90–92 Besides,
there is a substantial theoretical risk for the newly
born, especially for premature infant, that rapid ele-
vation of blood pressure may lead to intraventricular
hemorrhage (IVH).93

Despite the existence of formal guidelines for the
use of epinephrine in neonatal resuscitation, it should
be emphasized that there have been no randomized
controlled trials evaluating the administration of
epinephrine to the apparently stillborn or extremely
bradycardic newborn infant, the effect of high vs.
standard doses, or the effect of intravenous vs. endo-
tracheal administration of epinephrine.94

Volume expanders. Fetuses can suffer from significant
blood loss into the placenta without any external
evidence of acute hemorrhage. Therefore, hypovolemia
should be suspected whenever a neonate is unrespon-
sive to epinephrine, or when in spite of a normal heart
rate the neonate remains pale, with a barely palpable
pulse. Recommended volume expanders for such
situations are normal saline (0.9% NaCl) and Ringer’s
lactate. Usually, a dose of 10 ml/kg is administered
slowly over 5 min into the umbilical vein. Current
recommendations do not support the use of albumin-
containing solutions, because of risk of infectious
disease and an observed association with increased
mortality.95 The use of albumin for resuscitation in
acute hypovolemia in adults is still debated as
well.96,97

A neonate in severe hypovolemic shock should
receive plasma expanders at a dose of 20 ml/kg and an
infusion of an inotropic agent such as dopamine at a
rate of 5–20 µg/kg/min or epinephrine at a rate of
0.1–0.5 µg/kg/min. In cases of feto-fetal or feto-mater-
nal hemorrhage, where acute blood loss is superim-
posed on more chronic blood loss, repeated small
infusions of whole blood (5 ml/kg) or packed erythro-
cytes should be infused, or exchange transfusion
should be carried out, if high central venous pressure
already reflects myocardial failure.

Sodium bicarbonate. Perinatal hypoxia leads to lactic
acidosis, which decreases myocardial contractility,
lowers blood pressure, and decreases cardiac
response to catecholamines. Theoretically, there are
therefore many reasons for using sodium bicarbonate
(NaHCO3) during resuscitation.

The ability of NaHCO3 to buffer an increase in H+

depends upon the ability of the lung to exhale CO2
produced by the buffering process: H++NaHCO3=
Na++H2CO3=Na++H2O +CO2.

The ability of the lung to eliminate CO2 depends on
ventilation and pulmonary blood flow. At the begin-
ning of resuscitation, in the state of low cardiac out-
put, giving NaHCO3 is counterproductive. Even with
adequate ventilation, a low pulmonary blood flow
does not allow CO2 elimination, and metabolic acido-
sis is simply replaced by respiratory acidosis. As CO2
easily crosses the cell membrane, it transiently lowers
the intramyocardial pH and decreases myocardial
contractility,98 even if the pH in the arterial blood is
normalized. After the restoration of pulmonary blood
flow and ventilation, this effect can be quickly
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reversed. Furthermore, NaHCO3 may even contribute
to IVH99 in preterm infants. IVH is thought to be
secondary to hypernatremia and hypertonicity,100 but
any preterm infant requiring CPR is at increased risk
for IVH.

Recently, the role of NaHCO3 has been reevaluated.
In an animal model it was found that during neonatal
resuscitation, with hypoxia and compromised hemo-
dynamics, metabolic acidemia significantly attenu-
ated the hemodynamic responses to epinephrine and
oxygen, suggesting that the correction of metabolic
acidosis may be warranted.101 However, a randomized
controlled trial of NaHCO3 in neonatal resuscitation
did not provide evidence for improved survival or
immediate neurologic outcome.102 Even more, a thor-
ough review of the physiologic evidence for use of
bicarbonate in the neonatal intensive care unit showed
that, should bicarbonate be introduced today as a new
drug for the treatment of acidosis, its approval could
not be supported on the basis of existing experimen-
tal data.103

During brief resuscitation the use of bicarbonate
is discouraged. It should be administered only when
CPR is prolonged, adequate ventilation has been
established, and there is no response to epinephrine
and volume expanders. The dose of 1–2 mEq/kg of
0.5 M solution is administered intravenously, at the
slow rate of 1 mEq/kg/min, to minimize the acute
effect of hypertonicity.16,104

Naloxone hydrochloride. Naloxone hydrochloride is
a narcotic antagonist that reverses the respiratory
depression induced by narcotics. It is indicated when
there are no clinical signs of hypoxic–ischemic injury
(adequate circulation is established) and with a
history of maternal narcotic administration within 4 h
prior to delivery. The dose is 0.1 mg/kg,105 and should
be given every 2–3 min, as the narcotic suppression of
respiration exceeds the effect of the antagonist.

The preferred route of administration is intravenous
or intratracheal, but the drug can also be given intra-
muscularly or subcutaneously. Continuous monitor-
ing for at least 6 h after administration is indicated. In
the neonate whose mother is suspected to be addicted
to narcotics, the use of naloxone hydrochloride is con-
traindicated because narcotic withdrawal can induce
severe seizures.106

Oxygen. Oxygen has been traditionally used for
resuscitation of the newborn. Current guidelines15,16

recommend using 100% oxygen in a breathing
newborn during stabilization, whenever he or she is
cyanotic, bradycardic, or has other signs of distress.
Oxygen should be delivered close to the infant’s face
by oxygen mask, face mask or by flow-inflating bag.
Many self-inflating bags do not deliver 100% oxygen
if they are not squeezed simultaneously. Obviously,
100% oxygen should be provided during positive-
pressure ventilation and, even more importantly,

during chest compressions. If oxygen is not available,
resuscitation should be initiated with positive-
pressure ventilation and room air.

Oxygen paradox
The paradox of aerobic life is that higher eukaryotic
aerobic organisms cannot exist without oxygen, yet
oxygen is inherently dangerous to their existence
through the formation of highly toxic free radical
species. These molecules are highly reactive and are
capable of damaging all biological macromolecules
including proteins, DNA and lipids and have been
implicated in inflammatory, toxic and metabolic insults,
ischemia–reperfusion injury, carcinogenesis and
atherosclerosis.107 It has recently been proposed that
many diseases affecting preterm infants are only dif-
ferent facets of the same oxygen radical disease.108

Furthermore, it has become evident that hypoxic
tissue injury is not caused only by lack of oxygen but
occurs to a large extent from events in the posthy-
poxic reoxygenation period, which lasts long after the
primary insult.109

In animal experiments it was found that room air
was as effective as 100% oxygen for normalizing
blood pressure, heart rate, base deficit, and plasma
hypoxanthine after severe neonatal hypoxia, and that
the extent of hypoxic brain damage was similar. There
were also no differences in cerebral blood flow (CBF)
or somatosensory-evoked potentials.110,111

Oxygen is not universally used in many situations
during resuscitation outside hospitals, and in many
developing countries supplementary oxygen is rarely
available. The results of several clinical studies have
also shown no differences between the groups of
infants resuscitated with room air or 100% oxygen
in heart rate response, acid–base status, or outcome at
28 days.112,113 Furthermore, they found that infants
resuscitated with air recovered more quickly as
assessed by Apgar scores and time to first cry. The
air-resuscitated babies achieved a sustained pattern of
respiration more quickly, and required a shorter dura-
tion of positive-pressure ventilation. A trend toward
lower mortality was noticed, although it was not statis-
tically significant. It was also found that oxidative
stress measured by the ratio of reduced to oxidized glu-
tathione in whole blood and by superoxide dismutase
activity in erythrocytes, was increased in newborns
resuscitated with oxygen compared with room air.114

Biochemical findings of prolonged oxygen stress were
apparent even after 4 weeks of postnatal life.115

Despite these growing biochemical and clinical
evidence of oxygen toxicity, Niermeyer and Vento107

concluded that further research in the way of a
prospective randomized clinical trial is needed before
the use of room air instead of 100% of oxygen can be
recommended. While waiting for the new recommen-
dation, the goal of oxygen supplementation should be
normoxemia. A recent international survey of a sample
of academic centers disclosed that approximately
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50% of neonatologists reported that they already had
begun to modify the percentage of oxygen used during
neonatal resuscitation in their institutions.116

Obviously, adequate ventilation seems to be more impor-
tant than oxygen supplementation during resuscita-
tion. However, some newborns with severely
impaired lungs may not be adequately oxygenated
with room air and on such occasions monitoring with
pulse oximetry is recommended.

Problems of resuscitation
Technical errors
In spite of apparently appropriate resuscitation, some
newborns remain cyanotic and bradycardic or breathe
irregularly. Sometimes the cause may be a congenital
anomaly, but first one should consider the possibility
of the following technical errors in resuscitation:

• not enough pressure delivered with the self-inflating
bag (change bag for another),

• incorrectly sized face mask or loss of tight seal
around the mask,

• collapsing upper airway because of neck hyperex-
tension or flexion (change position of the head
while observing chest movements),

• disconnection of the oxygen (anesthesia bag is not
inflating, oxygen reservoir on self-inflating mask is
empty),

• tube not in the trachea but inserted too deep in
main bronchus, or tube slipped into the esophagus
(observe chest movement, auscultate, reintubate if
necessary),

• improperly sized tracheal tube, which is too small
for the particular infant.

Pneumothorax
Pneumothorax should always be considered in the
neonate responding poorly to resuscitation. The main
clinical signs are a lateral shift of the heart sounds,
sometimes with muffled tones, decreased movement
of the thorax and difficult inflation, distended
abdomen (especially in preterm infants), and sus-
tained or secondary bradycardia.

As there is no time for an x-ray, cold-light examina-
tion can be of assistance. If the newborn’s condition
deteriorates rapidly, trial punctures on both sides of the
thorax in the midclavicular line in the second inter-
costal space, must be carried out. If air comes out and
the newborn’s condition improves, a thoracic drainage
is performed, or a venous cannula (18–20 gauge) is
inserted at the side of the pneumothorax, the stylet
removed, and the neonate prepared for transport.

Congenital malformations
Some newborns are vigorous and have a normal heart
rate, but have increasingly severe respiratory distress

and remain cyanotic in spite of oxygenation and bag
and mask ventilation. In such cases the possibility of
congenital malformation should be considered.

Some malformations of the upper respiratory
tract (choanal atresia, Pierre–Robin syndrome) are
disclosed clinically and during laryngoscopy. A prone
position, insertion of an oropharyngeal tube or intu-
bation will usually solve the problem. Laryngeal or
tracheal atresia are found during an unsuccessful trial
of intubation, and only emergency tracheotomy or
puncturing of the trachea with a thicker vein cannula
may help the baby to survive in the delivery room.

Neonates with lung malformations (pulmonary
hypoplasia due to Potter syndrome or prolonged
membrane rupture, congenital anomalies of the lung
itself, pleural effusion) are usually intubated at birth
because of respiratory deterioration; for diagnosis and
management, transport to the neonatal intensive care
unit is urgent.

There are many dysmorphic syndromes, such as
some short-limb dwarfing syndromes, that are incom-
patible with life. Nevertheless, as the delivery room is
not the proper place for a careful physical examina-
tion, and as the most experienced team is probably
not present, it is more appropriate to stabilize and
transport the baby to the intensive care unit where
careful examination to identify the disorder can be
done.

Very rarely, a newborn baby has a normal heart rate
and good peripheral perfusion but is hypotonic and
does not breathe by itself in spite of appropriate oxy-
genation, and correction of blood sugar and potential
acidosis. If there is no history of maternal diseases
or fetal distress during labor, a congenital neuromus-
cular disease (Werdnig–Hoffmann disease, transient
neonatal myasthenia gravis, congenital myopathies,
severe neonatal form of myotonic dystrophy, congen-
ital muscular dystrophy) should be considered.

Anomalies of the abdominal wall
Diaphragmatic hernia, omphalocele and gastroschisis
can be detected by ultrasound examination in preg-
nancy. Therefore, when labor begins there is enough
time for the most experienced team to be prepared for
delivery. Some hours after delivery, the intestines
fill with air because of swallowing. This occurs even
more rapidly if after birth ventilation with a mask is
required. In cases of diaphragmatic hernia the air in
the intestines disturbs breathing, while in cases of
gastroschisis it interferes with vein return, which
causes preoperative conditions to deteriorate. There-
fore, it is recommended to intubate these newborns
immediately after birth,117 and to insert a wide catheter
to decompress the stomach. The newborn with
gastroschisis should be placed on its side to prevent
venous stasis.

Fetuses with congenital diaphragmatic hernia
(CDH) are at high risk for severe pulmonary hypopla-
sia. They should be ideally delivered in a perinatal
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center with a neonatal surgical department.118 CDH
presents with a deviation of the mediastinum to the
right (shift of cardiac impulse), markedly reduced or
absent breath sounds on the left (the most common
side of the hernia), and a concave-appearing abdomen.
Usually diagnosis has been established before delivery
by ultrasound examination, but in any newborn with
rapidly developing respiratory distress, urgent intuba-
tion without attempts at bag and mask ventilation is
mandatory if there is any suspicion of CDH. In cases
of clinically suspected or already diagnosed CDH, the
resuscitation of the newborn includes tracheal intuba-
tion and positive pressure ventilation.

Hydrops fetalis
Clinically, hydrops is recognized at birth as anasarca,
ascites and pleural effusion, and is generally classi-
fied as either immune or non-immune in nature. The
introduction of Rh D immune globulin prophylaxis
has so reduced the incidence of immune hydrops that
more than 75% of neonatal hydrops cases show no
evidence of associated hemolytic disease. Ultrasound
examination in all pregnancies complicated by hyper-
tension, preeclampsia, polyhydramnios or anemia
could identify 80% of affected neonates before the
28th week of gestation.119 The resuscitators should
be experienced in tracheal intubation, chest compres-
sion, umbilical vessel catheterization, paracentesis,
thoracentesis and pericardiocentesis.

Special considerations
Preterm neonates
Currently, VLBW infants account for more than 50%
of perinatal mortality and more than 50% of neonatal
deaths, and occupy more than two-thirds of the beds
in neonatal intensive care units. As the survival of
these infants depends more on experienced manage-
ment than on the initial resuscitation,120 every effort
should be made to transfer the parturient to a perina-
tal center with experienced obstetricians and neona-
tologists, and neonatal intensive care facilities.

The incidence of perinatal depression, but not
asphyxia, is increased among premature infants,
because of their physiologic immaturity. Diminished
lung compliance, weakness of respiratory muscula-
ture and reduced respiratory drive may increase
necessity for assisted ventilation. Among 33,357 live-
born infants delivered at the Maternity Hospital of
Ljubljana (1997–2002), 3.6% were bag and mask
resuscitated (49% of them were preterm infants) and
0.4% were intubated and ventilated in the delivery
room (65% of them were preterm; 35% had a gesta-
tional age of 27 weeks or less).3 Very preterm infants
have an increased risk of acute and chronic neonatal
disorders (heat loss, IVH, periventricular leukomalacia,
respiratory distress, necrotizing enterocolitis, chronic
lung disease, retinopathy of prematurity). Current

guidelines make no distinction between the techniques
of resuscitation for term and very preterm infants with
respect to ventilation and oxygen administration.
Modifications of the basic approach may, neverthe-
less, be warranted for very immature infants.121

Volutrauma
It has been recognized that volutrauma (the adverse
effects of a large tidal volume regardless of the pres-
sure applied) plays an important role in lung injury.122

The current practice, among other methods aimed
at reducing lung injury, includes breathing on nasal
continuous positive airway pressure (CPAP), low tidal
volume ventilation (high-frequency ventilation), and
gentle ventilation in the delivery room.123 It has been
demonstrated in a premature lamb model that a few
large breaths applied manually at birth to a surfactant-
deficient lung can produce lung injury, irrespective of
whether artificial surfactant has been administered
before or afterwards.124,125 Self-inflating or flow-inflating
bags either display no data on tidal volume or show
only the pressure. It is known that positive end-
expiratory pressure (PEEP) during ventilation increases
lung surface area and compliance, preserves FRC, con-
serves surfactant, reduces hyaline membrane disease,
and reduces expression of pro-inflammatory cyto-
kines.121 Adequate PEEP cannot be provided with
self-inflating bags and is difficult to control with anes-
thesia bags. There are no formal recommendations
regarding its use during resuscitation of the newborn.

CPAP is used ever more frequently in intensive care
units and its early use together with surfactant admin-
istration reduces the need for intubation and subse-
quent mechanical ventilation of premature infants.126

With the use of a T-piece or a Neopuff infant resus-
citator (Fisher & Paykel, New Zealand), which is a
modified T-piece, CPAP, variable PEEP and positive
inspiratory pressure can be delivered, although they
provide no data on tidal volume. The Neopuff is easy
to use, even in the hands of inexperienced opera-
tors127 and should be considered for resuscitation of
preterm infants.

Oxygen toxicity
As noted above, clinical studies have shown that
resuscitation can be carried out with room air without
any adverse effect, and that there may in fact be some
advantages of air over oxygen.112,113 It was also found
that oxidative stress is increased in newborn infants
resuscitated with oxygen and is apparent even after 4
weeks of postnatal life.114,115 Oxygen is even more
toxic for preterm babies, as it has been shown that
they have a lower capacity for induction of antioxi-
dant enzymes than do term babies.128 Recent results
from several observational studies, summarized by
Tin,129 showed that keeping oxygen saturation levels
below 90–95% in the first weeks postpartum, reduced
the frequency of chronic lung disease and retinopathy
(stage 3–4) in infants with birth weights < 1500 g.
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Lower levels of saturation (< 94%) did not influence
the mortality and neurodevelopmental outcome at 1
year.130 Even if there is yet no definite answer to the
question of what constitutes the lower safe limit of
oxygen saturation, it is becoming clear that a more
permissive approach to minor hypoxia may, like a
permissive approach to hypercapnia, reduce the need
for ventilatory support, the risk of chronic lung dis-
ease, and their associated health care costs.131 It has
also been shown that even short-term administra-
tion of 80% oxygen during initial stabilization at birth
produces a persistent cerebral vasoconstriction with a
lower CBF in preterm infants.132 Oxidative stress
influences apoptosis and cell growth, and may have
long-term consequences on growth and develop-
ment.133 While we await the results of ongoing trials,
it would seem wise to monitor oxygen saturation
during resuscitation of preterm infants and use the
lowest possible FiO2 to reach normoxemia.

Limits of viability
Regionalization and new technology have increased
the survival rate in preterm neonates. With survival of
more and more of these tiny babies a lot of new ques-
tions have emerged: Are we using the new technology
rationally and, more importantly, ethically? How
small is too small and toward what goal should we
aim: survival, or quality of life? Do we respect the
ethical principles of beneficence and nonmaleficence;
are we helping or hurting these tiny children? How do
we determine what is in the best interests of the baby,
and who is the most appropriate surrogate decision
maker – parents or health care providers? Should we
consider economic pressure to decrease expenses?134

Every pediatrician working in the delivery room is
sooner or later faced with these questions and is
placed in the position of determining if resuscitation
of a tiny baby is warranted. Characteristics of the indi-
vidual physician, both personal and professional, and
the presence of an ethics committee in the hospital
influence this attitude.135 With the decision to resus-
citate comes the long-term commitment for the care of
this child, and the emotional and financial invest-
ments are very high.136 It is very difficult for the
physician to be objective in the delivery room, where
he or she may feel the pressure of the parents, obste-
trician, and nurses, each of them with their own
expectations.

Survival rates for extremely preterm infants have
steadily increased in all weight or age groups during
recent decades, whereas neurodevelopmental disabil-
ity rates have, in general, remained unchanged.137,138

Survival has increased from 20% to more than 50%
between 23 and 24 weeks of gestation or, similarly,
between 500 and 600 g of birth weight. Guidelines on
life and death decisions in preterm infants have been
formulated in different countries and varied from
non-initiation of resuscitation at 22 weeks to provi-
sion of all reasonable care beyond 25 weeks.139 In the

gray zone between the opinions of the parents should
be respected. Because in these tiny babies the risks of
death and long-term morbidity are not negligible, it is
important that, whenever possible, maternal interven-
tions, mode of delivery, extent of resuscitative efforts,
and discontinuance of therapy are discussed before
the delivery begins.140,141 The family should also be
informed that resuscitation at delivery does not man-
date continued support, that decision making contin-
ues beyond the first few critical hours, and that the
child’s future treatment will be based on almost con-
tinuous reassessment.

Does the preterm infant need
prophylactic surfactant therapy?
Intratracheal surfactant administration at birth theo-
retically offers the advantage of optimal surfactant
distribution within the alveoli. As the lung expands
and fluid is reabsorbed, the surfactant is distributed
to all parts of the lung. Even short-term ventilation
of surfactant-deficient lungs results in areas of atelec-
tasis and areas of hyperinflation, which causes
uneven distribution of exogenous surfactant.142 In sev-
eral studies that compared prophylactic vs. rescue
treatment, no great advantage of prophylaxis could be
found, except in the smallest infants (26 weeks of
gestation or less).143 However, recent reports have
shown that very preterm infants who received pro-
phylactic surfactant developed less severe respiratory
distress syndrome, needed lower peak inspiratory
pressures, had a shorter duration of oxygen therapy,
and less periventricular leukomalacia and IVH.144,145

When early surfactant administration is used it
should be provided early, preferably in the delivery
room or at least within 1 h of age.146,147 Such treatment
may interfere with initial resuscitation; nevertheless,
preterm infants are intubated in the delivery room
mostly for respiratory insufficiency and less often for
severe asphyxia. Early surfactant administration
improves ventilatory efficiency, which is of outmost
importance for successful resuscitation.

Meconium-stained amniotic fluid
As noted above, morbidity and mortality from MAS
seemed to improve after Gregory et al.148 in 1974 rec-
ommended laryngoscopy and tracheal intubation
with suctioning for all newborns delivered through
thick particulate meconium. In 1976, Carson et al.149

reported that additional obstetric suctioning of the
oro- and hypopharynx before the shoulders were
delivered further reduced the severity and frequency
of MAS. The importance of tracheal intubation and
suctioning for all newborns with meconium-stained
amniotic fluid was, however, challenged by others
who proposed selective tracheal suctioning only for
severely depressed infants born through thick partic-
ulate meconium.150,151 They believed that lung disease
is primarily due to hypoxia, and that an unnecessary
intubation of an infant with thin meconium or a
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vigorous infant with thick meconium-stained fluid
can expose it to unnecessary risk.

The concept of unselected tracheal suctioning was
based on the assumption that MAS is primarily a
postnatal event, that oronasopharyngeal suctioning
at the perineum and tracheal intubation just after
delivery prevents the moving of meconium into the
trachea, and that all deaths from MAS could be pre-
vented by these measures. It was reported subse-
quently that the introduction of De Lee suctioning did
not influence the presence of meconium below the
vocal cords or the rate of MAS.40 It is now believed
that chronic fetal hypoxia can result in meconium
passage, and, in the presence of oligohydramnios, the
meconium becomes thick. Further hypoxia induces
gasping respirations that move the meconium into the
trachea. The compromised fetus with decreased lung
fluid outflow fails to clear the meconium from the
respiratory tree.152

In the Ljubljana Maternity Hospital, we perform
selective tracheal suctioning under laryngoscopic
control with a thick catheter. If meconium is found in
the trachea and the infant is severely depressed, we
intubate the baby and perform lung lavage with
1–2 ml of normal saline. When the condition of the
infant allows, the procedure is repeated as long as
meconium is achieved. During lavage the tracheal
tube is not withdrawn, and suctioning is performed
with the widest bore catheter possible. During a
6-year period, 4795 (15.9%) term infants were born
through meconium-stained amniotic fluid; 2.5% were
aspirated, an additional 3.4% were bag and mask ven-
tilated, and only 0.3% were intubated in the delivery
room. Altogether 14 infants had signs of MAS, seven
were mechanically ventilated, and only one died of
extreme hypoxia.

Care after resuscitation
After resuscitation blood should be taken for blood
gas analysis and glucose determination. Special
efforts to avoid hypo- and hyperthermia should be
made. When the infant is stabilized he or she should
be transported to the neonatal intensive care unit.
Severe asphyxia could lead to multiorgan failure;
therefore, appropriate control of respiration, circula-
tion, blood gas and electrolyte balance is important.
Complete documentation of all interventions and
medications used during resuscitation should be
recorded. The use of standard resuscitation records is
desirable because it offers the further advantage of
uniform data collection to facilitate study and com-
parison of resuscitation techniques and outcomes.

The Apgar score is traditionally used in the delivery
room to evaluate the physical condition of the new-
born at birth and the immediate need for resuscita-
tion. Heart rate, breathing efforts, muscle tone, reflex
irritability, and color are recorded at 1 and 5 min after

birth and then sequentially every 5 min until vital
signs have established. The score is designed to facil-
itate clinical assessment of the newborn and guide
resuscitative interventions, which aid in accom-
plishing transition from the fetal to the neonatal envi-
ronment. The Apgar score should not be used to
define birth asphyxia, or to predict subsequent child
development.153

Ethical considerations
Cardiopulmonary resuscitation in the delivery room
is a therapeutic modality that initiates a cascade of
events that usually results in admission to the neona-
tal intensive care unit with assisted ventilation, often
painful and expensive therapy, and sometimes ends
with an imperfect outcome. The decision either to
resuscitate or not must be made instantaneously,
always without the advice of the ethics committee,
usually without full knowledge of the baby’s condi-
tion and future outcome, and commonly without con-
sultation with the parents.154

Competent practice of neonatal intensive care today
requires more than the knowledge of the relevant
medical science. At least some understanding of med-
ical ethics and associated dilemmas that are nowadays
the subject of wide public concern is required. In the
search for practical guidelines for solving medical
dilemmas, ethical theorists advocate four principles
on which to ground ethical analysis.155

(1) Respect for autonomy (self determination) –
everyone is free to choose what is best for
him/her.

(2) Beneficence (doing good) – the practitioner has a
moral obligation to act for the benefit of the
patient.

(3) Nonmaleficence (avoiding harm) – the practi-
tioner has an obligation not to harm intentionally.

(4) Justice (fair distribution) – the practitioner should
distribute benefits and burdens fairly, to treat
equals equally.

Many physicians believe that there is an ethical dif-
ference between stopping a treatment once it is
started, and not starting it in the first place (with-
drawing vs. withholding treatment). A survey of opin-
ions of attending physicians, house-staff, and medical
students indicated that all felt much more comfort-
able in withholding treatments than in withdrawing
them.156,157 This opinion is strikingly different from
the prevailing views among ethicists and lawyers who
consider the decision to withhold or withdraw as
equivalent under the condition that in either case the
patient receives an adequate trial of therapy.158,159

While newborns share with children and adults the
right to live, there will occasionally be some who by
reason of severe malformation, asphyxial injury or
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extreme prematurity, have the right to die with dignity,
without inappropriate or futile medical intervention.
CPR should reasonably be withheld from such
patients. The Royal College of Pediatrics and Child
Health advised to withhold treatment in the follow-
ing three situations: the no-chance situation, the no-
purpose situation with massive physical or mental
impairment, and the unbearable situation with pro-
gressive and irreversible illness.160 Nevertheless,
physicians should be aware that withholding CPR
from critically ill newborns, based on assumptions of
future mental and physical development or social

adaptability, places decision makers on a slippery
slope, the bottom of which holds that no person or
value is sacred against social utility.161

The current guidelines recommend that non-initia-
tion of resuscitation in the delivery room is appropriate
for infants with confirmed gestation < 23 weeks or birth
weight < 400 g, anencephaly or confirmed trisomy 13 or
18. In case of uncertainty, the resuscitation should be
initiated and life preserved until enough information is
gathered to provide counseling with the parents and to
decide whether continuation or withdrawal of life sup-
port is in the best interests of the infant.
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186 Childbirth and the
pelvic floor
W. R. Cohen and R. Romero

1979

A dramatic change in the distribution of delivery
modes has occurred recently in many parts of the
developed world. While the rise in cesarean rates that
began in the 1970s had modulated by the 1990s, more
recent changes have led cesarean rates to previously
unimagined levels in many countries, and they con-
tinue to rise. Until recently, concerns about fetal and
neonatal well-being drove most decisions for cesarean
section; but now the need to protect maternal pelvic
floor integrity has arisen as a justification for avoiding
vaginal delivery. The medical profession and the lay
public share the unease about the potential adverse
effects of vaginal birth on the pelvic floor and the
long-term consequences of such injury.

It is clear that damage to the musculofascial
supports of the lower female genitourinary tract and
anal continence mechanism can occur during vaginal
birth, and there is evidence that such harm to pelvic
floor structures and their innervation can cause or
contribute to chronic genital, urinary, or defecatory
pathology in later life (Table 186.1).1–7 The magni-
tude of the contribution of parturitional trauma to the
prevalence of pelvic organ prolapse and incontinence,
which may not be manifest until many years after
delivery, is not, however, known precisely. It is never-
theless increasingly cited to justify liberal use of
cesarean delivery as well as to question the benefits of
instrumental delivery and episiotomy.8

This nascent trend in obstetric thinking counter-
vails the prevailing logic that has guided efforts to
reduce the cesarean section rate during the last few
decades and, if validated, would lead to a sea change
in our concept of indications for cesarean delivery.
The issue is of particular and increasing importance
because pelvic floor disorders afflict primarily older
women, and the aging of our population endows a
practical urgency to develop a complete understand-
ing of this complex area. Moreover, recent studies
suggest that these disorders are considerably more
prevalent than was recognized previously and that
they contribute mightily to health care costs.9–18 It is
important that we determine what the etiology is of
parturitional pelvic tissue injury, what the short- and

long-term consequences of that injury are, and what
obstetric or other factors make a patient vulnerable to
serious adverse outcomes. Only with that information
can we make informed medical judgments and rational
obstetric care policies.

Prevalence and cost
The prevalence of the symptomatic consequences of
obstetric pelvic floor disruption is difficult to deter-
mine. While many studies exist, the reported frequen-
cies of incontinence and genital prolapse vary a great
deal. This is probably the consequence of an inho-
mogeneity in survey methods of ascertainment, in
definitions of incontinence, and in study population
demographics.9 Urinary incontinence probably exists
in at least 5–10% of the female population; many esti-
mate it is much more common. Using a questionnaire
approach, Crist et al. found that 34% of women
reported some degree of urinary incontinence, the fre-
quency and severity of which was related directly to
age and parity.19

In a population-based study, Samuelsson et al.
identified some evidence of genital prolapse (cysto-
cele, rectocele, uterine prolapse, or absence of the ure-
throvesical crease) in about 30% of the general female
population in Sweden.20 Among parous women aged
20–60 years 44% were affected; 5.8% of nulliparas
had these signs of pelvic floor incompetence. While
age and parity were strongly associated with prolapse,
only a small minority of cases were symptomatic or

Table 186.1 Potential consequences of pelvic floor
injury

Cystocele, rectocele, enterocele, urethrocele
Urinary incontinence
Fecal incontinence
Procidentia
Dyspareunia, other sexual dysfunction
Genital fistulas
Pelvic surgery
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of any functional significance. This observation
emphasizes one of the important deficits in our knowl-
edge of pelvic floor disorders in general. The rate at
which minor degrees of anatomic prolapse, or subclin-
ical abnormalities in the continence mechanism
progress to a significantly symptomatic state is not dis-
cernible; neither do we understand how progression is
influenced, or what therapeutic or lifestyle changes
might hasten or slow its progress.

The prevalence of anal incontinence is also quite
difficult to ascertain with certainty, but is doubtless
more common than realized previously, and occurs
predominantly in women.4,10,11,13,21 A community
survey in Wisconsin10 showed that about 2–3% of
women suffered from anal incontinence, with associ-
ated factors being advancing age, poor general health,
and physical limitations. Anal incontinence often
accompanies urinary incontinence and other pelvic
floor disorders.21,22 A population-based survey done
in Australia in 199813 revealed that 35% of women
had urinary incontinence and 3.5% had fecal inconti-
nence. An additional 10.9% suffered from inability to
control flatus. About one quarter of women had had
previous surgery for incontinence or prolapse.

Kalantar et al.23 found anal incontinence in 3.7%
of a surveyed population of 65- to 93-year-olds in
Australia, and Nelson et al.10 reported an overall 2.2%
incidence in the general population in a study done in
the United States. Of the incontinent people, only 30%
were older than 65 years, and 63% were women, find-
ings consistent with those of other studies.13 Some sur-
veys suggest the problem of anal incontinence is even
more widespread, and place the prevalence as high as
16%.11 Several obstetric events and features have been
identified as risk factors for anal incontinence. These
include instrumental (especially forceps) delivery,
episiotomy, and large birth weight.1,4–6,24–27 All are
factors known as well to be associated with risk of
anal sphincter injury.

Pelvic floor dysfunction is more prevalent than pre-
viously realized. In addition to the inconvenience,
risk, and emotional and physical disability that conti-
nence and genital prolapse disorders endow on indi-
vidual women, the impact of these diseases on the
public health and on health care costs is quite consid-
erable. The lifetime risk of surgery for genital prolapse
or urinary incontinence in an American female popu-
lation was found to be about 11%;28 a much larger
number of affected women use non-surgical therapy or
have no treatment. The number of women having
surgery for urinary incontinence in the United States
was 0.32 procedures per 1000 women per year in 1979;
by 1997 the rate had increased to 0.60,17 and in 1998
it was reported to have been 1.3.15 It is likely higher
today. This increase probably relates to several factors,
including enhanced awareness of the problem among
physicians and the lay public, the availability of new
(and relatively simple) techniques for operative man-
agement, and the burgeoning size of the population at
greatest risk.

The direct cost of care for urinary incontinence in
women in the United States was estimated to be about
$12.4 billion (in 1995 dollars),29 and the cost of organ
prolapse surgery more than $1 billion.16 This amount
is more than the cost of managing breast cancer, and
in a league with that of many other chronic diseases.
The need to understand and treat these problems has
taken on a greater urgency recently because of the
increasing longevity of the population and the transi-
tion of the post-World War II baby-boom generation
into the age group in which pelvic floor problems
become most prevalent. There is a need to develop
our understanding of the causes of pelvic floor dys-
function if we are to make informed clinical judg-
ments and fashion rational public heath policies to
deal with them.

Mechanisms of obstetric injury
The mechanism of permanent parturitional injury to
the birth canal and surrounding structures is the sub-
ject of controversy and uncertainty. We can predict a
priori that possible mechanisms could include puden-
dal or autonomic nerve damage from excess direct
pressure or traction, laceration and imperfect healing
of pelvic tissues, stretching of muscle or connective
tissue beyond its ability to recover strength and elas-
ticity, and necrosis of pelvic soft tissues (from pro-
longed pressure by the fetus). One or more of these
factors could cause or contribute to pelvic floor dys-
function in a particular case. Unfortunately, our inabil-
ity to identify the mechanism of injury in many women
and thereby to tailor treatment to address it confounds
our efforts to help many patients.

Overt perineal trauma during vaginal delivery
is not infrequent. Lacerations of the external anal
sphincter (with or without accompanying tears of
the anal–rectal wall) occur in about 1–4% of deli-
veries.30–34 Risk factors include occiput posterior
position, use of episiotomy, fetal macrosomia, and
instrumental delivery. In addition to visible trauma, it
is now clear that injuries to this area may be occult
in a substantial number of cases.26,35 Sultan et al.26

showed that in a sample of primiparous women there
was a 3% incidence of clinically diagnosed anal
sphincter disruption; but anal sonography found
sphincter defects in 35%. In another study, anal sono-
graphy done immediately after delivery revealed that
28% of patients had clinically undetectable anal
sphincter disruptions.36 These revelations raise many
questions and concerns. While we have focused
traditionally on the importance of repairing visible
injuries, it is possible that most long-term damage is
the consequence of invisible trauma that is perforce
not repaired after delivery. Frudinger et al.37 noted that
some women with anal incontinence had intact
sphincters. Thus, not only does occult sphincteric
damage occur during delivery, but some women with
anatomically intact sphincter mechanisms have
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postpartum incontinence, presumably the consequence
of some functional (neurologic or traumatic) disruption
of the continence mechanism.

In the lower pelvis the pudendal nerve lies
relatively fixed in Alcock’s Canal, where it is vulnera-
ble to direct compression by the fetal head and to trac-
tion as the fetal presenting part distends the perineal
structures and pushes them caudad late in the second
stage of labor. The fact that pudendal nerve injury has
not been observed after elective cesarean delivery but
does occur after cesarean delivery in the first stage of
labor suggests that compression injury can occur.38,39

Therefore, prevention of pudendal nerve injury is not
necessarily avoidable by cesarean section, unless it is
done prior to labor. Even then, there is some evidence
that pregnancy per se may have an effect on pelvic
innervation.39

Pudendal nerve dysfunction probably underlies
many cases of urinary and fecal incontinence.2,40–42

The extent to which this denervation is the sole
result of vaginal delivery is still unclear. In one study
cohort, up to 80% of primiparous women had some
evidence of denervation of the pelvic floor following
vaginal delivery.42 In the majority of cases, prolonged
pudendal nerve terminal latencies recovered within
6 months of delivery. It does appear that women
whose symptoms of incontinence persist for several
months after delivery are highly likely to have these
problems persist.43

In a 5-year follow-up of women who had evidence
of pudendal neuropathy 2 months after vaginal deliv-
ery, Snooks et al.7 showed evidence of persistent
pudendal nerve damage in women who delivered vagi-
nally, as determined by the observation of increased
EMG-derived fiber density in the external anal sphinc-
ter, increased pudendal nerve terminal motor latency
and reduced maximal anal canal pressure. Associated
risk factors for nerve injury were multiparity, forceps
delivery, third-degree perineal tear, long second stage,
and high birth weight. This damage to the pelvic floor
innervation is usually unrecognized after delivery, and
is generally not associated with immediate symptoms
of pelvic floor dysfunction. While such damage
presumably predisposes to pelvic floor disability later
in life, the frequency at which this occurs, and the
degree to which such damage is repaired or compen-
sated for over time are not known. Perhaps, the pres-
ence of cofactors is important or even necessary in
order for most parturitional damage to become mani-
fest as clinical incontinence or genital prolapse.

Some healing or compensatory mechanisms
undoubtedly influence the degree to which overt or
occult pelvic floor trauma contribute to long-term dys-
function. As noted, evidence of at least partial dener-
vation of the pelvic floor can be demonstrated in 80%
of primiparas.42 If all such affected women developed
incontinence or prolapse, observed prevalences later
in life would be much higher than reported. In addi-
tion, the natural history of incontinence is understood
incompletely. Some women have symptoms that

subside spontaneously, or as a consequence of
lifestyle changes (weight loss, smoking cessation, use
of pelvic floor exercises, etc.). While the development
of stress urinary incontinence shortly after delivery
clearly places a woman at increased risk of such prob-
lems later in life, not all such individuals have persis-
tent symptoms. It is likewise astounding that as many
as one-third of women may sustain anal sphincter
injuries during vaginal delivery that are not recog-
nized.5,26,35,44 This is an intriguing observation for
two reasons. It is on the one hand sobering to realize
that so normal a process as vaginal birth could cause
significant injury so frequently; on the other, it is
reassuring that the body is clearly able to heal or to
compensate for many of these injuries. (Were it not
competent in so doing, we would observe a much
higher prevalence of anal incontinence than we do.)

The literature on pelvic floor injury is replete with
references to pudendal nerve dysfunction and its
effect on continence and the strength of the pelvic
floor. While the pudendal nerve may indeed play an
important role in this regard, its precise contribution
to maintaining pelvic visceral support and urinary and
fecal continence is not well understood. In fact, there
is recent evidence from monkeys and humans that the
levator ani muscles receive their innervation from
sacral nerve roots (S4-5) and not from the pudendal
nerve, as has been assumed.45,46 This may explain why
not all women, even with evidence of major pudendal
nerve dysfunction, are incontinent. Such observations
are of considerable importance for three reasons: they
underscore our relative ignorance about the complex
functional anatomy of this area; they require rethink-
ing some traditional concepts of obstetric pelvic floor
denervation; and they suggest potential avenues for
diagnostic and therapeutic procedures.

The mechanisms that link childbirth to fecal incon-
tinence are also not completely clear. There is no doubt
that vaginal delivery may have a contributing role, and
severe overt trauma to the pelvic floor and sphincter
apparatus, especially if not properly repaired, can
obviously lead to problems, as has been amply demon-
strated in the developing world;47 but other factors
figure importantly in the risk of developing defecatory
dysfunction. Among an Australian cohort of women
who had vaginal instrumental delivery and/or deliv-
ered a baby weighing more than 4000 g, nearly 7%
reported fecal incontinence 1 year after delivery.13 In
this group of high-risk women, fecal incontinence was
significantly associated with maternal age above
35 years and with the presence of joint hypermobility.
It often coexisted with urinary incontinence, but was
not (contrary to other data) associated with multiparity.

Direct damage to the anal sphincters or pelvic floor
muscular or connective tissue may also be etiologic in
incontinence disorders and pelvic organ descent and
is often persistent. Mechanical injury to the external
anal sphincter does not always heal with restoration
of competent function.48,49 In one study, all women
with symptoms of postpartum fecal urgency and
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anal incontinence had sonographically detectable
mechanical disruption of the sphincter ani; these
lesions persisted at 6 months.50 The internal sphincter
may be compressed, stretched, or lacerated during
vaginal delivery. The integrity of this smooth muscle
tissue and its autonomic innervation is also critically
important in maintaining anal continence.51 The thick-
ness of the internal sphincter, as measured endosono-
graphically, correlates well with anal luminal resting
pressure and incontinence.44 The importance of repair-
ing a damaged internal anal sphincter during the repair
of obstetric lacerations has not been sufficiently
emphasized.52,53

In addition to its role in predisposing to inconti-
nence, denervation of the muscles of the pelvic floor
can also lead to genital prolapse.2,22,41,54 By undergird-
ing the female pelvic viscera, the levators and related
musculature provide active support for the genital
organs. When this support is lost, the levator hiatus
widens and increased stress is placed upon the passive
fascial supports of the pelvic viscera – the uterosacral
and cardinal ligament complex and the endopelvic
fascia – creating weaknesses or breaks in these sup-
ports and prolapse of the uterus, bladder or rectum.
Often, several pelvic floor disorders occur concomi-
tantly and require complex treatment strategies.

The role of parity and delivery mode
Implicit in the notion that vaginal delivery is a major
risk factor for incontinence and prolapse is the
assumption that parity has a direct relationship with
risk, and that delivery by cesarean would eliminate
risk. Not all studies support either assumption.
Maclennan et al.13 showed that pelvic floor problems
were associated with pregnancy regardless of the
mode of delivery, although other data55 suggested that
cesarean section reduced the risk of urinary inconti-
nence regardless of the stage of labor in which it was
performed.

In a cross-sectional population study, Rortveit
et al.56 administered a questionnaire to 27,900 women
in Norway to analyze the relationships among age,
parity and urinary incontinence. These data suggested
that, while parity was directly related to the preva-
lence of urinary incontinence, so was age. Moreover,
incontinence existed in a substantial proportion or
nulliparous women, and the greatest effect of parity
was in the youngest age groups, substantiating other
data.57 In other words, among women over 65 years
old, the prevalence of urinary incontinence was not
influenced by parity.

In a 15-year follow-up of a small cohort of women,
Dolan et al.40 found that increasing parity did not
increase the risk of stress incontinence, suggesting
that any pregnancy may expose a preexisting tendency
to the disorder. Among women who had stress urinary
incontinence either during or shortly after pregnancy,
about two-thirds had symptoms 15 years later; one-
third did not.

In an Australian study alluded to above13

multivariate regression showed that in women advanc-
ing age, obesity, frequent coughing, and osteoporosis
were significantly associated with pelvic floor disor-
ders. Tobacco smoking may be a common denomina-
tor for many of the reported associations. Of interest
is that while parity was a risk factor for pelvic floor
dysfunction, the relationship was not linear, i.e. after
the first child, increasing parity did not further
enhance risk. Moreover, mode of delivery did not
have a strong influence on risk. That is to say, women
who had only cesareans were not significantly less
likely to develop pelvic floor dysfunction than those
who had delivered spontaneously; instrumental
delivery did, however, have an adverse effect.

One may conclude from available data that,
although vaginal delivery is clearly a contributor to,
and sometimes a sole cause of, pelvic floor dysfunc-
tion, the degree to which increasing parity is an impor-
tant risk factor is not clear. It is tempting to assume
that if vaginal delivery causes or promotes pelvic floor
pathology, then avoiding vaginal delivery would elim-
inate the risk of incontinence and prolapse; such is not
the case. There is evidence that patients delivered late
in the first stage of labor by cesarean section have doc-
umentable abnormalities in pudendal nerve function.
This implies neurologic injury to the anal continence
mechanism can occur, although in a series of such
patients27 no incontinence was noted 6 weeks after
delivery. It is also clear that some injuries that occur
during labor and delivery are self-repairable. For
example, Arya et al.58 studied urinary incontinence in
patients after normal spontaneous delivery. Two
weeks after delivery 13.3% of women had symptoms
of urinary incontinence; only 2.9% did 1 year later.

It is presumed that most significant injuries to the
pelvic floor structures occur during the second stage of
labor. There is considerable substantiation for the idea
that it is not appropriate to terminate the second stage
of labor purely because an arbitrary amount of time
has elapsed.59–61 Rather, intervention by cesarean or
instrumental vaginal delivery should be undertaken
only when there is evidence of fetal compromise or an
insurmountable labor dysfunction or cephalopelvic
disproportion. None of the several studies that lend
credence to that approach studied the effect of second-
stage duration on the pelvic floor. Despite limited
evidence linking the length of the second stage to birth
canal injury, minimizing the duration of the second
stage is viewed by some obstetricians as a strategy to
help preserve pelvic floor integrity. This approach
is not supported by all available evidence. Van Kessel
et al.62 demonstrated no relationship between second-
stage length and the risk of stress urinary incontinence
nearly 8 years after delivery; MacArthur et al.63 and
Arya et al.58 reached the same conclusion regarding
early onset of fecal and urinary incontinence, respec-
tively. While other studies suggest long second-stage
duration is a risk factor for pelvic floor dysfunction,7,13

it is difficult to interpret this information. Studies
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generally lack information about whether the rate of
descent was normal, and the intensity and duration of
bearing-down efforts is not known; moreover, they do
not always correct for cofactors that are associated
with injury such as birth weight, malposition, or pelvic
architecture.

It is during the second stage that the most extreme
stretching and compression of the birth canal and
its supporting tissues occurs. While data do not exist to
guide evidence-based management for all aspects of late
labor, some reasonable guidelines can be asserted based
on experience and current knowledge. One should
avoid long periods in the second stage during which
there is no descent. Such situations can focus prolonged
pressure on tissues in a limited area and provoke com-
pression injury or even pressure necrosis. Similarly, as
long as the fetus is well oxygenated, there is no reason
to rush descent with extreme bearing-down efforts. It is
probable that gradual steady distortion of tissues is less
likely to result in overstretching or tearing than is very
rapid deformation. Several lines of evidence have
shown that delaying pushing until the head is well
engaged, and using open-glottis pushing are reasonable
alternatives to more active management of the second
stage and yield equivalent outcomes.64–66

Some data show that pelvic floor problems were
associated with pregnancy regardless of the mode
of delivery,13 although Farrell et al.55 suggested that
cesarean section reduced the risk of urinary inconti-
nence regardless of the stage of labor in which it was
performed. Nevertheless, even women who have
delivered only by cesarean section still have a risk of
pelvic floor disorders.13,67 This suggests that preg-
nancy per se (as opposed to vaginal birth) may have an
influence, or that in some women non-obstetric fac-
tors play a predominant or exclusive role in the devel-
opment of incontinence and prolapse. Nulliparous
women sometimes develop pelvic floor dysfunction,
confirming that pregnancy and delivery are not pure
prerequisites. This and the fact that, as noted, stress
urinary incontinence occurs in those who have deliv-
ered only by cesarean and even in men indicates that
factors other than vaginal delivery are involved.

Non-obstetric factors
The matrix of influences that determine the risks of
parturitional trauma and the likelihood it will progress
to permanent dysfunction is complex (Table 186.2).
Factors in addition to obstetric characteristics that
have been demonstrated or postulated to cause or func-
tion as cofactors in producing injury include age, obe-
sity, smoking, posture, coexisting gastrointestinal
pathology, estrogen deficiency, chronic pulmonary dis-
ease, peripheral neuropathy, and differences in colla-
gen composition or metabolism.68–80 Many of these
are probably genetically determined; women or their
health-care providers may influence others.

The evidence for a genetic predisposition to the
development of pelvic floor weakness and its

associated continence problems is supported by
clinical and laboratory observations. Urinary inconti-
nence has a familial tendency21,71 and the prevalence
of stress incontinence varies considerably by race.68

Moreover, women who develop genital prolapse tend
to have hyperextensible finger joints,69,76,77 and may be
more likely to have various forms of hernia. All of
these observations suggest genetic influences are
involved. A heritable mechanism would presumably
derive from factors that affect connective tissue
strength or integrity. Some data support the idea that
connective tissue is somehow deficient in women who
develop pelvic floor dysfunction. For example,
Boreham et al.78 found a disproportionate increase in
caldesmon expression as compared to smooth muscle-
myosin heavy-chain proteins in women with pelvic
organ prolapse. This imbalance in contractile proteins,
perhaps genetically determined, could contribute to
reduction in pelvic support through altered collagen.

There has also been79 demonstrated reduced
collagen content and increased turnover in the vaginal
tissue of premenopausal patients with prolapse com-
pared with controls. Other data regarding changes in
collagen enzymes support the notion that the connec-
tive tissue structure or metabolism in women who
develop pelvic floor dysfunction somehow predis-
poses them to prolapse or incontinence; but the alter-
native explanation, i.e. that these biochemical and
structural changes are the consequence of pelvic floor
weakness rather than the cause remains to be explored.

Heavy smoking and obesity are associated with
urinary incontinence and other forms of pelvic floor
dysfunction.72 So are a variety of medical problems,
including chronic pulmonary disease, gastrointestinal
pathology, diabetes, peripheral neuropathies, and con-
nective tissue diseases.80 Demographic factors, particu-
larly age, make an important contribution to risk.2,13,21,75

Based on a great deal of epidemiologic and experi-
mental data, it is possible to conclude that the devel-
opment of pelvic floor dysfunction that leads to pelvic
organ prolapse and to urinary or fecal incontinence is
multifactorial (Figure 186.1). It is clear that obstetric
injury plays a significant role in this kind of disability;
but it is as certain that other factors contribute sub-
stantially, and sometimes exclusively, to these prob-
lems. Genetic factors are certainly important, and their
involvement in the genesis of pelvic floor dysfunction
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Table 186.2 Pelvic floor dysfunction: non-obstetric
causes and cofactors

Age
Obesity
Estrogen deficiency
Genetic factors
Posture
Gastrointestinal pathology
Chronic obstructive pulmonary disease
Peripheral neuropathy
Connective tissue disease
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is just beginning to be understood. Undoubtedly, host
factors, both inherited and acquired, are important in
determining whether an individual develops prolapse
or incontinence, and when in life it will emerge.

While it is tempting to assume that delivering all
babies by cesarean section would preclude the devel-
opment of pelvic floor dysfunction in later life, this is
clearly not the case.27,38 This observation could indi-
cate that pregnancy or labor  per se are risk factors,
irrespective of delivery mode, or that non-pregnancy-
related factors cause pelvic floor problems. There
is evidence to support both conclusions. Like all
challenging health problems, those relating to female
pelvic floor dysfunction are complex and will not yield
to simple formulaic modes of treatment or prevention.

Episiotomy
Episiotomy was introduced to obstetrics in the mid-18th
century in Europe. It came into use in America in the
latter part of the next century, and became common as
hospital birth, often by prophylactic forceps delivery,
became widely practiced. Pomeroy81 emphasized in
1918 that episiotomy could prevent pelvic tissue
damage during delivery and suggested considering its
routine use for nulliparas. DeLee,82 a very influential
obstetrician, advocated routine episiotomy along with
elective forceps extraction, and by the 1940s these
approaches were used commonly used in the United
States. Over recent years, the benefits of routine
episiotomy have been questioned, and its use has
diminished considerably.83,84 In the 1980s, episiotomy
was performed in as many as 60–70% of vaginal
deliveries in the United States; in 2000 the rate was
about 20%.85–87

Although there is considerable polemic about the
necessity for and the protective value of episiotomy,
the procedure has been subjected to relatively little

systematic investigation. This is unfortunate because
the commonness of the procedure makes it a consid-
erable contributor to discomfort and morbidity in the
postpartum population. The study of episiotomy is
challenging for several reasons, most prominent of
which is that follow-up for a sufficient time to deter-
mine whether it prevents (or contributes to) pelvic
floor dysfunction in late life is very difficult.

Gainey88 examined 1000 consecutive women at
their postpartum visits for evidence of pelvic floor
damage. Among primiparas, the anovaginal portion of
the urogenital trigone was spared trauma in those
patients who had episiotomies. In another large series
of women delivered by forceps, those who had rou-
tine episiotomy had less than half the incidence of
clinically measured levator atrophy than those who
had episiotomy done only when a laceration seemed
imminent.89 These and other data from that clinical
era,90 although neither controlled nor randomized,
suggested a potential benefit from episiotomy. More
recent data are less convincing in this regard, and
make it difficult to support the use of routine epi-
siotomy during vaginal delivery.86,91–93 Some obstetri-
cians use episiotomy selectively by resorting to it only
when a spontaneous laceration seems about to occur;
but there is evidence to suggest that this is not an
effective approach to avoid major tears.94

While episiotomy is often used as a means to avoid
serious perineal lacerations that would be anticipated
otherwise to occur, this potential advantage of the
procedure is not supported by the literature. In fact,
almost all studies, including randomized trials, con-
clude that episiotomy increases the likelihood of anal
sphincter and rectal wall lacerations. This is particu-
larly true of median episiotomy, but applies as well to
mediolateral incisions.95–101

There is no evidence that episiotomy preserves
pelvic floor muscular function, at least in the short
term. Röckner et al.102 showed that pelvic floor
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muscle strength, studied 8 weeks postpartum, was
weaker in women who had a mediolateral episiotomy
than in those who delivered spontaneously or had a
spontaneous laceration. Similar data exist for median
incisions.97

Episiotomy and laceration repair
Two major approaches to obstetric perineotomy are
used. The mediolateral technique (currently favored in
most European obstetric services) involves an incision
that extends laterally and posteriorly from the base of
the introitus; the median approach (the most common
technique in the United States) is directed posteriorly
in the midline from the fourchette. Both techniques
have passionate advocates, and reasonably well
defined advantages and shortcomings. The median
approach is easier to perform and repair, causes less
immediate discomfort during the early puerperium, is
less prone to hematoma formation, infection and
dehiscence, and is associated with less long-term dys-
pareunia. These advantages accrue, however, at the
considerable price of many more extensions through
the anal sphincters and rectal wall.

Gustafson103 made several suggestions in 1940 to
help minimize the risk of cystocele formation after
delivery that remain relevant. These included avoid-
ing overdistension of the bladder, maternal bearing-
down efforts prior to complete cervical dilatation,
extremely rapid labors, and injudicious use of forceps.
He also indicated, as have others subsequently, that in
order to minimize trauma, early episiotomy should be
accomplished before excessive stretching of the vagi-
nal and surrounding fascial tissues has occurred.

It is logical that to the extent damage to the birth
canal and pelvic floor may be avoided by episiotomy,
the procedure should be accomplished prior to the
considerable distention and elongation of the vaginal
tube that occurs during crowning of the fetal head.
Decisions about the potential benefits of episiotomy
are fruitless if one awaits evidence of impending
laceration; damage may have already occurred.

The pelvic architecture is an important (and too
often overlooked) consideration. If the anterior seg-
ment of the pelvic outlet is narrow, delivery of the head
will occur at the expense of the posterior portions of
the perineum as the head is directed away from the
constricted subpubic arch. Such a pelvis might benefit
from episiotomy, or at least from very thorough ironing
out of the perineal tissues during labor. With narrow-
ing of the posterior segment of the outlet and an ample
angle anteriorly, injury to perineal soft parts is less
likely. However, anterior injury may occur. Obstetri-
cians who eschew episiotomy commonly observe
small periurethral or periclitoral lacerations as the
head is directed anteriorly when it crosses an intact
perineum. Whether there are long-term consequences
from such (apparently) small injuries for urinary func-
tion is not known. In addition to pelvic architecture,
fetal position, size, and attitude influence the risk of

birth canal laceration, and these must all be considered
in optimizing a delivery strategy.

One of the major difficulties in interpreting the
effects of episiotomy is that its most important poten-
tial consequences may not be manifest until decades
after the delivery. Although visible lacerations at deliv-
ery and evidence of pelvic tissue relaxation postpar-
tum are important, the most significant parturitional
damage may be invisible at that time. As noted, occult
rectal sphincter injury is not uncommon; similarly,
hidden damage to muscles and fascia may occur that
contributes to pelvic visceral prolapse later in life.

Many questions remain unanswered about the
virtues and risks of episiotomy, and will remain so for
some time. For those who wish to avoid the procedure,
gradual stretching of the perineal tissues during the
second stage of labor may reduce the risk of lacerations.
To this end, the use of some water-soluble lubricating
gel can be beneficial. In addition, the use of a delivery
position that tends to stretch the perineal tissues later-
ally should be avoided. Thus, the dorsal lithotomy posi-
tion leads to episiotomy being done more often because
the tension that flexion and abduction of the thighs
places on the perineal tissues makes them less able to
stretch further as the fetal head crosses them. The lateral
position has benefits in this regard, as may squatting.

Repair technique
Whatever kind of episiotomy is done, it is wise to
remember that the perineum is a complex structure,
and failure to perform a proper surgical repair can
result in considerable (and sometimes permanent)
misery for the patient. A thorough knowledge of the
functional anatomy of the pelvic floor and meticulous
surgical technique are necessary to provide optimal
results. Remember that episiotomy severs the sup-
porting fascial structures of the lower vagina; the
consequences of poor repair are considerable.

The repair of third- and fourth-degree lacerations
is of particular importance, as these are obviously
potential contributors to anal continence abnormali-
ties. These should be repaired by an individual fluent
in the anatomy of the perineal area. There should be
a layered anatomic closure without any tension on
the suture lines. It is very important, especially if there
has been a complete perineal tear, to repair both the
external and the internal sphincters. The latter
is often ignored, but is of considerable importance in
maintaining rectal tone. The internal and external anal
sphincters both contribute importantly to anal conti-
nence.50 Some data suggest that as much as 85% of the
resting tone of the anal canal is contributed by the
internal sphincter muscle.104,105 Consequently, where
there is a complete perineal laceration (extending from
the vagina posteriorly into the anal canal) every effort
should be made to do an anatomically faithful repair
to reapproximate both sphincters independently. The
external sphincter is usually identified easily, but
sometimes may retract from the point of laceration.
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The external sphincter muscle should be reapproxi-
mated, either end-to-end or overlapping; the important
key is that it should not be under tension. The dense
connective tissue sheath that surrounds the striated
muscle of the sphincter should also be reapproxi-
mated. The internal sphincter can usually be identified
during the repair. Good lighting is essential. It gener-
ally appears much paler and is considerably thinner
than the robust muscle bundles of the external sphinc-
ter. Posterior to it is the anal canal’s submucosa; ante-
riorly lies a thin condensation of connective tissue that
separates it from the external sphincter and the vaginal
submucosa. Remember that the internal sphincter
extends cephalad at least 1 cm above the upper border
of the external, and should be repaired to the full
extent of its length using fine suture material.

Choosing whether or not to do an episiotomy should
depend in part on the patient’s anatomy (Table 186.3).
Frudinger et al.37 showed that more anal sphincter tears
and anal incontinence were found in nulliparas with a
narrow subpubic arch than in those with a wider arch.
A narrow arch should prompt special attention to
protection of the perineal and perianal structures.
Women who have had third- or fourth-degree perineal
lacerations in a previous pregnancy have a three- to
fourfold increased risk of recurrence in a subsequent
delivery.106 This fact should also be considered when
making decisions about management of the perineum.

Practical guidelines
Given the current state of our knowledge, what can be
done by the clinician to minimize the risk of perma-
nent pelvic floor injury that occurs during vaginal
delivery? Several guidelines can be suggested, based
on available evidence and the authors’ experience:

(1) An organized and systematic approach to the
management of labor is mandatory. Assess
and judge the normality of labor by following
progress in cervical dilatation and fetal descent
and identifying dysfunctional labor with a con-
sistent, reproducible and predictive system. That
recommended by Friedman and coworkers107,108

is the most widely used and best studied of such
systems. It is important to recognize and treat
labor abnormalities promptly. By so doing one
can minimize the dangers to the birth canal when
cephalopelvic disproportion is ultimately shown
to be present.

(2) All decisions about allowing the labor to con-
tinue, or hastening its termination by oxytocin
administration, or by cesarean or vaginal instru-
mentation should be made in the context of
assessing the probability of a safe vaginal deliv-
ery. Safety in this case refers to the maternal
pelvic floor as well as the fetus.

(3) Pay particular attention to marking progress in
descent, fetal position, and the degree of cranial
molding; all are useful clinical indicators of the
probability of a vaginal delivery without mater-
nal trauma. Occult and overt maternal injury is
probably more likely in the presence of dysfunc-
tional labor, especially if timely intervention is
neglected.

(5) Use oxytocin judiciously. Creating unnecessar-
ily rapid descent can lead to pelvic floor trauma.

(6) Minimize perineal tension as the head crosses
the pelvic floor, i.e. do not fix the hips in extreme
flexion when the patient is in the semi-sitting or
lithotomy position. Extending the mother’s legs
somewhat during the terminal portion of expul-
sion may reduce injury risk. Consider other
postures for delivery, such as squatting or lying
in the lateral position.

(7) Consider lubrication of the lower vagina and out-
let with water-soluble surgical lubricant as the
head distends the perineum. This helps to aid the
obstetric attendant to stretch the perineum manu-
ally and reduces shearing forces that contribute to
the creation of lacerations.61 There may be some
benefit to antenatal perineal massage as well.109,110

(8) When instrumental injury is indicated, take into
consideration that vacuum extraction is gener-
ally less likely to provoke major perineal lacera-
tion than forceps delivery.58,111,112

(9) Understand the pelvic architecture and its influ-
ence on the mechanism of labor and the risk of
perineal trauma. More anal sphincter tears and
anal incontinence occur in nulliparas with a
narrow subpubic arch than in those with a wider
arch.37,113

(10) Consider limiting strong maternal expulsive
efforts to the time during the second stage when
she feels a strong urge to bear down or (if she has
sensory anesthetic blockade) until the head is
well engaged in the pelvis.

(11) Perform a careful layered repair of episiotomies
and perineal lacerations, using fine suture mate-
rials and meticulous surgical technique. Respect
the imperative to restore anatomic integrity and
to treat tissues gently.

(12) If a patient has had a third- or fourth-degree lac-
eration in a previous pregnancy, is asympto-
matic with regard to pelvic relaxation and
symptoms of incontinence, and has an intact
sphincter mechanism (determined clinically or
by ultrasound), it is reasonable for her to have a
vaginal delivery. But if these criteria are not met,
cesarean delivery should be considered.
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Table 186.3 Episiotomy decision factors

Fetal size
Fetal position and attitude
Pelvic architecture
Perineal length
Instrumental delivery
Prior pregnancy lacerations
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187 Effects of labor and
delivery on the fetus
E. A. Friedman

1989

There is little doubt that much of the untoward
outcome encountered among fetuses and surviving
infants is unrelated to events that occur during labor
and delivery. Most often, bad results are either of
unknown cause or due to identifiable problems
afflicting the developing embryo and fetus during
intrauterine life long before term. These latter include
a wide range of influences from chromosomal defects,
anatomic malformations, infections, metabolic disor-
ders and toxins to the potentially devastating impact
of preterm birth.1–4 This observation that so many
poor outcomes are unrelated to labor and delivery,
however reassuring it may be, should not lull one into
assuming that parturition is always a benign process
for the fetus, lest obstetric practices and surveillance
are not stressed in the interest of safeguarding fetal
well-being during this crucial time in utero. Some
have focused so much on the antepartum factors,
essentially denying the impact of labor and delivery,
as to imply that one can essentially ignore intra-
partum risks.5–8 Even such apologists, however, do
reluctantly acknowledge that no fewer than 6% of bad
results are attributable to problems encountered in
labor or at delivery.5 Others have demonstrated much
higher frequencies of intrapartum causes, with rates
as high as 34%.9–12

Regardless of the actual magnitude of the fetal risk
from labor, it should be quite clear that the labor and
delivery process is not always innocuous. Optimal
clinical care requires (1) careful attention to the
mother’s labor progress to detect those abnormal labor
patterns that place the fetus at risk; (2) close fetal sur-
veillance to detect evidence of fetal compromise; and
(3) gentle, cautious measures to ensure safe and atrau-
matic vaginal delivery. Recommendations for man-
agement have heretofore often been based largely on
oracular pronouncements derived from accumulated
clinical experience. In this era of evidence-based
medicine with more confident decision making
supported by objective information, it is essential to
provide such documented evidence about which spe-
cific abnormalities of labor actually affect the fetus

adversely and whether the deleterious effects of those
disorders can be mitigated by appropriate clinical
management.

Sources of injury
There are at least two major conditions that are recog-
nized to expose the fetus to jeopardy in the course of
labor and during the delivery process, namely, hypoxia
and physical trauma. Intrauterine fetal hypoxia may
develop in labor from the intermittent uterine contrac-
tions that compress uterine vessels traversing the
myometrium to supply the intervillous space of the pla-
centa with oxygen-rich maternal blood. While healthy,
well-oxygenated fetuses usually withstand this stress
well, the fetus that is already somewhat compromised
by preexisting chronic hypoxia from some form of
uteroplacental insufficiency may not. In such situa-
tions, the additional stress of uterine contractions may
be sufficient to reduce marginally sustaining oxygena-
tion to dangerous and damaging levels. Intrapartum
hypoxia may also occur from umbilical cord compres-
sion. Fetal injury that results from oxygen deprivation
may be mediated primarily by ischemia. When tissue
hypoxia is severe, hemodynamic changes can occur
that lead to selective or even global underperfusion of
vital organs.

Physical trauma during labor and delivery may
result from undue – that is, excessively prolonged and
intense – mechanical forces exerted on the fetal head.
These forces may cause extreme molding, which
stretches or tears the supporting fasciae (specifically,
falx cerebri and tentorium cerebelli) and the large
venous sinuses coursing within them. The resulting
intracranial hemorrhage can be devastating. Addi-
tionally, physical damage may be the consequence of
excessive or inappropriately directed forces applied
by instruments used to aid the delivery process, such
as obstetric forceps and vacuum extractor.

There are no objective clinical means for determin-
ing when potentially deleterious extremes of molding
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are occurring. Fetal heart rate monitoring, which is so
sensitive for detecting fetal hypoxia, is inadequate for
disclosing impending physical trauma, although heart
rate patterns may become abnormal after damage has
occurred. Several specific major labor aberrations, the
adverse impact of which is to be discussed in more
detail here, are associated with cephalopelvic dispro-
portion that is likely to be manifest by hazardous
degrees of molding. Understanding which labor pat-
terns put the fetus at risk and recognizing when they
develop are thus important clinical considerations.
The obstetric health care provider who is knowledge-
able in this regard is appropriately equipped to be alert
to recognize those relevant abnormalities in the course
of labor as they arise. He or she will then be prepared
to pursue evaluation of the case expeditiously and
astutely and, if necessary, to intervene aggressively to
avoid the expected adverse fetal outcome.

There has been an understandable paucity of recent
studies in this area, given the fact that controlled
investigations cannot be carried because of ethical,
moral and legal constraints. The only data available,
therefore, are from reports detailing collected experi-
ential information on outcomes stratified according to
labor and delivery events. The investigations upon
which these reports are based were carried out mostly
without cautionary measures having been taken to
ensure against confounding by the many concurrent
conditions that prevail among the population samples
under study. The only publication in which some
attempt was made to deal with this issue was the
monograph emanating from the National Collabora-
tive Perinatal Project (NCPP) under the aegis of the
U.S. Public Health Service.13 It provided extensive,
sophisticated analyses of data gathered prospectively
from a large population of some 60,000 gravidas and
their offspring delivered at 14 university hospitals
in the United States. The data, collected during the
interval from 1958 to 1974, focused on a group of
nearly 18,000 term infants who were free of anomalies
incompatible with intact survival and whose mothers’
records contained adequate documentation of the
labor course to reconstruct a meaningful pattern of
progression in dilatation and fetal descent. The large
database thus compiled was subjected to a sequence
of analytic techniques to ascertain the relative impact
of more than 2400 different factors on the fetus and
surviving infant, including maternal demographic
attributes and antecedent illnesses, extensive observa-
tions during pregnancy, complicating antepartum
conditions, exposures to infections and drugs, as well as
the full range of labor variables, such as fetal presenta-
tion, position, mechanisms of labor, labor progress,
membrane status, pain relief, uterotonic stimulation,
and the gamut of delivery procedures. Outcome vari-
ables included not only perinatal morbidity, mortality
and nursery course, but also periodic follow-up
neurological evaluations for mental and motor dis-
orders, speech, language and hearing problems, and

intelligence quotient determinations through 7 years
of age. The long and detailed follow-up of the study
infants makes the NCPP database notable, perhaps
unique, and unlikely to be replicated or improved
upon in the foreseeable future.

This unequalled resource is of special interest
because the analyses undertaken with it addressed the
issues of potential confounding and interaction of
factors other than the labor–delivery process (but also
mindful of the interaction among labor–delivery
factors) that might have been acting simultaneously to
affect outcome. A singular shortcoming of these stud-
ies is that the deliveries all took place before wide-
spread electronic fetal heart rate monitoring was
available. This deficiency is counterbalanced some-
what by the frequent, careful, close auscultation of the
fetal heart that was carried out on nearly all NCPP
patients. Other practice patterns have also changed
over the years, particularly with less use of narcotic
analgesia, more peridural anesthesia, fewer operative
vaginal deliveries, almost no difficult instrumental
delivery procedures, and many more cesarean sections.
Nonetheless, the sophisticated statistical techniques
applied to the study – including univariate and mul-
tivariate regression, aggregative hierarchical cluster
and logistic regression analyses – were able to assess
the specific effects of each of these practices in regard
to their individual contributions to outcome (regard-
less of the frequency of their use in clinical practice),
isolating those effects from the impact of the labor
process itself. Thus, the findings derived from this
extensive study of the NCPP database with reference
to the impact of specific labor disorders on outcome
should still be considered relevant to current-day
obstetric activities.

Prolonged latent phase
The common labor disorder of prolonged latent phase
(defined and characterized in Chapter 174, p. 1822)
appears to have a pervasively deleterious effect on the
fetus and surviving infant. This adverse influence was
not disclosed in several early studies that failed to
take confounding factors into account.14–17 Later and
more critical investigations showed the labor abnor-
mality to be considerably less innocuous than had
been originally thought.13,18

The NCPP study data demonstrated a significantly
worse perinatal outcome in association with labors
complicated by prolonged latent phase than after a
normal labor pattern [composite adverse results, rela-
tive risk (RR) 1.77, P =0.024], particularly in offspring
of multiparas, when controlled for the concurrent
effects of antepartum, intrapartum and delivery
factors.19 Simple univariate analysis, done without
controlling for confounding factors, showed pro-
longed latent phase labors were associated with con-
sistent increases in bad results across the range of
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outcomes that were studied from birth to 7 years of
age: Stillbirths (RR 2.43 for multiparas and RR 3.0 for
nulliparas, P < 0.05), neonatal deaths (RR 12.8 and
4.50, P < 0.01), depressed 5-min Apgar scores (RR
3.70 and 6.43, P < 0.001), and long-term sequelae
reflected in Bayley mental (RR 1.99 and 1.90,
P < 0.05), motor (RR 2.0, P < 0.05) and global scores at
8 months (RR 1.66, P < 0.05), abnormal neurological
findings at 1 year (RR 1.71, P < 0.05), abnormal
speech, language and hearing at 3 years (RR 1.28,
P < 0.05) and low 4- and 7-year intelligent quotients
(RR 1.18, 1.27 and 1.19, 1.34, P < 0.05).20 These find-
ings were further confirmed in logistic regression
analyses, which showed significantly increased rates
of perinatal mortality and birth asphyxia among
infants born after prolonged latent phase (RR 1.55,
P < 0.05). Increased frequencies of long-term effects
were consistent with and paralleled those of the peri-
natal period. It was clear, however, that many babies
who were born depressed, but survived, did well
nevertheless, with no apparent ill effects from the
stresses of labor and delivery.

Recently, confirmation and elaboration of these
findings have been forthcoming in a report of an
investigation by Chelmow et al.,18 who studied 713
term gravidas with prolonged latent phase, excluding
those with known antepartum risk factors for adverse
outcome. These investigators also used logistic regres-
sion analysis to study the impact of labor on outcome,
but limited their surveillance to the neonatal period
only. Without the benefit of long-term follow-up, this
otherwise good study could not provide the confirma-
tion we seek of a truly persistent adverse impact. Poor
perinatal results do tend to predict future bad out-
comes among surviving infants, of course, but since
the correlation is imperfect, they must be considered
mere markers for that possibility. This limitation
notwithstanding, Chelmow et al. found independent
statistically significant associations with increased
frequencies of neonatal depression [higher rates of
low Apgar scores below 7 at 5 min of age, RR 1.97,
confidence intervals (CI) 1.23–3.16] and the need for
resuscitation (RR 1.37, CI 1.15–1.64). Cord blood pH
determinations, however, were not found to be signifi-
cantly decreased in this group. They also noted that
prolonged latent phase labors were more likely to be
associated with other labor aberrations: the total fre-
quency of such disorders was 42.9% (vs. 16.3%
among infants born after normal latent-phase dura-
tions, P < 0.05); subsequent active phase arrest and
protraction abnormalities 30.3% (vs. 9.8%, P < 0.05);
second-stage problems 20.5% (vs. 9.9%, P < 0.05);
and a greater need for cesarean delivery (RR 1.65, CI
1.32–2.06). In addition, even after controlling for
mode of delivery, there were more cases with thick
meconium, maternal fever, intensive care nursery
admission, prolonged maternal and neonatal hospital
stay and maternal blood loss. Of interest, the criteria
used by Chelmow et al. for the diagnosis of prolonged

latent phase – namely, 12 h in nulliparas and 6 h in
multiparas – were less stringent than those described
by Friedman21 and currently considered the standard
for the definition (20 and 12 h, respectively).22 That
they demonstrated significantly adverse perinatal
effects associated with these shorter ‘prolonged’ latent
phases allows us to infer that a still greater impact
could have been expected from their study if the
longer cut-off durations had been used for diagnosis
instead.

Having demonstrated with reasonable certainty
that a prolonged latent phase exposes the fetus to
harm, we should turn our attention to the more clini-
cally pragmatic issue of whether that deleterious fetal
impact can be mitigated by early diagnosis and timely
intervention. Unfortunately, while this issue can be
addressed inferentially, it cannot be satisfactorily
resolved because no prospectively controlled investi-
gation has as yet been carried out targeting the prob-
lem. Indeed, there has not even been a retrospective
comparative study reported to date. There is informa-
tion from the NCPP data bank, however, that shows
the longer the latent phase is permitted to continue,
the greater its potential harm to the fetus.23 The fre-
quency of neonatal depression (reflected in low Apgar
scores at 5 min), for example, rose progressively with
each passing hour in latent-phase duration in off-
spring of multiparas, from a low hovering at or below
3% up to 10 h, to a significantly increased 5.0% at
11 h, 7.7% at 12 h, 8.8% at 14 h (the cut-point for the
diagnosis of prolonged latent phase in multiparas),
11.8% at 15 h, 12.8% at 16–19 h and 13.5% at 20 h or
more. Similarly significant time trends were seen
with a wide range of other outcomes among offspring
of nulliparas when the latent-phase duration was
stratified by its length, including the rates of still-
births, neonatal deaths, mental and motor deficien-
cies at 8 months of age, neurologic defects at 1 year of
age, and abnormal speech, language and hearing test
results at 3 years of age; intelligence quotients were
more often lower at 4 and 7 years of age as well, and
the 7-year intelligence quotient data achieved statisti-
cal significance. It is clear from these data that the
longer the latent phase is prolonged, the greater its
adverse effect on the fetus.

To ensure that the effect shown in the foregoing
univariate analysis of latent-phase prolongation did
not reflect the confounding effects of other factors act-
ing concurrently, logistic regression analyses were
pursued.24 Concern was appropriately generated over
whether gravidas with prolongation of the latent
phase might be those whose labors were augmented
with oxytocin or whose subsequent labors were com-
plicated by another labor disorders or some super-
imposed adverse influences to expose the fetus to
potential harm. The analyses determined that some of
the poor results associated with prolonged latent
phase persisted even when the effect of many other
variables were considered simultaneously. An RR of
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1.77 (P =0.024), for example, was found for untoward
perinatal outcomes in multiparas, but not in nulliparas.
Other outcome variables either failed to show the
same adverse effects or those effects were not so con-
sistent or strong as they had been with the univariate
analysis.24

This suggests that the impact documented previously
was either subsumed by other factors acting on the fetus
or somehow mitigated by subsequent interventions.
Thus, whether efforts to shorten this labor aberration
will improve outcome or not cannot be answered
definitively. In the absence of such an answer, we are
unable (and unwilling) to recommend an aggressive
approach for the ostensible purpose of improving out-
come. Our difficulty in this regard is compounded by
the problem of clear prospective diagnosis of this con-
dition. Too often, gravidas whose labors are not pro-
gressive for long periods may appear to have the labor
aberration of prolonged latent phase, but they turn out
in due course to have been in false labor instead, as
diagnosed in hindsight when their contractions finally
stop. To have intervened in those cases in which true
labor had not yet actually begun would have exposed
them and their fetuses to the recognized hazards of
‘induction’ of labor under suboptimal circumstances.
Without the benefit of a well-conducted study to show
the RRs and benefits of intervention in these cases – in
which prolonged latent phase and false labor cannot
be clinically distinguished prospectively – the conser-
vative management regimen described earlier (see
Chapter 174, pp. 1823–1825), therefore, seems more
appropriate and logical for most cases.

Protracted labor patterns
The adverse impact of the two protraction disorders,
protracted active-phase dilatation and protracted
descent, as defined earlier (see Chapter 174, p. 1823),
has been apparent from about the time these labor
aberrations were first described.15 All subsequent
investigations of fetal and neonatal outcomes associ-
ated with these major labor aberrations, carried out in
greater depth and sophistication, have only verified
and strengthened the truth of this relationship.15–17

From the beginning, perinatal mortality was found to
be more than three times greater with these disorders
than after normal labor, with recorded rates of 15.2
per 1000 and 4.9 per 1000, respectively, a statistically
significant difference.15 Long-term outcomes were
similarly poor among surviving babies born after
these types of labors, with more than twice the fre-
quency of abnormalities found in tests of speech, lan-
guage and hearing at 3 years of age (16.2% vs. 7.7%)
and, in matched-pair analyses, significantly lower
mean intelligence quotients at 4 and 7 years of age
(reduced by 4.6 and 8.4 points, respectively).16,17

The ability to reduce or even eliminate con-
founding effects of other potentially deleterious

influences acting simultaneously on the fetus, a capacity
afforded by the large NCPP database, served to confirm
the earlier findings and to make it clear that they
were not spurious.19 The composite perinatal risk
increased, especially among those delivered of multi-
paras, more than twofold (RR 2.40, P =0.05).19

Univariate analysis demonstrated that protracted
labor patterns in nulliparas were associated with a
trend toward increased risks of perinatal deaths (RR
1.57, not significant) and significantly more low
Apgar scores at 5 min (RR 1.94, P < 0.05).25 Infants of
multiparas showed even worse immediate effects,
including perinatal mortality (RR 1.77, P < 0.05), low
5-min Apgar scores (RR 1.97, P < 0.05), as well as
long-term adverse impact, such as abnormal neuro-
logical findings at 1 year of age (RR 1.41, P < 0.05) and
low mean intelligence quotient at 4 years (RR 1.22,
P < 0.05).25

When logistic regression analysis was applied to
these data to diminish confounding and interactional
effects, it became clear that protracted dilatation
continued to yield bad outcomes. For nulliparas, for
example, the RR for adverse composite results was
1.36 (P =0.044) and for perinatal morbidity and
mortality 2.12 (P =0.0052). Step-up regression model-
ing, done to introduce variables seriatim, showed the
composite risk to be still worse among babies born to
nulliparas, at RR 2.38 (P =0.021); and for perinatal
outcome, the results were even poorer, with RR of
3.75 (P =0.00046).26 For offspring of multiparas,
the results were comparable for perinatal outcome,
producing an RR by step-up modeling of 3.04
(P =0.0038).26

As to protracted descent, outcome data for off-
spring resulting from such labors were just as impres-
sive as those of protracted dilatation. For poor
composite outcome in nulliparas, for example, there
was an RR of 1.35 (P =0.0037) and in multiparas, 1.57
(P =1.2 ×10–6).26,27 Logistic regression analysis showed
this effect to be enhanced when confounding factors
were taken into account (RR 2.55, P =0.021) for peri-
natal impact. Step-up modeling indicated this impact
to be particularly resistant to the simultaneous effects
of confounding factors, especially that of other labor
disorders (RR 3.64, P =0.3.5 ×10–9).26

The question of whether these adverse effects can
be mitigated by early diagnosis and expeditious man-
agement deserves to be answered, but cannot. No data
are as yet available to help elucidate whether results
are worse if the protraction disorder is allowed to con-
tinue for any length of time, as there was for prolonged
latent phase (see above) and for arrest disorders, as
will be shown below. The extensive NCPP analyses
did not provide any insight into this matter because
the duration of these disorders was neither recorded
nor stratified. By contrast, we have already seen that
logistic regression analysis verified that protraction
disorders retained their adverse impact even when
other factors were taken into account at the same time.
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Inferentially, but without the kind of proof that
ought to be forthcoming from a prospective controlled
study, we can only surmise that intervention might
succeed in diminishing those deleterious effects, but
not entirely eliminate them. We are more confident
that no measures used so far can eliminate them, but
have to admit we have nothing objective to support
the statement concerning the decrease in magnitude
of effect. The latter is based on our conjecture that
since so many of these cases are associated with
cephalopelvic disproportion, some of the poor out-
comes may reflect that factor rather than the labor dis-
order. Since the clinical diagnosis of cephalopelvic
disproportion is not always made (or is sometimes
made even though it may not exist), its presence may
exert its ill effect without the health-care providers
being aware of it. We have stressed the need to exam-
ine the cephalopelvic relations when confronted by
either protraction or arrest disorders (see Chapter 174,
pp. 1825–1828).

As stated, these investigations confirmed the bad
effect that had been observed earlier and demon-
strated that the impact seen was very likely the result
of the labor disorder itself and not some other con-
currently acting factor. It is regrettable, however, that
there have been no more recent studies undertaken to
verify these findings in an era when obstetrics is prac-
ticed with greater attention to continuous fetal sur-
veillance and more expeditious intervention to effect
delivery than was the case when the NCPP data were
generated.

Arrest disorders
Arrest patterns of labor, which have been defined
and characterized earlier (see Chapter 174, p. 1823),
are recognized to be utilitarian clinical markers of
cephalopelvic disproportion. When an arrest disorder
is encountered in the course of labor, the probability
of safe vaginal delivery is reduced to about half by
virtue of the high likelihood that disproportion exists,
ranging as high as 56%.28–30 Accordingly, it is not
unexpected that these abnormal labor patterns will
perforce be associated with adverse outcomes among
fetuses who are exposed to them in the course of labor
and at delivery. This applies especially for those in
whom vaginal delivery is attempted without the pre-
caution of ensuring that the cephalopelvic relations
are adequate and the prospects of such delivery are
safe. Increased rates of perinatal deaths and morbidity
in association with arrest disorders have been well
documented.31 The RR of perinatal deaths expected in
association with arrest disorders of labor is 7.5, based
on a rate of 36.6 per 1000 as contrasted with 4.9 per
1000 after normal labor progress.31 Correcting for the
type of delivery more than doubles the RR to 15.7,
although the absolute mortality is reduced by this
correction to 16.1 per 1000 as the perinatal mortality

after normal labor is reduced even more to 1.5 per
1000.32 A later study indicated higher perinatal losses
of 40.2 per 1000 after arrest disorders compared with
11.8 per 1000 after normal labor patterns, showing a
consistency of adverse effect.33

Even Nelson, who asserted that intrapartum events
have little or no adverse effect on the fetus, has had to
acknowledge that arrest disorders are clear exceptions
(along with fetal heart rate and midforceps deliv-
ery).1,34 She reported the results of a large case–
control study examining many labor and delivery
factors simultaneously in which there were nearly
three times the frequency of arrest of progress among
developmentally abnormal children, specifically
18.0% vs. 6.6%, a significant difference.34 Not un-
expectedly, significantly increased frequencies of
midforceps procedures and cesarean delivery (RR
5.0), low Apgar scores (RR 1.6), requirement for inten-
sive neonatal care (RR 1.4), and long-term neurologic
handicap have also been reported following arrest of
dilatation.35 Of special interest in this last-cited report
is that stratification by delivery method showed that
vaginal delivery after an arrest disorder magnified the
poor infant results, whereas cesarean delivery dimin-
ished the impact attributable to the labor disorder.

The NCPP investigation confirmed these outcome
effects for arrest disorders.36 Arrest of dilatation was
associated with increased perinatal hazard, reaching
statistical significance in multiparas (RR 1.68,
P =0.049).36 Infants delivered after arrest of descent
fared just as poorly or worse, with deleterious perina-
tal outcomes much increased among them (RR 1.53
for nulliparas, P =0.028, and RR 4.02 for multiparas,
P =1 ×10–6).36 Prolonged deceleration, another vari-
ant of the arrested labor patterns, was also associated
with marginally to significantly increased perinatal
death rates in nulliparas (RR 1.43, P = 0.051) and mul-
tiparas (RR 1.51, P =0.019).36 However, there was no
evidence that this adverse effect persisted into later
life among surviving infants. Moreover, when logistic
analytic methods were brought to bear to assess the
impact of these disorders while other factors were
taken into account simultaneously, the adverse peri-
natal effect disappeared from all the aforementioned
arrest patterns, except arrest of descent in multiparas.
Perinatal mortality remained significantly high
among this latter group (RR 3.35, P =1.4 ×10–6).26 The
relationship was also upheld in the step-up logistic
modeling assessment (RR 2.88, P =0.0038).26

Based on these findings, one could surmise that
much of the impact of arrest disorders on the fetus is
subsumed by other factors acting simultaneously.
These other factors most probably include uterotonic
stimulation, the presence or absence of cephalopelvic
disproportion, and the timing and type of delivery
intervention taken to address the labor problem. In
addition, the duration of the arrest pattern may also
play a role in this regard, as evidenced by the correla-
tion between longer arrest periods and more intense
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and prolonged adverse effects.37 For example, neonatal
death rates increased progressively with duration of
arrest of descent in nulliparas: the RR after a half
hour of arrest in second stage was 1.45, which was
increased, but not significantly different from those
with normal second-stage progress; however, the RR
of perinatal death was 3.97 after 1 h and 4.92 after 2 h
of arrest (P < 0.01 for both).37

These findings clearly indicate that delayed diag-
nosis of an arrest disorder of labor is detrimental
to the fetus. The benefit of early diagnosis can be
assumed to have arisen because some form of evalu-
ation may have been done to rule out cephalopelvic
disproportion in those cases in which the labor was
allowed to continue; alternatively, cephalopelvic dis-
proportion was found – or presumed to exist – and
cesarean delivery was then pursued. Operative deliv-
ery may thus have averted any adverse consequence
from continuing the labor. If those cases in which
the arrest pattern develops without concurrent
cephalopelvic disproportion could have been specif-
ically identified, as proposed earlier, labor might
have been permitted to continue and an unnecessary
abdominal delivery averted, presumably with no
deleterious fetal effects. We have thus addressed the
issue of possible mitigation of adverse effect of arrest
disorders by early diagnosis and aggressive interven-
tion, with somewhat clearer resolution. We do
acknowledge, however, that we lack substantiation in
the form of objective supportive data derived from a
more reliable recent source, such as a well-designed
clinical study.

Precipitate labor
It is generally accepted that fetuses may be damaged by
labors that are very short in duration, or are character-
ized by excessively rapid cervical dilatation or fetal
descent, or by quick delivery over an unsterile field
without good control of the fetal head as it is expelled
over the perineum. Because such rapid labors are often
associated with tumultuous uterine contractions – that
is, contractions that are powerful in strength, long in
duration and quite frequently recurrent – such labors
may thereby expose the fetus to the risks of both phys-
ical trauma and hypoxia. The mechanism by which
precipitate labors cause fetal hypoxia is logically
assumed to be one in which the intense and prolonged
contractions obstruct the flow in the spiral arterioles
that supply oxygenated maternal blood to the intervil-
lous space of the placenta, thus depleting to hazardous
levels the oxygen reserves from which the fetus can
draw. Physical trauma may result from one of two dif-
ferent mechanisms, either from the rapid compression–
decompression phenomenon of excessively rapid
descent (causing tissue damage from the ‘blast’ effect)
or from excessive molding of the fetal head resulting
in damage to intracranial fasciae with ensuing
hemorrhage.

This latter form of injury can be more easily under-
stood by considering the tissue attribute of plasticity.
This physical property permits tissues to be atraumat-
ically stretched and reshaped when steady forces are
applied to them over relatively long periods of time.
An extreme example of tissue plasticity is orthodontic
remodeling of teeth alignment; other examples
include the changes the cervix and the perineum
undergo in labor. If the same (or larger) forces are
exerted instead at great speed, however, those tissues
will fracture or lacerate instead. Thus, the normal
fetal head molding process, which all fetuses in
cephalic presentation experience in the course of
vaginal delivery, is ordinarily harm-free. By contrast,
the rapid deformation resulting from the excessive
magnitude and speed of force to which that fetal head
is exposed in many precipitate labors may not be so
benign at all. The harm from this mechanism may also
occur even without precipitate labor if the fetal head
is unduly compressed and thereby remolded exces-
sively over a relatively short time in the course of
labor as the consequence of constraining cephalopelvic
relations. This applies particularly if the uterine con-
tractions are being simultaneously augmented by a
uterotonic agent, such as oxytocin. The adverse fetal
effects of cephalopelvic disproportion can thus be
expected to compound those of uterine hypercontrac-
tility, if both occur concomitantly in a given labor,
at minimum additively and perhaps synergistically
as well.

We have addressed the clinical means for diagnos-
ing precipitate labor patterns (see Chapter 174,
p. 1829). What has not been well documented is the
quantitation of the injurious impact of such labors on
the fetus – that is, how bad the effect is and under
what particular conditions in labor can it be expected
to become manifest? There is a regrettable paucity of
meaningful data available to probe these questions.
One univariate clinical study dating back many years
showed a statistically significant 45% relative
increase in perinatal mortality among infants born
after precipitate labor (15.5 per 1000 vs. 10.7 per
1000, P < 0.05).38 Of those infants who died in this
series, autopsies found 18.8% of the deaths were due
to intracranial hemorrhage. Among surviving infants,
neurological and developmental abnormalities were
identified in significantly large numbers, including
20.0% with mental retardation (as opposed to 7.0%
among those delivered after normal labor patterns,
P < 0.05) and 20.0% with intelligent quotient scores
of 70 or less (vs. 2.5% in the normal controls,
P < 0.01).39

Some more recent studies have denied that precip-
itate labor is a risk factor for poor short- or long-term
outcomes.40–42 Others, however, have shown impor-
tant adverse consequences, including increased peri-
natal mortality, need for neonatal intensive care and
longer hospitalizations after birth, and neonatal com-
plications.43–45 The report by Bateman et al., for exam-
ple, demonstrated unattended births were associated
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with neonatal mortality of 20.3 per 1000 [vs. 7.3 per
1000, odds ratio (OR) 2.82, P < 0.05], hypothermia
< 35 ◦ (OR 20.8, P < 0.01), hypoglycemia < 40 mg/dl
(OR 4.41, P < 0.05), and polycythemia with hemat-
ocrit > 65% (14% incidence).43 These effects were felt
to be attributable mostly to the high proportion of pre-
mature births in their series. Comparably increased
mortality and morbidity rates were also encountered
in two other studies of similar deliveries, even though
the frequencies of prematurity were lower.44,45 Certain
characteristics, which may be considered to represent
risk factors, were found to prevail among gravidas
with precipitate labors and deliveries, all occurring
with significantly increased frequencies: they included
the aforementioned increased incidence of prematu-
rity (OR 2.99), plus low educational level (OR 6.11),
multiparity (OR 6.18), prior preterm delivery (OR
4.03), and no prenatal care.46

It is clear from these observations that several iden-
tified confounding factors do exist (and other con-
founders not yet identified may also exist). These have
to be taken into account if we are to ascertain the real
impact of precipitate labor on the offspring, devoid of
the concomitant effect of such powerful hazards as pre-
maturity, among others. To this end, we turn again to
the NCPP data, which is unique in affording us the
opportunity to assess simultaneously the effect of all
the confounders as they impact upon perinatal and
long-term results. Univariate analysis showed that pre-
cipitate dilatation – defined objectively by excessively
rapid rate of cervical dilatation in the active phase of
labor – was associated with increased perinatal mortal-
ity (RR 6.99, P < 0.05), low Apgar scores at 5 min (RR
4.28, P < 0.05), abnormal global neurological examina-
tion findings at age 8 months (RR 1.67, P < 0.05), abnor-
mal speech, language and hearing at 3 years of age (RR
1.79, P < 0.05) and low intelligence quotients at 4 and
7 years (RR 1.98 and 1.62, respectively, P < 0.05 for
both) in nulliparas; and comparable results were found
among offspring of multiparas.47 Precipitate descent –
defined by very rapid slope of descent in second stage
of labor – was also accompanied by high perinatal mor-
tality (RR 2.49, P < 0.05), low 5-min Apgar scores,
abnormal speech, language and hearing at 3 years of
age (RR 1.27, P < 0.05) and low intelligence quotients at
4 and 7 years (RR 1.67 and 1.37, respectively, P < 0.05
for both) in infants of nulliparas, with parallel findings
in those delivered of multiparas.47 Precipitate delivery –
that is, uncontrolled delivery over the perineum – was
determined to carry even higher rates of adverse out-
comes, including stillbirths (RR 6.14, P < 0.00001),
neonatal deaths (RR 6.34, P < 0.00001), low Apgar
scores at 5 min (RR 2.61, P < 0.001) in nulliparas; still-
births (RR 3.34, P < 0.00001), neonatal deaths (RR 2.95,
P < 0.00001), low 5-min Apgar scores (RR 2.77,
P < 0.00001), abnormal mental and motor scores at
8 months (RR 2.15 and 2.62, P < 0.05 for both), and low
intelligence quotients at 7 years (RR 1.34, P < 0.05) in
multiparas. Other long-term outcome results were also
poorer than among infants delivered with good control

of the delivery of the fetal head over the perineum, but
those rates did not reach statistical significance.48

Limiting analysis of the NCPP study population to
those weighing between 2500 and 4000 g, to eliminate
the acknowledged high-risk factor of prematurity,
focused the analysis somewhat more closely on the
impact of the labor disorder itself. While short active-
phase duration was found to retain its adverse impact
(perinatal composite outcome effect, including deaths
and Apgar scores < 4, RR 1.40, P = 0.034), rapid max-
imum slope of dilatation paradoxically did not (peri-
natal composite RR 0.95, a slight, but not statistically
significant protective effect). Precipitate descent,
when reflected in a very short second-stage duration,
was associated with poor perinatal composite results
(RR 1.34, P < 0.039), but when defined by rapid max-
imum slope of descent, it was not.36 All labor vari-
ables considered together in the logistic regression
analysis demonstrated that precipitate dilatation
retained its adverse perinatal impact (RR 1.92,
P =0.0034) in babies delivered of nulliparas (but not
those of multiparas). Precipitate descent defined by
second-stage duration had an adverse effect (RR 1.21,
P =0.012), but not when it was diagnosed by maxi-
mum slope of descent, which again had a marginally
protective effect (RR 0.79, not significant).26 In the
step-up logistic sequence for perinatal outcome, these
relationships continued to reflect the bad influence of
precipitate dilatation (RR 1.83, P = 0.0060).26 The
aforementioned marginally protective effect of precip-
itate descent was subsumed by other factors in this
last analysis, but reemerged as those other factors
were identified and corrected for. When logistic
regression analysis was finally brought to bear on the
full panoply of variables in the NCPP study, encom-
passing demographic, preexisting illness, antepartum
and intrapartum factors, and delivery variables, fore-
shortened active-phase duration was still holding its
own as an adverse factor affecting both composite and
perinatal outcomes (RR 1.29 and 1.67, P < 0.05 for
both) in nulliparas, as did precipitate descent, which
served as an apparently protective factor for composite
outcomes only (RR 0.71, P < 0.05).24

These data are difficult to interpret because they
seem inconsistent. Rapid cervical dilatation and short
active-phase duration are two aspects of the same
phenomenon and can both be expected to have the
same influence of the fetus. The same applies to the
two related factors of rapid descent and short second-
stage duration. When examined separately, short
active phase showed its expected adverse fetal effects,
but rapid dilatation did not; and similarly, short second
stage did, but rapid descent did not. When both mem-
bers of a related pair of variables are examined at the
same time by statistical testing, only one or the other
is likely to demonstrate statistical significance, but
not both because the information they share about
outcome is subsumed by one of them. What cannot be
explained so readily, however, are the paradoxical
effects seen for the two related pairs of factors, rapid
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dilatation and short active phase, on the one hand, and
rapid descent and short second-stage duration, on the
other, given that the observed impact appeared to act in
opposite directions. Confounding is the likeliest expla-
nation, but there is probably another explanation: not
all precipitate labors are comparable insofar as their
potential for harm. Spontaneously occurring fast labors
in multiparas may not be caused by tumultuous uterine
contractions or uterotonic stimulation, but instead
reflect the ready response of elastic maternal soft parts
yielding atraumatically to normal (or even hypotonic)
contractions. This latter form of facile, but rapid labor
should not be anticipated to have the same bad effect
on the fetus as the excessively forceful labor that is
more likely to harm the fetus by means of physical
trauma and hypoxia. While no study has been under-
taken to elucidate the relative effects of these distinc-
tive labor types, it is likely that their outcomes would
be quite different. If the cases of precipitate labor in the
NCPP data resource (which regrettably could not dis-
tinguish the two varieties), to which we have just
alluded, were diluted with large numbers of such
‘benign’ labors, it would make it difficult to demon-
strate the deleterious effects of the less benign form.

Conclusions
Labor abnormalities, as defined objectively on the
basis of patterns of cervical dilatation and fetal
descent, can, based on the evidence presented here,
be associated with poor outcomes for the fetus and
surviving infant. The adverse outcomes are appar-
ently independent of the modality chosen for the
delivery, although it should be clear that ill-advised
attempts to effect delivery by traumatic instrumenta-
tion, such as difficult midforceps procedures, will
probably diminish the potential for a good result.
Contrastingly, timely intervention by cesarean deliv-
ery, when indicated, may have a beneficial impact by
reducing the deleterious effect of the continuing
abnormal labor progression pattern. This is not
intended as license to proceed with cesarean delivery
whenever such disorders are encountered during the
course of labor, but rather to alert health-care
providers to the need to recognize them early, to eval-
uate for potentially serious associated or etiological
conditions that threaten the well-being and life of the
fetus, and if such conditions are found, to proceed
with the requisite intervention.

1996 Effects of labor and delivery on the fetus
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188 Maternal stress and labor
K. M. Paarlberg, A. J. J. M. Vingerhoets and H. P. van Geijn

Labor and delivery are among the most intense events
a woman faces in life. Maternal distress or maternal
anxiety in reaction to stressors can probably trigger
the onset of labor (at term or preterm), and can pre-
dispose to an abnormal course of labor.1 These stres-
sors may be related directly to pregnancy (e.g. a fetal
or maternal complication, or bad experiences in an
earlier pregnancy), or may arise from other circum-
stances (e.g. family, work, social life or personality
characteristics). All these kinds of stressors may influ-
ence the onset and course of delivery.

Depending on her ability to cope with stressful
circumstances and dramatic changes occurring in
her body, the woman’s experience of giving birth
may range from an intense but satisfying occasion
to a most traumatic event, resulting in extreme states
of distress. The distress may be experienced before,
during or after delivery.2

This chapter reviews our understanding of the
interplay between maternal distress and the onset and
course of labor. The effects of maternal stress on the
onset and course of labor, its role in preterm labor and
the relation to intrapartum complications are dis-
cussed. Attention is then given to the main causes of
maternal distress during labor, and finally, interven-
tions are suggested to decrease maternal stress during
labor, with emphasis on the therapeutic implications
of the relevant issues.

Maternal intrapartum stress 
Onset of labor
The onset of parturition is the result of a complex inter-
play of fetal and maternal hormones, including corti-
sol, catecholamines, interleukins, prostaglandins,
maternal and placental CRH,3 vasopressin, oxytocin
and the oxytocin receptors in the myometrium.4

Because the considerable inter-species differences do
not allow generalization to human beings, the precise
role of these substances in human labor are not fully
understood. It is clear, nevertheless, that in humans,
secretion of many of the hormones that participate in
the initiation of labor may be influenced by stressful
stimuli.5 For example, the uterus of a woman who

delivers preterm appears to be more sensitive to
oxytocin during pregnancy than that of a woman who
delivers at term.6 The effects of oxytocin during
human labor result from an increased number of
oxytocin receptors rather than from increased levels
of the circulating hormone.7–9 Small quantities of
oxytocin can trigger uterine contractions at levels that
are completely ineffective in the non-pregnant state.9

The increase in receptors is not only confined to
the myometrium, but is also found in the decidua.
Oxytocin has an additional separate action of stimulat-
ing the release of prostaglandin F2α

(PGF2α
), so that at

the end of pregnancy there is a greatly increased secre-
tion of PGF2α

.11 This represents a secondary effect of
oxytocin on uterine contractility through prostaglandin
release.8 The transition from a relatively relaxed state to
the onset of contractions can be seen as the result of
stimulatory inputs or perhaps as a consequence of the
loss or ‘switching off’ of mechanisms that promote
relaxation. One such mechanism could be the activa-
tion of cyclic nucleotide (cAMP, cGMP) pathways.
During the onset of labor, cAMP synthesis is decreased,
and its catabolism is promoted, contributing to
enhanced uterine contractility.4

Immunological activity is influenced via hormonal
and neuronal pathways.9,12–18 Increases in cate-
cholamines or cortisol can suppress immune processes
and may also rapidly alter numbers of immune cells
via redistribution.9,12–14 In addition, neuropeptides
such as plasma β-endorphin, another hormone sensi-
tive to stress exposure,15,16 are known to mediate
increases in natural killer (NK) cell activity. Exposure
to chronic stressful situations (such as caregiving for
Alzheimer patients and bereavement) has been shown
to result in decreased NK cell activity.14 Apart from
hormonal factors, direct neural influences from the
hypothalamus on the immune system have been
described.17,18

A compromised immune system may have a nega-
tive effect on gestational length. Under circumstances
of intrauterine infection (chorioamnionitis), decidual
macrophages may be involved in premature labor
through the premature release of prostaglandins
and other inflammatory mediators in the decidua and
fetal membranes, close to myometrial cells.4 Given the
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established relationship between exposure to stressful
conditions and increased risk of infectious diseases,19–22

it may be postulated that adverse psychological condi-
tions enhance the susceptibility to infections such as
chorioamnionitis and in that way can induce preterm
contractions and/or rupture of membranes.

Course of labor
In primates and sheep, stressful conditions during
labor (e.g. presence of observers and unfamiliar
sounds) reduce oxytocin release and can thus delay
the birth process.6,23 Naaktgeboren and Bontekoe23

measured uterine activity during labor in ewes. In
anxious ewes uterine activity sank to zero when
human observers were present. Uterine activity was
recorded and the lamb born only when no observers
were present. In less anxious ewes, the presence of
observers did not evoke any change in the contraction
pattern. Assuming that biological stress reactions in
primates and sheep are comparable to those in human
beings, it is plausible to hypothesize that stressful
stimulation can negatively influence the progress of
labor. Which mechanisms are involved is as yet not
completely clear.

Omer and Everly9 and Omer12 presented an arousal
model based on the results of experimental studies
with rodents and humans. Catecholamines and oxy-
tocin are hypothesized to mediate the influence of
psychosocial factors in preterm labor. It is theorized
that the threshold for uterine contractility can be low-
ered by constitutional tendencies or by acutely
intense or chronically repeated central nervous sys-
tem (CNS) stimulation. This state of hypersensitivity
might then be perpetuated in a vicious circle by high
adrenergic activity, neuromuscular tension and cogni-
tive excitation. Neurologic hyperreactivity manifests
itself by a cascade of physiologic responses in all
efferent components of the limbic circuitry. This mul-
tiple response chain might affect the uterus in differ-
ent ways: through norepinephrine secretion; through
prolonged epinephrine secretion, causing a rebound
effect, characterized by initial inhibition of uterine
contractility followed by stimulation of contractility;
through oxytocin release; through skeletal-muscular
activation, which in turn influences (through inter-
neurons) sympathetic neurons responsible for uterine
innervation; and indirectly, through immunosuppres-
sion and, consequently, heightened vulnerability to
infectious diseases.

Preterm labor
The results of research on the effects of maternal
exposure to stressful events on onset of labor are con-
sistent and unambiguous. There is ample evidence that
preterm deliveries have often been preceded by stress-
ful situations. In a prospective study in 2593 pregnant
women,24 anxiety, stress, self-esteem, mastery and

depression were assessed at 25–29 weeks of gestation.
Stress was found to be a significant predictor of spon-
taneous preterm birth even after adjustment for adverse
health behaviors (tobacco, alcohol and drug use).

In addition, the study by Pritchard and Teo25

demonstrated that the influence of chronic stressor
exposure on preterm birth should also not be over-
looked. These authors found a strong association
between experiencing high levels of perceived diffi-
culty with the household at 20 weeks of gestation and
preterm birth.

Studies from more recent date show less consis-
tency in their results than those of previous decades
have shown.26 Levi et al.27 found a negative associa-
tion between trait-anxiety and the duration of preg-
nancy. However, preterm birth did not occur in this
group. In a prospective study by Norbeck and
Tilden,28 state-anxiety appeared to be unrelated to
gestational complications, including preterm labor. In
contrast, a prospective study by Omer et al.29 yielded
evidence that state-anxiety was more prevalent in
pregnant women with preterm contractions or deliv-
ery than in a comparable group with term labor. It is
not clear to what extent these contradicting findings
could be attributed to differences in research method-
ology. Omer et al.29 focused on preterm labor, whereas
the Norbeck and Tilden study28 combined preterm
labor, anemia and preeclampsia. The selection of
study participants was also different. Norbeck and
Tilden excluded all women with preexisting medical
risk factors in the beginning of pregnancy, whereas
Omer et al.29 did not. Therefore, in the study of Omer
et al., in which anxiety was measured at 4–6 months,
and there was no control for medical risk, it may be
that anxiety reflected early indications of risk which,
in turn, could have influenced outcome.

The majority of the studies that focused on the
relationship between negative psychosocial factors
and preterm labor reported a positive associa-
tion.24,25,27,29–36 A marginal or absent relation was
found in three.28,37,38 The most recent studies were
carried out prospectively.24,25,27–29,35–38

Prospective24,36,38 and retrospective stud-
ies29,30,32–34,38 have reported that stressful life events
are more common in pregnancies resulting in preterm
delivery. A few researchers35,37,38 observed no differ-
ences in reported life events between a preterm and
full-term birth group, but life events may well play an
important role in the onset of preterm labor.

In order to obtain a reliable picture of the influence
of psychosocial factors on preterm labor, it is impor-
tant to study specific psychosocial and background
variables prospectively in a large group of women.
Such a research project has been carried out by
Hedegaard et al.,36 who found a dose–response rela-
tionship between stressor exposure (i.e. stressful life
events, physical job strain and psychological job
strain) assessed in the 30th week of pregnancy and
risk of preterm delivery. In contrast, the same factors
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measured in the 16th week of pregnancy were not
related to preterm delivery.

Psychologic responses to stress are progressively
attenuated throughout pregnancy. Glynn et al. exam-
ined the birth outcomes of women who had experi-
enced an earthquake during pregnancy. The earthquake
was rated as most stressful during the first trimester
of pregnancy and as least stressful during the third
trimester. Timing of the earthquake was inversely
related to gestational age at birth: stress experienced
early in pregnancy was associated with shorter gesta-
tion. Women who did not experience the earthquake
during pregnancy had the longest mean gestational
length.39

Given the results, it is tempting to hypothesize that
stressful events can potentiate preterm contractions
and may trigger preterm labor. However, the same
kind of stressor may be perceived differently through-
out pregnancy, depending on the phase of pregnancy,
and therefore its effect may vary.

Intrapartum complications
Suppression of labor activity and prolonged deliveries
due to anxiety, strong emotions, and stressful events has
been reported in women since ancient times, and are
known to occur in many other mammalian species.23

The literature shows a wide variety in severity and
nature of the intrapartum complications that have
been studied. Except for three studies,40–42 the design
was generally prospective. Most investigators found a
positive relationship between psychosocial factors
and the occurrence of intrapartum complications.42–58

Reeb et al.51 studied the occurrence of intrapartum
complications in 140 urban black women. In the 8th
month of pregnancy, demographic, biomedical and
psychosocial factors (i.e. life events, maternal worries
about adjusting to life with a new baby, emotional and
instrumental support, depression and family size and
functioning) were assessed. Intrapartum complica-
tions were defined as three or more significant prob-
lems occurring during labor and delivery. It was
found that the four-factor equation: low family func-
tioning, advanced maternal age, working during preg-
nancy and short stature, predicted intrapartum
complications with a relative risk of 5.5 (95% confi-
dence interval: 2.2–13.9). Clifford et al.57 examined
life events, social support and anxiety in the 16th,
28th and 36th week of pregnancy. Intrapartum com-
plications were operationalized as ‘noteworthy’ med-
ical events. Some serious outcomes were not included
because their cause was either known or believed to
be unrelated to psychosocial stress (e.g. cord around
the neck, injury incurred at birth, malpresentation). It
was found that the incidence of stressful life events
and anxiety in the third trimester were significantly
related to the risk of intrapartum complications.

A smaller number of publications reported no asso-
ciation.27,40,41,59–67 In most investigations, trait-anxiety

has been considered the main predictive variable
of intrapartum complications. Retrospective41,59 and
prospective27,46–49,64,67 studies have focused on the
possible relationship between trait-anxiety and length
of labor. Some investigators46–49,67 found higher anxi-
ety scores for women with prolonged labor compared
with normally delivering women, while others41,59,64

found no difference. One author27 even reported
shorter labor in women reporting high levels of trait-
anxiety. These seemingly conflicting findings can be
understood if one takes into account the course of the
effects of epinephrine, which is the hormone most
strongly associated with anxiety. The results of
Lederman et al.,47 who measured epinephrine plasma
levels and self-reported anxiety of women during
labor, showed a positive correlation between these
two variables. High levels of anxiety and plasma epi-
nephrine were associated with a pronounced decrease
in uterine activity, particularly in the second stage of
labor. However, after a while, uterine contractions
returned to their initial level and a rebound effect
often took place, leading to a pronounced increase in
uterine contractility. The apparent contradiction
between the stimulating and inhibiting effects of anx-
iety on duration of labor can be explained by taking
into account the duration of receptor stimulation.
Initially, epinephrine inhibits uterine contractility
through stimulation of β2-receptors in the uterine
muscle, while norepinephrine stimulates contractility
through α-receptors, which are also situated in the
uterine muscle. As labor progresses, the amount
of β2-receptor stimulation decreases in favor of
α-receptor stimulation. This phenomenon is probably
due to upregulation or increased sensitivity of
α-receptors caused by estrogen.9,12 Epinephrine stimu-
lation changes from an inhibiting to a stimulating
effect on uterine activity, thereby reinforcing the effects
of norepinephrine.

The clinical effects of epinephrine may be well
illustrated by experiments in Guatamala and in the
United States.68–70 Sosa et al.68 examined the effects of
a supportive lay woman (doula) on the length of labor
and intrapartum complications in healthy primi-
gravid Guatemalan women. Hospital policies did not
provide for any family member, friend, or continuous
nurse caretaker to be present in the labor rooms,
apparently as a consequence of the large number of
deliveries, and limited space. It appeared that the
length of time from admission to delivery was shorter
in the supported groups than in the control groups. In
addition, more mother–infant interactions were
observed in the supported group. Klaus et al.69 and
Kennell et al.70 further reported fewer perinatal com-
plications and less medication (epidural analgesia
and oxytocin stimulation) in the supported group
than in the control group. Besides the possibility that
the presence of a companion might account for the
obstetrician making fewer interventions, a supportive
companion may also reduce catecholamine levels by

2000 Maternal stress and labor

Kurjak-188.qxd  5/10/2006  12:16 PM  Page 2000



Causes of maternal distress during labor 2001

reducing maternal anxiety and facilitating uterine
contractile activity and uterine blood flow.

Most studies used the dichotomous distinction
of ‘normal’ and ‘abnormal’ in their outcome vari-
ables.40,42–46,48,50,51,53–57,59–67,71,72 In these investigations
abnormal outcome variables could be anything from
umbilical cord around the neck to a cleft palate and
stillbirth. It is therefore difficult to draw any defini-
tive conclusions from them regarding the influence of
maternal stress during labor. In the majority of studies
focusing on the relationship between anxiety and
complications, higher trait-anxiety in the ‘abnormal’
delivery group was observed than in the ‘normal’
delivery group.43–46,48,50,54,55,57,71,72 A smaller number of
publications reported no differences.60,62,64–67

In summary, trait-anxiety appears to be positively
associated with ‘abnormal’ delivery, in particular pro-
longed labor, but the inadequate operationalization of
intrapartum complications prevents us from drawing
clear-cut conclusions.

Causes of maternal
distress during labor
How a woman will experience and perceive her deliv-
ery depends on numerous factors. Fear of childbirth
(FOC) can be so intense that it may qualify as a legiti-
mate diagnosis, often described with terms like ‘clin-
ical FOC’. This is a disabling fear that interferes with
occupational or academic functioning, with domestic
and social activities, or with relationships.73 Women
who suffer the most from FOC during pregnancy
are likely to have the most intense fear during the
delivery, and also suffer the most from it afterwards,
independent of the kind of delivery that occurs.
Due to enormous methodological problems, sound
research regarding FOC is uncommon. Areskog
et al.74 investigated background factors associated
with FOC. Between 32 and 34 weeks of gestation,
pregnant women (n =153) were categorized as ‘suffer-
ing’ (n =92) or ‘not suffering’ (n =61) from FOC.
Nulliparous (n =93) and parous women (n =60) were
analyzed separately. FOC was more prevalent in nul-
liparous than in parous women (33% vs. 26%). In
nulliparous women, more background factors associ-
ated with FOC were identified than in parous women.
The significant background factors are summarized in
Table 188.1.

In an earlier investigation,2 the same authors found
that, among women with severe FOC, various attribu-
tions of fear were involved, such as shape and well-
being of the unborn child, fear of physical damage to
the woman herself (such as birth canal lacerations),
fear of not being able to control herself during the
delivery and fear of losing dignity. Fear of delivery in
parous women was very often based on previous
experiences of traumatic deliveries. In contrast to a
woman with, for instance a pathologic fear of spiders,

a pregnant woman who suffers from FOC cannot
avoid the delivery she fears and is therefore captured
in a situation in which she is (slowly) forced to
approach delivery, which is regarded as an unknown,
uncontrollable and unavoidable event. The only way
out for her will be an abortion in early pregnancy or a
cesarean section, in spite of the risks of this proce-
dure. In Finland, Sweden, and the United Kingdom,
FOC is the reason for about 7–22% of cesarean section
births on maternal request.75 A vivid debate about a
woman’s right to choose the mode of delivery is cur-
rently going on in the obstetric literature, but discus-
sion and analysis of the reasons for women to request
a cesarean section, or of ways to help them overcome
the fear of vaginal birth is only scanty.75 Anxious
people have a bias to perceive information as threat-
ening. It has been shown that, at the end of pregnancy,
pregnant women with severe fear of labor had only
heard negative stories about deliveries, while women
with low or mild fear of delivery mostly had heard
positive accounts. Thus, like certain individuals
who develop a specific phobia by means of vicarious
experience or informational transmission, anxious
apprehension could ensure that mostly negative infor-
mation is processed and women consequently become
so alarmed, that in their view the approaching deliv-
ery already is a catastrophe before the event has taken
place.73

Psychological trauma and post-traumatic
stress disorder after birth
Childbirth can be so traumatic that the new mother
fulfills the criteria for post-traumatic stress disorder
(PTSD), with its well-known symptoms such as night-
mares, intrusive memories, depression, anxiety, diffi-
culty bonding with the infant, fear of sexual intimacy,
and avoidance of future childbearing.76–81 In addition,
there is limited evidence that experiencing a psycho-
logic trauma during childbirth may lead to difficulty
in bonding between mother and child resulting in
long-term attachment problems.77

According to the literature, the percentage of
women experiencing a birth as traumatic ranges
between 20% and 30%, and of developing PTSD,
between 2% and 6%.81 In contrast to what might be
expected, the highest incidence of postpartum PTSD
is found in the group with obstetrically normal deliv-
eries.73 Psychosocial factors before birth play an
important role in these traumatic experiences.
Psychosocial predictors include preexisting psy-
chopathology,77,78,82 expectations,78,82 nulliparity,78

high trait anxiety,82 and history of sexual trauma.81

Soet et al.81 found that women who had experienced
a past sexual trauma were 12 times more likely to
experience the delivery as traumatic. Lack of confi-
dence in the ability to control pain together with low
coping skills may be related to women’s negative per-
ceptions of birth. Event characteristics predicting
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childbirth as a traumatic experience are patient’s feel-
ings of powerlessness,81 pain during childbirth,77,81,83

delivery of an ill or stillborn infant,77,83 hostile
and uncaring treatment by medical personnel,77,78,83

inadequate information given to the patient,82,83

patient’s lack of consent,83 and increasing medical
intervention.81,84

Pain in labor
The pain of childbirth is one of the most severe forms
of pain.85 Elevation of catecholamines in maternal
blood during labor is associated with pain, anxiety
and prolonged labor.47,86 Pain relief by epidural block
decreases catecholamines, cortisol and adrenocorti-
cotropic hormone secretion during labor.87 This sug-
gests that the hypothalamo-pituitary-adrenal axis is
involved in the maternal response to pain.

Whipple et al.88 investigated pain thresholds in
10 women, five of whom had had childbirth prepara-
tion according to Lamaze. The pain thresholds were
measured by applying a gradually increasing force to
a finger. In the group of women with childbirth prepa-
ration the pain detection threshold during labor was
higher than before labor (21%) and 24 h postpartum
(33%), whereas in the group without childbirth
preparation, the pain detection threshold signifi-
cantly decreased during labor (19%) compared to pre-
delivery values. There were no significant differences
between the intrapartum and 24-h postpartum values
in this group. The authors concluded that ‘in the
women with childbirth preparation, an analgesic
process is activated during labor’. The differences
in pain thresholds were attributed to differences in
anxiety during labor. Charles et al.89 and Melzack
et al.90,91 found that women who followed childbirth
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Table 188.1 Personal life experiences significantly related to fear of delivery in nulliparous and parous women74

Significant in Significant in 
Type of life experience nulliparous women multiparous women

Present pregnancy
Fetal movements perceived late *
(≥22 gestational weeks in
nulliparous women; ≥20 weeks 
in parous women)
Less verbal communication *
with the fetus

Sexuality
Ignoring sexuality in parental home *
Non-permissive attitude toward *
sexuality in parental home
Negative experience of first intercourse *

Childhood
Negative life experience of childhood *
Poor relationship with father *

Psychological well-being
Significant anxiety during last 2 years *
Significant other psychological *
problems during last 2 years
Disturbed emotional balance * *
during present pregnancy
Psychological tension *
during the interview
Strong dissimulation tendency *

Medical treatment
First gynecological examination *
experienced as a psychological trauma
Fear of gynecological *
examinations at present
Fear of pain in general * *
Earlier traumatic experiences *
of pain (except deliveries)
Fear of attending hospital services *

Verbal tradition concerning delivery
Negative aspects dominant *
in apprehension of verbal tradition
about delivery
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preparation courses reported less pain during the
delivery than women without childbirth preparation,
but there was still a lot of pain.

The phenomenon that pain detection thresholds
may vary among women and even may vary over time
in the same woman, may be explained by the ‘gate-
control’ theory of Melzack.92 The basis of this theory is
that a neural mechanism (cells in the gelatinous sub-
stance) in the posterior horns of the spinal cord func-
tions as a gate that can modulate the input of nerve
impulses to the CNS. The extent to which the gate can
increase or decrease the transfer is determined by the
relative activity in thick (A-beta) and thin (A-delta
and C) fibers and by descending influences from the
brain. When the amount of information flowing
through the gate exceeds a certain critical level, areas
responsible for pain sensation and reaction to pain are
activated. There is a central control system activating
the special brain processes that keep nervous input
under control. In addition, enforcing the ‘gate-control’
theory, a central inhibition mechanism has been local-
ized in different areas in the brainstem.

Analgesia by overstimulation can be explained by
high output of the transmission cells in the spinal
cord. The output may exceed the critical level and
cause pain, but could also activate the central system
that inhibits the excitation level of the transmission
cells. Psychologic processes, such as earlier experi-
ences, attention and distraction, and positive and neg-
ative emotions, can influence pain experience by their
effects on the gate system in the spinal cord. Some of
these psychologic influences can open the gate and
others can close it. The ‘gate-control’ theory eluci-
dates the possibilities for pain relief by several differ-
ent kinds of interventions including pharmacological
means, acupuncture, massage, transcutaneous electri-
cal nerve stimulation, application of heat and cold, as
well as psychologic techniques.

Interventions to decrease maternal
distress during labor
A limited number of efforts have been undertaken to
prevent preterm labor and complications during labor
by applying psychologic or social interventions. The
kind of interventions can be roughly divided into two
categories: (1) physical and mental relaxation tech-
niques, and (2) social support. Physical and mental
relaxation techniques have been used to prolong preg-
nancy in women at risk for preterm delivery.9,93 Social
support has been applied to prolong pregnancy dura-
tion94 and to diminish perinatal complications.68–70,94

Omer and Everly9 referred to early Russian efforts to
apply hypnosis in the prevention of preterm birth.
They concluded that the results of these studies
appeared promising. Relaxation techniques, in some
cases combined with drug treatment, have contributed
to clinically relevant prolongation of pregnancy.93 In

contrast, efforts to induced post-term delivery with
the help of hypnosis failed.9

Earlier research showed that patients who had
undergone a cholecystectomy used less pain medica-
tion and had more rapid recovery if they were in a
room with a window so they could see natural sur-
roundings than patients who only saw a blinded wall.
It has been suggested, supported by biochemical mea-
surements, that natural scenery has a powerful ability
to promote relaxation.95 Nowadays, experiments are
carried out to mimic this effect by applying virtual
reality as adjunct analgesic.96 Whether this technique
might be of help in obstetric patients still has to be
investigated.

During prenatal care, a careful history, including
relevant psychosocial factors, should always be
taken.97 The upcoming delivery should be discussed
in a way that allows the woman as much control as
possible. Joint decision making should be a pivotal
part of counseling a women who is at risk for a trau-
matic experience during parturition. During the labor
and delivery there should be ensured adequate com-
munication and appropriate pain control. In contrast
to earlier belief, PTSD cannot be prevented by psy-
chologic debriefing.98 It has, however, been suggested
that by evaluation after birth a bridge may be pro-
vided for later screening and treatment, if required.99

As has been mentioned above, when supportive
lay women (doulas) accompany laboring women, the
length of time from admission to delivery in the sup-
ported women will be reduced, fewer perinatal com-
plications will be seen, less intrapartum medication
(epidural analgesia and oxytocin stimulation) will be
necessary, and more mother–infant interaction will be
expected.68–70 These studies suggest that continuous
human support during labor may be both beneficial
for the labor course and perinatal outcome.

Conclusions
Maternal distress during labor can originate either
from non-delivery-related background factors, such as
negative life experiences in childhood, psychological
problems, fear of pain in general, or from difficulties
in coping with the intense experience of giving birth.
The effects of exposure to psychosocial stressors
may include initiating preterm labor, disrupting the
normal labor course, experiencing labor as traumatic,
and the development of PTSD.

Stressful events can promote the secretion of
hormones that are involved in the onset of delivery,
and that play a role in the regulation of the birth
process. In addition, stress reactions may impair the
immunologic defense against microorganisms that may
colonize the uterus and initiate uterine contractions or
weaken the chorion. Consequently, the membranes
may become vulnerable and at risk for (preterm)
premature rupture, resulting in preterm birth.
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Once a woman is in labor, state-anxiety, due to loss
of control and feelings of powerlessness, has been
found to be positively related to ‘abnormal’ delivery, in
particular prolonged labor, but the inadequate or incon-
sistent definitions of intrapartum complications used
in the literature prevents the drawing of clear-cut con-
clusions in this regard. FOC is more frequent in nulli-
parous than in parous women. The most common
causes of this FOC in nulliparous women are back-
ground factors, such as low psychologic well-being and
negative life experiences in childhood, and in parous
women previous experiences of traumatic deliveries.
Pain experienced during parturition is mediated by
psychological processes, such as earlier experiences,
attention and emotions.100 This can be understood by
the ‘gate-control’ theory of Melzack, elucidating the
possibilities for pain relief by, for instance, pharmaco-
logic means, acupuncture and psychologic interven-
tions. Several studies suggest that continuous human
support during labor may be beneficial for the course of
labor and perinatal outcome.

Therapeutic implications
Excessive maternal stress during delivery could be
reduced by health-care providers in several ways. During
pregnancy, a careful history should be taken, with par-
ticular attention to the patient’s attitudes and feelings
about pregnancy and delivery. During the delivery
there should be ensured adequate communication and

appropriate pain control. After the delivery it may
be a good routine to evaluate the labor experience
of the new mother. Postpartum depression should be
acknowledged and treated when necessary. During sub-
sequent pregnancies, a careful history should again be
taken in order to be prepared for the upcoming deliv-
ery.97 Joint decision making is a very important part of
counseling women before and during labor.

Unfortunately, scientifically valid data about
treatment of childbirth-related anxiety is almost non-
existent. The clinical practice of how to treat fear of
pregnancy is based primarily on knowledge of treat-
ment of similar problems in the non-pregnant state,
clinical experience, and common sense. More basic
knowledge of childbirth-related anxiety is crucial to
develop adequate methods of treatment. There is
ample evidence that many women experience great
distress related to childbirth, which might have long-
lasting consequences for their mental and emotional
well-being.73 In debates on women’s right to choose
elective caesarean section there should be more atten-
tion to the reasons why so many women apparently
fear vaginal delivery. And a related question is how
we can organize our labor ward in a way that it is
more patient-friendly. In order to facilitate maternal–
child bonding and future attachment, a new mother
should welcome her baby in an atmosphere as peace-
ful as possible; health-care workers can, and have to,
play a crucial role in this goal.

2004 Maternal stress and labor
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The medical literature provides clinicians with
measures of effect that relate risks in patients
exposed and unexposed to treatments and putative
causative agents. Measures of effect include differ-
ences in risk between exposed and unexposed sub-
jects and the ratio of these risks (relative risk), the
latter being closely related to the odds ratio. Well-
conducted trials in which exposures, usually treatments,
are randomly assigned to patients are considered to
provide the strongest evidence for effects. The high
quality of evidence potentially generated by such
trials is a function of the randomization process that
produces equal proportions of potential confounders
in exposed and unexposed groups. However, clinical
decisions are made for individuals rather than groups.
How should one extrapolate evidence obtained by the
analysis of groups differing on a single exposure to
the treatment of individual patients, each with his or
her own multitude of traits? It has become popular to
bridge the gap by attempting to make care uniform
within groups. However, this approach only ignores
the problem of within-group heterogeneity on a wide
variety of factors including comorbid conditions and
coexisting treatments for conditions other than the
outcome addressed by a particular clinical guideline.
Decision modeling is another approach to helping
clinicians make the leap from clinical science to
clinical practice. Decision modeling incorporates
rather than ignores multiple factors that impact on
outcomes and treatment decisions in individual
patients. It is hoped that the reader will discover that
decision modeling is helpful for difficult, not obvious,
decisions.

As a practical example of decision modeling, this
chapter examines the decision about whether to per-
form a cesarean section in order to prevent shoulder
dystocia. This topic was selected because prevention
of shoulder dystocia has been an intractable problem.
It and its associated birth trauma (primarily brachial
plexus injury) are largely regarded as complications
that cannot usually be predicted or prevented. One

approach to reducing risk would be to perform
cesarean deliveries on all patients with antepartum
or intrapartum risk factors associated with shoulder
dystocia. However, current risk assessment is insuffi-
ciently specific for this approach; the number of
unnecessary cesarean sections that would result
have risks that are simply too large in relation to
the number of shoulder dystocias that would be
prevented.

Decision analysis utilizes many tools, including
decision trees, Markov and Monte Carlo process
modeling, regression analysis, neural networks, and
Bayesian analysis. This chapter will focus on the tech-
niques of multiple logistic regression and Bayesian
analysis. It is intended that the reader develop a basic
understanding of how a decision analysis is con-
ducted using these two methods. An understanding of
logistic regression and Bayesian analysis will provide
the interested reader with a solid foundation from
which to explore other methods of decision analysis.

There may be a temptation for readers of the
medical literature to regard decision analysis as a
‘black box’, because all of the above methods are
computationally intensive, and to focus on the results
of decision analysis without an appreciation of the
inherent limitations and assumptions. If the methods of
decision analysis seem less daunting and the results
more fallible after reading this chapter, then a useful
purpose will have been served.

Basic probability concepts,
definitions, and formulas
Two-by-two tables are used to illustrate many of the
concepts to be presented. By convention, the left mar-
gin of a two-by-two table is labeled with the exposure,
the top margin with the disease or outcome, the right
margin with row totals, and the bottom margin with
column totals as shown in the following:
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where ‘exp’ is the exposure including risk factors,
tests, and treatments; ‘dz’ is the disease or outcome;
‘+’ means positive (presence); and ‘–’ means negative
(absence). The cells ‘a’ through ‘d’, ‘m1’, ‘m0’, ‘n1’, ‘n0’,
and ‘T’ have numbers (N) corresponding to the
following:

a =exp+dz+ (N(exposed diseased)),

b =exp+dz– (N(exposed disease-free)),

c =exp–dz+ (N(non-exposed diseased)),

d =exp–dz– (N(non-exposed disease-free)),

m1=dz+ (N(diseased)),

m0=dz– (N(disease-free)),

n1=exp+ (N(exposed)),

n0=exp– (N(non-exposed)),

T =a +b +c +d =n1+n0=m1+ m0=(Ntotal).

Probability notation can be understood in terms of a
two-by-two table. The unconditional (baseline or
prior) probabilities have the following notation:

P[dz+]

read, ‘the probability (or proportion) of diseased’ prior
to exposure, treatment or testing, and is equivalent to
baseline disease prevalence. Prior probability of dis-
ease is derived from the two-by-two table row margin
and is equal to m1/T.

P[exp+]

read, ‘the probability (or proportion) of exposed (or
treated or whose tests were positive)’ without regard to
disease, is equivalent to exposure prevalence. The prior

probability of exposure is derived from the two-by-two
table column margin and is equal to n1/T.

Conditional or posterior probabilities have the follow-
ing notation:

P[dz+⏐exp+]

read, ‘the probability of disease presence given that
exposure is present’, and is equivalent to risk in
exposed or to positive predictive value when the expo-
sure is a test (see below). The probability is conditioned
on an exposure level, in this case on exposure being
present. This conditional probability is determined
from a non-marginal row of the two-by-two table and is
equal to a/n1.

P[exp+⏐dz+]

read, ‘the probability (or proportion) with positive test
result given that disease is present’, and is equivalent
to sensitivity when exposure is a test (see below). The
probability is conditioned on disease being present.
This conditional probability is determined from a
non-marginal column of the two-by-two table and is
equal to a/m1.

2008 Intrapartum decision-making: a computational approach
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The following useful ratios, expressed in terms of a
two-by-two table and in probability notation, are
obtained from two-by-two table columns:

a/(a +c) =a/m1=P[exp+⏐dz+] =
sensitivity (true-positive rate or detection rate),
when exposure is a test;

c/(a +c) =c/m1=P[exp–⏐dz+] =
1 – sensitivity (false-negative rate), when
exposure is a test;

d/(b +d) =d/m0=P[exp–⏐dz–] =
specificity (true-negative rate), when exposure
is a test;

b/(b +d) =b/m0=P[exp+⏐dz–] =
1 – specificity (false-positive rate), when
exposure is a test.

The likelihood ratio of a positive test (LR+) reflects
how much greater are the odds of disease when a test
result is positive and is found by the following:

Formula (1): Likelihood ratio (LR+) =
sensitivity/(1 – specificity) =
true-positive rate/false-positive rate,

The probability (or proportion) of an attribute is the
number with the attribute divided by the total of those
with and without the attribute. After 100 tosses of a
fair coin, one would expect 50 “heads” out of the total
of 100 tosses. The probability (or proportion) of “heads”
is 50/100 or 0.50.

The odds of an attribute are the number with the
attribute divided by the remainder without the
attribute. After 100 tosses of a fair coin, one would
expect 50 “heads” and 50 “non-heads” or “tails”. The
odds of “heads” are 50/50 or 1.

Exposure odds are the number exposed over the
number unexposed.

Unconditional odds of exposure are the odds of expo-
sure without consideration for whether disease is
present or absent.

Unconditional or prior exposure odds,
odds[exp+] =n1/n0

Conditional exposure odds can be found for two
strata, those with disease and those without disease.

odds[exp+⏐dz+] =a/c =exposure odds in dis-
eased stratum

odds[exp+⏐dz–] =b/d =exposure odds in non-
diseased stratum

Odds and probability (P) are interchangeable by using
the following formulas: 

Formula (2): P = odds/(1 +odds)

Formula (3): odds =P/(1 – P)

Note that the exposure odds, odds[exp+|dz+] =a/c and
odds[exp+|dz–] =b/d can converted to P[exp+|dz+]
(sensitivity; true-positive rate) and P[exp+|dz–]
(1 – specificity; false-positive rate), respectively. 

The following useful ratios, expressed in terms of a
two-by-two table and in probability notation, are
obtained from two-by-two table rows:

a/(a +b) =a/n1=P[dz+|exp+]

b/(a +b) =b/n1=P[dz– |exp+]

c/(c +d) =c/n0=P[dz+|exp–]

d/(c +d) =d/n0=P[dz– |exp–]

Note that if exposure is a test, then a/(a +b) =
a/n1=positive predictive value (PPV). If the exposure
is a risk factor, then a/n1=risk(exposed) and c/n0=
risk(unexposed). Then 

(a/n1)/(c/n0) =risk(exposed)/risk(unexposed)=
relative risk (RR).

Disease odds are the number with disease over the
number without disease.

Unconditional odds of disease are the odds of disease
without consideration for whether exposure is pre-
sent or absent.

Unconditional odds or prior odds of disease,
odds[dz+] =m1/m0.

Conditional odds of disease can be found for two
strata, those exposed and those unexposed.

odds[dz+⏐exp+] =a/b = disease odds in exposed
stratum

odds[dz+⏐exp–] =c/d =disease odds in unex-
posed stratum

The odds of disease in exposed divided by odds of
disease in unexposed, or 

odds ratio (OR) =
odds[dz+⏐exp+]/odds[dz+⏐exp–] =
(a/b)/(c/d) =(a ×d)/(b ×c),

i.e., the OR is the ratio of two-by-two table cross-
products.

Note that when a disease is rare, i.e., when the
numbers in cells ‘a’ and ‘c’ of the two-by-two table
approach 0, then a/(a +b) approaches a/b and c/(c +d)
approaches c/d. Relative risk (RR), a/(a +b)/c/(c +d),
then is approximately (a/b)/(c/d), which is the odds
ratio (OR). When disease prevalence is low, the OR
becomes a reasonable approximation of RR.

Bayes’ theorem can be expressed in the following
useful form that relates prior or baseline disease
odds (odds[dz+]) to posterior odds or the conditional
odds of disease given a positive test result
(odds[dz+⏐exp+] where ‘exp+’ is a positive test result)

Basic probability concepts, definitions, and formulas 2009
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based on the likelihood ratio of a positive test (LR+)
which is the ratio of test characteristics (sensitivity/
(1 – specificity)).

Formula (4): Posterior odds =
Likelihood ratio (LR+) ×Prior odds,
i.e.,
Conditional odds of disease given exposure =
LR+×Unconditional odds of disease
i.e.,
odds[dz+|exp+] = LR+×odds[dz+]

Baseline prevalence (or prior probability) can be
converted to prior odds using Formula (3); the posterior
odds can be converted to post-test probability, or the
positive predictive value of a test, using Formula (2).

As an example, suppose that we are given a base-
line disease prevalence or prior probability, P[dz+] =
0.25, and test sensitivity, P[exp+|dz+] =0.80, and
specificity, P[exp– |dz–]=0.90. Then,

LR+=sensitivity/(1 – specificity) =0.80/(1 – 0.90) =
0.80/0.10 =8.0

P[dz+] =baseline disease prevalence =prior probabil-
ity of disease =0.25

Prior odds or odds[dz+], from odds =P[dz+]/
(1 – P[dz+]) =0.25/(1 – 0.25) =0.25/0.75 =0.333

Posterior odds of disease given a positive test result or
odds[dz+⏐exp+] =LR +×0.33 =8 ×0.333 =2.66

Posterior probability P[dz+|exp+], or positive predic-
tive value (PPV) =2.66/(1+2.66)=0.73 (from P =odds/
(1+odds)).

A patient from a population with a baseline preva-
lence of disease 1-in-4 has a nearly 3-in-4 chance of
disease given a positive test result. This result of
Bayes’ theorem can be confirmed by populating a
two-by-two table to obtain PPV directly. Assume a
population size (T) of 1000 patients.

Then m1 equals 250 given the baseline disease preva-
lence, P[dz+], that is 0.25 ×T and m0, is the difference
between T and m1=750. This completes the row
margin of the two-by-two table. Given that sensitivity,
P[exp+|dz+] =0.80, the quantities ‘a’ and ‘c’ can be
obtained where, a =0.80 ×m1=0.80 ×250 =200; and
c =m1– a =250 – 200 =50.

Given that specificity, P[exp– |dz–] =0.90, the
quantities b and d can be obtained where,

d =0.90 ×m0=675; b =m0– d =750 – 675 =75.

The fully populated two-by-two table contains the
following quantities:

n1=a +b =200 +75 =275 and
n0=c +d =50 +675 =725

The ratio a/n1 is the positive predictive value (PPV) or
the posterior probability of disease given a positive
test result, P[dz+|exp+] =200/275 =0.73, confirming
the earlier result obtained by using the likelihood
ratio form of Bayes’ theorem.

Given the same test, i.e., when test characteristics
(sensitivity and specificity) are held constant, posterior
probabilities vary directly in relation to baseline dis-
ease prevalence (prior probabilities). For instance, if
our test with sensitivity 0.80 and specificity 0.90 were
applied to a population with a baseline disease preva-
lence, P[dz+], of only 0.10 (rather than 0.25 as in the
example above), then the following illustrates this
point using Bayes theorem. Recall that the likelihood
ratio of the given test, a constant, is 8. Prior probability
of disease, P[dz+] =0.10. Then our new prior odds is
0.10/(1 – 0.10) =0.10/0.90 =0.11. The posterior odds =
LR+×prior odds =8 ×0.11 =0.88. Our new posterior
probability, P[dz+|exp+] or PPV, is equal to 0.88/
(1 +0.88) =0.88/1.88 =0.47. The PPV associated with
the same test is only 0.47 in contrast to the earlier result
of 0.73. The difference is due to higher baseline preva-
lence in the first compared to the second example.

The general form of Bayes’ theorem is written as

Formula (5):

If A = disease (dz) and X =exposure (exp), then:

P[A+⏐X+] =P[dz+⏐exp+] =posterior probability of
disease =positive predictive value,

P[X+⏐A+] =P[exp+⏐dz+] =true-positive rate =
sensitivity, and

P[A+] =P[dz+] =prior probability of disease
(baseline disease prevalence)

2010 Intrapartum decision-making: a computational approach

P[A+⏐X+] =
(P[X+⏐A+]×P[A+])
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P[X+⏐A–] =P[dz+⏐exp–] =false-positive rate = 1 –
specificity

P[A–] =prior probability of non-disease =1 –
baseline prevalence of disease.

Therefore, if one is interested, as we have been, in
deriving the probability of disease given an exposure
level, in this case when exposure is present, and base-
line disease prevalence and test characteristics are
known, then Bayes theorem takes the following form
[disease (dz) is substituted for A and the test exposure
(exp) is substituted for X]:

Formula (6): 

or, equivalently, 

Formula (7):

To use our example of a test with sensitivity 0.80
and specificity 0.90 applied to a population with
baseline disease prevalence 0.25, then the general
form of Bayes theorem provides the same PPV of 0.73,
as follows:

The utility of the general form of Bayes theorem, as
given in Formula (5), can be seen by deriving sensitiv-
ity from baseline exposure prevalence and the relative
risk of disease. Compared to the previous example, we
reverse the substitution of exposure (exp) and disease
(dz) for the terms ‘A’ and ‘X ’ in Formula (5). Rather
than X = exposure and A = disease, here we instead let
X = disease and A = exposure, in which case:

P[A+⏐X+] = P[exp+⏐dz+] = sensitivity,

P[X+⏐A+] = P[dz+⏐exp+] = risk(exposed),

P[X+⏐A–] = P[dz+⏐exp–] = risk(unexposed),

P[A+] = P[exp+] = prior (baseline) exposure preva-
lence, and

P[A–] = P[exp–] = prior non-exposure prevalence =
(1 – prior exposure prevalence).

Then Bayes theorem takes the following form:

Formula (8):

or, equivalently,

Formula (9):

Assume that exposure is a risk factor with a baseline
prevalence (prior probability of exposure) =0.275.
Risk(exposed)=0.73. Risk(unexposed)=0.07. Relative risk
(RR) =10.4. The ‘sensitivity’ of the risk factor
for disease is (0.73 ×0.275)/((0.73 ×0.275) + (0.07 ×
(1 – 0.275)))= 0.80. Sensitivity could be obtained alter-
natively by using the following forms of Bayes’ theorem:

Formula (10): Posterior odds of exposure
=RR×prior odds of exposure

or, when disease is rare, by,

Formula (11): Posterior odds of exposure
=OR×prior odds of exposure

The prior odds of exposure =0.275/(1 – 0.275) =0.38.
Posterior odds of exposure given disease =10.4×
0.38 =3.95. The posterior probability of exposure,
P [exp+⏐dz+], or sensitivity =3.95/(1+3.95) =0.80.
From relative risk (RR) or odds ratio (OR) and baseline
exposure prevalence, one can obtain sensitivity or the
probability of exposure given disease, P [exp+⏐dz+].

Note that predictive value (the term used when
exposure is a test) is synonymous with risk(exposed) (the
term used when exposure is a risk factor or treat-
ment). Both are the posterior probability of disease
given exposure, P [dz+⏐exp+].

One can determine P [dz+⏐exp+], the posterior
probability of disease given exposure or positive pre-
dictive value or risk(exposed), from P[exp+⏐dz+]/
P [exp+⏐dz–] (called the likelihood ratio if exposure
is a test) and prior probability of disease.

One can determine P [exp+⏐dz+] (notice that 'exp' and
‘dz’ traded places), the posterior probability of expo-
sure given disease or sensitivity, from P [dz+⏐exp+]/
P [dz+⏐exp–] (called the relative risk if exposure is a risk
factor or treatment) and prior probability of exposure.

Creating a risk score for
shoulder dystocia prevention
The above principles and formulas will be used to
demonstrate the creation of a risk score for shoulder dys-
tocia having a threshold (cutoff) value with sensitivity

Creating a risk score for shoulder dystocia prevention 2011

PPV = (Sens ×baseline dz prevalence)

(Sens ×baseline dz prevalence)+
[(1–spec) ×(1–baseline dz prevalence)]

Sensitivity =
(risk(exposed)×baseline exp prevalence)

((risk(exposed)×baseline exp prevalence)+
(risk(unexposed)×(1–baseline exp prevalence)))

P[dz+⏐exp+] =
(P[dz+⏐exp+]×P[dz+])

(P[dz+⏐exp+]×P[exp+])+(P[exp+⏐dz−]×P[dz−])

P[exp+⏐dz+] =
(P[dz+⏐exp+]×P[exp+])

(P[dz+⏐exp+]×P[exp+])+(P[dz+⏐exp−]×P[exp−])

PPV = (0.80 ×0.25) = (0.20) = 0.73
(0.80 ×0.25) +(0.10 ×0.75) (0.275)
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and specificity such that the number of additional
cesarean sections needed to prevent a case of shoulder
dystocia is acceptably small. The steps in creating
such a risk scoring system are as follows:

(1) Use multiple logistic regression modeling to
determine the adjusted regression coefficients for
various risk factors that are associated with
shoulder dystocia. For demonstration purposes,
we will confine the analysis to three risk factors
for shoulder dystocia (assisted vaginal delivery,
i.e., vacuum extraction and forceps deliveries,
diabetes, and fetal macrosomia).

(2) Use regression coefficients to determine, for
various combinations of exposures, risk scores
either as probabilities of shoulder dystocia or
odds ratios of shoulder dystocia (where the
denominator of the odds ratio is the odds in
patients with none of these risk factors).

(3) Determine the probability distribution of risk scores.
(4) Determine the receiver-operator characteristics

(sensitivity versus specificity) of various thresh-
olds (cutoff values) of risk scores given the prob-
ability distribution of scores.

(5) Choose a score threshold that will result in the
most cases of shoulder prevented at an accept-
able cost in terms of the risks associated with
additional cesarean sections.

Adjusted coefficients from multiple
logistic regression modeling
Multiple logistic regression modeling is a technique
for estimating the independent contribution of multi-
ple exposures to outcomes measured as binary or
dichotomous variables, such as shoulder dystocia that
has the values ‘present’ or ‘absent’. The regression
coefficients can be used to determine the probabilities
of the outcome for combinations of i =1 to j expo-
sures, each having the value xi,

Formula (12): P[dz+|expi=1,…,j having values

x1,…,xj] =

From a logistic regression analysis of binary predic-
tors of coronary heart disease (CHD),1 the coefficients
given in Table 189.1 were obtained:

Notice that the values (xis) of these binary variables
are either 1 or 0.

A female patient with no risk factors (xgender=0,
xsmoking=0, xage=0, xhypertension=0, xobesity=0) in the
above study has the following estimated probability of
developing CHD:

P[CHD+|female, non-smoker, age < 55, normoten-
sive, non-obese] =

Formula (12), in this case, simplifies to

P[CHD+|expi=1,…,j] =

so that the probability of CHD in a female with no risk
factors is

P[CHD+|female, non-smoker, age < 55, normotensive,
non-obese] =

i.e., there is only a 1% risk of CHD over the follow-up
period defined by the study.

Therefore, only the coefficient for the intercept (β0)
is needed to estimate the probability of the outcome
when the values of all predictors (xis) are zero in
which case all the βixis are also zero.

A male smoker who is young, hypertensive, and
thin (xgender=1, xsmoking=1, xage=0, xhypertension=1,
xobesity=0) has the following estimated probability for
CHD:

P[CHD+|male, smoker, age < 55, hypertensive,
non-obese] =

(since the xis and βixis for age and obesity are zero).
Therefore, the probability of CHD in this subject is

2012 Intrapartum decision-making: a computational approach

1

1+e–(β0+Σ j

i =1βixi)

1
1+e–β0

1 1
1+e–β0

=
1+e–(–4.567)

=0.0103,

1

1 +e–[(β0 +(βgender ×0) +(βsmoking ×0) +(βage ×0) +(βhypertension ×0) +(βobesity ×0) ]

1

1 +e–[(β0 +(βgender ×1) +(βsmoking ×1) +(βage ×0) +(βhypertension ×1) +(βobesity ×0) ]
=

1
1 +e–[(β0 +(βgender ×1) +(βsmoking ×1) +(βhypertension ×1)]

=

Table 189.1 CHD risk factors from the Atherosclerosis Risk in Communities (ARIC) study

Logistic regression Odds 
Variables (i )/values (xi) ββii coefficient ratio

Intercept β0 –4.567
i =1, gender / male =1, female =0 β1 1.311 3.71
i =2, smoking / yes =1, no =0 β2 0.703 2.02
i =3, age > 54 years / yes =1, no =0 β3 0.144 1.15
i =4, hypertension / yes =1, no =0 β4 0.510 1.67
i =5, obesity / yes =1, no =0 β5 0.192 1.21
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which is equivalent to the odds ratio we obtained by
converting probabilities associated with the same two
groups. Probabilities or relative probabilities (relative
risks) or relative odds (odds ratios) can be used to con-
struct risk scores. Odds ratios are commonly reported
in the literature from which we will obtain our esti-
mates of the effects of individual variables.

By using Formula (14), individual coefficients, βis,
can be obtained when odds ratios are reported in the
literature.

Formula (14): βi=ln(ORi),

presuming a difference of 1 between two exposure
levels.

Conversely, Formula (15) can be used to convert a
coefficient to an odds ratio.

Formula (15): ORi=e βi

Therefore, from the individual odds ratios reported in
the literature, we can determine the individual coeffi-
cients by using Formula (14). Risk scores consisting of
odds ratios for combinations of variables that differ
from a referent group having no risk factors can be
obtained using Formula (13). The advantage of this

approach is that the coefficient for the intercept,
which is usually not reported in the literature and
which cannot be calculated by knowing odds ratios,
is unnecessary for computing the score.

The literature was surveyed to identify, for a vari-
ety of exposures, their odds ratios for shoulder dysto-
cia. The exposures surveyed included diabetes, fetal
macrosomia, and assisted vaginal delivery by forceps
or vacuum extractor.

The odds of shoulder dystocia are 1.7–6.0 times
greater in diabetics compared to non-diabetics.2–4 I
assumed an odds ratio of 6 for the association of
diabetes with shoulder dystocia.

The odds of shoulder dystocia are 3.5–20.4 times
greater in neonates with birth weights more than 4000
g compared to smaller neonates.2,4,5 I assumed an odds
ratio of 20 for the association of macrosomia with
shoulder dystocia.

The odds of shoulder dystocia are 1.9–3.5 times
greater in assisted vaginal deliveries compared to
spontaneous vaginal deliveries.2,4 I assumed an odds
ratio of 3.5 for the association of assisted vaginal
deliveries with shoulder dystocia.

These selected odds ratios (ORi) and their regres-
sion coefficients, calculated using Formula (14), are
summarized in Table 189.2.

Creating a risk score for shoulder dystocia prevention 2013

OR= Odds[dz+|expi=1,...,j having value x1a,...,xja]=e
Σ i

i =1βi(xia–xib)

Odds[dz+|expi=1,...,j having value x1b,...,xjb]

Odds[CHD |young, hypertensive, thin, male smoker]  =
Odds[CHD |young normotensive thin, female non-smoker]

e(βgender ×(1–0)) +(βsmoking ×(1–0)) +(βage ×(0–0)) +(βhypertension ×(1–0)) +(βobesity ×(0–0))=
e(βgender +βsmoking +βhypertension )=
e(1.311+0.703+0.510)=12.5

1
1 +e–(–4.567+1.311+0.703+0.510)

= 0.115,

P[CHD+|male, smoker, age < 55, hypertensive, non-
obese] =

i.e., there is a 11.5% risk of CHD over the same follow-
up period.

Rather than using probability to quantify risk, the
odds ratio can be used. Since odds =P/(1 – P), the
odds of CHD is 0.115/(1 – 0.115) =0.13 in young,
hypertensive, thin male smokers; the odds of CHD is
0.0103/(1 – 0.0103) =0.0104 when no risk factors are

present. The ratio of odds in young, hypertensive,
thin male smokers relative to odds in a referent group
having no risk factors, or odds ratio (OR) =0.13/
0.0104 =12.5.

The odds ratio can also be calculated by obtaining,
for each variable, the product term, βi multiplied by
the difference in xis between the two groups, named
‘a’ and ‘b’ (xia– xib); the product terms are summed;
this sum is exponentiated to obtain the odds for a
combination of risk factors that are present (group a)
contrasted to a group in which no risk factors are
present (group b).

Formula (13): 

Young, hypertensive, thin, male smokers compared to
young, normotensive, thin, female non-smokers have
the following values (xia vs. xib) of these five variables:
x1=xgender=1 vs. 0, respectively; x2=xsmoking=1 vs. 0;
x3=xage=0 vs. 0; x4=xhypertension=1 vs. 0;

x5=xobesity=0 vs. 0. Each difference is multiplied by
the respective coefficients and these values are
summed, the result of which is exponentiated. The
odds ratio (OR) is therefore:
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The direction and magnitudes of the effects of these
risk factors on the outcome of shoulder dystocia are
shown in Figure 189.1. Diabetes also influences the
probability of macrosomia. The odds of macrosomia
are 3–4.2 times greater in diabetic pregnancies.6,7

I assumed an odds ratio of 4.2 for the association of
diabetes with macrosomia.

One might expect for macrosomia and diabetes to
negatively influence the probability of assisted vagi-
nal delivery, although no data were available to sup-
port this hypothesis. One could also hypothesize that
assisted vaginal deliveries, which are associated both
with abnormal labor and with shoulder dystocia,
merely confound an association between abnormal
labor and shoulder dystocia. Shoulder dystocia might
have occurred in these deliveries as a result of abnor-
mal labor whether or not forceps had been applied.
The prevalence of abnormal labor is likely to be
increased with diabetes and macrosomia. Assisted
delivery might also represent an intermediate (or
intervening) variable in the effect of abnormal labor
on shoulder dystocia, i.e., assisted vaginal delivery
might be part of a causal pathway involving abnormal
labor. Assisted vaginal delivery might also modify the
effect of abnormal labor on shoulder dystocia. Since
these causal pathways and interactions involving
assisted vaginal delivery, abnormal labor, and either
macrosomia or diabetes have not been studied, I
assumed for purposes of this analysis that diabetes
and macrosomia did not influence the probability of
assisted vaginal delivery.

Whether macrosomia exists cannot be known
prospectively. Our goal is a risk score based on
prospectively available risk factors. Therefore, an

ultrasound diagnosis of macrosomia should be substi-
tuted in our model for macrosomia. The odds ratios for
the associations between an ultrasound finding of an
EFW > 4 kg and both shoulder dystocia and diabetes
are not available from the literature directly. We will
determine these odds ratios using Bayesian methods
and the reported associations between macrosomia
and diabetes and between macrosomia and shoulder
dystocia, and the reported sensitivities and specifici-
ties of an ultrasound diagnosis of macrosomia.

Prevalence data (prior probabilities) are necessary
for what follows.

Langer et al. concluded from their review that
shoulder dystocia complicates 0.1–1.7% of deliver-
ies.4 A prevalence of 1% will therefore be used for the
prior probability of shoulder dystocia in our model.

Diabetes in some form complicates 2–8% of preg-
nancies.3 The midpoint of this range, 5%, will be used
for the prior probability of diabetes.

Vacuum extraction ands forceps deliveries account
for 8–12% of all births.8,9 The midpoint of this range,
approximately 10%, will be used for the prior proba-
bility of assisted delivery.

Macrosomia, defined as birth weight more than
4000 g, occurs in 7.6–13.1% of pregnancies.4,5 The
midpoint of this range, approximately 10%, will be
used for the prior probability of macrosomia.

The prior probabilities for purposes of this analysis
are summarized in Table 189.3.

Based on their literature review, Rouse et al. con-
cluded that typical sensitivities and specificities of
ultrasound (USG > 4 kg) for fetal macrosomia (M)
were 0.6 and 0.9, respectively.10 The prior probability
(baseline prevalence) of macrosomia, from Table 189.3,

2014 Intrapartum decision-making: a computational approach

Table 189.2 Odds ratios for risk factors for shoulder dystocia (S)

Exposure (expi) Coefficients [ln(OR) =ββ]

i =A, assisted vaginal delivery* 3.5 βA=1.25
i =D, diabetes 6.0 βD=1.79
i =M, macrosomia 20 βM=3.00

*Vacuum extraction or forceps vaginal delivery

ORi= odds[S++[expi
++]

odds[S
++[exp i

––]

Figure 189.1 Associations between risk factors and shoulder
dystocia.

Table 189.3 Selected prior probabilities based on
literature review

Factor or outcome Prevalence

Shoulder dystocia (S) 0.01
Macrosomia (M) 0.10
Diabetes (D) 0.05
Assisted delivery (A) 0.10
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is 0.10. These values allow us to populate a two-by-
two table as shown (Table 189.4).

Note that the prevalence of an ultrasound EFW
> 4 kg is 0.15, higher than the prevalence of macroso-
mia because false positives (n =90) are in excess of
false negatives (n =40). Sensitivity =60/100 =0.6 and
specificity =810/900 =0.9. The posterior probability
of macrosomia given a positive ultrasound finding,
P[M+|USG+] or PPV =60/150 =0.4.

We can then find the posterior probability of shoul-
der dystocia given macrosomia, P[S+|M+], and the
posterior probability of shoulder dystocia given a nor-
mal birth weight neonate, P[S+|M–], as follows.

Recall that the posterior odds, odds[exp+|dz+] (or
in this case, odds[M+|S+]), are obtained by multiply-
ing relative risk (RR) by the prior odds of exposure,
odds[exp+] (or in this case, odds[M+]).

The requisite data are as follows: RR (of shoulder dys-
tocia in macrosomia relative to non-macrosomia)=20
(the odds ratio from Table 189.2 is used as a reason-
able approximation of RR); From Table 189.3, P[M+]
(baseline prevalence or prior probability of the macro-
somia exposure) =0.1.

Prior probability, P[M+] =0.1
Prior Odds[M+] =0.1/(1 – 0.1) =0.111
Posterior Odds[M+|S+] =
RR ×Prior Odds[M+] =
20 ×0.111 =2.22
Posterior P[M+|S+] =2.22/(1 +2.22)=0.69.

A two-by-two table of this association between the
exposure (macrosomia) and the outcome (shoulder
dystocia) can be populated (Table 189.5). The bottom
margin is populated based on the prevalence of
shoulder dystocia from Table 189.3 (0.01); the right

margin is populated based on the prevalence of
macrosomia from Table 189.3 (0.10). Cells ‘a’ and ‘c’
are populated based on the posterior probability
P[M+|S+] =0.69 (7/10). Cells ‘b’ and ‘d’ are populated
when ‘a’ and ‘c’ are subtracted from ‘n1’ and ‘n0’,
respectively.

Note that P[S+|M+] =7/100 =0.07 and that
P[S+|M–] =3/900 =0.0033.

The 150 patients with a positive ultrasound finding
of EFW > 4 kg (from Table 189.4), among whom 60 were
macrosomic (n1) and 90 were non-macrosomic (n0),
occupy the column margin of two-by-two (Table 189.6a).

The quantity ‘a’ =P[S+|M+] ×60 =0.07 ×60 =4.2.
The quantity ‘c’ =P[S+|M–] ×90 =0.0033 ×90 =0.3.

The 850 patients with a negative ultrasound find-
ing of EFW > 4 kg, among whom 40 were macrosomic
(n1) and 810 were non-macrosomic (n0), occupy the
column margin of two-by-two (Table 189.6b).

The quantity ‘a’ =P[S+|M+] ×40 =0.07 ×40 =2.8.
The quantity ‘c’ =P[S+|M–] ×810 =0.0033 ×810 =2.7.

The marginal rows of Tables 189.6a and b are
combined to show the association of ultrasound with
shoulder dystocia (Table 189.7).

The original prior probabilities of positive ultra-
sounds (0.15) and shoulder dystocia (0.01) are pre-
served. Note that the odds ratio for the association
of ultrasound findings of EFW > 4 kg and shoulder
dystocia (Table 189.7),

substantially lower than the OR for the association
of macrosomia and shoulder dystocia because the pos-
itive ultrasound group has normal-weight neonates

Creating a risk score for shoulder dystocia prevention 2015

OR = (4.5 × 844.5) = 4.75
(5.5 × 145.5)

Table 189.4 Association between ultrasound and macrosomia

M
+ –

+

–

    

USG >4 kg
a b 90 150

40 c d  850
   
100 m0 900  T 1000

60 (0.60×m1)

810 (0.90×m0)

n1

n0

m1

Table 189.5 Association between macrosomia and shoulder dystocia

S
+ −

+

M a n1 = 100

− c n0 = 900

10 m1 m0 990 T 1000

(0.69 × 10 = 7)

(m1 − a = 3)

b

d

(n1 − a = 93)

(m0 − b = 897)
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and the negative ultrasound group has some macro-
somic neonates.

The association between diabetes and an ultra-
sound EFW > 4 kg can be determined as follows: Prior
probabilities (from Table 189.3) of diabetes, P[D+],
and of macrosomia, P[M+], are 0.05 and 0.10, respec-
tively, as shown in the two-by-two table margins
(Tables 189.8a and b).

The prior probability of diabetes, P[D+], is con-
verted to the prior odds of diabetes, odds[D+], using
formula (3). Odds[D+] = P[D+]/(1 – P[D+]) = 0.05/
(1 – 0.05) = 0.053.

An OR =4.2 for macrosomia in diabetics relative
to non-diabetics, as described previously, is used as a
reasonable approximation of the RR.

Posterior Odds[D+|M+] =OR ×odds[D+] =
4.2 ×0.053 =0.223

Posterior probability P[D+|M+] =
1/(1 +0.223) =0.18

Then the quantity ‘a’ in Table 189.8b =
P[D+|M+]×100 = 0.18×100 =18. The values of ‘b’
and ‘c’ are determined by subtracting ‘a’ from ‘n1’ and
‘m1’, respectively. The value of ‘d’ is self-evident.
Note that P[D+|M–] =32/900 = 0.036.

The 150 patients with a positive ultrasound finding
of EFW > 4 kg (from Table 189.4), among whom 60
were macrosomic, occupy the following two-by-two
table row margin (Table 189.9a). The quantity
‘a’ =P[D+|M+] ×60 =0.18 ×60 =10.8. The quantity
‘b’ =P[D+|M–] =0.036 ×90 =3.2.

The 850 patients with a negative ultrasound find-
ing of EFW > 4 kg (from Table 189.4), among whom 40
were macrosomic, occupy the following two-by-two
table row margin (Table 189.9b). The quantity
‘a’ =P[D+|M+] ×40 =0.18 ×40 =7.2. The quantity
‘b’ =P[D+|M–] =0.036 ×810 =29.2.

The column margins from these two tables are com-
bined in Table 189.10, which shows the association
between diabetes and ultrasound findings. Note that

2016 Intrapartum decision-making: a computational approach

Table 189.6a Association between macrosomia and shoulder dystocia given a positive
ultrasound finding

USG+ S
+ −

M a 60 (given)

c 90 (given)

m1 m0 150 (given)

(0.07 × 60 = 4.2)

(0.0033 × 90 = 0.3)

(n1 − a = 55.8)

(n0 − c = 89.7)

(a + c = 4.5) (b + d = 145.5)

n1 =

n0 =

b

d

T =

Table 189.6b Association between macrosomia and shoulder dystocia given a
negative ultrasound finding

S
+ −

+

M a n1 =
− c n0 =

(0.07 × 40 = 2.8) (n1 − a = 37.2)

(0.0033 × 810 = 2.7) (n0 − c = 807.3)

b

d
40 (given)
810 (given)

m1(a + c = 5.5) (b + d = 844.5) T = 850 (given)m0

USG−

Table 189.7 Association between ultrasound and shoulder dystocia

S

+ −

+
4.5 a b 145.5 150

− 5.5 c d 844.5 850

10 990 T 1000

USG > 4kg
n1 =

n0 =

m1 m0
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Table 189.8a Prior probabilities of diabetes and macrosomia

M

+ −

+

D
a n1 50

−
c n0 950

b

d

100 m1 m0 900 T 1000

Table 189.8b Association between diabetes and macrosomia

M

+ −

+

D a n1 50

− c n0 950

100 m1 m0 900 T 1000

(0.18 × m1 = 18)

(m1 – a = 82) (m0 – b = 868)

(n1 – a = 32)

b

d

Table 189.9a Association between diabetes and macrosomia given a positive
ultrasound

USG+   M 

(0.036×90 = 3.2)

  
   + –   
 +

–

       
D  a b  14 
  c d 
    
 60 (given)  90 (given)  T 150

(0.18×60 = 10.8)

(m1 – a = 49.2) (m0 – b = 86.8) 136

m1 m0

n1

n0

Table 189.9b Association between diabetes and macrosomia given a negative
ultrasound

M

+ −

+

D a 36

− c 814

40 (given) 810 (given) T 850

(0.18 × 40 = 7.2) (0.036 × 810 = 29.2)

(m0 − b = 780.8)(m1 − a = 32.8)

n1

n0

b

d

m1 m0

USG−

Table 189.10 Association between diabetes and ultrasound

U 
+ – 

+   

D
 14 a b 36 50 

–
 136 c d 814 950 

      
150 850 T 1000 

n1

m1 m0

n0
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the prevalence of a positive ultrasound finding (0.15)
and of diabetes (0.05) is preserved. The odds ratio
for an ultrasound EFW >4 kg in diabetics relative to
non-diabetics,

OR =((a ×d)/(b ×c)) =((14 ×814)/(36 ×136)) =2.3,

is lower than the odds ratio describing the association of
diabetes with macrosomia due to the misclassification of
macrosomia by ultrasound as was described earlier.

The unknown effects in Figure 189.2 can now be
replaced with these estimates determined using
Bayesian methods (Figure 189.3).

Table 189.11 summarizes the selected odds ratios
and their coefficients for these prospective risk
factors. There are 23=8 linear combinations of three
exposures, each having two levels (present and
absent). These combinations are as follows:

Assisted vaginal delivery (A+)

Ultrasound       EFW > 4 kg
Present            Absent

Diabetes Present U+D+A+ U–D+A+

Absent U+D–A+ U–D–A+

Spontaneous vaginal delivery (A–)
Ultrasound       EFW > 4 kg
Present           Absent

Diabetes Present U+D+A– U–D+A–

Absent U+D–A– U–D–A–

Scores are obtained by finding, for each combination,
the odds ratio or the odds of shoulder dystocia in
a given exposure combination divided by the odds
of shoulder dystocia in a referent group. The referent
group having no risk factors, i.e., where the values of
all exposures (xis) are zero, consists of patients with
negative ultrasounds who are non-diabetic and have
no indication for assisted vaginal delivery (U–D–A–).
These odds ratios for exposure combinations are
obtained by exponentiating sums of the product
terms, βi(xia– xib), where βis are the coefficients of
individual exposures and (xia– xib) are the differences
between values of individual exposures contrasting
the combination of interest (group a) and the referent
group (group b) as shown by Formula (13).

For instance, the odds ratio for shoulder dystocia
(S) contrasting patients with an ultrasound EFW
> 4000 g who are non-diabetic and have an indication
for an assisted vaginal delivery, U+D–A+, relative to
the referent group having no risk factors, U–D–A–, is
determined based on the exposure differences,
(U+– U–=1 – 0 =1), (D–– D–=0 – 0 =0), and (A+– A–=
1 – 0 =1) where U+, D+, and A+ have the values 1, and
U–, D–, and A– have the values 0. The coefficient for
each exposure is shown in Table 189.11.

OR =odds[S+|U+D–A+]/odds[S+|U–D–A–] =

eβU (1–0) +βD (0–0) +βA (1–0) =eβU+βA=e1.56 +1.26=e2.81=16.6

The resulting odds ratios for all exposure combinations,
which are the risk scores, are shown in Table 189.12.

2018 Intrapartum decision-making: a computational approach

Figure 189.2 Unknown associations between prospective risk
factors and shoulder dystocia.

Figure 189.3 Results of Bayesian method to determine
associations between prospective risk factors and shoulder
dystocia.

Table 189.11 The effects of prospective risk factors (odds ratios)

Exposure (expi) Coefficients (ln(OR) =ββii )

i =U, Ultrasound EFW >4 kg 4.75 βM=1.56
i =A, assisted vaginal delivery* 3.5 βA=1.25
i =D, diabetes 6.0 βD=1.79

*Vacuum extraction or forceps vaginal delivery

ORi= odds[S++|expi
++]

odds[S++|exp i
––]
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Joint distribution of combinations
of risk factors for shoulder dystocia
Given three risk factors for shoulder dystocia, namely
ultrasound EFW > 4000 g (U), diabetes (D), and indi-
cation for assisted vaginal delivery (A), that have
binary (dichotomous) values [either present (+) or
absent (–)] we would like to know the joint probabil-
ity distribution of the resulting combinations for
which we now have risk scores.

From Table 189.10, we have the number with each
combination of D and U. We assume for our purposes
that the assisted vaginal deliveries (or the indications
for operative vaginal delivery) are not conditioned on
diabetes or ultrasound findings. Therefore, the preva-
lence of assisted vaginal delivery (P[A+] =0.10) is pre-
sumed to be constant across all strata of diabetes and
ultrasound findings (Figure 189.4).

Table 189.13 shows the final distribution of expo-
sure combinations rank-ordered by risk scores. The
receiver–operator characteristics for various score

thresholds can then be determined. Any combination,
e.g., U–D–A+, relative to the referent group, U–D–A–,
can be shown in a two-by-two table. Assume that the
probability of shoulder dystocia in the lowest risk
group, P[S+|U–D–A–] =0.004 (the reason for the
choice of this probability will become clear). The two-
by-two table quantity ‘n1’ is N in Table 189.13 for the
exposure U–D–A+; the quantity ‘n0’ is N for the expo-
sure U–D–A–. The quantity ‘c’ = P[S+|U–D–A–] × n0 =
0.004 × 732.6 = 2.93. This is the number of shoulder
dystocia cases (N(shoulder dystocia)) contributed by the
U–D–A– exposure group (see Table 189.14)

The prior odds of the exposure U–D–A+ (where non-
exposed =U–D–A–) =n1/n0 =81.4/732.6 = 0.111.

Recall that posterior odds of exposure given
disease = OR × prior odds of exposure. The odds
ratio from Table 189.12 is 3.5. Therefore, 

posterior odds, P[U–D–A+|S+] =3.5 ×0.111 =0.39

This posterior odds of exposure given disease, in two-
by-two table notation, is a/c = 0.39. By rearrangement,
a = 0.39 × c. The quantity ‘c’, from above, is 2.93.
Therefore, the quantity ‘a’ = 0.39 × 2.93 = 1.14. This is
the number of shoulder dystocia cases (N(shoulder dystocia))
contributed by the U–D–A+ exposure group (see
Table 189.14).

Table 189.14 shows the prior and posterior odds,
calculated in a similar fashion, for the remaining expo-
sure combinations and the resulting distribution of
shoulder dystocia cases. Note that there are 10 shoulder
dystocia cases across all exposure combinations that

Creating a risk score for shoulder dystocia prevention 2019

Figure 189.4 Combinations of diabetes and ultrasound
stratified by assisted vaginal delivery.

Table 189.12 Odds ratios (risk scores) for exposure
combinations

Exposure combination OR Formula OR

U–D–A– e0= e0 1
U–D–A+ eβA= e1.25 3.5
U+D–A– eβU= e1.56 4.75
U–D+A– eβD= e1.79 6
U+D–A+ eβU+eβA= e2.81 16.6
U–D+A+ eβD+eβA= e3.04 21
U+D+A– eβU+eβD= e3.35 28.5
U+D+A+ eβU +βD +βA= e4.60 99.75

Table 189.13 Final probability distribution of
exposure combinations rank-ordered by risk score

Exposure combination OR (risk score) N

U–D–A– 1 732.6
U–D–A+ 3.5 81.4
U+D–A– 4.75 122.4
U–D+A– 6 32.4
U+D–A+ 16.625 13.6
U–D+A+ 21 3.6
U+D+A– 28.5 12.6
U+D+A+ 99.75 1.4

Total 1000

S
+ –

 
a b 81.4

 (0.004×n0 =  c d 732.6
2.93)    

T

U–D–A+

U–D–A–

m1 m0

n0

n1
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form the total population of 1000 subjects. In choosing
a shoulder dystocia prevalence of 0.004 in the lowest-
risk group (U–D–A–), the original shoulder dystocia
prevalence of 0.01 across all groups was preserved. 

Table 189.13 and 189.14 were used to construct, for
each score threshold, a table of sensitivities and speci-
ficities. Using a score threshold of 6 or higher, for
example, the quantity ‘n1’ in a two-by-two table, corre-
sponding to the number of exposed (the number with a
score ≥ 6) is found by summing the N’s in Table 189.13
for OR’s (risk scores) 6 and higher. The quantity ‘n0’ is
the sum of N’s in table 189.13 for OR’s < 6. The quan-
tity ‘a’, corresponding to the number exposed and
diseased (the number with a score ≥6 and shoulder
dystocia) is found by summing the N’s in Table 189.14

2020 Intrapartum decision-making: a computational approach

Table 189.14 Determination of probability distribution of shoulder dystocia by risk scores

Prior odds Posterior odds 
Combination OR (score) N (total) of exposure of exposure N (shoulder dystocia)

U–D–A– 1 732.6 1.00 1.00 2.93
U–D–A+ 3.5 81.4 0.11 0.39 1.14
U+D–A– 4.75 122.4 0.17 0.79 2.33
U–D+A– 6 32.4 0.04 0.27 0.78
U+D–A+ 16.6 13.6 0.02 0.31 0.90
U–D+A+ 21 3.6 0.00 0.10 0.30
U+D+A– 28.5 12.6 0.02 0.49 1.44
U+D+A+ 99.75 1.4 0.00 0.19 0.56

1000 10.38

S
+ –

 

0.78 +  
0.90 +  
0.30 +  
1.44 +  
0.56 =  

  

 
 
 

 

 

32.4 +
13.6 +
3.6 +

12.6 +
1.4 =

3.98  a  b 59.62  63.6

<6  
2.93 + 
1.14 + 
2.33 =  

c d 
 

936.4 –  
6.4 =  

 
732.6 +
81.4 +

122.4 =
6.40    930   936.4

10.38   989.62  T 1000m1

n1

n0

m0

Score ≥6
63.6 – 
3.98 =

Table 189.15 Sensitivities and specificities at score thresholds

Shoulder dystocia (S)

Score Positive Negative Total

≥3.5 7.44 259.96 267.40 sens 0.72
< 3.5 2.93 729.67 732.60 1 – spec 0.26
Total 10.38 989.63 1000.00

≥4.75 6.31 179.70 186.00 sens 0.61
< 4.75 4.07 809.93 814.00 1 – spec 0.18
Total 10.38 989.63 1000.00

≥6 3.98 59.62 63.60 sens 0.38
< 6 6.40 930.00 936.40 1 – spec 0.06
Total 10.38 989.63 1000.00

≥16.6 3.20 28.00 31.20 sens 0.31
< 16.6 7.17 961.63 968.80 1 – spec 0.03
Total 10.38 989.63 1000.00

≥21 2.30 15.30 17.60 sens 0.22
< 21 8.08 974.32 982.40 1 – spec 0.02
Total 10.38 989.63 1000.00

≥28.5 2.00 12.01 14.00 sens 0.19
< 28.5 8.38 977.62 986.00 1 – spec 0.01
Total 10.38 989.63 1000.00

≥99.75 0.56 0.84 1.40 sens 0.05
< 99.75 9.82 988.78 998.60 1 – spec 0.001
Total 10.38 989.63 1000.00
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for OR’s 6 and higher. The quantity ‘b’ is the sum of N’s
in Table 189.14 for OR’s <6. The remaining quantities
are found by differences or sums. The quantity ‘b’ is
n1−a, ‘d’ is n0−c, ‘m1’ is a+c, and ‘m0’ is b+d. 

Sensitivity at this score threshold, P[Score ≥6|S+] =
3.98/10.38 =0.38. Specificity, P[Score < 6|S–] =930/
989.62 = 0.94. 1 – specificity (the false-positive rate) =
0.06.

Similarly, the sensitivities and false-positive rates
(1 – specificity) for each score threshold were used to
create Table 189.15.

The receiver–operator characteristics of the risk
score are displayed in Table 189.16 and in Figure
189.5. We will explore the choice of a threshold value
of the risk score at or above which cesarean section
might be recommended to prevent shoulder dystocia.
As noted, Langer et al., based on literature review,
reported that shoulder dystocia prevalence ranged
from 0.001 to 0.17.4 First, assume that baseline prevalence
of shoulder dystocia in the population of interest is
low (0.001). The baseline prevalence of shoulder
dystocia affects the number needed to treat (NNT) or
the number of cesarean sections required to prevent a
single case of shoulder dystocia. The risk of shoulder
dystocia in cesarean section, risk(cesarean), is presumed
to be zero. The risk of shoulder dystocia in vaginally
delivered neonates, risk(vaginal), is shown in Table
189.17. The absolute risk reduction (ARR) is the risk
difference, (risk(vaginal) – risk(cesarean)). NNT = 1/ARR

Creating a risk score for shoulder dystocia prevention 2021

Table 189.16 Receiver–operator characteristics of
shoulder dystocia risk score

Score 1 – Specificity Sensitivity

99.75 0.001 0.05
28.5 0.01 0.19
21 0.02 0.22
16.6 0.03 0.31
6 0.06 0.38
4.75 0.18 0.61
3.5 0.26 0.72

Figure 189.5 Receiver–operator characteristics of shoulder
dystocia risk score.

Table 189.17 Number needed to treat (NNT) when shoulder dysocia risk is low (P[S+]=0.001)

Shoulder dystocia

Score Positive Negative Total Risk(vaginal) NNT

≥3.5 0.7 266.7 267.4 0.0028 359
< 3.5 0.3 732.3 732.6

1.0 999.0 1000.0

≥4.75 0.6 185.4 186.0 0.0034 295
< 4.75 0.4 813.6 814.0

1.0 999.0 1000.0

≥6 0.4 63.2 63.6 0.0063 160
< 6 0.6 935.8 936.4

1.0 999.0 1000.0

≥16.6 0.3 30.9 31.2 0.0103 97
< 16.6 0.7 968.1 968.8

1.0 999.0 1000.0

≥21 0.2 17.4 17.6 0.0131 77
< 21 0.8 981.6 982.4

1.0 999.0 1000.0

≥28.5 0.2 13.8 14.0 0.0143 70
< 28.5 0.8 985.2 986.0

1.0 999.0 1000.0

≥99.75 0.1 1.3 1.4 0.0399 25
< 99.75 1.0 997.6 998.6

1.0 999.0 1000.0
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which, in this case where the risk in cesarean section
is zero, equals 1/risk(vaginal).

The risk scoring system in this low-prevalence
scenario has no value. Even the highest risk score of
99.75 is an unacceptable threshold since 25 cesarean
sections are required to prevent a single case of shoul-
der dystocia. Even then, only 10% of shoulder dysto-
cia cases would be prevented.

When the baseline prevalence of shoulder dystocia
in the population of interest is at the upper end of
the range reported by Langer et al. (P[S+] =0.017),
risk(vaginal), is consequently higher and the NNT
(number of cesarean sections to prevent a single case of
shoulder dystocia) is lower, as shown in Table 189.18.

In this high-prevalence scenario, the risk scoring

system performs quite well. A score threshold of 16.6
requires 6 cesarean sections to prevent a single case of
shoulder dystocia and prevents nearly one-third of all
shoulder dystocias. 

We assume that our population, T =1000, consists
only of vaginally delivered patients. Assume that the
cesarean section rate is 25%. Let x = the baseline
number of cesarean sections. Then,

0.25(x +1000) =x

0.25x +250 =x

250 =x – 0.25x =0.75x

x =250/0.75 =333 cesarean sections (at baseline).

2022 Intrapartum decision-making: a computational approach

Table 189.18 Number needed to treat (NNT) when shoulder dysocia risk is high (P[S+] =0.017)

Shoulder dystocia

Score Positive Negative Total Risk(vaginal) NNT

≥3.5 12.1 255.3 267.4 0.0452 22
< 3.5 4.8 727.8 732.6

16.9 983.1 1000.0

≥4.75 10.2 175.8 186.0 0.0551 18
< 4.75 6.6 807.4 814.0

16.9 983.1 1000.0

≥6 6.5 57.1 63.6 0.1017 10
< 6 10.4 926.0 936.4

16.9 983.1 1000.0

≥16.6 5.2 26.0 31.2 0.1668 6
< 16.6 11.7 957.1 968.8

16.9 983.1 1000.0

≥21 3.7 13.9 17.6 0.2121 5
< 21 13.1 969.3 982.4

16.9 983.1 1000.0

≥28.5 3.2 10.8 14.0 0.2316 4
< 28.5 13.6 972.4 986.0

16.9 983.1 1000.0

≥99.75 0.9 0.5 1.4 0.6484 2
< 99.75 16.0 982.6 998.6

16.9 983.1 1000.0

Table 189.19 Impact of risk scores on cesarean section rate (baseline=0.25)

Baseline number Number New number New cesarean 
Score threshold of cesareans ‘test positive’ of cesareans N total section rate

≥3.5 vs. < 3.5 333 267 600 1333 0.450
≥4.75 vs. < 4.75 333 186 519 1333 0.389
≥6 vs. <6 333 64 397 1333 0.298
≥16.6 vs. < 16.6 333 31 364 1333 0.273
≥21 vs. < 21 333 18 351 1333 0.263
≥28.5 vs. < 28.5 333 14 347 1333 0.260
≥99.75 vs. < 99.75 333 1 334 1333 0.251
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The total number delivered is 1000 +333 =1333 by
vaginal and abdominal routes. The number of addi-
tional cesarean sections (the number who are ‘test
positive’) is added to the baseline number of 333 and
the new cesarean section rate is calculated for each
risk score, as shown in Table 189.19.

The risk score of 16.6 seems to be an acceptable
threshold that would result in 31 additional cesarean
sections, an increase in the cesarean section rate from
25% to 27%, and prevention of nearly one-third of
17 shoulder dystocia cases. 

Practical issues
Prior probabilities of shoulder dystocia, macrosomia,
diabetes, and assisted deliveries were selected from
the literature, as were the effects of risk factors on
shoulder dystocia and of diabetes on macrosomia, as
well as the test characteristics (sensitivity and speci-
ficity) of ultrasound for diagnosis of macrosomia.
While I used the midpoints of reported prevalence
ranges, I used the highest reported estimates of
effects. This suffices for illustration, but the reader is
cautioned that a risk scoring system should ideally be
examined across the full range of prior probabilities

and effect estimates during a process of sensitivity
analysis. The importance of sensitivity analysis is
illustrated by the exploration of ‘number needed to
treat’ across a range of shoulder dystocia prevalence.
The risk scoring system had no value when the
shoulder dystocia prevalence was at the lowest end
of the range reported in the literature. Finally, I took
the liberty of using unadjusted effect estimates since
few adjusted estimates are available. Obviously,
adjusted estimates are required before a model is
suitable for further testing. Before a risk scoring
system is put into practice, it should be tested against
recent data from the actual population in which it
will be used. Such data are often not available.
However, as electronic patient records become
increasingly available, there will emerge databases
with a sufficient number of discretely coded vari-
ables to allow model testing. For that matter, such
databases will provide more accurate prior probabil-
ities and allow for logistic regression modeling to
obtain adjusted effect estimates that are often not
available from the literature. Regression modeling
should be performed against a portion of the data-
base; the remainder of the data are reserved for test-
ing whether the resulting scoring system performs as
expected against novel data.
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190 Periconception care
A. Grunebaum

Introduction
Prenatal care is an important intervention in the early
diagnosis and prevention of adverse pregnancy out-
come. Since the introduction of prenatal care, early in
the last century, women have been advised by their
obstetricians to register for prenatal care only after
they miss their period or when their pregnancy has
been confirmed, and many obstetricians do not even
give their patients an appointment for the first prenatal
visit until late in the first trimester.

Periconception care, caring for couples before preg-
nancy, on the other hand is a relatively new approach
to improve pregnancy outcome.

In its ‘Healthy People 2010’ report, the US Public
Health Service has underscored the importance of
preconception care by including several recom-
mendations promoting the health of women before
pregnancy (www.health.gov/healthypeople/). Benefits
of periconception care, such as the early identification
of potential problems and medical treatment before
pregnancy, seem apparent, yet only recently evidence
has emerged supporting improved outcomes in cer-
tain conditions (e.g. diabetes mellitus, phenylke-
tonuria, and a previous pregnancy with a fetus with a
neural tube defect).1–3 De Weerd has shown that two
of the major components of preconception care, smok-
ing cessation and folic acid supplementation, can lead
to a significant cost-saving balance.4

Periconception care begins prior to pregnancy at a
time when preparations for pregnancy can be made.
Periconception care usually involves one or more
meetings prior to pregnancy between the couple try-
ing to conceive and a doctor or another health care
provider who is experienced in this area. Any doctor
with interest in this area can provide many aspects of
periconception care, but the obstetrician and gynecol-
ogist are best trained to handle most aspects of peri-
conception care.

There is an evolving science showing that seeing a
doctor prior to pregnancy, when the couple starts
thinking about a family, can improve pregnancy out-
comes for both the mother and the baby.

Since up to 50% of pregnancies are unin-
tended,5,6 promoting health and healthy lifestyles

prior to pregnancy is crucial among all childbearing
couples, especially as planned pregnancies have
better outcomes than unplanned ones.7 Thus, the
overall goal of periconceptional care is to ensure
that:

(1) Women and men are in their best health and prac-
tice healthy lifestyles before conception.

(2) Couples become aware that preconception, con-
ception, pregnancy, birth, and childrearing are a
continuum in which earlier events affect the pre-
sent and the future.

(3) Physicians and care providers are able to identify
prior to conception any issues and resolve them
without being concerned about the ongoing
pregnancy.

The best example of how periconception care can
improve pregnancy outcome is supplementation with
folic acid. An increase in the intake of folic acid
among women planning a pregnancy was shown to
prevent most neural tube defects.8,9

Freda et al.10 summarized the thinking about pre-
conception health into the following acronym:
REFRAMED: Reproductive awareness; Environemental
toxicants and teratogens; Folic acid supplementation;
Review genetic history; Alcohol, tobacco, and other
substance use; Medical conditions and medications;
Evaluate immunizations and infectious diseases;
Domestic violence and psychosocial issues.

The key elements of preconception care include
the following.

(1) Obtaining a thorough personal, medical, and fam-
ily history of the potential mother and father and
an assessment of the health of both potential par-
ents, although a greater emphasis is usually
placed on that of the mother.

(2) Obtaining a genetic history about family mem-
bers with genetic problems and congenital birth
defects and conditions like hypertension, dia-
betes, mental retardation, blindness, and deaf-
ness and testing if indicated.

(3) Review of the reproductive and gynecologic
history and prior pregnancies.

2027
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(4) Reviewing the couple’s daily living habits and
the environment, reviewing medications both
prescription and over the counter and screening
for exposure to potentially harmful substances
both at home or at work; reviewing weight, diet,
and food and providing specific nutritional and
exercise counseling.

(5) Review and optimization of fertility.
(6) Medical and gynecologic examination, reviewing

and screening for infectious diseases, and updat-
ing immunizations performing additional tests if
indicated [e.g. blood samples and other tests of
both parents if indicated, for example, human
immunodeficiency virus (HIV), infectious diseases,
and genetic predisposition].

(7) Male periconception counseling.

The key elements of periconception counseling
include the following:

(1) Medical history and medication review

• Diabetes – identify prior to pregnancy and
optimize control.

• Hypertension – avoid angiotensin-converting
enzyme (ACE) inhibitors, angiotensin II recep-
tor antagonists, and thiazide diuretics.

• Epilepsy – optimize control; folic acid,
1 mg/day.

• Deep venous thrombosis (DVT) – switch from
warfarin (Coumadin) to heparin.

• Depression/anxiety – avoid benzodiazepines.

(2) Genetic history

• Review family history of genetic issues.
• Carrier screening (ethnic background): sickle

cell anemia, thalassemia, Tay–Sachs disease.
• Carrier screening (family history): cystic fibro-

sis, non-syndromic hearing loss (connexin-26).

(3) Reproductive and gynecologic history

• Review prior pregnancy outcomes and counsel
about recurrence.

• Review prior gynecologic history.
• Review history of pelvic inflammatory disease

(PID) or other tubal issues.

(4) Living environment: diet, weight, food, and
medications

• Folic acid supplement (400 µg routine, 1 mg
diabetes/epilepsy, 4 mg previous neural tube
defect).

• Assess weight, calculate body mass index
(BMI), advise optimal BMI.

• Recommend regular exercise in moderation.
• Avoid hyperthermia (hot tubs, overheating).
• Assess risk of nutritional deficiencies

(vegan, pica, milk intolerance, calcium or iron
deficiency).

• Avoid overuse of vitamin A (limit to 3000 IU/
day) and vitamin D (limit to 400 IU/day).

• Limit caffeine to two cups of coffee or six
glasses of soda per day.

• Screen for domestic violence
• Household chemicals – avoid paint thinners

and strippers, other solvents, and pesticides.
• Smoking cessation and avoidance of sec-

ondary smoking.
• Screen for alcoholism and use of illegal drugs.

(5) Fertility review and optimization
• Assess for regular ovulation, signs of polycys-

tic ovarian syndrome (PCOS).
• Discuss fertility after birth control.
• Review frequency and timing of sexual

intercourse.
• Refrain from using lubricants.

(6) Medical examination and testing; immunization
• Test for infectious diseases (e.g. HIV, syphilis).
• Hepatitis B immunization for at-risk patients.
• Preconception immunizations (rubella,

varicella).
• Counsel about avoidance of infections [e.g.

toxoplasmosis, cytomegalovirus (CMV), and
parvovirus B19].

• Suggest a dental examination.

(7) Male periconception counseling and assessment
• Medical history and review.
• Review of potentially harmful exposure.
• Avoid exposure to heat.
• Avoid alcohol and smoking and other harmful

substances.
• Suggest sperm analysis.

Medical history and health
assessment
The first step
Because many medical problems place the mother
and the fetus at risk,11 the first step in identifying
potential issues is to obtain a good medical and social
history. Many doctors have their patients’ first fill in a
periconception questionnaire or health assessment
form. This questionnaire can help in the counseling
and care process and organizes the periconceptual
approach.12 Filling out this questionnaire is not only
time-saving, but it also allows for a complete evalua-
tion of the couple’s medical and surgical history. In
addition, it allows enough time to consider all
answers and helps the provider to focus only on the
significant issues.

Below is a sample questionnaire, which can be
individualized for each special circumstance:

2028 Periconception care
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Sample periconception patient questionnaire

Hypertension 2029

Yes No
Are you taking any prescription drugs?
Are you using birth control pills or other hormonal contraceptives?
Do you use over-the-counter (non-prescription) drugs?
Do you take any vitamins, minerals, herbal supplements, or other food supplements?
Do you take a multivitamin containing 0.4 mg of folic acid every day?
Do you use any recreational or street drugs (e.g. marijuana, cocaine, crack, etc.)?
Do you smoke cigarettes? If yes, how many per day?
Do you breathe second-hand smoke?
Do you drink beer, wine, or hard liquor?
How many drinks does it take to make you feel high?
Have people annoyed you by criticizing your drinking?
Have you felt you ought to cut down on your drinking?
Have you ever had a drink first thing in the morning to steady your nerves or

get rid of a hangover?
Have you recently seen a dentist?
Are you over- or underweight?
Personal information: Tell us about you and your partner
Family and genetic history: Tell us about your family and your genetic history
Your daily living and the environment: Tell us about your daily routines

and your environment.
Are you exposed to any harmful agents?
Diet and food: Tell us about your diet and food
Trying to conceive history: Tell us about your attempts trying to conceive
Gynecologic history: Tell us about your gynecologic history
Medical history: Tell us about your medical history
Infections: Have you ever had an infection or a sexually transmitted disease?
Immunizations: Are you immunized against common childhood diseases

and hepatitis B?
Prior pregnancies: Tell us about your prior pregnancies

What is your ethnic background?
Have you or the baby’s father ever been screened for special diseases related to your

ethnic background?
Have you or your partner had a baby with a genetic (inherited) problem or have there been

any birth defects or mental retardation in the family?
Does anybody in the family have a history of a genetic disease, such as cystic fibrosis,

Tay–Sachs disease, hemophilia?
Do you have a close family member with a medical condition, such as diabetes or

a history of seizures?
Did your mother have toxemia or high blood pressure in any of her pregnancies?
Do you or a close family member have a history of blood clots?
Do you have a close family member with ovarian or breast cancer?

Please enter here and explain for any question where you checked a ‘YES’.

Diabetes mellitus
Women with poorly controlled diabetes have a signifi-
cantly higher rate of spontaneous abortion and
increased risk of severe fetal anomalies compared with
women who have good control. Preconception diabetic
management decreases the risk of abortions and con-
genital anomalies and lessens the complications of
pregnancy. Preconception is the optimal time to iden-
tify, evaluate, and treat hypertension, nephropathy,
retinopathy, and thyroid disease in these patients and
provide counseling on risks of pregnancy, requirement

for increased visits, and close monitoring. In addition,
periconception provides the opportunity to evaluate
patients for relative contraindications to pregnancy,
such as those with blood urea nitrogen greater than
30 mg/dl (10.7 mmol/l), low creatinine clearance, and
coronary artery disease.

Hypertension
Most patients with chronic hypertension can expect
an uncomplicated pregnancy, but will require
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enhanced monitoring for the risks of pre-eclampsia,
renal insufficiency, and fetal growth retardation. It is
important that women with hypertension be evaluated
before pregnancy to determine the severity of the
hypertension and to recommend potential lifestyle
modifications. Preconception is the best time to
review and change medications for use during preg-
nancy. Methyldopa (Aldomet) and calcium channel
blockers are commonly used during pregnancy. Drugs
that should be avoided in the first and second
trimesters of pregnancy are ACE inhibitors,
angiotensin II receptor antagonists, and thiazide
diuretics, which are associated with congenital
defects.

Epilepsy
The incidence of malformations in infants of mothers
with epilepsy who are treated with antiepileptic
drugs is two to three times that of infants of mothers
without epilepsy,13 and they also have an increased
risk of developing epilepsy. Preconception counsel-
ing should include optimizing seizure control, pre-
scribing folic acid supplements, 1–4 mg/day, and
offering referral to a genetic counselor. When possi-
ble, use of multiple anticonvulsants should be
avoided. Using a single agent for the seizure type at
the lowest protective level is preferable, and there is
no single drug of choice. If a patient has been seizure-
free for 2 years or longer, drug discontinuation with a
long taper period (3 months) may be successful in
individual cases, and tapering should begin 6 months
prior to conception.14

Thromboembolism
Women with a history of a DVT have a 7–12% risk
of recurrence during pregnancy, and those with
a personal or family history of venous thromboem-
bolism should be offered testing for thrombophilia
before pregnancy. Those on warfarin (Coumadin) as
maintenance therapy for DVT should be switched to
heparin before conception, because warfarin is terato-
genic. Heparin (in regular or low-molecular weight
form) is indicated for prophylaxis and should be
started as early in pregnancy as possible.

Depression and anxiety
About 10% of pregnant women have depression.
Tricyclic antidepressants and selective serotonin
reuptake inhibitors have not been shown to cause any
teratogenic effects and may be used before con-
ception. Rarely, maternal use of benzodiazepines has
been associated with anomalies, such as cleft lip and
palate, as well as a withdrawal syndrome in the
newborn.

Asthma
Asthma is one of the most common medical illnesses
likely to occur in women of childbearing age, with
approximately 1% of pregnancies complicated by
asthma. Optimizing preconceptional asthma control
and reviewing use of the peak flow meter and personal
best surveillance, and offering influenza vaccine
ensures that the patient begins her pregnancy in opti-
mal condition. The fewest medications needed to con-
trol symptoms of asthma should be recommended.

Cardiac diseases
Maternal morbidity from cardiac diseases is as high as
7% in combined New York Heart Association classes
III and IV heart disease, compared to only 0.5% in com-
bined classes I and II. Certain cardiac disorders, such as
primary pulmonary hypertension, place women at very
high risk during pregnancy (maternal mortality
approaches 50%) and counseling prior to pregnancy
may help couples decide on the best course. The pre-
conception evaluation should therefore identify car-
diac disease risk factors, determine the extent of
disease, identify correctable problems, and provide the
patient with detailed information about maternal and
fetal risks. Close consultation before and during preg-
nancy with a cardiologist may help guide a patient
though the pregnancy.

Autoimmune disorders
Autoimmune disorders, such as lupus, are not
unusual among women of childbearing age. Patients
should be counseled that the best time to attempt con-
ception is during periods of inactive disease. Even
women with quiescent disease or a distant history of
disease should be carefully evaluated and counseled
about maternal and fetal risks.

Obtaining a genetic history
Genetic issues
The woman’s family history and ethnicity for genetic
disorders (such as cystic fibrosis, sickle cell anemia,
and Tay–Sachs disease) and malformations (such as
neural tube defects) should be reviewed thoroughly
during the periconception visit. The clinician should
consider referring the patient to a genetic counselor or
maternal–fetal specialist if there is a personal or family
history of a child with a potential genetic disorder or
if advanced maternal age is an issue.

Advanced maternal age
The periconception time period is the optimal time to
educate patients about a woman’s fertility ‘biologic
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time clock’ and the purposes and techniques of
prenatal diagnosis during pregnancy.

Women becoming pregnant at more advanced ages
are at increased risk of

• Infertility
• Having fetuses with chromosomal abnormalities
• An increased likelihood of chronic medical illness.

Advanced maternal age is becoming more common as
women postpone pregnancy because of educational
and career goals. Many women are postponing child-
bearing until after age 35 years, which poses a higher
risk of medical problems during pregnancy and chro-
mosomal abnormalities in the fetus. Older couples
should be counseled about genetic risks and the avail-
ability of antenatal testing (amniocentesis and chori-
onic villus sampling), which may not be options if the

first visit for prenatal care is delayed. The risk of
infertility also increases with age, rising to 20% in
couples older than 35 years.

Carrier screening
The ethnic background of either partner determines
whether genetic screening should be recommended
for sickle cell trait, thalassemias, and Tay–Sachs dis-
ease carrier state. A family history that is positive for
certain diseases, such as cystic fibrosis and congenital
hearing loss, indicates the need for additional screen-
ing. The American College of Obstetricians and
Gynecologists recommends that screening for Tay–
Sachs disease, Canavan disease, cystic fibrosis, and
familial dysautonomia should be offered for couples
of Ashkenazi Jewish ancestry.15

Carrier screening by ethnicity

A reproductive and gynecologic history and review of prior pregnancies 2031

Ethnic origin Screening recommended Test Frequency(%)

Black Sickle cell trait Sickle cell smear 10
β-thalassemia MCV < 70 5

European Jewish Tay–Sachs disease carrier; Hexosaminidase
Canavan, cystic fibrosis, A 4
familial dysautonomia

French Canadian Tay-Sachs disease carrier Hexosaminidase A > 5
Mediterranean α-, β-thalassemia MCV < 70 10–20
Southeast Asian α-, β-thalassemia MCV < 70 20–40
(Laotian, Thai,
Cambodian, Hmong)
Indian, Middle Eastern Sickle cell trait Sickle cell smear Unknown

α-, β-thalassemia MCV < 70 Unknown

MCV, mean corpuscular volume
From Cowchock et al.16

Thromboembolic disease
A family history of thromboembolic disease may
identify a woman at risk for pregnancy complications
and requires a thorough workup prior to pregnancy.

A reproductive and gynecologic
history and review of prior
pregnancies
The time prior to pregnancy is the optimal time to
review gynecologic and prior pregnancy issues and
counsel couples about improving health and future
pregnancy outcomes. A review of the gynecologic and
obstetric history can identify possible signs of infer-
tility or issues that may affect future pregnancies.

Are menstrual periods regular or irregular and are
there signs of PCOS? Patients with irregular periods

may have hormonal and ovulation problems or may
have PCOS. Treating these problems will improve the
patients’ chances of getting pregnant. Patients with a
history of recurrent miscarriages may benefit from a
workup and baby aspirin prior to pregnancy.

Previous pregnancy complications, such as a history
of a preterm delivery, a baby with intrauterine growth
restriction, diabetes, hypertension, or pre-eclampsia,
have an increased risk of repeating in future preg-
nancies and should be assessed prior to the next
pregnancy.

If the patient has had a history of PID, then
testing for fallopian tube patency may save many
months of futile attempts attempting to get preg-
nant. Patients with a history of prior ectopic preg-
nancies have a 20-fold increased risk and should be
counseled to see a doctor as soon as they believe
that they are pregnant.
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Living environment: diet,
weight, and food
Exposure to harmful agents
In a retrospective, register-based cohort study17 of
43,470 pregnant women, there were 20.4% of women
who purchased at least one drug classified as poten-
tially harmful during pregnancy, and 3.4% purchased
at least one drug classified as clearly harmful. The
authors concluded that their study places emphasis
on the need for careful prepregnancy counseling.
Preconception care should review exposure to any
potentially harmful drugs, review the need to take
them, and offer alternatives. Drug or chemical expo-
sure causes 3–6% of anomalies and periconception
care is ideal to prevent potential teratogenic effects on
the developing fetus by stopping harmful influences
or switching to safer medications. The Food and Drug
Administration (FDA) has defined risk factor designa-
tions A, B, C, D, and X to classify drugs used during
pregnancy. Category X drugs should never be used
during pregnancy and while trying to conceive.
Category X drugs include

• Folic acid antagonsist
• Warfarin
• Isotretinoin
• Valproic acid (should be avoided by all women

likely to become pregnant).5

Periconception retinoic acid can lead to fetal embry-
opathy18 and the American College of Obstetricians and
Gynecologists recommends that pregnant and precon-
ceptional women should avoid taking more than
5000 IU of vitamin A daily, though one study showed
no association between periconceptional vitamin A
exposures at doses of > 8000 IU/day or > 10,000 IU/day
and malformations in general.19

Alcohol
Alcohol consumption during pregnancy can lead to
adverse pregnancy outcome, such as fetal alcohol syn-
drome and lower birth weight babies,20,21 and many
women stop consuming alcohol once they know that
they are pregnant. But there is also an adverse effect
on alcohol on women who are trying to conceive as it
decreases their fertility and increases their risk of hav-
ing a miscarriage. Alcohol consumption prior to con-
ception is a potential risk factor to fetal outcome and
an important consideration for those females plan-
ning to have children. In a study involving mice,22

long-term alcohol exposure prior to conception
resulted in lower fetal body weights. The authors
showed that fetal growth and development can be
affected by alcohol consumption even prior to the
time of conception. However, even modest amounts of

alcohol consumption during pregnancy can cause a
negative impact on the fetus.21

The Surgeon General in the USA has advised that
‘the best way to improve pregnancy outcome is to not
drink any alcohol when you are trying to conceive
and during pregnancy’.

Smoking
Approximately 18% of pregnant women in the
USA report smoking tobacco and their pregnancy is
at increased risk for such complications as abruptio
placenta, pre-eclampsia, and preterm labor.23

Additionally, tobacco is associated with decreased
fertility rates and increased oocyte depletion rates as
well as ectopic pregnancy.24 Periconception is thus
the optimal time to inform women about the risks
associated with smoking prior to and during
pregnancy.

Environmental toxins and exposure
Women trying to conceive and pregnant women
should minimize the use of common household prod-
ucts, such as paint and paint removal products,
bleaches, lye, and oven cleaners. A detailed occupa-
tional history, including household and hobby activi-
ties, occupational exposure to organic solvents,
anesthetic gases, and antineoplastic agents, can reveal
potential teratogenic exposures. Women susceptible
to toxoplasmosis should be advised to stay away from
undercooked meat sources and have someone else
change the cat litter.

Folic acid supplementation
A minimum of 400 µg folic acid supplementation
with or without a multivitamin decreases the risk
of fetal malformations, such as neural tube defects, mis-
carriages, and cardiac malformations.25,26 This positive
effect can only be achieved when the supplement is
taken prior to conception, at least 1–2 months before
conception. In the USA, the average woman receives
about 100 µg of folic acid/day from fortified breads
and grains. Women trying to conceive and beginning
at least 1–2 months before conception and continuing
through the first 3 months of pregnancy should take
a daily vitamin supplement containing at least 400 µg
of folic acid. Higher dosages are indicated for special-
risk groups. A dosage of 1 mg/day is recommended for
women with diabetes mellitus or epilepsy. Mothers
who have given birth to children with neural tube
defects should take 4 mg of folic acid/day for subse-
quent pregnancies. Studies have shown that addressing
folic acid use even at a single periconception visit can
significantly improve mean red cell folate levels.27
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Diet
Women trying to conceive and pregnant women
should have a diet rich in iron, calcium, vitamins B,
and low in saturated fats.28 There are even diets sug-
gested for women to improve fertility.29 Except for
added calories during pregnancy, women trying to
conceive should follow the same diet as if they were
already pregnant. If a diet deficiency is identified, a
visit with a dietician may help the woman understand
the importance of a healthy diet.

Caffeine
A high caffeine intake delays conception30 and
increases the risk for a miscarriage.31 Women there-
fore should be advised to have not more than 300 mg
of caffeine/day, which is equal to two 5-oz. cups of
coffee, three 5-oz. cups of tea, or two 12-oz. glasses of
caffeinated soda.

Fish
Mercury can have a deleterious effect on the devel-
oping fetus and there is evidence that especially
large fish can contain excessive amounts of mercury.
To prevent potential mercury toxicity on the fetus,
the American FDA recommends the following
for fish consumption before, during, and after
pregnancy:

• Fish to be avoided: shark, swordfish, king mack-
erel, tile fish.

• Fish to be limited: a total of no more than 12 oz. per
week of shellfish, canned fish, canned tuna, or
farm-raised fish.

Weight
Both extremes of a woman’s weight can lead to
decreased fertility and an increase in adverse preg-
nancy outcomes. Women who are underweight (BMI
< 20) are less likely to ovulate, have amenorrhea,
infertility, and a low birth weight baby.32 Obesity also
has a negative effect on fertility and increases the risks
for gestational diabetes, hypertension, preeclampsia,
and cesarean section.33 The optimal time to lose
weight and try to reach an ideal weight (BMI 20–25) is
before conception.

Exercise and nutrition
Regular moderate exercise is generally beneficial
and the current evidence continues to demonstrate
marked benefit to both the mother and the fetus if

women exercise during pregnancy. The current
recommendation is for women to continue their
prepregnancy activity level when they become preg-
nant. Hyperthermia in the first trimester has been
associated with increases in congenital anomalies.
Pregnant women should limit vigorous exercise to
avoid an increase in core body temperature above 38◦C
(100.4◦F). They should be adequately hydrated, wear
loose clothing, and avoid extreme environmental tem-
peratures and not spend too long time periods in
saunas or hot tubs.

Social risk factors
Pregnancy can be adversely affected by a woman’s
mental and social health and there is an association
between pregnancy and risk of domestic violence.34

The physician can use a simple four-question screen-
ing tool modeled after the CAGE questionnaire for
alcoholism:

(1) How often does your partner hurt you? 
(2) How often does your partner insult or talk down

to you? 
(3) How often are you threatened with physical

harm? 
(4) How often does your partner scream or curse at

you? 

Responses of ‘often’ or ‘frequent’ to any of these ques-
tions place the women at risk of domestic violence.
The patient should receive information about com-
munity resources for battered women and emergency
shelters.

Illegal drugs
Using illegal drugs during pregnancy can have dele-
terious effects on pregnancy outcome. Advising
patients to stop these drugs prior to pregnancy and
referring patients to drug treatment can improve
their pregnancy outcome. Women using illegal
drugs, such as cocaine, marijuana, or heroin, should
be encouraged to quit before pregnancy. Cocaine use
in pregnancy is associated with miscarriage, prema-
turity, growth retardation, and congenital defects,
while marijuana use can cause prematurity and jit-
teriness in the neonate. Use of heroin may lead to
intrauterine growth restriction, hyperactivity, and
severe neonatal withdrawal syndrome. Women who
use illegal drugs may need a referral to a special
withdrawal program to be completed before con-
ception. A methadone maintenance program is an
alternative if the patient is unable to complete the
withdrawal.
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Environmental toxins

2034 Periconception care

Hazard Types Associated outcomes Sources of exposure

Metals Lead Abnormal sperm, Solder, lead pipes, batteries, 
menstrual disorders, paints, ceramics, 
miscarriages, smelter emissions
stillbirths,
mental retardation

Mercury Impaired fetal motor and Thermometers, mirror coating, 
mental development dyes, inks, pesticides, dental 

fillings, fish from 
contaminated waters

Solvents Trichloroethylene, Birth defects Dry cleaning fluids, 
chloroform, degreasers, paint strippers, 
benzene, toluene drug, and electronics industries

Plastics Vinyl chloride Decreased fertility, Plastic manufacturing
chromosomal aberrations, 
miscarriages, stillbirths,
birth defects

Pollutants Polychlorinated biphenyl, Low birth weight, Pesticides; 
polybrominated biphenyl stillbirths carbonless copy paper;

rubber, chemicals, and
electronics industries;
fire retardants; food chain

Pesticides 2,4,5-T and 2,4-D Birth defects, Farm, home, and garden 
organophosphates miscarriages, insect sprays, 

low birth weight wood treatment
Gases Carbon monoxide Low birth weight, Auto exhaust, 

stillbirths furnaces, kerosene heaters,
cigarette smoke

Anesthetic gases Decreased fertility, Dental offices, 
miscarriages, birth defects operating rooms,

chemicals industries
Radiation Radiographs, Sterility, Medical and 

radioactive materials birth defects dental offices,
electronics industries

From Cefalo RC, Moos MK. Preconceptional health promotion. In Cefalo RC, Moos MK, eds. Preconceptional
Health Care: A Practical Guide, 2nd edn. St. Louis: Mosby, 1995:41–2

Fertility review and
optimization of fertility 
Fertility review and testing
Women often assume that conception will happen
quickly as soon as birth control has been stopped.
However, only 50% of couples get pregnant after try-
ing to get pregnant for 4–5 months, and 15% do not
get pregnant even after trying for a year. Especially as
women get older, they will encounter increased diffi-
culties in getting pregnant. Any advice on how to
improve fertility and maybe shorten the time period
to get pregnant is important. Counseling couples
about the basics of getting pregnant including timing
and frequency of sexual intercourse and reviewing the
mechanism of conception and the physiology of ovu-
lation and the menstrual cycle is often crucial in
helping them achieve a healthy pregnancy. Lubricants

can decrease the chance of conceiving, and couples
trying to conceive should be advised not to use any
lubricants.

Unfortunately, many infertile couples are seen very
late in their unsuccessful attempts to get pregnant.
A quick review of fertility issues (e.g. regular ovulation
and menstrual cycles, a history of PID, and a review of
the mother’s age) can assess whether an infertility
evaluation may be indicated early on. For example, a
sperm analysis is an easy test, which may be recom-
mended before the attempt of trying to conceive. In
about 50% of infertile couples there is a ‘male’ prob-
lem and if there is a problem it should be addressed
before spending a long time trying to conceive in vain.

Conception after birth control
‘When can I get pregnant after stopping the pill?’ is
among the first question women on the pill ask. There
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are several different ways this question can be
answered: First, there is the safety of getting pregnant
after stopping the pill. Women should be informed
that there is no known fetal harm if conception hap-
pens right after the pill is stopped. So, there is no med-
ical need to wait for fetal reasons. However, it may take
some time for regular fertility to begin after stopping
the pill. Ovulation may happen as soon as 2 weeks
after the pill has been stopped, but can sometimes take
longer. Women should be advised to seek consultation
if ovulation and the menstrual period have not
returned within 2–3 months after the pill was stopped.

Many physicians advise waiting for at least one
cycle before getting pregnant after removal of the
intrauterine device. But there is little scientific
evidence in this suggestion.

Medical and gynecologic
examination, reviewing and
screening for infectious diseases,
and updating immunizations
Examination
The periconception examination should include a full
physical examination (e.g. lung, breast, heart,
abdomen, skin, extremities) as well as a gynecologic
history and examination including a Pap smear and a
culture for chlamydia and gonorrhea. The examina-
tion should focus on possible problems that may
affect the pregnancy. If a mammogram is indicated it
is best done prior to conception.

Screening for infectious diseases
During the preconception evaluation, a history of
high-risk behavior, including multiple sexual part-
ners, sexually transmitted diseases, blood transfu-
sions, or intravenous drug abuse, should be obtained
from both the patient and her sexual partner. In addi-
tion, safe sex for prevention of sexually transmitted
diseases and early medical care for vaginal discharge
should be discussed.35 Testing a women and her hus-
band for infectious diseases prior to pregnancy allows
for early interventions, before the developing fetus
can be potentially affected. A history of sexually
transmitted diseases and a history of a prior ectopic
pregnancy increase the risk of ectopic pregnancy.36

Patients with those histories should be counseled to
see their doctor as soon as they believe that they are
pregnant. Depending on individual circumstances,
clinicians may perform the following infection tests
prior to pregnancy:

(1) HIV (both in husband and in wife)
(2) Syphilis (both in husband and in wife)
(3) Hepatitis B antigen and antibody (both in husband

and in wife)

(4) Gonorrhea
(5) Chlamydia
(6) Testing for prior exposure to parvovirus
(7) Testing for prior exposure to CMV
(8) Testing for prior exposure to toxoplasma
(9) Testing for prior exposure to herpes (both in

husband and in wife)
(10) Testing for varicella immunity
(11) Testing for rubella immunity.

Women susceptible to any of these should be coun-
seled about immunization and about prevention of
infections.

Human immunodeficiency virus
All sexually active women should be offered HIV test-
ing. Most women who might transmit the HIV infec-
tion to their fetus are asymptomatic. Preconception
testing for HIV is important because the Pediatric
AIDS Clinical Trials Study Group has shown that treat-
ment with zidovudine (Retrovir) reduces the risk of
transmission to the fetus from 25.5% to 8.3%. Earlier
treatment of HIV and other sexually transmitted dis-
eases decreases the risk of transmission to the fetus.
Vertical transmission results in an approximately
30% chance of fetal infection from an untreated
HIV-positive mother, a risk that can be reduced sub-
stantially with preconception or early pregnancy treat-
ment. During the preconception period, women
should be educated about high-risk behavior and given
advice on contraception.

Syphilis
The time prior to pregnancy is optimal to identify and
treat syphilis because at that time there is no fetus yet
to be concerned about giving appropriate medications.

Gonorrhea, chlamydia
Both of these organisms can lead to adverse preg-
nancy outcomes and to infertility if not treated appro-
priately. Treatment of both partners prior to
pregnancy is preferred as it prevents unnecessary
exposure of the fetus.

Hepatitis B and other immunizations
All women should be screened for hepatitis B, and
those at high risk should be tested for the presence
of both hepatitis B surface antigen and hepatitis Be
antigen. The preconception time period is optimal to
provide immunization and women who have not
received the hepatitis B vaccine should be considered
for immunization if they are at risk of sexually trans-
mitted diseases or blood exposure. The vaccine may
be given during pregnancy. Hepatitis B is the most
common type of hepatitis in the USA.

Medical and gynecologic examination, reviewing and screening for infectious diseases 2035
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Influenza
Pregnancy is considered a high-risk condition for
influenza. According to CDC guidelines, all women
who expect to be pregnant during the influenza season
(November to April) should be vaccinated against
influenza. The specific guidelines for immunizations
for adults can be found under ‘Update on Adult
Immunization Recommendations of the Immunization
Practices Advisory Committee’ at www.cdc.gov/
mmwr/preview/mmwrhtml/00025228.htm.

Rubella and varicella
Preconception evaluation should include tests for
immunity to rubella and varicella. Women who have
no immunity to varicella are at risk of development of
varicella pneumonia, which has a maternal mortality
rate as high as 40%. Because immunization against
these includes live-virus vaccines, women should be
advised not to get pregnant for at least 1 month after
immunization.

Toxoplasmosis
Toxoplasmosis may cause congenital infections if the
mother becomes infected during pregnancy, and test-
ing during pregnancy can sometimes yield confusing
results. Preconception is the optimal time to test for
past exposure to toxoplasma. Currently, no immu-
nizations are available for these infections. Women
who have not previously been exposed to toxoplas-
mosis should be counseled to avoid contact with cat
feces in litter boxes, wear gloves while gardening, and
avoid eating raw or undercooked meat.37

CMV and parvovirus B19 (fifth disease)
CMV and parvovirus exposure in susceptible women
is especially risky for child care and health care work-
ers.23 Periconception testing for CMV or toxoplasmosis
may be advantageous in counseling women about
infection prevention during pregnancy. Women with
negative titers prior to pregnancy should receive
extensive counseling on how to avoid infections during
pregnancy. Persons at risk should wash their hands
frequently and use gloves to prevent transmission.38

Dental hygiene
There has recently been scientific evidence that gum
disease increases the risk of preterm delivery.39,40

Therefore, every woman should have dental care and
treatment prior to pregnancy and during pregnancy to
prevent adverse outcomes.

Male periconception care
There is expanding scientific evidence of an associa-
tion between male-associated health issues and preg-
nancy outcomes. Optimally, a couple should attend
the periconception visit together and the woman’s
partner should be encouraged to be included in peri-
conception counseling and care. Seeing the couple
together allows the clinician to also educate men
about risks, review their family history for genetic dis-
orders, and screen for sexually transmitted diseases
and sexual dysfunction, or refer them to a specialist.
Paternal smoking as well as alcohol consumption
have been associated with decreased fertility and
adverse neonatal outcomes, such as low birth weight
and an increased incidence of fetal malformations. It
takes on average 10–11 weeks for sperms to be pro-
duced. To optimize male fertility, men should abstain
from alcohol and tobacco, and exposure to potentially
damaging substances for at least 3 months prior to
conception. Other substances and chemicals may
adversely affect spermatogenesis and male fertility. In
addition, smoking by the father and passive smoking
by the prospective mother can equally have a poten-
tial negative effect on pregnancy. Sperm production
in the testes requires a temperature that is lower than
the core body temperature. To maximize sperm pro-
duction, men should therefore refrain from staying
too long in saunas or hot tubs and prevent overheating
of testes (e.g. not wear too tight pants).

Summary
Every obstetrician and gynecologist should focus on
periconception care during each annual visit of
women of childbearing age. Patients should be asked
about conception plans and early prenatal care when
a pregnancy is confirmed should be encouraged.
Clinicians should encourage all women of childbear-
ing age to receive periconception care, and some
may require a periconception consultation with a
maternal–fetal medicine or other specialist.
Encourage women to eat a healthy diet, try to reach
their optimal weight, not drink any alcohol and stay
away from smoking, limit consumption of certain
fish, and supplement their diet with folic acid
(0.4 mg/day). Encourage couples to enhance their
probability of conception with regular midcycle
coitus, ovulation monitoring, and avoidance of lubri-
cants that can decrease fertility. Suggest early evalua-
tion if infertility is an issue, especially in women
older than 35 years.
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191 Maternal issues in thrombosis
and thrombophilia
B. E. Grand and L. S. Voto

During normal pregnancy the hemostatic system
changes to a hypercoagulable state. Pregnancy is asso-
ciated with an increased risk of venous thrombosis,
which is a leading cause of mortality at gestation.1

Recently, acquired and inherited thrombophilia have
been reported in women with early and late compli-
cations of pregnancy such as recurrent pregnancy
loss, intrauterine growth restriction (IUGR), fetal loss
and pre-eclampsia.2,3

Prevention and treatment of venous thrombo-
embolism (VTE) and arterial thrombosis during preg-
nancy is an important issue. The relation of
thrombophilia and fetal loss and the treatment of this
complication are still controversial. This chapter
focuses on recent advances in the management of
thrombosis and thrombophilia in pregnancy with a
special interest in the hematological aspects.

Hemostasis during normal pregnancy
Normal pregnancy is associated with an increase in
clotting factors, a decrease of natural anticoagulants
and an impairment of fibrinolytic activity. There is an
increase in the concentration of fibrinogen, factors VIII,
V, VII, IX, X, XII and von Willebrand factor. Protein C
values remain within the normal non-pregnant range,
while the protein S decreases during pregnancy. An
acquired activated protein C (APC) resistance has also
been described during pregnancy, and a reduction in
the APC ratio has been associated with gestational vas-
cular complications. There is an increase in the level of
plasminogen activator inhibitor-2 (PAI-2) from the
placenta, which leads to a reduction of fibrinolytic
activity during the whole pregnancy, with a return to
normal after delivery.4 The D-dimer is elevated during
pregnancy and may reflect increased coagulation acti-
vation and thrombin generation with increased sec-
ondary fibrinolysis. Finally, an increase in the level of
platelet and endothelial microparticles is observed
during pregnancy.5 These microparticles have been
associated with procoagulant complications.

In conclusion, these normal global hemostatic
changes lead to an increase of the risk of thrombosis

throughout pregnancy, which is particularly high
after delivery.

Thrombosis, thrombophilia
and pregnancy outcome
We can define thrombophilia as an acquired or heredi-
tary hemostatic disorder that predisposes to thrombosis.

There is clear evidence in the literature that
acquired and hereditary thrombophilias increase the
risk of VTE and adverse pregnancy outcome. Recently,
there has been a dramatic increase in the number of
identifiable causes of thrombophilia.6

However, the heterogeneity in design and size of
different studies makes it difficult to establish the real
risk and to indicate adequate treatment if necessary.
The presence of thrombophilia alone does not neces-
sarily lead to a clinical event.

Maternal VTE
Epidemiology of VTE during pregnancy
There is an increased risk of VTE in pregnant women
compared to non-pregnant women. VTE is one of the
leading causes of maternal mortality and it could
appear in any trimester with an increased risk during
the puerperium. There is a striking predisposition for
deep vein thrombosis to occur in the left leg (compres-
sive effect by the right iliac artery on the left iliac vein).

Specific genetic defects that contribute to VTE
include deficiencies of antithrombin, protein C, pro-
tein S, the G1691A mutation in the factor V gene
(factor V Leiden), and the G20210A mutation in the
prothrombin gene. These disorders underlie about
50% of episodes of VTE in pregnant and postpartum
women.7,8 The risk of VTE in women with throm-
bophilias is different when considering data obtained
either from family studies or unselected women. The
risk is higher in women with previous thrombosis and
with symptomatic relatives. To date, there is no evi-
dence to support routine screening of all pregnant
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women for congenital thrombophilia. Thrombophilia
screening is required in women with a personal or
family history of VTE.9

Management of women with
thrombophilia with or without VTE
Recently, information has been published on the man-
agement of women with VTE during pregnancy and
primary and secondary thromboprophylaxis depend-
ing on quantification the risk of thrombosis or recur-
rence of thrombosis in women with a previous venous
thrombosis. Risk factors are as follows: age above 35
years, unplanned cesarean section, bed rest, history
of thrombosis, multiparity, gemellarity, severe ovarian
hyperstimulation, antiphospholipid syndrome (APS)
and hereditary thombophilia. Some women with prior
VTE have an identifiable laboratory abnormality asso-
ciated with thrombophilia; the significance of these
abnormalities and the management of such individu-
als remain controversial. Despite the progress in risk
stratification, in many cases without previous throm-
bosis, recommendations for prophylaxis are empirical.

The use of antithrombotic agents in pregnancy has
been recently reviewed and is part of the Seventh
ACCP Conference on Antithrombotic and Thrombolytic
Therapy: Evidence-Based Guidelines.10

Antithrombotics in pregnancy
Recommendations about the use of anticoagulants
during pregnancy are based on extrapolations of data
from non-pregnant patients, from case reports and from
case series of pregnant patients. The antithrombotic used
in pregnancy include unfractionated heparin (UFH), low
molecular weight heparin (LMWH), heparinoids (dana-
paroid), coumarin derivatives and aspirin. UFH has
been the anticoagulant of choice in pregnancy. There is
evidence that LMWH have potential advantages over
UFH because they cause less heparin-induced throm-
bocytopenia (HIT), have a longer plasma half-life and a
more predictable dose response. LMWH have a better
bioavailability, a better safety profile with regard to
osteoporosis and thrombocytopenia. A recent system-
atic review has addressed the safety of LMWH in preg-
nancy.11 Heparins do not cross the placenta, so they are

safe for the fetus. UFH doses should be adjusted to
prolong a midinterval activate partial thromboplastin
time (aPTT) into the therapeutic range [adjusted-dose
subcutaneous (SC) heparin].

Coumarin derivatives cross the placenta and have
the potential to cause both bleeding in the fetus and
teratogenicity (nasal hypoplasia, stippled epiphyses)
during the first trimester and central nervous system
abnormalities after exposure during any trimester.
Oral anticoagulants cause an anticoagulant effect in
the fetus; we must be aware of this situation at the time
of delivery. It is essential that some form of heparin
therapy is instituted in the last 3–4 weeks of preg-
nancy. Optimally, there should be at least 1 week’s
washout of warfarin before delivery.

For women requiring long-term vitamin K antico-
agulant therapy who are attempting conception, it is
suggested to perform frequent pregnancy tests and
substitute UFH or LMWH for warfarin when concep-
tion is achieved.

Heparin and LMWH are not secreted into breast
milk and can be safely administered to nursing
mothers. Suggested regimens of UFH and LMWH are
given in Table 191.1.

Warfarin does not induce an anticoagulant effect in
the breast-fed infant when the drug is given to a nurs-
ing mother. Therefore, the use of warfarin in women
who require postpartum anticoagulant therapy is also
safe, and women using this drug should be encour-
aged to breast feed.

Prevention of VTE in pregnancy
Although different recommendations have been pub-
lished for the prevention of VTE,12 levels of evidence
are often low due to the lack of randomized trials in
pregnancy and some studies have been done with  small-
sized samples. We must first examine if the women need
VTE prophylaxis according to the risk factors. There is a
consensus that the risk of VTE is higher in the post-
partum period, and women with thrombophilia and/or
history of VTE should receive prophylaxis during the
postpartum for at least 6 weeks. In contrast, during the
antepartum period recommendations are unclear.
LMWH are commonly used, but the time to start and
the doses are not well defined. A prophylaxis could be
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Table 191.1 Regimens of UFH and LMWH. ACCP Recommendations

• Minidose UFH: UFH 5000 U SC q12 h
• Moderate-dose UFH: UFH SC q12 h in doses adjusted to target an anti-Xa level of 0.1–0.3 U/ml
• Adjusted-dose UFH: UFH SC q12 h in doses adjusted to target a midinterval aPTT into the therapeutic range
• Prophylactic LMWH: e.g. dalteparin 5000 U SC q24 h, or enoxaparin 40 mg SC q24 h (although at extremes of body weight

modification of dose may be required)
• Intermediate-dose LMWH: e.g. dalteparin 5000 U SC q12 h, or enoxaparin 40 mg SC q12 h
• Adjusted-dose LMWH: weight-adjusted, full-treatment doses of LMWH administered once or twice daily (e.g. dalteparin

200 U/kg, or tinzaparin 175 U/kg qd, or dalteparin 100 U/kg q12 h, or enoxaparin 1 mg/kg q12 h)
• Postpartum anticoagulants: warfarin for 4–6 weeks with a target international normalized ratio of 2.0–3.0
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administered throughout pregnancy in all women at
risk of VTE. In other women the prophylaxis is often
decided on a case-by-case basis. VTE has an equal dis-
tribution throughout gestation. The American College
of Chest Physicians (ACCP) Guidelines10 are given in
Table 191.2.

Treatment of VTE in pregnancy
UFH has been the anticoagulant of choice during
pregnancy. Actually, the results from randomized
trials and meta-analyses comparing intravenous (IV)
UFH and SC LMWH for the treatment of acute
DVT and pulmonar thromboembolism (PE) in non-
pregnant patients showed that LMWH is at least as
safe and as effective as UFH. In pregnant women with
acute VTE, two alternatives treatments are proposed:
UFH followed by LMWH or adjusted SC dose of UFH.
Some authors recommend that adjusted dose SC UFH
or LMWH can be used for both initial and long-term
treatments. Therapeutic LMWH must be discontinued
24 h prior to elective induction of labor or cesarean
section.

In high-risk situations, we recommend the use of
UFH, which can be initiated and discontinued a few
hours prior to delivery. Postpartum anticoagulants
should be administered for at least 6 weeks and in
women with long-term indication of anticoagulation
oral anticoagulants can be resumed.11

Prosthetic heart valves
Pregnant women with mechanical prosthetic heart
valves represent a very high-risk group. There is
consensus that these women need anticoagulation at

the upper limit of the therapeutic range, but there is
otherwise little agreement on the optimum manage-
ment regimen. The role of LMWH during pregnancy
in the treatment of women with mechanical heart
valves is the subject of active debate. The publication
quoted by Chan et al.14 calculated the percentage risk
of thromboembolic complications in women with
mechanical valves and maternal death for three broad
treatment strategies in pregnancy: only warfarin
3.9%; heparin in the first trimester, then switched to
warfarin 9.2% and only heparin 33%. Some authors
do not exclude the possibility of using LMWHs,15 if
administered in high enough doses and aggressively
monitored. The publication of the Seventh ACCP
Conference Guidelines on antithrombotic agents in
pregnancy has specifically addressed this issue, so it
is appropriate to review this controversial area. The
authors of the recent consensus statement concluded
that taking the current evidence into consideration
there are still three treatment regimens that can be
reasonably used in pregnant women with mechanical
valves (Table 191.3).

Antiphospholipid syndrome
APS is defined by the combination of a clinical
venous or arterial thrombotic event or an obstetric
complication and the laboratory detection of
antiphospholipid antibodies. The syndrome is pri-
mary when there is no evidence of an underlying dis-
ease and secondary mainly in the setting of systemic
lupus erithematosus.16

Antiphospholipid antibodies are a heterogenous
group of immunoglobulins IgG, IgM or, less frequently
IgA. The association between antiphospholipid (aPL)
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Table 191.2 Prophilaxis of VTE in pregnancy. ACCP Recommendations

Prior VTE and pregnancy:
• In patients with a single episode of VTE associated with a transient risk factor that is no longer present, we recommend

clinical surveillance and postpartum anticoagulants (Grade 1C). If the previous event is pregnancy or estrogen-related or
there are additional risk factors (such as obesity), we suggest antenatal anticoagulant prophylaxis (Grade 2C).

• In patients with a single idiopathic episode of VTE who are not receiving long-term anticoagulants, we suggest prophylactic
LMWH, or minidose UFH, or moderate-dose UFH, or clinical surveillance plus postpartum anticoagulants (Grade 2C).

• In patients with a single episode of VTE and thrombophilia (confirmed laboratory abnormality) or strong family history of
thrombosis and not receiving long-term anticoagulants, we suggest prophylactic or intermediate-dose LMWH, or mini-dose
or moderate dose UFH, plus postpartum anticoagulants (Grade 2C).

• In antithrombin-deficient women, compound heterozygotes for prothrombin G20210A and factor V Leiden and
homozygotes for these conditions with a history of VTE, we suggest intermediate-dose LMWH prophylaxis or
moderate-dose UFH (Grade 2C).

• In patients with multiple (two or more) episodes of VTE and/or women receiving long-term anticoagulants (e.g., single
episode of VTE—either idiopathic or associated with thrombophilia) we suggest adjusted-dose UFH or adjusted-dose
LMWH followed by resumption of longterm anticoagulants postpartum (Grade 2C).

• In all women with previous DVT, antenatally and postpartum, we suggest use of graduated elastic compression  stockings
(Grade 2C).

Thrombophilia and venous thromboembolism  associated with pregnancy
• In antithrombin-deficient women, compound heterozygotes for prothrombin G20210A and factor V Leiden, and

homozygotes for these conditions with no prior VTE, we suggest active prophylaxis (Grade 2C).
• In all other patients with no prior VTE and thrombophilia (confirmed laboratory abnormality), we suggest surveillance or

prophylactic LMWH or minidose UFH, plus postpartum anticoagulants (Grade 2C).
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antibodies and pregnancy loss was fist suggested
more than 30 years ago, during the last meeting in
Sapporo. Other pregnancy complications linked to
placental insufficiency such as pre-eclampsia and
fetal growth restriction are included in the definition
of the APS. So the adverse obstetric outcomes
included in the clinical criteria for the APS are recur-
rent early pregnancy loss, fetal death, pre-eclampsia
and fetal growth restriction17 (Table 191.4).

Antiphospholipid antibodies do not recognize
anionic phospholipids, as has been believed for a long
time.18 These aPL antibodies recognize plasma pro-
teins bound to suitable anionic surfaces; among them,
b2-glycoprotein I and prothrombin are the most
common and investigated antigenic targets.18 b2-
Glycoprotein I is required by the great majority of
anticardiolipin antibodies to react with cardiolipin in
immunoassays, whereas lupus anticoagulant activity
in phospholipid-dependent coagulation tests is

caused by subgroups of both antibodies. Other anti-
genic targets of the aPL are listed in Table 191.5. The
interaction of aPL antibodies with their respective
antigens at the phospholipid surface may lead to a
prothrombotic condition. Most reactions that control
the blood coagulation process occur at the phospho-
lipid surface. The aPL antibodies used to define de
APS in Sapporo Preliminary Criteria were: lupus anti-
coagulant (LAC) and anticardiolipin antibodies (17).
Amendments to the Sapporo Criteria were proposed
at a Workshop in Sydney before the Eleventh
International Congress on antiphospholipid antibod-
ies in 2004. Anti- b2-glycoprotein I Ig G and Ig M
assays are added in the revised criteria (19). LAC
assays should be done according to the International
Society of Thrombosis and Haemostasis (ISTH) guide-
lines. In pregnancy we found that the most sensitive
screening test to detect LAC was the diluted Russell
viper venom time.21

Antiphospholipid syndrome 2041

Table 191.3

• Adjusted-dose, twice-daily LMWH throughout pregnancy in doses adjusted either to keep a 4-h postinjection anti-Xa
heparin level at approximately 1.0 to 1.2 U/mL or according to weight (Grade 1C), or

• Aggressive adjusted-dose UFH throughout pregnancy: i.e., administered SC q12h in doses adjusted to keep the mid-interval
aPTT at least twice control or to attain an anti-Xa heparin level of 0.35 to 0.70 U/mL (Grade 1C), or

• UFH or LMWH (as above) until the thirteenth week, change to warfarin (target INR: 3) until the middle of the third trimester,
and then restart UFH or LMWH (Grade 1C).

• Long-term anticoagulants should be resumed postpartum with all regimens.
• In women with prosthetic heart valves at high risk,we suggest the addition of low-dose aspirin, 75 to 162 mg/d (Grade 2C).

Table 191.4 Revised classification criteria of the antiphospholipid syndrome18

Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the laboratory criteria that
follow are met

Clinical criteria
1. Vascular thrombosis

One or more clinical episodes  of arterial, venous, or small vessel thrombosis, in any tissue or organ. Thrombosis must be
confirrmed by objective validated criteria (i.e. unequivocal findings of appropriate imaging studies or histopathology). For
histopathologic confirrmation, thrombosis should be present without significant evidence of inflammation in the vessel
wall.

2. Pregnancy morbidity
(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, with

normal fetal morphology documented by ultrasound or by direct examination of the fetus, or
(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of:

(i) eclampsia or severe preeclampsia  defined according to SD, or (ii) recognized features of placental insufficiency, or 
(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal

anatomic or hormonal abnormalities and paternal and maternal chromosomal causes excluded.
In studies of populations of patients who have more than one type of pregnancy morbidity, investigators are

strongly encouraged to stratify groups of subjects according to a, b, or c above.

Laboratory criteria
1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart, detected according to the

guidelines of the International Society on Thrombosis and Hemostasis (Scientific Subcommittee on LAs/phospholipid-
dependent antibodies).

2. Anticardiolipin (aCL) antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titer (i.e. >40 GPL
or MPL, or >the 99th percentile), on two or more occasions, at least 12 weeks apart, measured by a standardized ELISA.

3. Anti-b2 glycoprotein-I antibody of IgG and/or IgM isotype in serum or plasma (in titer >the 99th percentile), present on two
or more occasions, at least 12 weeks apart, measured by a standardized ELISA, according to recommended procedures.
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The mechanisms involved in the obstetric compro-
mise are actually debated and the question about the
possible causal role of the aPL is still an unanswered
question. Multiple possible physiopathological mech-
anisms have been involved in the genesis of obstetric
adverse complications. Whether there is a different
mechanism when the obstetric complication com-
prises the early period of embryonic development and
placentation or when placental insufficiency is the
basis for late pregnancy complications is not known.
Rand et al.22 have proposed that the mechanism of
recurrent pregnancy loss may be a consequence of
aPL antibody-mediated disruption of annexin A5
binding to syncytiotrophoblasts. This finding would
impact on the modulation of coagulation within the
placenta, and predispose to intervillous clot forma-
tion and subsequent diminished capacity for nutrient
and oxygen exchange. In a recent study antiannexin
V antibodies were significantly increased in women
with recurrent spontaneous miscarriage and recurrent
implantation failures after in vitro fertilization.23

It has been suggested that the endothelial protein C
receptor plays a relevant role in pregnancy mainte-
nance, since EPCR knockout mice experience placental
thrombosis and early embryonic mortality.24 The EPCR
is a potentially important target of aPL antibodies; it
has been hypothesized that antibodies directed against
endothelial protein C receptor (EPCR) may be involved
in the development of the thrombotic and obstetric
complications of the APS.24

Management of pregnant women with APS
The APS is an established and treatable cause of
recurrent miscarriage.25 The mechanism of aPL-
associated pregnancy loss is related to the deleterious
effect of these antibodies on embryonic implantation,
trophoblast function and differentiation26 and placen-
tal thrombosis.27–29 Venous or arterial thrombosis can
develop during the whole pregnancy and the postpar-
tum period. Women with pregnancy loss and APS
have a poor live birth rate in future untreated preg-
nancies. The treatment with a combination of aspirin

and heparin significantly improves the live birth rate
in these women. During the initial weeks of gestation,
heparin can improve trophoblast invasion and differ-
entiation, resulting in successful implantation. In
later pregnancy, the anticoagulant effect can reduce
placental thrombosis. The objectives of heparin treat-
ment are prevention of maternal thrombosis and
improvement of gestational outcome. In spite of the
continued efforts in understanding the pathogenesis
of obstetric complications of APS, there are few ther-
apeutic trials. There is a recent excellent review
of randomized therapeutic trials by Empson et al.31

Low-dose aspirin and heparin are recommended for
obstetric APS.32 This recommendation lies in the
results of a few trials with important differences in
trial design.33 In our experience, when we treated
patients with prophylactic doses of enoxaparin 40 mg
daily and 100 mg of aspirin, live birth occurred in 39
of the 49 treated pregnancies (79%).34

The major problem we actually face in the definition
of the APS lies in the aPL assays. In spite of the inter-
national efforts to standardize laboratory testing for
antiphospholipid antibodies, there is a considerable
inter- and intralaboratory variation in their detection.

Assay problems contribute to the controversies in
our understanding and definition of this syndrome.
We hope that in the near future a better obstetric and
laboratory definition of the APS, with different levels
of risk, in well-designed therapeutic trials, will pro-
vide us better evidence regarding the management of
obstetric APS.35

Inherited thrombophilias,
pregnancy loss and gestational
vascular complications
The increase in the number of identifiable causes of
thrombophilia during the past 10 years introduces a
new question: Are these thrombophilic abnormalities
directly related to fetomaternal complications or can
they increase thromboembolic risk and other obstetric
complications?36 Thromboembolism is a major cause
of maternal death and thrombotic complications may
also affect the uteroplacental circulation. Recent data
have linked thrombophilia to other obstetric compli-
cations such as pregnancy loss, pre-eclampsia and
IUGR. It has been hypothesized that recurrent preg-
nancy loss (RPL) represents an exaggerated hemosta-
tic response to pregnancy leading to thrombosis of the
uteroplacental vasculature and subsequent fetal
loss.37 Prevalence studies of inherited thrombophilic
defects in women with pregnancy loss suggest an eti-
ological role for inherited thrombophilias. Previous
observations suggest an association between RPL and
uncommon inherited thrombophilic states such as
protein C, protein S, antithrombin and disfibrino-
genemia. Actually, the association between the main
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Table 191.5 Antigenic targets for antiphospholipid
antibodies

B2-Glicoprotein I
Activated protein C
Protein S
(human) prothrombin
Tissue type plasminogen activator
AnnexinV
Thrombomodulin
Oxidize low density lipoproteins
Factor XII , Factor VII/VIIa
Complement components H and C4b
High and low molecular weight kininogens
Endothelial protein C receptor (EPCR) 
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thrombophilic polymorphisms factor V Leiden and
prothrombin G20210 A mutation is well established.
A large number of case–control studies found a high
prevalence of factor V Leiden in women with RPL.38,39

A systematic review noted an increased prevalence
of the prothrombin G20210 mutation. Several other
studies found no association with fetal loss. Rey
et al.40 reported an association between early and late
loss. Various other thrombophilic defects may play a
role in pregnancy loss: hypofibrinolysis, factor XII
deficiency, high factor VIII levels and hyperhomocys-
teinemia.41 A meta-analysis concluded that the C677T
methylenetetrahydrofolate reductase (MTHFR) poly-
morphism was not associated with fetal loss. In spite
of these results, maternal vascular disease of the
placenta has been described, and these results high-
light the importance of folic acid supplementation
in patients with C677T homozygosity phenotypic
expression. Inherited thrombophilias has been
described in association with other pregnancy com-
plications such as pre-eclampsia and IUGR.42,43

The prevalence of inherited thrombophilias is up
to 20% in the normal population and the probability
of a successful pregnancy outcome is high. Therefore,
routine screening of all pregnant women is not war-
ranted. Screening is recommended for women with
the following previous complications: fetal loss
including three or more in the first trimester, two or
more in the second trimester, or any stillbirth, early,
severe or recurrent pre-eclampsia or severe IUGR.44

Management of pregnant women with
inherited thrombophilias, pregnancy loss
and gestational vascular complications
The current evidence for antithrombotic therapy in
women with inherited thrombophilia and recurrent

pregnancy loss is limited to a few uncontrolled
case series and a cohort study. A number of prospec-
tive studies have demonstrated the benefit of
LMWH.45–48

A recent multicentric group coordinated by
Brenner49 published the results of the LIVE–ENOX
study. The LMWH enoxaparin increases the rate of
live births in comparison to what happened during
previous pregnancies and decreases the incidence of
complications in thrombophilic women with recur-
rent pregnancy loss. They also found that doses of
40 mg/day and 80 mg/day led to similar clinical
results. The potential therapeutic benefits of LMWH
for women with pregnancy complications and throm-
bophilia were presented in a recent debate.50,51 Though
preliminary data suggest that prophylactic anti-
coagulation may improve gestational outcome, con-
firmation in prospective randomized trials in
thrombophilic women with unexplained recurrent
fetal loss is needed.

Conclusions and comments
Pregnancy is an acquired hypercoagulable state and
thromboembolism is a major cause of maternal death.
There is growing evidence implicating congenital and
acquired thrombophilias in the pathophysiological
mechanism underlying miscarriage, fetal loss, pre-
eclampsia and IUGR. The APS is an established and
treatable cause of recurrent miscarriage. Maternal
antithrombotic therapy is currently being evaluated in
women with hereditary thrombophilia, fetal loss and
gestational vascular complications.

Appropriate counseling should be offered to
women with VTE and/or poor obstetric outcome asso-
ciated with thrombophilia.
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Introduction
Hypertension in pregnancy continues to be a major
concern for perinatal health all over the world. When
the cause of a disease is unknown, new theories are
unavoidably generated and renewed hopes of
progress emerge.

Hypertension is one of the main causes of prema-
turity, perinatal mortality, and maternal death in both
industrialized and developing countries. According
to the literature, its incidence worldwide ranges from
0.1% to 35%1 as it is affected by a multiplicity of
factors.

Edema in pregnancy is considered to be a contro-
versial sign, as it may appear in pregnant women with-
out necessarily being associated with any pathology.
However, edema has been detected in the most severe
cases of hypertension and has led to a diagnosis of
eclampsia only in the presence of maternal seizures.

High levels of proteinuria are indeed good indica-
tors of the severity of hypertension. Proteinuria
appears late in the disease and has been found to be
more significant with higher diastolic blood pressure.2

In any event, it is pre-eclampsia, i.e., hypertension
plus proteinuria, pure or superimposed upon chronic
(preexisting) hypertension, that will increase the risk of
both maternal and perinatal morbilidy and mortality.

Physiopathology
Increased blood pressure in pregnancy results from a
concatenation of polysemic events. Numerous clini-
cal and experimental studies provide evidence that
points to reduced trophoblastic perfusion, i.e., tissue
ischemia, as the trigger of gestational hypertension.

In normal pregnant women, vasodilation of the spi-
ral arteries can be up to four times their usual gauge,
which reduces their peripheral resistance and favors
intervillous space perfusion.3 This is due to the tro-
phoblastic invasion of the placental bed which ends at
20–21 weeks’ gestation, and which destroys the vascu-
lar musculoelastic layer, thus preventing the action of
vasopressor agents. In contrast, in preecalmpsia, the
second trophoblastic migration does not take place;

therefore, the musculoeslastic layer remains intact,
reducing the gauge of blood vessels and giving rise to
atheromatose plaques due to decreased blood flow.
This paralysis of trophoblastic migration might be
mediated by the maternal immune system.4

As stated by Gant in the early 1970s, pre-eclamptic
pregnant women develop vascular sensitivity to
angiotensin II. His studies demonstrated that in these
patients the balance between the prostacyclin
(vasasodilator) and thromboxane ring (the most power-
ful vasoconstrictor in the body) is lost in favor of the
latter. As a result, blood pressure increases and the
coagulation chain is activated.5

Gestational hypertension is a truly endothelial dis-
order, and among the multiple functions of the
endothelium is the secretion of such substances as
prostaglandins, endothelin, nitric oxide, and protein C.
When a noxa causes endothelial damage, anticoagulant
and vasodilator production decreases. Alterations in
intercellular unions and in the water and protein trans-
port expel these elements outside the cells.

Endothelin 1 levels have been shown to be more
elevated in preeclamptic than in normal pregnant
women, whereas prostacyclin and nitric oxide, the
most important vasodilating and antiaggregating
factors, are markedly reduced.6

We might then conclude that there is an inadequate
expansion in plasma volume, an increased sensitivity
to angiotensin II, a ruptured prostacyclin/thrombox-
ane ring and an untimely activation of the coagulation
mechanism, leading to decreased multiorgan perfu-
sion. Therefore, pregnancy-induced hypertension is
likely to be caused by an abnormal trophoblastic inva-
sion, leading to decreased uteroplacental blood flow,
placental ischemia, placental release of cytokines,
endothelial dysfunction due to an increase in
endothelin 1 and thromboxane A2 (two vasoconstrict-
ing substances), a reduction in prostacylin and nitric
oxide levels (two powerful vasodilating substances),
and a rise in vascular sensitivity to angiotensin II.

Epidemiologic studies agree that the immunologi-
cal maladaptation of the fetal graft plays a major role
in the defective placentation that gives rise to placen-
tal ischemia. This ischemia can be caused by several
factors, the most important of which are:
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a) immunological maladaptation
b) genetic predisposition
c) vascular mediators.

Endothelial dysfunction: all roads of the pathogenesis
of hypertension in pregnancy lead to endothelial
dysfunction.

The alterations found in the plasminogen activator
and/or in the balance between the plasminogen acti-
vator and the inhibiting function of the prostacyclin/
thromboxane balance seem to lead to increased
platelet aggregation and vasoconstriction. These
morphological and functional changes in endothelial
cells would be responsible for triggering a clinical
syndrome characterized by arterial vasospasm, and
increased platelet aggregation and capillary perme-
ability, manifested clinically as hypertension, edema,
proteinuria and, sometimes, thrombocytopenia and
organic hypoperfusion.

Epidemiologic findings seem to confirm the
presence of a maladaptation syndrome:

• Pre-eclampsia is more frequent in primigravidas,
but less frequent in subsequent gestations if
pregnant by the same husband.

• Women with a history of abortion and blood trans-
fusions are at a lower risk of pre-eclampsia.

• There is an inverse relationship between the length
of cohabitation and the incidence of pre-eclampsia.

• Women who use barrier contraceptive methods are
twice as likely to develop pre-eclampsia compared
with those who do not.

• The incidence of pre-eclampsia is higher in women
who have conceived with donor semen.

In spite of these epidemiologic facts, no alterations in
IGM, IgA, IgG and IgD levels have been demonstrated
yet in normal or pre-eclamptic pregnant women.
HLA-G expressed on trophoblast would be responsi-
ble for immune tolerance. An alternative hypothesis
suggests that maternal production of blocking anti-
bodies plays a role in the survival of the fetal graft.
The decrease in the production of these antibodies
would result in a direct maternal reaction against both
endovascular and intersticial trophoblastic invasion.
Placental ischemia and the activation of polynuclear
neutrophiles appear to be the most severe conse-
quences of the altered maternal immune response,
which in turn sets in motion a chain of events ending
up in endothelial damage and dysfunction, and in
typical pre-eclamptic symptomatology.

Genetic predisposition
It would be of great value in the prediction of
pre-eclampsia to find the relationship between pre-
eclampsia and a susceptible gene. Unfortunately, this
gene – other than the one found in family relations –
has not been discovered yet.

Vascular mediators
Pathologies such as chronic hypertension, diabetes,
immune disorders, chronic renal failure, subclinical
metabolic or hemostatic abnormalities facilitating
thrombophilia (protein S deficiency, resistance to
activated protein C, anticardiolipins, hyperhomocys-
teinemia), all of which have an impact on the vascular
system, are associated with a higher risk of develop-
ing pre-eclampsia.

The unidentified point of union
The unidentified point of union between placental
pathology and the chain of events leading to disorders
in maternal circulation might be called the X factor.
Genetic predisposition, the presence of a susceptible
gene, and of vascular pathology are likely to be the
modulating factors in the pre-eclamptic process.

The role of the placenta in the
etiopathogenesis of pre-eclampsia
The presence of pre-eclampsia in women with tro-
phoblastic disease or with an abdominal pregnancy
points to the importance of the placental role and to
the irrelevance of the decidua in the development of
the pre-eclamptic syndrome.

As a result of trophoblastic invasion, the diameter
of spiral arteries shows a four- to sixfold increase when
compared to that in non-pregnant women; and disor-
ders in that invasion can be demonstrated quite early
in pregnancy, towards the end of the first trimester.

Some experimental findings suggest that, prior to
trophoblastic invasion, there is reduced perfusion in
the implantation site. Furthermore, pregnancy is asso-
ciated with a 10-fold increase in uterine blood flow,
90% of which goes to the invervillous space. Towards
the end of gestation, blood flow may reach
750 ml/min. The number of spiral arteries can be pre-
dicted early in pregnancy (about 120). In their adapta-
tion to the increased blood flow, during the first
trimester, the decidual segment of spiral arteries
undergoes the degeneration of the internal elastic
medial wall, as well as the disappearance of the
smooth muscle and of elastin in the inner and outer
medial tunic. A change is observed in the structure of
vascular walls due to hyaline and fibrin. The second
adaptation phase takes place during the second
trimester and is characterized by intense trophoblas-
tic invasion limited to the internal part of the medial
tunic of spiral arteries.

Whereas blood pressure in the radial arteries is
70–80 mmHg, in the villous spaces it is about 10 mmHg,
which shows a gradient that clearly benefits the fetus.
Normal morphological changes in the placental bed pre-
vent maternal spiral vessels from responding to vaso-
pressor agents by reducing the number of smooth
muscle cells capable of responding to them.
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Cases with acute atherosclerosis show disconti-
nuity of endothelial cells, focal interruption of the
basal membrane, platelet deposits, mural thrombo-
sis and fibrinoid necrosis. There are also disorderly
proliferative changes in the vascular intima cells,
resulting in hyperplasia of the myointimal and
medial tunic smooth muscle cells, which could be
caused by the mitogenic effects of platelet growth
factors.

The marked reduction in fetal villous cell suben-
dothelial fibronectin is a clear indicator of extensive
endothelial damage in pre-eclampsia. An important
characteristic of acute atherosis is the extensive lipoid
necrosis of smooth muscle and myointimal cells,
resulting from chronic hypoxia and/or from cytotoxin
action. Acute atherosis is not only found in pre-
eclamptic primigravidas, but also in the pre-eclamptic
placentas of women with chronic hypertension, or
with diabetes, renal failure and/or lupus, and it can
lead to reduced intervillous blood flow, increased
intrinsic vascular resistance and an elevated response
to vasopressor substances.

The pathophysiology
of pre-eclampsia
Normal pregnancy is associated with an increase in
plasma renin activity and in the concentration of
plasma renin, renin substrate, and angiotensin II. In
contrast, pre-eclampsia is responsible for the suppres-
sion of the renin–angiotensin system. Regardless of
the levels of renin present, aldosterone plays a role,
either directly or indirectly, in the etiopathology of
gestational hypertension.

In normal gestations, angiotensin stimulates prosta-
cyclin production through the walls of uterine
and systemic arterial blood vessels. Pre-eclampsia
would therefore suggest a defective production of
angiotensin II. In a recent study, Ito et al. demon-
strated that angiotensin-converting enzyme (ACE) is
present mainly in venous endothelial cells of placen-
tal villous stem cells, and that ACE activity, ACE
protein expression, and ACE messenger RNA expres-
sion are higher in pre-eclamptic placentas than in
normal pregnancy. Furthermore, they also found that,
in vitro, hypoxia promotes the expression of ACE
messenger RNA and its activity in endothelial vein
cells. Consequently, venous endothelial cells both
in the placenta and the umbilical vein would play
a major role in the regulation of the fetoplacental
renin–angiotensin system, and, in hypoxic conditions
such as pre-eclampsia, the fetus can induce placental
ACE activity.

The pathophysiological alterations characteristic of
pre-eclampsia are manifested both at a local level
(defective placentation and reduced placental perfu-
sion) and at a systemic level (prostacyclin and nitric
oxide deficiency in the vascular endothelium).

These changes raise endothelial sensitivity to
vasopressor substances, platelet activity and throm-
bogenesis. Reduced placental perfusion enhances
oxidative stress, and anomalous fetal and maternal
vascular endothelium leads to prostacyclin defi-
ciency. The increase of oxidative stress and prosta-
cyclin and nitric oxide deficit result in vascular
endothelium dysfunction, impairing other organs such
as the placenta, kidneys, liver, pancreas, lungs, brain,
and the hematopoietic system. The different clinical
signs of pre-eclampsia stem from the dysfunction of
all these organs.

To sum up, the pathophysiology of toxemia in
pregnancy involves:

• Abnormal placentation leading to placental
ischemia and oxidative stress.

• Prostacyclin and nitric oxide deficiency, which
increases blood cell sensitivity to vasopressor
agents, thrombin activity and platelet aggregation,
and enhances the homeostatic system.

• Structural and functional disorders in endothelial
cells.

Hypertension would therefore be the homeostatic
response of the fetoplacental unit to these alterations,
and should then be considered a consequence rather
than a cause of the disease.

Diagnosis of
gestational hypertension
The patient should be seated for a minimum of 5 min
before blood pressure is measured. The sphygmo-
manometer cuff should be wrapped around the
patient’s upper arm at heart level. If the reading is
abnormal, blood pressure should be measured three
more times at 1-min intervals. In pregnant women, the
first and the fifth Korotkoff sounds are recorded as
systolic and diastolic blood pressure, respectively, as
they are easily recognizable and better related to intra-
arterial blood pressure.

Hermida et al. studied the effectiveness of the
blood pressure load in the diagnosis of hypertension
in pregnancy. They analyzed 2014 blood pressure
series recorded by ambulatory monitoring for 48 h
every 4 weeks, from the first antenatal visit until
delivery in 205 normotensive pregnant women and
123 with gestational hypertension or pre-eclampsia.
The blood pressure load test was defined as the ‘per-
centage of values higher than 140/110/90 mmHg
(systolic/mean arterial/diastolic blood pressure)
during active hours or 120/95/80 mmHg during resting
hours’. The blood pressure load was also obtained by
comparing with the limits recorded while reducing
the previous limits by 15 mmHg until a final threshold
of 126/95/75 mmHg (day) and 105/80/65 mmHg
(night) was reached.
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The sensitivity for the blood pressure load was over
55% during all gestation when the highest limits used
were considered. However, sensitivity was higher
than 73% when day limits of 125/95/75 mmHg and
night limits of 105/80/65 mmHg were used as refer-
ences before 26 weeks’ gestation, and when the tested
limits of 130/100/80 and 110/35/70 (day and night,
respectively) were used after week 26.

These findings show that the optimum reference
limits to calculate blood pressure must take into
account both gestational age and active and resting
time values. In fact, the criteria for defining gesta-
tional hypertension according to blood pressure read-
ings should be revised, as adverse outcomes have
occurred with diastolic blood pressure equal to or
higher than 85 and 95 mmHg before 36 weeks’ gesta-
tion and at term, respectively.

A greater risk is also associated to the levels of pro-
teinuria: fetal death rate is three times higher when
proteinuria is ≥2+. When diastolic blood pressure is
95 mmHg or higher, there is also a threefold increase
in fetal mortality rate (Perinatal Collaborative Study,
USA).

However, fetal mortality can be nine times higher
in the presence of both diastolic hypertension and
proteinuria (95–105 mmHg with 2+ proteinuria),
showing a synergic effect of diastolic blood pressure
and proteinuria.

Risk factors for pre-eclampsia
• Primiparity: relative risk (RR) of 3
• Age: a J-shaped curve; women over 40 years of age

show a RR of 3
• Multiple gestations: RR 5
• Chronic hypertension: RR 5
• Chronic renal disease: RR 20
• Antiphospholipid syndrome: RR 10
• Severe pre-eclampsia in previous gestation: RR 10
• Homozygous carriers of angiotensinogen T235

gene: RR 20
• Inverse correlation between gestational age when

the disease is manifested and the risk for recurrence.

Proteinuria
Proteinuria is an excellent predictor of the extent of
renal glomerular damage. Our experience shows that
pre-eclampsia can be diagnosed when proteinuria is
higher than 300 mg/l in 24-h urine samples. When
renal dysfunction is already present, urinary levels of
proteins, and mainly of albumin, will be elevated.
However, as glomerular damage occurs late in the
course of gestational hypertension, measurable pro-
teinuria may not be useful for early detection of the
disease. In any case, patients should be screened for

proteinuria because its detection will affect both the
prognosis and the treatment of this illness.7

Edema
The presence of edema has less predictive value than
proteinuria in the diagnosis of pre-eclampsia. Edema
is common in normal pregnancies and therefore lacks
specificity. A ponderal sudden increase in weight
gain (over 500 g in a week), especially if sustained
through time, can be a clear indicator of edema in the
absence of other complications.

Risk factors8

• Nulliparity
• Maternal age < 25 or > 35 years
• Multiple pregnancy
• Obesity
• Family history of pre-eclampsia–eclampsia
• History of pre-eclampsia in previous gestations
• Abnormal Doppler ultrasound scan of uterine

arteries between 13 and 24 weeks’ gestation
• Pregestational diabetes mellitus
• Thrombophilia.

Other diagnostic factors
If the first antenatal visit occurs after 20 weeks’ gesta-
tion, the patient may not be aware of her blood pres-
sure values, making diagnosis of either gestational or
preexisting hypertension more difficult.

Cardiovascular function 
Pregnancy-induced hypertension usually has little or
no impact on cardiac function. Nevertheless, if the
hypertensive condition is severe during the third
trimester, the patient may present with reduced car-
diac preload and minute volume, as well as increased
postload. An electrocardiogram must be ordered in
any event and, in cases where heart valve pathology is
suspected, an echocardiogram is also recommended.9

Renal function
In the course of the disease, it is the kidneys that are
most impaired, showing alterations in renal perfu-
sion flow and depuration. Glomerular endotheliosis
is a highly characteristic sign of pre-eclampsia and
can be diagnosed after a careful study of renal func-
tion with urine cultures and screening tests for crea-
tininemia, creatinine clearance, uricemia, and
proteinuria in 24-h urine. Postpartum renal biopsy
would be very useful to diagnose renal pathology, but
due to its invasive nature, it should not be performed
as a routine procedure.10

Ophthalmoscopy
Ophthalmoscopy can reveal vascular narrowing,
edema, hemorrhage, exudates, and a cotton-like
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fundus If the patient complains of blurred vision,
there is likely to be subretinal fluid coming from
choroidal plexus exudation. In all cases, ocular
changes usually resolve completely some time after
delivery.

Hematologic follow-up
At present, coagulation disorders are known to be a
consequence rather than the origin of this syndrome.
Disorders in coagulation factors, thrombocytopenia
and hemolysis, are the most common complications.
Thrombocytopenia is secondary to endothelial dam-
age and may be associated with the appearance of
schistocytes (fragmented erythrocytes), spherocytes,
reticulocytes and hemoglobinuria in peripheral blood,
which are characteristic of the condition known as
microangiopathic hemolysis.11

Liver function
Only in very severe cases is hepatic function altered.
However, a hepatogram should be ordered in all
cases, mainly after the patient is diagnosed with
HELLP (hemolysis, elevated liver enzymes, low
platelets).

Classification
The classification of hypertension in pregnancy con-
tinues to be a problem as the etiology of the disease is
still unknown. None of the classifications attempted
so far is broad enough to cover all the possible types.
Recently, the US National Institutes of Health (NIH)
and the Working Group on High Blood Pressure in
Pregnancy have proposed a new classification, which
has added the term gestational hypertension to
describe patients presenting with hypertension in
pregnancy but without proteinuria, leaving pregnancy-
induced or temporary hypertension to be used for
postpartum diagnosis.12

The classification proposed by both American
institutions is as follows:

(1) Chronic hypertension
(2) Pre-eclampsia–eclampsia
(3) Chronic hypertension with superimposed

pre-eclampsia
(4) Gestational hypertension: this comprises two

subgroups:

(a) Temporary hypertension in pregnancy with-
out pre-eclampsia: where blood pressure
values return to normal within 6 weeks
postpartum

(b) Chronic hypertension: this type is diagnosed
during gestation and blood pressure values
continue to be elevated after the sixth week
postpartum.

In order to include all the pathologies of gestation in
one classification, the International Society for the
Study of Hypertension in Pregnancy (ISSHP) has clas-
sified the disease into four groups13:

Group A
A.1. Gestational hypertension
A.2. Gestational proteinuria
A.3. Gestational hypertension with proteinuria or

pre-eclampsia

Group B
B.1. Chronic hypertension
B.2. Chronic renal disease
B.3. Chronic hypertension with superimposed

pre-eclampsia

Group C
Unclassified hypertension and/or proteinuria

Group D
D.1. Hypertensive emergency
D.2. Eclampsia

Group A comprises all cases where proteinura or
hypertension or a combination of both appears and
resolves during pregnancy. Group B includes cases
with preexisting hypertension or previous renal
pathologies plus pre-eclampsia as an aggravating fac-
tor. All those cases where it is not possible to make an
accurate diagnosis of the origin of hypertension, either
because of a late prenatal visit or deficient follow-up
in remote puerperium, are classified into Group C.

We recommend adopting this classification of
hypertension in pregnancy because:

• It allows the classification of patients according to
the characteristics of their own gestations.

• It enables physicians to reclassify the patient
within each group according to the clinical evolu-
tion of the disease.

• It clearly distinguishes patients with pre-eclampsia
(pure or superimposed) from those with preexist-
ing hypertension.

• It includes a group for unclassifiable cases, which
prevents inaccurate labeling.

• It allows the analysis of cases with nephropathy
with or without hypertension.

Pathological anatomy of the
placenta in pre-eclampsia
The extravillous trophoblast encompasses all the
trophoblastic cells which are not in contact with
the basal membrane of chorionic villi. It has two
components: the interstitial trophoblast and the
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endovascular trophoblast. The giant multinuclear
cells of the interstitial trophoblast infiltrate into the
placental bed.

In 1967 Brosens described the trophoblastic perme-
ation  of decidual and myometrial  spiral arteries by
extravillous trophoblast, which penetrates the spiral
arteries migrating through the distal end of decidual
vessels at 9 weeks’ gestations and reaching myome-
trial vessels at 14–15 weeks’ gestation.

Trophoblastic invasion leads to the destruction of
the muscular elastic tissue and of the nervous tissue,
turning the uteroplacental vasculature into a low
resistance, low pressure and high blood flow system
without maternal vasomotor control.

Five years later, Brosens demonstrated the absence
of a physiological transformation of uteroplacental
arteries in pre-eclampsia. There are, however, other
vascular lesions such as atherosis which was described
by Hertig back in 1945. In 1985, Klurfel showed vascu-
lar endothelial infiltration by macrophages. In addition
to atherosis, there is fibrinoid necrosis.

Over 60% of pre-eclamptic placentas show vascu-
lar atherosis mainly in decidual necrosis and
infarcted areas. The endothelium is disrupted in 80%
of the patients with pre-eclampsia, probably resulting
from increased oxidative stress and production of
vasoactive substances as well as from alterations
in cytokine production. The vascular bed in pre-
eclamptic patients is characterized by a higher
number basal and spiral arteries with greater tortuos-
ity and by a reduction in their luminal diameter.
Medial disorganization and hyperplasia in myome-
trial arteries are also displayed, more frequently than
atherosis, in pre-eclamptic patients.

In normal pregnancy, 40% of all decicual lympho-
cytes are CD56+ uterine natural killer cells, and
60%, CD3+ T-lymphocytes; about 30% of the latter
are CD8+ T cells. In contrast, in pre-eclamptic preg-
nancies with intrauterine growth retardation (IUGR),
there is a higher proportion of CD56+ uterine nat-
ural killer cells and CD8+ T lymphocytes in the
decidua (70% of all CD3+ cells). In pregnancies
without IUGR no increase in CD56+ uterine natural
killer cells has been observed, while CD8+ T lym-
phocytes have been found to be significantly ele-
vated compared with the normal level (50% of all
CD3+ cells).14

Impact of pre-eclampsia on the placenta

Changes in the villous structure
Normally at 32 weeks’ gestation placental membranes
are vasculosyncytial and the syncytiotrophoblast
forms clusters, knots or sprouts which are attached to
the villi or remain loose in the intervillous lakes,
comprising 30% of a term placenta villi.

In pre-eclampsia, the cytotrophoblast proliferates
and the syncytiotrophoblast becomes thinner while the

basal membrane grows thicker. These placentas show
signs of reduced uteroplacental blood flow and are
known as Tenney–Parker placentas. Macroscopically,
they are little, fibrotic, and dark, which is due to the
polyglobulia developed by fetuses with IUGR, placen-
tal color resulting from fetal blood circulating in villous
capillaries. Besides, as a consequence of chronic
hypoxia, fetal blood vessels in villous stem cells dis-
play fibromuscular hyperplasia and obliterant endar-
teritis,15 often accompanied by thrombosis triggered by
fetal blood hypercoagulability in the presence of
prolonged hypoxia. Chronic hypoxia may also lead to
syncytiotrophoblastic rugosity, which favors the
thrombosis of circulating blood in the intervillous
space.

Treatment of hypertension
in pregnancy
The majority of treatments carried out at present are
symptomatic and highly controversial; they do not
cure the disease and are mainly aimed at preventing
or reducing maternal and fetal risk.

Significantly lowering maternal blood pressure
does not necessarily improve the pregnancy condi-
tion, as can be seen in cases of chronic hypertension
where early reduction of blood pressure does not
preclude the later development of superimposed
pre-eclampsia.16

Ideally, an antihypertensive drug should be harm-
less for both mother and fetus, it should not have
adverse side effects, and it should be effective, easy to
dose, adequately presented and reasonably priced. It
goes without saying that, unfortunately, no such drug
is available on the market yet.

Rationale for treatment
The rationale for the treatment of hypertension in
pregnancy is as follows: 

• Pregnancy-induced hypertension should be
defined according to changes in blood pressure
values, but it is not a hypertensive disorder.

• Although its etiology is still unknown, it has been
found to originate in alterations in the utero-
placental unit.

• Elevated blood pressure might be triggered by the
need for better fetoplacental perfusion

• Drug treatment of pre-eclamptic hypertension
would reduce placental perfusion and affect normal
fetal growth.

• Therefore, treatment is carried out in spite of its
deleterious effect on the uteroplacental unit, and is
aimed at protecting the mother. Treatment is indi-
cated only when blood pressure values can lead to
a cerebrovascular accident.17
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Treatment principles
Our specialist team follows the principles below:

• Hypertension is considered moderate if blood pres-
sure ranges from 140/90 to 159/99 mmHg, and
severe if it is 160/100 mmHg or higher.

• Drug treatment is used when blood pressure is
160/100 mmHg or higher to avoid irreversible
maternal cerebrovascular damage.

• The decision to start treatment is based on the
highest blood pressure values recorded twice 24 h
apart, with the patient at bedrest.18

The choice of treatment depends on the characteris-
tics and severity of maternal hypertension, the age of
pregnancy and fetal condition. At present, the following
drugs are available.

Alpha-2 receptor agonists
Alpha-methyldopa

Therapeutic action: central hypotensive action
Reduced peripheral resistance
Route of administration: oral
Dose: 500–3000 mg/day.

Beta-blockers
Atenolol

Therapeutic action: beta-receptor blockade.
Atenolol antagonizes competitively endogenous
and exogenous beta-sympathetic stimulation.
Route of administration: oral
Dose: 50–250 mg/day.

Calcium-channel blockers
Niphedipine

Therapeutic action: calcium-channel blocker
Route of administration: oral
Dose: 20–40 mg/day.

Amlodipine
Therapeutic action: selective calcium antago-
nist. Amlodipine reduces peripheral vascular
resistance
Route of administration: oral
Dose: 10–40 mg/day.

Angiotensin converting enzyme inhibitors (ACE)
Enalapril

Therapeutic action: enalapril curtails the
conversion of angiotensin I to angiotensin II
Route of administration: oral
Dose: 5–30 mg/day
Only used in cases of persistent postpartum
hypertension.

Direct action vasodilators
Hydralazine

Therapeutic action: arterial vasodilator which
blocks calcium influx into the cell. It relaxes
smooth muscle of arterioles

Route of administration: IV or IM
Dose: 5 mg/day as IV bolus, followed by 5–10 mg
doses every 20 min (until a total dose of 40 mg is
administered). Continue with the effective dose
reached within 6 h.

Anticonvulsivants
Magnesium sulfate

Therapeutic action: myoneural presynaptic inhi-
bition; peripheral vasolidators; minimum
hypotensive action
Route of administration: IV
Dose: (1) Slow IV bolus of 2 or 4 g; (2) 1 g infu-
sion every hour, up to 3 g/h. Magnesemia is mea-
sured and possible reduction of patellar reflex,
respiratory insufficiency and diuresis (oliguria)
are strictly checked.

Diazepam
Therapeutic action: anticonvulsant; myorelaxant
Route of administration: IV
Dose: (1) slow IV bolus of 40 mg; (2) 10 mg/h
infusion

Management and treatment of moderate hypertension
(1) Weekly blood pressure measurement
(2) Reduced physical activity at home
(3) Laboratory tests
(4) Fetal vitality check-ups:

(a) Ultrasound scan
(b) Antepartum non-stress test
(c) Vascular Doppler ultrasound scan

(5) No elective induction of labor unless for obstetric
reasons.

Management and treatment of severe hypertension
(1) Hospitalization
(2) If blood pressure is not reduced with bed rest, one

of the following drugs should be prescribed:

(a) Atenolol: 50–250 mg/day
(b) Alpha-methyldopa: 500–2000 mg/day
(c) Amlodipine: 10–40 mg/day

(3) Laboratory tests (more frequent than in out-
patients)

(4) Patients with chronic hypertension who
respond to treatment can then be followed up as
outpatients

(5) Patients with gestational hypertension should
remain in hospital because the risk of seizures
does not disappear with the use of hypotensive
drugs.

Follow-up
If blood pressure continues to increase in spite of the
therapeutic measures taken and/or if clinical symp-
toms appear (headache, visual problems, irritability),
the protocol for the treatment of hypertensive emer-
gencies must be followed (see below).
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The guidelines for pregnancy interruption are as
follows:

Before interruption. Assessment of fetal growth and
vitality: The fetus will be affected by the disease, and
will show alterations in both growth and vitality.
Ultrasound scans should be used to follow fetal
growth, and to study amniotic fluid volume and any
changes that might occur in it. Any reduction in
amniotic fluid volume will be an indication of com-
promised vitality and a sign of an adverse outcome.

Fetal vitality can be evaluated before the third
trimester through the study of blood flow velocity
waves: an increase in systolic peak and a reduction in
end diastolic flow will be an indication of a higher
resistance in the uteroplacental and umbilical beds,
and therefore, of imminent compromise in fetal vital-
ity. During the third trimester, evaluation of fetal vital-
ity by means of antepartum non-stress tests is
recommended since its effectiveness is not affected by
the use of hypotensive drugs.19

Criteria for pregnancy interruption
• Moderated hypertensive condition with a mature

fetus (over 37 weeks’ gestation)
• Severe hypertensive condition with a fetus over

34 weeks gestational age
• Severe hypertensive condition with an immature

fetus in the presence of damaged maternal health
and/or treatment failure

• Eclampsia.

Route of delivery
The route of delivery will depend on the hypertensive
condition and the degree of fetal distress and/or
IUGR.

In the presence of mild or moderate hypertension,
there is no contraindication to vaginal delivery, unless
there is an obstetric indication for surgical delivery.

In cases with severe hypertension, the route of
delivery will depend on the degree of fetal distress
and of IUGR: if the fetus is highly compromised, sur-
gical delivery through the abdominal wall is recom-
mended. If the vaginal route is attempted, intrapartum
fetal monitoring is mandatory. However, any compli-
cation in the progress of labor and/or any sign of intra-
partum fetal distress must be taken as an indication
for a cesarean section.

Anesthesia
General anesthesia is preferred in cases of severe
hypertension and eclampsia. In mild or moderate
hypertension, however, an epidural can be used if a
sudden hypotension is avoided and if the dose is frac-
tioned and administered through a catheter.20

Treatment of eclampsia
• Protect the patient:

© Prevent tongue biting
© Suction the pharynx

• Administer oxygen
• Do blood and urine tests
• Insert a Foley catheter to measure urine output
• Administer magnesium sulfate (MgSO4).

(1) If the patient has seizures, start with a slow intra-
venous bolus (7–14 drops per minute) of 4–6 g of
MgSO4, diluted in 10 cm3 of 5% dextrose solu-
tion. If seizures recur within 2 h, the same diluted
bolus can be administered again.

(2) In the absence of seizures but with prodromic
signs, we recommend administering an MgSO4
infusion and avoiding a bolus.21

When a patient shows signs and/or symptoms of
magnesium toxicity22:

• Interrupt magnesium administration immediately
• Maintain adequate oxygenation
• Perform an ECG (arrhythmias are likely)
• Administer diuretics
• IV calcium gluconate is an adequate antidote.

Treatment with MgSO4 should be administered for at
least 24 h after achieving its therapeutic effect or until
the cause of its indication has ceased.

Alternative medications for the treatment of seizures
• Sodium thiopental: slow, diluted IV dose of 250 mg
• Diazepam: 100 mg in 500 cm3 of 5% dextrose solu-

tion, 5–7 drops per minute. A slow IV bolus of
40 mg is also possible. (Diazepam is an important
fetal and maternal respiratory depressant.)23

If the patient presents with high blood pressure
concomitant with seizures, administer simultane-
ously parenteral hypotensive medication.

The patient’s prognosis can be complicated by24–26:

Pulmonary edema
• Weak and fast pulse
• Pulmonary stertors
• Decrease in blood pressure

Prolonged coma
• Focus signs
• Cerebral hemorrhage

Renal failure
• Reduced urinary output.

Treatment of hypertensive emergencies
A hypertensive emergency is a condition in which a
sudden increase in blood pressure is accompanied by
clinical symptoms such as intense headaches, sco-
tomas, blurred vision, photopsia, tinnitus, increased
osteotendinous reflexes, and epigastralgia. It usually
occurs in patients with preexisting hypertension, and
can be treated with various drugs, but in all cases, a
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sudden decrease in blood pressure should be avoided
as it can have a deleterious effect on the fetus.

Clonidine: Start with a slow 0.25 mg IV bolus and
then continue with 0.75 mg diluted in 500 cm3 of dex-
trose solution, at a rate of 7 drops per minute.27

Hydralazine: This drug is the most widely used all
over the world in hypertensive emergencies in preg-
nant women with pre-eclampsia. It is less effective in
patients with preexisting hypertension. Attack dose:
slow 5 mg IV bolus (dilute the 20 mg ampoule in
10 cm3 of dextrose solution). Wait for 15–20 min. If
blood pressure does not go down, administer 5–10 mg
at 20-min intervals until a 40 mg dose is given.
Maintenance dose: this should be the same as the
attack dose which resulted in a favorable response.

Sodium nitroprusiate has been shown to be effec-
tive in the treatment of non-pregnant patients, but its
use can lead to cyanhydric poisoning. Diazoxide is no
longer used at present. There are numerous articles in
the literature reporting the effectiveness of the use of
labetalol, which seems to have become the ‘drug of
choice’ in the treatment of hypertensive emergencies.
In contrast, hydralazine has not been on our market
for long; therefore, our results with it can only be con-
sidered preliminary. Kean,28 however, has published
an interesting article about the use of hydralazine.
Except in extreme cases and in the absence of other
drugs, converting enzyme inhibitors such as intra-
venous enalapril are not recommended as they can
result in acute fetal renal failure and even intrauterine
fetal death. Enalapril has been found to be effective in
cases of acute ventricular failure.29 Our experience
with the use of enalapril in the treatment of a hyper-
tensive emergency during puerperium has been
satisfactory.

Hypertensive emergencies and/or eclampsia are the
most severe clinical conditions of the gestational
hypertension syndrome. Appropriate diagnosis and
timely therapeutic measures can help to prevent the
worst outcome: maternal death.

Prevention of gestational
hypertension
State of the art and future perspectives30

The efforts made to prevent a disease depend on its
prevalence and on the consequences it has in both the
individual and the community. Prevention is suc-
cessful if it allows us to determine the cause of the
disease, to detect an early and latent stage of the
pathology and to establish effective and safe interven-
tion measures.

The incidence of gestational hypertension without
proteinuria ranges from 10% to 15% of pregnancies.
Whereas pre-eclampsia occurs in 2–8% of pregnancies,
eclampsia is observed in 5–8 out of 10,000 gestations.

Risk. The main risk entailed by pregnancy-induced
hypertension is that it may develop into pre-eclampsia
and therefore result in potentially severe complica-
tions in both the mother and the fetus/neonate.

Pre-eclampsia affects different systems and is char-
acterized by:

• Vasoconstriction
• Blood flow disorders
• Endothelial cells dysfunction
• Hemostatic system alterations.

Maternal morbidity and mortality may occur due to:

• Renal failure
• Liver dysfunction
• Heart and lung failure
• Seizures (eclampsia)
• Cerebral hemorrhage
• Death.

These disorders are found to be more serious in coun-
tries with low-budget hospitals and where prenatal
care is not easily accessible.

Perinatal morbidity and mortality may occur due to:

Abruptio placentae
Intrauterine fetal growth retardation
Acute and chronic fetal distress
Elective preterm delivery.

The epidemiologic studies detailed below are
described in their corresponding articles as cited in
the References section.

Risk factors for gestational hypertensive disorders

Maternal history
Nulliparity
Previous pre-eclampsia/eclampsia
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Age: older than 40 years or younger than
20 years

Short intervals between gestations
Partner with whom the patient has had a 

pre-eclamptic pregnancy
New partner
Smoker
Mother or sister with a history of pre-eclampsia/ 

eclampsia.

Maternal Disorders
Chronic hypertension and renal disease
Obesity, insulin resistance
Diabetes mellitus (gestational and type 1)
Factor V Leiden, protein S deficiency
Antiphospholipid antibodies
Lupic anticoagulant
Hyperhomocysteinemia

Fetal factors
Multiple gestation
Hydatidiform mole
Chromosomal abnormalities (trisomy 13,
tryploidy)

Early markers with predictive value
These markers must be sensitive and specific and
should detect the anomaly while prevention of the
clinical development of the disease is still possible.

The test should be safe, simple, inexpensive, and
appropriate for the patient. Unfortunately, in pre-
eclampsia, none of the tests available leads to accu-
rate diagnosis either in low- or high-risk patients;
they do not comply with the all criteria mentioned
above.

The predictive methods developed so far are the
following:

Methods for the prediction of hypertensive disorders
in pregnancy recommended between 1985 and 2003

Standard or modified methods of antinatal care 
Elevated blood pressure (mean blood pressure)
Ambulatory automatized monitoring of blood
pressure; chronobiological study of blood pressure
Tests for microproteinuria

Biophysical tests
Isometric exercise, roll-over test

Biochemical test and markers
• Sensitivity to angiotensin II
• Plasma volume, hemoglobin concentration,

hematocrit
• Serum uric acid levels
• Different coagulation factors (activity of the

antigen associated to factor VIII, antithrombin III,
thrombin–antithrombin III, protein C)

• Platelet count, platelet volume, platelet volume
and angiotensin 2 receptors

• Human chorionic gonadotrophin
• Endothelial activation markers (fibronectin, Von

Willebrand factor, tissue plasminogen activator,
plasminogen activator inhibitor, thrombomodulin,
endothelin, laminin)

• Urinary calcium excretion
• Urinary excretion of prostacyclin metabolites
• Urinary kallikrein/creatinine ratio.

Doppler methods
Analysis of the velocity waveform in the uterine
artery.

Given the multiple factors leading to pre-eclampsia,
it is difficult to develop a sole test that is at the same
time predictive, sensitive and specific. As a conse-
quence, the decision to implement prophylactic
measures in certain patients should be based on the
presence of risk factors stemming from preexisting
diseases, from their obstetric history or from their
current gestation associated with an increased risk
for pregnancy-induced hypertension.

Preventive approaches
The term prevention refers not only to primary pre-
vention (stopping the disease from developing), but
also to the act of reversing or slowing the process of
the disease before it becomes clinically manifest
(secondary prevention).

Primary prevention is achieved only if the cause of
the disease is apprehended and then prevented or
manipulated; therefore, it is not possible in gesta-
tional hypertension, where the etiology is unknown.
We are still unable to determine why there is a faulty
union between the trophoblast and maternal tissue
leading to disorders in uteroplacental adaptation and
trophoblastic invasion, and also to an exaggerated
inflammatory response in the mother and to endothe-
lial damage in pre-eclampsia.

Secondary prevention is the only prevention possible
in pre-eclampsia, and can be summarized as follows:

Measures for secondary prevention of pre-eclampsia
used between 1985 and 200331

Intervention in lifestyle
Reduced physical activity: less stress

Intervention in diet
Low-sodium diet; energy, protein, magnesium,
zinc, calcium, vitamin, linoleic acid, and fish oil
supplementation

Pharmacologic intervention
Diuretics; antihypertensive drugs; anticoagu-
lants and nitric oxide donors; acetyl salicylic
acid.
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Lifestyle
There is no evidence that changes in lifestyle have a
preventive effect on the development of pregnancy-
induced hypertension. Robilliard et al., however,
have found a strong correlation between gestational
hypertension and the length of sexual cohabitation.
The risk of developing this disease in primigravid and
multiparous women is inversely proportional to the
length of cohabitation.32

Diet
Observational studies indicate that a balanced diet
with an adequate daily calorie intake benefits both the
pregnant mother and the baby. This preventive mea-
sure is also taken into account in the prevention of
cardiovascular diseases in general.

Below we will analyze some dietary components
and their likely relation with hypertensive disorders
of pregnancy.

Sodium restriction
In two clinical controlled trials of 603 women, no evi-
dence was found of the prophylactic effect of sodium
restriction in the patients’ diets. Besides, clinical
experimental studies indicate that strict sodium
restriction in pregnancy may not be completely harm-
less as it interferes with the physiological increase in
cardiac one-minute volume and the expansion of
plasma volume, which  are already markedly reduced
in pre-eclamptic patients.

While there seems to be no reason to prescribe a
low-sodium diet in healthy pregnant women, it
should be recommended in patients sensitive to salt
who suffer from chronic hypertension and are already
on a sodium restricted diet.

Energy and proteins
A recent meta-analysis of 13 controlled studies of less
than 25% of the total energy has shown a small but
statistically significant reduction in low birth weight
and fetal and neonatal death rates. The evidence,
however, is not enough to evaluate other potential
benefits. Although some studies show that a high-
energy intake is associated with an increased risk for
pre-eclampsia, in controlled studies there is no clear
evidence that weight loss or reduced weight gain
might lead to a decrease in the incidence of
pregnancy-induced hypertension.

It is important to note that a severe limitation in
weight gain reduces birth weight and, therefore, might
be dangerous for the fetus.

Magnesium and zinc
Magnesium has been shown to relax vascular smooth
muscle, by interfering with calcium entry, and to
promote prostacyclin synthesis.

Recent controlled clinical trials have demonstrated
the efficacy of magnesium sulfate in the prevention of
eclampsia in pre-eclamptic women and in the man-
agement of eclampsia. However, prevention of hyper-
tensive disorders of pregnancy with the use of
magnesium supplements has so far been unsuccessful.
The systematic review of seven controlled clinical tri-
als involving 2689 women did not show any beneficial
effect of the daily oral intake of a magnesium supplement
during pregnancy.

Zinc is an essential oligo-element in many metabolic
pathways. In a recent cohort study, no association was
found between maternal plasma concentrations of zinc
and any pregnancy outcome parameters in almost 3500
women from a low socioeconomic class.

Calcium
The hypothetical mechanism of action of calcium
supplementation is the reduction in parathyroid hor-
mone secretion,33 which would in turn decrease the
levels of free ionized calcium in the smooth muscle
and lead to a reduced response of vasopressor agents
and to vasodilation.

Bucher et al. undertook the meta-analysis of
14 controlled but heterogeneous clinical studies
involving a total of 1218 pregnant women who
received a daily 1.5–2 g calcium supplement. Results
showed calcium supplementation to be associated
with a significant reduction in systolic and diastolic
blood pressure, with an odds ratio for pre-eclampsia
of 0.38 (95% CI: 0.22–0.65), as compared with the
placebo group. It also demonstrated that there is a
tendency towards a lower incidence of preterm deliv-
eries, IUGR, and perinatal death. Almost all these
studies included populations with a low-calcium
diet, which would explain why a randomized con-
trolled study of the use of a daily 2 g calcium supple-
ment in healthy nulliparous pregnant women from
week 21 to delivery carried out in the United States
did not have satisfactory results.

To conclude, currently available data seem to indi-
cate that calcium supplement in pregnancy reduces
the risk of pre-eclampsia in communities with a low
calcium intake. Yet no beneficial effects on perinatal
outcome have been demonstrated so far.

Linoleic acid and fish oil
The large chain omega-3 essential polysaturated fatty
acid derivatives of linoleic acid, such as eicosapen-
taenoic acid or docosahexaenoic acid in sea fish oil,
seem to protect against thromboembolic and hyper-
tensive disorders.

Dietary polysaturated omega-3 fatty acids are the
precursors of series 3 prostanoids, and combined with
arachidonic acid, they produce changes in prostanoid
synthesis leading to a reduction in the vasoconstric-
tion and thrombotic effects of thromboxane A2.
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The intake of omega-6 linoleic acid derivatives
found in vegetable oils such as sunflower oil has been
found to have similar effects.34

Controlled clinical studies carried out to assess
their possible beneficial effects in gestational hyper-
tension have demonstrated that the use of fish oil sup-
plements helps to prolong the length of gestation.
However, fish oil has not been found to prevent either
the development of pre-eclampsia or its complica-
tions. The same conclusions apply to vegetable oils.

Vitamins
Oxidative stress is known to be a major pathophysio-
logical mechanism leading to endothelial damage and
malfunctioning in pre-eclampsia. Vitamins C and E
are powerful inhibitors of reactive oxygen and lipid
peroxidation. The levels of both these vitamins have
been found to be rather low in pre-eclamptic patients.

In a randomized clinical study, a total of 283
women at high risk of developing pre-eclampsia, as
determined by the anomalies in the uterine artery
Doppler waveform or by a previous history of this dis-
ease, received a daily 1000 mg supplement of vitamin
C and 400 IU of vitamin E from 16 to 22 weeks’ gesta-
tion until delivery, and were compared with a placebo
group. No difference was found in the incidence of
pregnancy-induced hypertension in both groups, but
the incidence of pre-eclampsia was 17% in the con-
trol group, and only 8% in the study group (OR 0.39,
95% CI: 0.17–0.90). Improvement in the biochemical
indicators of endothelial and placental vascular func-
tion was also observed in the treated group.

As vitamins B6 (piridoxin), B12 (cobalamin) and
folic acid, together with specific enzymes, are involved
in metionin bioconversion to homocystein, their defi-
ciency might result in hyperhomocysteinemia, which
is associated with thromboembolic events and preg-
nancy complications including pre-eclampsia.

Pharmacologic interventions

Diuretics
Diuretics are known to reduce blood pressure and
edema, which does not necessarily imply they have a
beneficial effect on the pathophysiology of pre-
eclampsia. Furthermore, all the articles in the litera-
ture reporting meta-analyses of controlled studies
agree that there is not enough evidence to support a
probable preventive effect of diuretics on the devel-
opment of pre-eclampsia and its complications.

On the other hand, no deleterious effects on the
fetus or gestation have been found with the use of
diuretics. Therefore, treatment with diuretics may be
continued in pregnant women who require it due to a
preexisting pathology.

Antihypertensive drugs
If systolic and diastolic blood pressure is 160 and
110 mmHg or over, respectively, antihypertensive

medication must be prescribed immediately given the
high risk for such serious complications as abruptio
placentae, cerebral hemorrhage, hepatic and renal
failure. In patients with mild or moderate hyperten-
sion, the administration of antihypertensive drugs
does not prevent the development of pre-eclampsia.

In a recent systematic review of 19 heterogeneous
studies involving 2402 pregnant women who under-
went antihypertensive treatment and were controlled
with a placebo group, the risk of developing severe
hypertension was found to be 50% lower in treated
patients. However, no differences were found in the
incidence of proteinuric pre-eclampsia, perinatal
death, preterm delivery or low birth weight.

The use of beta-blockers, as compared with methyl-
dopa, was analyzed in 11 studies involving 787
women. Beta-blockers were found to be more effective
than and as safe as alpha-methyldopa. It is important
to note that results which showed an association
between atenolol and intrauterine growth retardation
were not corroborated by other studies.

To conclude, there is no evidence in the controlled
clinical studies available in the literature that the use
of antihypertensive treatment in women with mild or
moderate hypertension, whether chronic or gestational,
might prevent the development of pre-eclampsia and
eclampsia.

Angiotensin converting enzyme inhibitors and,
therefore, angiotensin II receptor antagonists, seem to
be the only contraindicated drugs during gestation as
they have been found to be associated with fetal skull
ossification defects, fetal growth restriction, oligohy-
dramnios and neonatal renal failure.

Anticoagulants and nitric oxide donors
The high prevalence of genetic thrombophilia in patients
with early and recurrent pre-eclampsia and intrauterine
growth retardation might indicate that the hemostatic
system is pathogenetically involved. As a consequence,
many authors have proposed the use of aspirin and
heparin as a preventive measure and to improve fetal
outcome in patients with hereditary thrombofilia and
also in patients at a high risk for renal disease.

In a randomized controlled study, Seki et al.
administered ozagrel hydrochloride, a thromboxane
A2 synthetase inhibitor, to 20 women at risk of devel-
oping pre-eclampsia from 20 weeks’ gestation until
delivery. These were compared with 20 women who
received placebo. There was a significant decrease in
the incidence of pre-eclampsia in the treatment group
(RR 0.52) without affecting perinatal outcome.

Nitric oxide. In a controlled randomized study,
transdermal nitric oxide (NO) donor glyceryl trinitrate
patches and placebo patches were applied to 40 preg-
nant women at high risk of developing pre-eclampsia.
The criterion for inclusion was the presence of
abnormal Doppler waveforms in umbilical artery. No
reduction in the incidence of pre-eclampsia and of
intratuterine fetal growth restriction was observed in
treated patients as compared with controls.
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In conclusion there is still no evidence to support
that heparin, thromboxane synthetase inhibitors
and NO donors have a role in the prevention of
pre-eclampsia.

Acetylsalicylic acid
Aspirin inhibits prostanoid synthesis through the
acetylation and inhibition of cyclooxygenase, the key
enzyme in the arachidonic acid cascade. The inhibition
of prostanoid synthesis is selective and it depends on
the aspirin dose: a low daily dose (0.5–1.5 mg/kg body
weight) produces a dose-dependent inhibition in
platelet TxA21 synthesis, reaching almost complete
inhibition with a 1.5 mg/kg. As platelets do not have a
nucleus, they are unable to resynthetize TxA21; conse-
quently, their recovery depends on new platelet pro-
duction by the bone marrow.

In contrast, the low concentration of aspirin in
endothelial cells is not affected, and they continue
producing PGI2, even when aspirin is no longer
present in the patient’s circulation.35,36

Several studies suggest that higher doses of aspirin
may also affect the early interaction between the tro-
phoblast and the decidua. In 1994, CLASP carried
out a multicenter controlled clinical trial of a daily
dose 60 mg of aspirin among 8021 women with
mixed parity and at low to moderate risk for hyper-
tensive disorders of pregnancy and/or fetal growth
restriction. It is important to note that the reduction
in the incidence of proteinuric pre-eclampsia (12%),
fetal growth restriction (11%), and perinatal death
(20%) observed in the group treated with aspirin,
when compared with the placebo group, was not
statistically significant. However, low-dose aspirin
was found to reduce significantly the rate of preterm
delivery (20%). Post hoc analysis of the data in the
CLASP trial showed that the earlier the onset of treat-
ment, the greater the reduction in the development of
pre-eclampsia.

The results of this trial showed that aspirin had no
therapeutic effect in 1343 women with pregnancy-
induced hypertension or IUGR. The differences
observed were not statistically significant either in
women with moderate or low risk among a population
of 28,000 women.

Through meta-analysis, it can be concluded that
the results of the randomized controlled studies
conducted in over 30,000 pregnant women at low,
moderate, or high risk of developing pre-eclampsia
indicate that prophylactic use of low-dose aspirin as
from the 12th week of gestation will prevent the
development of pre-eclampsia in about 15% of high-
risk women. It will also lead to a similar reduction in
the rate of low birth weight for gestational age and
preterm deliveries. A lower and not statistically sig-
nificant decrease in perinatal mortality will also be
observed. The number of women at low or moderate
risk who have to be treated in order to prevent one
single case of pre-eclampsia is high (about 100), but it
is much lower in high-risk patients.

It should be noted that neither in the CLASP trial nor
in any other report has the prophylactic use of low-
dose aspirin been associated with any deleterious effect
on gestation, delivery or the newborn. Furthermore,
follow-up of those babies from delivery to date has not
revealed any aspirin-related complication.

Discrepancies among clinical studies
The decision to publish articles in the literature is
usually biased towards those which report positive
results even though the populations involved may be
small. It is also a fact that in the large populations
analyzed in multicenter studies high-risk patients
may be overlooked and others may be wrongly classi-
fied as pre-eclamptic, thus underestimating the pre-
ventive effect of low-dose aspirin.

Sources of discrepancy among reported results:

• Gestational age at the time of inclusion in the trial
(before or after 20 weeks’ gestation)

• Time of the day when aspirin is administered:
several controlled studies have demonstrated a
more marked effect on blood pressure when aspirin
is taken 8 h after waking up; even better results
have been obtained if aspirin is taken at bedtime.

• Dose: early trials conducted in small populations
report the use of daily doses of 100–150 mg, while
later large multicenter studies have used much
lower doses (50–75 mg daily). This dose will
inhibit platelet thromboxane but may not be
enough to affect placental thromboxane.

• We still do not know if a higher dose of aspirin might
have other benefits without increasing side effects.

• Protocol adherence: in large multicenter studies it
is not possible to corroborate whether the protocol
has been followed correctly.

• Results reported in small randomized clinical
studies should not be underestimated in favor of
large multicenter trials as the former enable better
control over eligibility criteria, objectives, time of
treatment administration and protocol adherence
by both researchers and patients.

Conclusions for obstetric practice
Preventive measures require the accurate identifica-
tion of high-risk patients – about 2–8% of healthy
nulliparous pregnant women. So far this selection
can only be based on their obstetric and clinical
histories and on the presence of known maternal and
fetal risks. Unfortunately, no biophysical or biochem-
ical markers are available yet which can predict
the development of a hypertensive disorder during
pregnancy.

Current studies do not support the prophylactic
use of low-dose aspirin or calcium supplements in
pregnant women at low or moderate risk for hyper-
tension in pregnancy. This involves healthy nulli-
parous women, and those with a history of mild
pregnancy-induced hypertension or with mild
chronic hypertension.
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A daily dose of 60–80 mg of aspirin from week 12
to delivery seems to be safe and effective when used
in a definite group of high-risk patients in order to
either prevent pre-eclampsia or delay its development
and reduce its severity and complications.

In contrast, calcium supplement appears to be
effective only in high-risk pregnant women with a low
dietary calcium intake.

Recommended treatment protocol
(1) Daily administration of 60–80 mg of aspirin from

week 12 to delivery in pregnant women with

(a) a history of severe pre-eclampsia or elcamp-
sia before 32 weeks’ gestation

(b) a history of severe fetal growth restriction,
with or without pre-eclampsia, due to
reduced uteroplacental blood flow

(c) a family history of pre-eclampsia/eclampsia
(in the mother or sister)

(d) severe chronic hypertension and/or renal
disease.

(2) Daily administration of 1.5–2 g elemental cal-
cium supplement in high-risk women catego-
rized as above and with a low dietary calcium
intake, assessed according to their consumption
of milk and other dairy products.

To conclude, given the multiplicity of clinical forms
of this syndrome and the absence of early signs it is
still not possible to predict its development. This,
compounded by poor prenatal care, impedes the reso-
lution of the disease.

We health care providers in Latin America should
strive to reach the community before a gestation is con-
ceived so that the antenatal visit does not constitute the
first contact between the health center and the patient.
The future is still uncertain; in the meantime, the
medical community continues to provide new answers.37
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193 Diabetes and pregnancy
F. A. Van Assche

Introduction
Although substantial progress has been made in the
physiopathology and management of diabetes and
pregnancy, major problems remain unsolved. Further-
more, diabetes in pregnancy remains an important
medical complication, with implications for mother
and child in the short and long term. Gestational dia-
betes does not significantly increase perinatal mortality;
however, fetal hyperinsulinism and macrosomia
are present. The case for the preexisting insulin-
dependent pregnant diabetic has improved, but major
complications, such as congenital malformations,
sudden fetal death and the association with pre-
eclampsia, need better understanding.

Screening for gestational diabetes
Gestational diabetes is defined as carbohydrate intoler-
ance of variable severity with onset or first recognition
during the current pregnancy.1 Gestational diabetes
occurs more frequently in older and overweight preg-
nant women. It is a heterogenous disorder and affects
2–3% of pregnancies in the Western world.2,3 The meta-
bolic adaptation that occurs during normal pregnancy
involves apparent deterioration of glucose tolerance and
hyperinsulinism, but only in a minority of women are
the diagnostic criteria for gestational diabetes present.4

Insulin secretions are increased during pregnancy and
there is evidence that insulin resistance exists.5,6 The
morphological basis for this hyperinsulinism during
pregnancy is marked B cell hypertrophy and hyper-
plasia, and hyperactivity of individual B cells.7

The diabetic ketoacidosis, hyperosmolar coma and
vascular complications seen in type I diabetes are
extremely rare in gestational diabetes. Cousins8 found
that the incidence of pre-eclampsia was increased in
women with gestational diabetes. Perinatal mortality
and morbidity are affected by this complication.
Gestational diabetes is also a risk factor for the devel-
opment of diabetes in later life. The first studies were
those of O’Sullivan,9 who reported a high incidence of
diabetes mellitus many years after pregnancies com-
plicated by gestational diabetes. Further studies have
confirmed this original findings.10–14

In the past, gestational diabetes was reported to be
associated with increased perinatal mortality.15–17 More
recently, it has been shown that perinatal mortality asso-
ciated with gestational diabetes is not different from that
of the general population. However, gestational diabetic
women receive more obstetric attention and there is
increased perinatal mortality in undiagnosed gestational
diabetes.18 Perinatal mortality therefore remains an indi-
cation to screen for gestational diabetes. Perinatal mor-
bidity, in particular fetal macrosomia, is also increased
in gestational diabetes. Fetal macrosomia is associated
with an increased number of operative deliveries and
with shoulder dystocia.19,20 There is also evidence that
infants born to mothers with gestational diabetes have an
increased risk of becoming diabetic in later life.21

It therefore remains necessary to screen for gesta-
tional diabetes and if possible to perform general
screening of all pregnant women.22 However, there are
a large number of glucose challenge procedures, with
no agreement on the diagnostic criteria for gestational
diabetes and there is not much hope of standardization
in the near future.22 Venous or capillary blood can be
used and the glucose load can be oral or intravenous,
with a glucose challenge of 50, 75 or 100 g. The
original Somogyi–Nelson method of glucose measure-
ment has been changed over the years to the glucose
oxidase or hexokinase method. Furthermore, there are
geographical, ethnic and racial differences in the
deterioration of glucose metabolism.23 Screening for
glycosuria is not a strong index of gestational diabetes,
since in pregnancy glucose in the urine does not
reflect hyperglycemia. In the USA screening of the
total pregnant population is advised using a 50-g 1-h
challenge test; the American College of Obstetricians
and Gynecologists advocate a glucose threshold of
140 mg/100 ml or 7.8 mmol/l (using venous plasma or
serum and glucose oxidase or hexokinase techniques).
Screening should be performed at 26–28 weeks, but
retesting later in pregnancy might be reasonable for
some patients such as obese and older women.22 The
use of the glucose reflectance meter may facilitate gen-
eral screening in the future. However, lack of precision
of the meters can be responsible for missing pregnant
women who need further testing.24,25 Other challenge
tests and also random blood glucose testing have been
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used but do not show any advantage over the 50-g
challenge test.22 The measurement of glycosylated
hemoglobin and glycosylated proteins has inadequate
sensitivity and specificity for screening.26,27

The standard method for the diagnosis of gesta-
tional diabetes still remains the 100-g oral glucose
challenge, although the WHO has recommended a 75-g
load (as in the non-pregnant population). The inter-
pretation of the test goes back to the original study of
O’Sullivan and Mahan.28 Carpenter and Coustan,29

using venous plasma and the glucose oxidase or hex-
okinase techniques, converted the O’Sullivan and
Mahan28 criteria as shown in Table 193.1. These crite-
ria are close to the data of the European collaborative
study where a glucose load of 75 g was used, but the
blood sampling varied in the different centers.30

It must be stressed that international comparisons
of the prevalence of diabetes during pregnancy are
difficult because of the different methods and cutoff
points for diagnosis. Furthermore, there are major
ethnic variations.31

Gestational diabetes remains a risk factor for
mother and child. It is therefore necessary to screen
for this disorder during pregnancy. Universal screen-
ing with a 50-g 1-h glucose challenge is recom-
mended. The final diagnosis is made with a 100-g oral
glucose tolerance test. This clearly means that women
with risk factors (severe obesity, a history of diabetes
in the family, a personal birth weight of more than
4500 g, pre-eclampsia, polyhydramnios, fetal macro-
somia, perinatal death and congenital anomalies)
need a 100-g oral glucose tolerance test.

Prepregnancy care
There is growing evidence that tight control of dia-
betes before pregnancy improves fetal and maternal
outcome. Education and management may prevent
congenital malformations and early pregnancy loss
and can also improve the maternal condition.32 Many
studies have shown that congenital malformations are
more numerous in infants of type I diabetic
mothers33–38 and these are becoming the leading cause
of perinatal morbidity and mortality in such infants.
Kucera39 reviewed the world literature between 1930
and 1964; the incidence of congenital malformations
in diabetic pregnancies was 4.8% compared with

1.65% in normal pregnancies. Anomalies of the
central nervous system, heart, skeleton, gastrointestinal
tract and genitourinary tract are predominant. Poor
metabolic control and the severity of diabetes is corre-
lated with the high incidence of congenital anom-
alies.34,40 An association is also found with a high level
of glycosylated hemoglobin in the first trimester of
pregnancy.41 Furthermore, optimal treatment with
insulin in the critical periods of organogenesis reduces
the rate of fetal malformations in the rat.42,43

The first study in human pregnancy showing a
reduction of congenital malformations by intensive
diabetic management prior to conception was from
Karlsburg, Germany.44 The incidence of congenital
malformations was 0.8% in the pregnancies of women
given intensive treatment prior to conception and
7.8% in those pregnancies where intensive treatment
started at 8 weeks. Studies in Europe and the USA
confirmed these positive findings.45–48 Strict meta-
bolic control early in pregnancy reduces the number
of congenital malformations at birth but does not pre-
vent the excess frequency at conception, as is the case
with tight glycemia control prior to conception.38

The relationship between poor diabetic control
before conception or early in pregnancy and an
increased rate of spontaneous abortion is not so clear.
Miodovnik and colleagues49 concluded that control of
blood sugar is crucial around conception and in the
early weeks of pregnancy to reduce the risk of an early
abortion. Abortions after 10 weeks are probably due to
congenital malformations. Studies in diabetic rats
have shown delayed morphological development of
blastocysts even in the preimplantation period and
also more degenerate embryos.50

It therefore seems necessary for each diabetic woman
planning a pregnancy to undergo preconception coun-
seling. The presence of hypertension, vasculopathy,
proliferative retinopathy and neuropathy must be inves-
tigated. Proliferative retinopathy should be treated by
laser coagulation. The woman and her partner should
be told that in the case of severe diabetes, certainly in
association with hypertension, life-threatening compli-
cations for herself and the fetus do exist and exception-
ally she should be advised not to become pregnant.

The most important goal of preconception care is to
motivate intensive self-management in order to obtain
normoglycemia. The woman must be instructed on self-
monitoring her blood glucose and must learn about diet,
physical activity and an efficient insulin regimen. Only
when permanent normoglycemia is achieved can the
future of the conceptus and maternal health be assured.

The key points of preconception counseling are
clearly described by Steel,51 who was one of the first
to indicate the importance of this approach. After 20
years’ experience in Scotland, it is still the case that
all diabetic women should, at reproductive age, be
visited by health-care providers, and that this should
be regarded as a preconception visit.51

Prepregnancy care 2061

Table 193.1 Glucose challenge test criteria

Glucose threshold
mg/100 ml mmol/l

Fasting 95 5.3
1 h 180 10.0
2 h 155 8.7
3 h 140 7.8
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Medical approach of the
pregnant diabetic woman

Normoglycemia from the preconception period until
the time of delivery must be achieved in pregnant
women with preexisting diabetes. In order to achieve
this goal, intensive education of the diabetic woman
is necessary. The skills, knowledge and experience of
doctors and non-medical advisers are also important.
During their reproductive years, diabetic women must
be treated by a diabetologist with clinical and
research interests in diabetic pregnancy. Of even more
importance, a multidisciplinary approach is neces-
sary, including general practitioner, nurse, dietician,
physician, obstetrician and neonatologist. In most
centers care is performed in a combined obstetric–
diabetic antenatal clinic.

Self-monitoring of capillary blood glucose must be
taught before conception and continued throughout
pregnancy. There is no evidence that any special
insulin regimen is better than others.52 Frequent daily
use of short- and medium-acting insulin and pen
injectors or pumps delivering insulin subcutaneously
are accepted alternatives. Optimal blood glucose
levels are 4.0 mmol/l (80 mg/100 ml) preprandial and
6.0 mmol/l (120 mg/100 ml) postprandial. Since
hypoglycemia can occur in the first trimester, it is
advisable to use the same dose of insulin as that
used before conception. With further progression of
pregnancy the dose of insulin will increase. There is
universal agreement that the measurement of glycosy-
lated hemoglobin is the gold standard for the evalua-
tion of good diabetic control. Levels below 7.5%
should be achieved.52 During labor and delivery,
blood glucose is controlled by an intravenous infusion
of dextrose and insulin.

Gestational diabetes can be treated by diet alone
or by diet and insulin therapy. It is usual to start with
dietary control. When blood sugar levels remain high
or when fasting blood glucose is elevated, insulin
should be given and adjusted in order to maintain nor-
moglycemia. One insulin injection daily in the morn-
ing will control hyperglycemia. Weiss and associates53

have suggested intensive management of the fetus in
gestational diabetes by measuring insulin in the amni-
otic fluid. In the case of fetal hyperinsulinism, treat-
ment with increasing doses of insulin is advised.

The intention of controlling fetal hyperinsulinism
is to prevent macrosomia and neonatal complications.
A review of current practice shows that only 15%
of women with gestational diabetes require insulin.54

However, intensive treatment with insulin has
reduced the rate of macrosomia.55 Moreover, experi-
mental and epidemiological data indicate that long-
term complications can be prevented by correct
insulin therapy during gestational diabetes.56

There are no clear data available concerning the use
of active agents in delaying digestion or absorption of

nutrients. The use of oral hypoglycemic agents is
a matter of controversy and is mostly regarded as
contraindicated in Western medicine.

Obstetric approach of the
pregnant diabetic woman
Perinatal mortality in the pregnancies of women with
preexisting diabetes has been reduced over the last
few decades. Congenital malformations and unex-
pected stillbirths remain the leading causes of death.
Intrauterine deaths can still occur in type I diabetic
pregnancies with poor control and in women with
complications such as polyhydramnios, pre-eclampsia,
macrosomia and intrauterine growth retardation.57

The most important obstetric management therefore
includes the detection of congenital anomalies, fetal
surveillance and the prevention or early detection of
complications of pregnancy. Congenital malforma-
tions can be detected by ultrasound examination
between 16 and 20 weeks of pregnancy. Pedersen and
Mølsted-Pedersen58 have shown that fetuses with
early growth retardation have a higher incidence of
congenital malformations. Ultrasound is also the most
suitable method for the evaluation of fetal growth.
Increased thoracic diameter and increased abdominal
circumference are markers for macrosomia.59 How-
ever, the exact prediction of fetal weight remains dif-
ficult.60 In diabetic vasculopathy, asymmetrical
growth retardation can be detected during the second
half of pregnancy.61 Biophysical methods, such as
fetal heart rate monitoring and the biophysical profile
are superior to the older fetoplacental function tests
for fetal surveillance, certainly during the third
trimester. It is our experience that abnormalities of
these tests are more ominous for the fetus of a diabetic
woman than for the fetus of a woman with other com-
plications of pregnancy.

Maternal complications are still frequently seen
in pregnancy complicated by diabetes.8 Hypertension
during pregnancy and pre-eclampsia are increased in
gestational diabetes and in the pregnant woman with
preexisting diabetes. Garner and coworkers62 found an
incidence of preeclampsia of 9.9% in diabetic preg-
nancies compared with 4.3% in non-diabetic women.
Van Assche and colleagues63 found an increased pro-
duction of thromboxane between 28 and 32 weeks of
pregnancy in diabetic women without clinical vascu-
lar complications at the time of testing. The highest
levels were found in those women who subsequently
developed pre-eclampsia. It was concluded that
increased thromboxane generation could be related
to the occurrence of preeclampsia and the use of
antiplatelet therapy to prevent pre-eclampsia warrants
further investigation. However, preeclampsia will
keep its secrets and prevention of the disease will be
difficult. When polyhydramnios is found, fetal anom-
alies must be excluded and re-evaluation of strict
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diabetic control is advisable.8 Polyhydramnios can be
caused by excessive fetal urine production secondary
to hyperglycemia. Premature rupture of the mem-
branes, preterm labor, cord prolapse and abruptio pla-
centae are known complications. Preterm labor can
lead to the birth of a premature baby. On the other
hand, the use of β-agonists and corticosteroids can
result in maternal hyperglycemia, hyperinsulinemia,
hypocalcemia, ketoacidosis, pulmonary edema and
angina.64 When these drugs are used, intensive dia-
betic monitoring is mandatory. Magnesium sulfate and
calcium channel blockers may be worthwhile alterna-
tives.65 While the incidence of urinary tract infections
is not increased in diabetic pregnancies, pyelonephri-
tis increases the risk of perinatal morbidity.66

In older studies it was recommended that type I
diabetic women were delivered between 35 and 36
weeks of pregnancy in order to avoid the high number
of intrauterine deaths. In the last decade it has been
suggested that diabetic pregnancies under tight con-
trol and without complications should be allowed
to continue to term. Under these circumstances, an
amniocentesis to determine fetal maturity seems
unnecessary. For cervical ripening and induction of
labor, local prostaglandin E2 administration is of sub-
stantial benefit. Close supervision of the progress of
labor and continuous electronic fetal monitoring are
mandatory. The incidence of cesarean section varies
between 17 and 83%.60 Failed induction, macrosomia
causing obstructed labor and fetal distress are the
main reasons for abdominal delivery.8 Coustan and
associates67 have shown that with close supervision
the cesarean section rate can be reduced without
increased perinatal risk. However, in the presence of
a macrosomic fetus cesarean section is advisable in
order to avoid shoulder dystocia. Indeed the physique
of the infant with broad shoulders and a short neck
may predispose to the dangerous complication of
shoulder dystocia.

The obstetric management of the mother with ges-
tational diabetes is mainly concentrated upon the
detection of fetal macrosomia. Maresh and Beard68

suggest that in the absence of any obstetric complica-
tion spontaneous labor can be awaited. However, in
more severe gestational diabetes, certainly in the case
of macrosomia, management similar to that of the
pregestational diabetic is recommended.69 Congenital
malformations and early fetal loss are probably not
increased in gestational diabetes.

The effect of maternal diabetes
on the fetus and offspring
Alterations in the intrauterine environment affect
fetal growth and development. In diabetic pregnan-
cies not complicated by vasculopathy, fetal hyper-
insulinism and macrosomia are mostly present.
However, when vasculopathy and nephropathy are

associated intrauterine growth restriction and
hypoinsulinism are common findings. Both condi-
tions may have long-term consequences. At present,
human and experimental data in the rat are avail-
able. The advantage of research in the rat is that
a better exploration of the working mechanisms is
possible.

Offspring of rats that were hyperglycemic through-
out the last week of gestation, at adulthood, appear as
normal healthy animals with a normal body weight,
normal basal glucose and insulin levels and a mor-
phologically normal endocrine pancreas.70,71 When
stressed, however, glucose tolerance appears to be
impaired, and the effect is divergent whether the
youngster had passed its intrauterine life in a mildly
or in a severely diabetic mother. When the maternal
hyperglycemia was mild and resulted in fetal hyper-
insulinemia, the induced increase in amino acid
turnover is maintained in adulthood, and the β-cell
response to glucose stimulation is deficient, while the
insulin receptor system appears to be unaffected.71–73

When the maternal hyperglycemia was severe and
resulted in fetal hypoinsulinemia, the adult offspring
not only displays a deregulation of the stimulated
insulin output, but also insulin resistance in the liver
and the peripheral tissues.72,74 When the mothers
were malnourished during pregnancy, whether in a
qualitative (protein deficiency) or a quantitative (50%
restriction) way, glucose tolerance is also impaired in
the offspring.75,76

Pregnancy causes a considerable stress on the glu-
cose and insulin metabolism of the mother and
implies important adaptations of the endocrine pan-
creas at the structural and functional levels. The mass
of islet tissue doubles and the activity of the β-cells is
enhanced.77 Normal pregnancy is associated with
hyperinsulinemia and insulin resistance. When these
youngsters of diabetic or malnourished mothers with
impaired glucose tolerance become pregnant, they
develop gestational diabetes.71,78,79 This implies that
their fetuses also will develop in an abnormal
intrauterine milieu and have to adapt to it. Indeed,
they display the typical features of fetuses from
mildly diabetic mothers, and when they become adult
they develop impaired glucose tolerance and gesta-
tional diabetes.77,78 A diabetogenic tendency is
thereby transmitted from one generation to another,
without any genetic involvement, but as a result of the
fact that the fetus developed in an abnormal intrauter-
ine milieu. In the human a number of epidemiological
studies also point to the importance of the intrauter-
ine milieu for the development of the fetus. A higher
incidence of non-insulin-dependent diabetes and of
gestational diabetes is reported in children from dia-
betic mothers than from diabetic fathers,80 and a
higher incidence of diabetes is present in offspring
from diabetic great-grandmothers via the maternal
than via the paternal line.81 Systematic treatments of
diabetic mothers during pregnancy may result in a
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decreased incidence of diabetes in their children.82

The most convincing data on the intrauterine trans-
mission of the diabetogenic tendency in the human
derive from studies of Pettitt and coworkers83 on the
Pima Indians, a population with a high incidence of
diabetes. Glucose tolerance is much more frequent in
children from mothers who had diabetes during preg-
nancy than in children from mothers who developed
diabetes only after that pregnancy. The difference is
convincing: 33% vs. 1%.83 Recent epidemiological
studies, relating birth files from 50 years ago with
the health condition of these people now, also demon-
strate a significant relationship between body weight
at birth, whether or not related to a known meta-
bolic pathology of the mother, and the incidence
of impaired glucose tolerance and diabetes in
adulthood.84

We can conclude that even a minor disturbance in
maternal metabolism induces alterations in the fetal
metabolism with lasting consequence for the offspring,
even over several generations. The effect is situated at
the level of insulin secretion (number, sensitivity, syn-
thesis and secretion of β-cells) but also at the level of
the insulin receptor system (number and sensitivity of
receptor and postreceptor mechanisms).

Conclusion
At the beginning of the century a large number of
diabetic women died before the age of reproduction
or were too unwell to ovulate. When pregnancy
occurred, maternal morbidity and mortality were high
and only a few children were born alive. The discov-
ery of insulin was beneficial for the mother but peri-
natal survival was still rare. With improvements in
diabetic care, perinatal mortality improved but
remained very high. Clinical and fundamental
research brought the knowledge that for the treatment
of the fetus of a diabetic mother, normoglycemia
is obligatory. To protect the fetus during conception,
tight control is necessary before conception. This
implies commitment from physician, obstetrician,
neonatologist and non-medical personnel. The dia-
betic woman herself and the environment take the
major responsibility for care and management.

The most important goals for the future are the fur-
ther reduction of congenital malformations, the early
detection and prevention of pre-eclampsia, the pre-
vention of diabetic complications during pregnancy
and further investigation of the mechanisms of
long-term effects.

2064 Diabetes and pregnancy
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Introduction
Asthma is the commonest preexisting medical condi-
tion to complicate pregnancy, tuberculosis is becom-
ing more common and pneumonia and cystic fibrosis
are important causes of maternal mortality. This chapter
discusses the physiological changes in the respiratory
system during pregnancy, and the effect of asthma and
other respiratory disease on pregnancy, as well as the
effect of pregnancy on respiratory disease and the
management of asthma, pneumonia, tuberculosis, sar-
coidosis, cystic fibrosis and restrictive lung disease in
pregnant women.

Physiological changes
There is a significant increase in oxygen demand in
normal pregnancy due to the 15% increase in meta-
bolic rate and the 20% increase in consumption of
oxygen. There is a 40–50% increase in minute venti-
lation, mostly due to an increase in tidal volume,
rather than in respiratory rate. This maternal hyper-
ventilation leads to a reduction in partial pressure of
arterial carbon dioxide, with a compensatory fall in
serum bicarbonate and a mild respiratory alkalosis.

Later in pregnancy, the elevation of the diaphragm
caused by the enlarging uterus leads to a decrease in
functional residual capacity, but diaphragm excursion
is unaffected so vital capacity is unchanged. A potential
source of diagnostic confusion is awareness of the phys-
iological hyperventilation of pregnancy, which leads
to a subjective feeling of breathlessness in up to three-
quarters of women at some time during pregnancy.

Patients with severe lung disease are less likely
to deteriorate in pregnancy than those with severe
cardiac disease. This is because there is a relatively
greater reserve in respiratory function. Thus, although
there is a comparative (about 40%) increase in both
cardiac output and minute ventilation in pregnancy,
for minute ventilation this represents a smaller frac-
tion of the maximum increase possible by the body.

If there is severe lung disease, however, right heart
failure may be precipitated because of the increase in
blood volume and cardiac output in pregnancy.

Asthma
Asthma is the commonest chronic illness of young
adulthood, affecting at least 3% of women of child-
bearing age.1 It is therefore often encountered in preg-
nancy, and this provides a valuable opportunity to
diagnose asthma, and to optimize the treatment of
women already known to have asthma.

Pregnancy and the severity of asthma
Pregnancy itself does not usually influence the sever-
ity of asthma. The course of asthma during pregnancy
in individual patients is unpredictable. A review
of more than 1000 pregnant asthmatics reported in
nine studies found a worsening of asthma in 22%,
improvement in 29% and no change in 49%.2 Women
with only mild disease are unlikely to experience
problems, whereas severe asthmatics are at greater
risk of deterioration, particularly late in pregnancy.2,3

Those women whose symptoms improve during the
last trimester of pregnancy may experience postnatal
deterioration.3,4

Although in most individuals the severity of the
disease process itself is probably unaffected by preg-
nancy, many asthmatics do experience a deterioration
in symptoms. This may relate to increased awareness
of the physiological hyperventilation of pregnancy. Of
greater concern is the deterioration in disease control
caused by reduction or even complete cessation of
medication due to fears about its safety.

Asthma and the outcome of pregnancy
For the majority of women, asthma has no adverse
effect on pregnancy outcome, and women should
be reassured accordingly. Severe poorly controlled
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asthma, associated with chronic or intermittent
maternal hypoxemia, may adversely affect the fetus
and thus be associated with a significant decrease in
mean birth weight, and an increase in the proportion
of low birth weight neonates,5,6 but recent studies
have in general been very reassuring. Schatz and
colleagues7 compared nearly 500 pregnant asthmatics
with non-asthmatic pregnant controls, and found the
overall perinatal prognosis for women with actively
managed asthma during pregnancy did not differ sig-
nificantly from that of the non-asthmatic population.
The incidence of pre-eclampsia, preterm births, low
birth weight infants, intrauterine growth retardation,
congenital malformations and perinatal mortality was
similar in both groups.

Similarly, a retrospective study from India found
no significant difference in antenatal complications,
duration of pregnancy, mode of delivery, incidence
of prematurity and low birth weight and perinatal
mortality in asthmatic compared to non-asthmatic
women.6 A recent study looking specifically at the
effects of acute attacks of asthma during pregnancy
found no detrimental effect on birth weight, incidence
of malformations, hypoglycemia or the need for pho-
totherapy for jaundice during the neonatal period.8

However, it is important to note that in this study the
attacks were relatively mild and promptly treated.

There are other studies which do report a slight
increase in the risk of premature labor5,7,9–11 and low
birth weight,12–14 but some of the literature includes
retrospective studies without adequate controls.
Although a large prospective study did find a greater
than twofold risk of preterm labor in asthmatics,10

another prospective study15 supports the findings of
Schatz and coworkers16 of no increase in either low
birth weight or preterm delivery. A study from
Quebec found that women with early and recurrent
idiopathic preterm labor were significantly more
likely to report asthma symptoms or physician diag-
nosed asthma than controls although there was no
association with methacholine responsiveness, a mea-
sure of severity of asthma, suggesting that non-atopic
noncholinergic mechanisms may link bronchial and
uterine smooth muscle lability.17 In summary, it
would seem that any influence on birth weight and
prematurity is small and related to the severity and
control of the asthma.

Some studies have reported an increased incidence
of pregnancy-induced hypertension/pre-eclampsia
in asthmatic women.5,8,18 Using a study population of
over 24,000 women without essential hypertension,
Lehrer and colleagues18 found a significant association
between pregnancy-induced hypertension and asthma.
This is not a consistent finding11,16 and caution is
needed when interpreting these studies, since women
with asthma are likely to be reviewed, and therefore to
have their blood pressure measured more frequently
than non-asthmatics during the antenatal period. It
may be the detection rather than the incidence of

raised blood pressure that is increased in asthmatics.
A recent study from Finland demonstrated a signifi-
cantly higher incidence of pre-eclampsia in asthmatics
treated with theophylline (with more severe disease)
but not in non-theophylline-treated asthmatics com-
pared to non-asthmatic pregnant controls,19 suggest-
ing that the association with hypertensive disorders
of pregnancy may be related to the severity of the
asthma. Low-dose aspirin is gaining acceptance as
prophylaxis for certain women at very high risk of
early-onset pre-eclampsia,20 but it is worth remem-
bering that some asthmatics may develop severe bron-
chospasm with aspirin, and pregnant asthmatic
women should be asked about a history of such sensi-
tivity before being treated with low-dose aspirin.

Some studies suggest a possible increased incidence
of transient tachypnea of the newborn,21 neonatal
hypoglycemia,15 neonatal seizures22 and admission to
the neonatal intensive care unit,11 in the babies of
asthmatic women, but again these effects are small
and are related to the degree of control of the asthma.

In summary, there is some evidence in asthmatic
mothers for an increased incidence of small and
preterm infants, but this risk appears to be small and
may be minimized by maintaining good control of
asthma throughout pregnancy. A relationship between
asthma and hypertension or pre-eclampsia has also
been suggested, but again any effect seems to be very
small.

Management
Treatment of asthma in pregnancy differs little from
the management in the non-pregnant patient.
Effective control of the disease process and its accom-
panying symptoms is a priority. The focus should be
on explanation and reassurance concerning the safety
of the drugs used to treat asthma in pregnancy and
during lactation. Education of asthmatic women prior
to conception as well as during pregnancy are integral
parts of management since decreasing or stopping
inhaled anti-inflammatory therapy during pregnancy
is a frequent cause of potentially dangerous deteriora-
tion in disease control. A team approach involving the
obstetricians and midwives, the physician and the
woman herself is the ideal. Emphasis on the safety of
medication, including systemic steroids, helps ensure
that women – and their doctors – do not discontinue,
reduce or withhold vital drugs during pregnancy.

Two recent studies have shown that regular inhaled
corticosteroids are beneficial in pregnant women with
asthma. The first, a large prospective study from
Finland, found that in women not initially treated
with inhaled anti-inflammatory treatment during
pregnancy the incidence of acute attacks of asthma
was 17%, compared to only 4% in those on inhaled
anti-inflammatory treatment from the start of preg-
nancy.8 The second, smaller prospective study found
the readmission rate for asthma exacerbations was
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decreased by 55% in women receiving inhaled
beclomethasone at discharge following admission for
asthma exacerbations compared to those not receiving
this drug.23

Only minimal amounts of inhaled corticosteroid
preparations are systemically absorbed.24 Most of the
information is for beclomethasone dipropionate (e.g.
Becotide®, Becloforte®, Filair®, Beclazone® and
other proprietary brands). Studies have shown no
increased incidence of congenital malformations or
adverse fetal effects attributable to the use of inhaled
beclomethasone in pregnancy,9,25,26 There is less infor-
mation about budesonide (Pulmicort®), but it is
widely used and appears to be safe. Fluticasone pro-
pionate (Flixotide®) is a newer inhaled corticosteroid
and it too appears to be safe.

The addition of systemic corticosteroids to control
exacerbations of asthma is safe, and these must not be
withheld if current medications are inadequate.
Prednisolone is metabolized by the placenta and very
little (10%) active drug ever reaches the fetus. Sadly,
media-fed concern about drugs falling within the broad
category of ‘steroids’, combined with ‘post-thalidomide’
anxiety regarding the use of any drug in the first
trimester, continue to hamper efforts to ensure that
asthma remains optimally controlled throughout preg-
nancy. Findings from a single 40-year-old report of an
increased incidence of cleft palate in the offspring
of rabbits treated with massive doses of cortisone
early in gestation27 have been wrongly extrapolated to
human pregnancy, where this has never been repro-
duced, despite the extensive use of steroids during
pregnancy for a variety of conditions. There is no
evidence of an increased risk of abortion, stillbirth,
congenital malformations, adverse fetal effects or
neonatal death attributable to maternal steroid ther-
apy.5,9,28 Although suppression of the fetal hypothala-
mic–pituitary–adrenal axis is a theoretical possibility
with maternal systemic steroid therapy, there is no
evidence from clinical practice to support this. The
adrenocortical reserve of six newborns whose mothers
had received long-term systemic steroids has been for-
mally assessed and the response to exogenous adreno-
corticotropic hormone was normal.29

Oral steroids will increase the risk of gestational
diabetes, and cause a deterioration in blood glucose
control in those women with established impairment
of glucose tolerance in pregnancy. Blood glucose
should be checked regularly, and the hyperglycemia
is amenable to treatment with diet and, if required,
insulin, and is reversible on cessation or reduction
of steroid dose. The development of hyperglycemia is
not an indication to discontinue or decrease the dose
of oral steroids, the requirement for which must be
determined by the asthma.

Transfer of β2-agonists from the systemic circula-
tion across the placenta is relatively rapid,30 but very
little of a given inhaled dose reaches the lungs, and
only a minute fraction of this reaches the systemic

circulation. A prospective study of 259 pregnant
asthmatics treated with inhaled β2-agonists showed no
difference in perinatal mortality, congenital malforma-
tions, birth weight, Apgar scores or delivery complica-
tions when compared with asthmatics not using
β-agonists and non-asthmatic controls.31 Experience
with the use of the inhaled long-acting β2-agonist
salmeterol (Serevent®) in pregnancy is growing. It
appears free from fetal toxicity, it is not discontinued
in pregnant asthmatics who require it for good asthma
control, and may be introduced during pregnancy.

Inhaled disodium cromoglycate (Intal®), and the
more recently introduced Nedocromil (Tilade®),
appear to be safe for both mother and fetus, although
there are, as yet, insufficient data to support routine
use of the latter. Similarly, no adverse fetal affects
have been reported with the use of anticholinergic
drugs.

Both theophylline and aminophylline readily cross
the placenta and fetal theophylline levels are similar
to those of the mother.32 Theophylline has been
shown to be a cardiovascular teratogen in animals,
and one report has suggested a possible link between
theophylline and three cases of congenital cardiac
anomalies in the human.33 Stenius-Aarniala and
colleagues19 have recently published a series of 212
theophylline-treated asthmatics. The incidence of
congenital malformations in the group receiving
theophylline during the first trimester (2.5%) was not
significantly higher than that in asthmatic or non-
asthmatic controls, and only one of three abnormali-
ties in the theophylline group was a case of congenital
heart disease. There is no conclusive evidence of ill
effect or malformation in the human fetus,34 despite
extensive use of theophylline in the past. Some have
noted transient tachycardia or irritability in neonates
of mothers receiving xanthines, but others have found
that mean neonatal heart rate and Apgar scores were
unaffected by maternal theophylline use.19,32 The study
of Stenius-Aarniala and colleagues19 found a twofold
increase in the frequency of jaundice in the neonates of
theophylline-treated mothers, but this may relate to
disease severity rather than the drug itself.

Acute severe attacks of asthma are treated as medical
emergencies as in the non-pregnant35 and, if needed,
intravenous aminophylline or intravenous β2-agonists
should not be withheld. 

The ionizing radiation from a chest x-ray is approx-
imately 0.2 rad [less than 1/20th of the maximum
recommended exposure in pregnancy (5 rad)], and
abdominal shielding will minimize the exposure to
the fetus. If a chest x-ray is clinically indicated, this
investigation must not be withheld just because the
patient is pregnant.

Asthmatic attacks in labor are rare. Women should
not discontinue their prophylactic inhalers during labor,
and there is no evidence to suggest that β-agonists
given via the inhaled route impair uterine contraction
or delay the onset of labor. Women receiving oral
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steroids (> 7.5 mg prednisolone daily for > 2 weeks
prior to delivery) should receive parenteral hydrocor-
tisone (100 mg three or four times a day) to cover the
stress of labor, and until oral medication is restarted.
Prostaglandin E2, used to induce labor, to ripen the
cervix or for early termination of pregnancy, is a bron-
chodilator and is safe. The use of prostaglandin F2a to
treat life-threatening postpartum hemorrhage may be
unavoidable, but it can cause bronchospasm,36,37 and
should be used with caution in asthmatics. All forms
of pain relief in labor, including epidural analgesia
and Entonox, are appropriate for asthmatic women,
although in the unlikely event of an acute severe asth-
matic attack, opiates for pain relief should be avoided.
Epidural rather than general anesthesia is preferable
because of the increased risk of chest infection and
atelectasis associated with the latter. Ergometrine has
been reported to cause bronchospasm, but this does
not seem to be a practical problem when syntometrine
(oxytocin/ergometrine) is used for the prophylaxis of
postpartum hemorrhage.

The risk of atopic disease developing in the child of
an asthmatic woman is about 1 in 10, or one in three
if both parents are atopic. There is some evidence that
this risk may be reduced by breast feeding,38,39 which
provides another reason to encourage this practice.

All the drugs discussed above, including oral steroids,
are safe to use in nursing mothers. Prednisolone is
secreted in breast milk,40,41 but there have been no
reported clinical side effects in infants breast-fed by
mothers receiving prednisolone and concerns regard-
ing neonatal adrenal function are unwarranted with
doses below 30 mg/day.

Pneumonia
Bacterial pneumonia is no more common in preg-
nancy than in non-pregnant women of the same age,
matched for smoking status. However, viral pneumo-
nia, for example, influenza pneumonia, is more severe
in pregnancy42 and pregnant women are particularly
susceptible to varicella zoster (chicken pox) pneumo-
nia and the maternal and fetal mortality is high.43

Patients with suggestive symptoms of cough (often
dry at first), fever, rigors, breathlessness or pleuritic
pain or signs of purulent sputum, coarse crackles or
signs of consolidation on auscultation should have a
chest x-ray.

Bacterial pneumonia
Bacterial pneumonia can kill previously fit young
people, pregnant or not. Cases in pregnant women
must always be regarded as potentially very serious,
and always be managed in conjunction with a respira-
tory specialist. A respiratory rate of ≥30/min, a dias-
tolic blood pressure of ≤60 mmHg and a serum urea of
≥7 mol/l are particularly poor prognostic signs.

Initial investigations should include an assessment
of blood gases. Dangerous degrees of hypoxia may not
be detectable clinically. Moreover, oximetry alone
will only ensure adequate oxygenation, and a patient
on oxygen supplementation may progress to the point
of respiratory arrest from respiratory muscle fatigue
without an oximeter giving any warning.

Initial antibiotic management must include drugs
that will cover the likely pathogens (Streptococcus
pneumoniae, Hemophilus influenzae, Mycoplasma
pneumoniae, Legionella) and a regimen combining
amoxycillin and clarithromycin or cefuroxime is
usually used.44 The precise microbial etiology may
not be clear at the onset of treatment (and may never
be established), and the possibility of non-bacterial
causes (see below) should be kept in mind. Staphy-
lococcal pneumonia is more common at times of
influenza epidemics. It has a high mortality, and
requires a different drug regimen.

Clearance of renally excreted drugs increases in
pregnancy and therefore higher doses are required.
Tetracyclines should be avoided after about 20 weeks’
gestation since they can cause discoloration of the
teeth. Iodine-containing cough medicines are also
contraindicated because iodine is taken up by the
fetal thyroid and may cause hypothyroidism and fetal
goitre.

Remember that pleuritic chest pain, hemoptysis,
breathlessness and cardiovascular collapse can be
caused by the pneumococcus and not just by a pul-
monary embolus.

Varicella
Chicken pox is more common and more severe in preg-
nancy than at other times and the maternal and fetal
morbidity and mortality are high. Infection occurs
in 0.05–0.07% of pregnancies45 and about 10–20% of
infected women develop varicella pneumonia associ-
ated with maternal mortality as high as 40%.46,47 Later
gestational age (perhaps due to increased immunosup-
pression) at the onset of varicella pneumonia is a sig-
nificant risk factor for maternal mortality,48 and the
maternal disease appears to be worse in the latter half
of pregnancy.46 A history of previous infection, and
therefore likely immunity, is usually reliable in the case
of chicken pox since the clinical features are so unique.
A live attenuated vaccine has recently become available
in the USA and should be offered before conception to
non-immune women.45 Because of the substantial risk
accompanying chicken pox infection in pregnancy,
non-immune pregnant women exposed to varicella
should be given zoster-immune globulin (ZIG).47

Women should be asked about previous chicken pox
infection before they are prescribed steroids in preg-
nancy, and those found not to be immune should be
given ZIG. Those women who do develop clinical vari-
cella should be treated with acyclovir.49

Anyone with varicella should be seen away from
the antenatal clinic to minimize the risk to other
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pregnant women. Maternal and neonatal morbidity
and mortality in cases of maternal varicella pneumonia
may be improved by the use of intravenous acyclovir
and mechanical ventilation.50 This probably justifies
the prophylactic use of intravenous acyclovir in those
women who develop cutaneous varicella.51 Smego
and Asperilla48 reviewed 21 cases of varicella pneu-
monia complicating pregnancy and found no adverse
effects of acyclovir given in the second and third
trimesters.

The fetus is at risk of congenital varicella with
maternal infection in the first 12–16 weeks of preg-
nancy. The risk of teratogenicity is about 2%.47 There is
a risk of neonatal varicella if infection occurs within
10 days of, and especially 4 days before, delivery. ZIG
administered at birth does not prevent all cases of
neonatal infection, which has 30% mortality.45

Pneumocystis carinii pneumonia
The increasing number of women of child-bearing age
who are seropositive for human immunodeficiency
virus (HIV) has contributed to the increased incidence
of pneumonia in pregnancy.52 The most common
opportunistic infection in patients progressing to
AIDS is Pneumocystis carinii pneumonia (PCP). PCP
is associated with adverse obstetric outcome, particu-
larly if the diagnosis is not suspected.53 PCP should be
treated with high-dose cotrimoxazole (trimethoprim/
sulfamethoxazole) with or without pentamidine.
Despite the theoretical risks of neonatal kernicterus or
hemolysis from sulfonamides given at term, there is
increasing evidence that trimethoprim/sulfamethoxa-
zole is safe in pregnancy.53 Because PCP is an impor-
tant cause of AIDS-related maternal mortality,
HIV-infected pregnant women with a history of this
opportunistic infection or with a CD4+ cell count of
< 200 cells/ml should receive prophylaxis with either
cotrimoxazole or nebulized pentamidine.54

Tuberculosis
Rates of tuberculosis (TB) are increasing in Europe,
the United States and developing countries. This
recent resurgence is in part, but not wholly, due to
the susceptibility of HIV-infected patients to TB infec-
tion. In Britain and the USA there are reports of
increasing rates among the homeless and in inner city
populations.

The onset is usually insidious with cough, hemop-
tysis, weight loss (or failure to gain weight) and night
sweats. Diagnosis may be delayed in pregnancy
because of inappropriate reluctance to carry out a
chest x-ray. Less commonly, urinary tract, abdominal,
lymph node or bone TB may present in pregnancy.

Tuberculosis is diagnosed by the typical appear-
ances on a chest x-ray and sputum examination for
acid-fast bacilli (Ziehl–Nielsen stain). Culture of the
organism, Mycobacterium tuberculosis (MBTB) takes

about 3 weeks, and if there is no sputum, washings
from bronchoscopy must be obtained.

There is little evidence to suggest that tuberculosis
has a detrimental effect on pregnancy or that preg-
nancy adversely affects disease progression and in
neither HIV-positive nor HIV-negative women is
recent pregnancy associated with an increased risk of
developing active TB.55

Management
The principles of management are similar in pregnant
and non-pregnant patients. The advice of a respiratory
physician or infectious diseases specialist should
always be sought. Active disease should be treated
with a prolonged supervised course of more than
one drug to which the organism is sensitive. Before
sensitivities are available most patients are given
triple/quadruple therapy with rifampicin, isoniazid
and pyrazinamide and/or ethambutol. Liver function
tests should be monitored regularly in patients taking
rifampicin and all patients taking isoniazid should
also be prescribed pyridoxine 10 mg/day to reduce
the risk of peripheral neuropathy. The above drugs
can all be safely given in pregnancy but streptomycin
has been associated with a high (> 10%) incidence
of eighth nerve damage56 and should be avoided
throughout pregnancy.

The risk of the neonate developing active tubercu-
losis is high and advice should be sought from the TB
specialist supervising the mother’s treatment as to the
use of antituberculous chemoprophylaxis and BCG
vaccination in the infant. HIV-negative infants born
to HIV-positive mothers are at great risk of TB and
should also routinely be given BCG.57 The amounts of
antituberculous drugs excreted in breast milk are not
sufficient to dissuade women from breast-feeding.

Sarcoid
Sarcoid is uncommon in pregnancy, perhaps affecting
0.05% of all pregnancies in the UK. There may be chest
symptoms, but the patient is often asymptomatic.
Extrapulmonary manifestations include erythema
nodosum (which may also occur as an isolated finding
in pregnancy without evidence of an underlying asso-
ciated cause), anterior uveitis, hypercalcemia, fever,
or central nervous system (CNS) involvement.

Sarcoidosis is a multisystem granulomatous disor-
der of unknown etiology. It has pathological similari-
ties to TB, but unlike tuberculosis, the granulomata
are non-caseating. The commonest feature on chest
x-ray is bilateral hilar lymphadenopathy but there
may be extensive pulmonary infiltration progressing
to fibrosis. Although there may be no obvious infiltra-
tion in the lung fields, the lung parenchyma is usually
involved and diagnosis can be made by trans-
bronchial biopsy. Serum levels of angiotensin con-
verting enzyme may be altered in normal pregnancy
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and cannot therefore be used to help diagnosis or
monitor disease activity as in the non-pregnant patient.

The course of sarcoidosis is largely unaffected by
pregnancy, although those with active disease may
have resolution of their x-ray changes during preg-
nancy,58 and there is a tendency for sarcoidosis to
relapse in the puerperium.59 Any improvement that is
seen antenatally may be due to the increased levels of
endogenous cortisol present in pregnancy.60

Management
Sarcoidosis often resolves spontaneously, but indica-
tions for steroid treatment include extrapulmonary,
especially CNS or eye disease, hypercalcemia or func-
tional respiratory impairment. The safety of steroids in
pregnancy has been discussed above, and they should
be continued or started in pregnancy if clinically indi-
cated. As with asthmatics on maintenance steroids,
labor and delivery should be covered with parenteral
hydrocortisone if women are taking more than 7.5 mg
daily of prednisolone. Women should be advised not to
take supplemental vitamin D, which may precipitate
hypercalcemia in patients with sarcoidosis.

Cystic fibrosis
Advances in the care of children with cystic fibrosis
(CF) have resulted in increasing numbers surviving into
adulthood. The median age at death for CF patients is
now over 30 years. This increase in longevity is due to
several factors including increased emphasis on chest
physiotherapy, early use of effective antipseudomonal
antibiotics, improved fat absorption and nutrition using
microsphere pancreatic enzyme supplements and the
centralization of expertise in CF centers.61

Males with CF are usually sterile, but female fertil-
ity, especially in the well nourished, is normal.
Women with CF who become pregnant are usually
older at the time of diagnosis of CF, which probably
reflects inherent differences in the severity of the dis-
ease itself. This may be due to different genetic errors
or altered gene penetrance.62 Pregnancy is well toler-
ated by many mothers with CF, but these women need
expert joint care in a specialist obstetric unit and CF
center.63 CF is a multisystem disease, and during preg-
nancy, the obstetrician must work with the multidis-
ciplinary team including physiotherapists, physicians
and dieticians with particular expertise in the care of
these patients.

Effect of pregnancy on CF
Most patients with CF die in early adult life, but with
a few exceptions (see below) pregnancy does not
increase this risk. Maternal mortality, although signifi-
cantly increased compared with normal women, is
not significantly greater than in non-pregnant age-
matched women with cystic fibrosis.62 But even if a

CF woman survives pregnancy, she may deteriorate
and die while the child is still young and it is impor-
tant that such issues are discussed with the woman
and her partner prior to pregnancy.

Factors adversely affecting maternal prognosis
include maternal pulmonary hypertension, cyanosis
and hypoxemia. Mortality is increased in women with
moderate to severe lung disease [forced expiratory
volume in 1 s (FEV1) less than 60% of predicted
normal values] at the onset of pregnancy,62,64 and
maternal survival is positively correlated with
prepregnancy FEV1%.64

Women with CF have difficulty gaining weight in
pregnancy. Even those without pancreatic insuffi-
ciency are often underweight at the onset of pregnancy.
The more underweight the mother prepregnancy, the
greater the risk of cesarean section, and weight gain
during pregnancy is positively correlated with prepreg-
nancy FEV1%. One year after delivery, however, there
is no overall weight change.64 Other problems encoun-
tered are deterioration in lung function with worsening
dyspnea, exercise tolerance and oxygen saturation,
pulmonary infective exacerbations and congestive
cardiac failure. There is usually a loss of lung function
during pregnancy, but this is regained following deliv-
ery. Edenborough and coworkers64 described the out-
come in lung function of 18 pregnancies in 17 women.
They found a mean loss of FEV1 of 13% and a loss of
forced vital capacity of 11% by the end of pregnancy,
but this was largely regained by 1 year postpartum. The
patients showed a large variability in the pattern of
lung function changes. The same authors found no
change in microbiological status, and none of their
women became colonized with Pseudomonas for the
first time in pregnancy.

Effect of CF on pregnancy outcome
The rate of spontaneous abortion is not increased in CF
pregnancies. Despite the frequent use of high doses
of antibiotics in these women, the rate of congenital
abnormalities in reported series is not increased.62,64

Factors predicting a poor obstetric outcome are the
same as those adversely affecting maternal outcome
and include pulmonary hypertension, cyanosis, arter-
ial hypoxemia (oxygen saturation < 90%), moderate to
severe lung disease (FEV1 < 60% predicted) and poor
maternal nutrition. Perinatal mortality in the study of
129 pregnancies in 100 women in the USA62 was
11.3% (all born to mothers with poor respiratory
status), but a smaller, more recent study from the UK64

of 22 pregnancies in 20 women had no perinatal losses.
This may reflect advances in care, but also selection of
lower-risk women with relatively preserved lung func-
tion. Those with very severe lung disease and deemed
to be at high risk may be advised against pregnancy or
are advised to have a termination of pregnancy.

The commonest complications during pregnancy
are prematurity and intrauterine growth retardation.
The preterm (< 37 weeks) delivery rate is increased in
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CF pregnancies (26.8% in the series of Cohen and
associates62 and 33.3% in that of Edenborough and col-
leagues64). All mothers with moderate to severe lung
disease in the study of Edenborough and coworkers64

delivered preterm infants (all by cesarean section). The
indication in all cases was deteriorating maternal pul-
monary function. Chronic hypoxia (oxygen saturation
< 90%) and cyanosis both increase the risk of small-
for-gestational-age infants. Birth weight is positively
correlated with prepregnancy lung function (probably
related to longer gestations).64 Women with preserved
pancreatic function have an improved pregnancy out-
come.65 Poor maternal weight gains are predictive of
both prematurity and stillbirth.62

Management
Prepregnancy counseling is desirable with determina-
tion of the carrier status of the partner. Since all women
with CF are homozygous, all offspring will be carriers
of the CF gene. The risk of a child being born with CF
is 2–2.5% if the carrier status of the father is unknown
(based on a carrier rate in the general UK population
of about 1 in 25), and 50% if the father is heterozygous
for the gene.

Pregnant women with CF should always be jointly
managed in a CF center and an obstetric unit with expe-
rience in the management of such women. Medical
management during pregnancy should include atten-
tion to adequate maternal nutrition, control of pul-
monary infection, avoidance of prolonged hypoxia
and regular assessment of fetal growth.

Over 90% of adult CF patients have pancreatic
insufficiency and require enzyme supplements. High-
calorie dietary supplements may be required in order
to maintain maternal weight, since patients with CF
(even without malabsorption) have high energy require-
ments, which will be further increased by pregnancy.
Of adults with CF, 20% have diabetes and a further
15% have impaired glucose tolerance (IGT). Insulin
requirements increase in pregnancy and those with
IGT will be at risk of gestational diabetes.

Strict adherence to chest physiotherapy regimens
must be encouraged. Some women decrease their
physiotherapy due to fears concerning the fetus.
These fears should be allayed. Most of the older, more
established antibiotics used to treat pulmonary infec-
tive exacerbations in CF have a good safety record in
pregnancy, and as stated above, the congenital abnor-
mality rate in CF pregnancies is not increased.
Appropriate caution is needed when considering the
use of new drugs for which there is little information
in pregnancy. The risks to the fetus from poor mater-
nal health probably outweigh the risks to the fetus
from transplacental passage of drugs.63 Some patients
may be taking prophylactic antibiotics either orally or
via a nebulizer. Except in the case of tetracycline,
which is contraindicated in pregnancy because of the
effects on fetal teeth and skeleton, these should
usually be continued throughout pregnancy. Infective

exacerbations should be aggressively treated and this
often requires admission to hospital and intravenous
penicillins and aminoglycosides or cephalosporins in
cases of resistant pseudomonas. Antibiotic therapy
must be dictated by the results of sputum cultures.
Caution is needed when using intravenous aminogly-
cosides, whether the patient is pregnant or not, and
regular monitoring of drug levels is required. Some
patients with CF respond to bronchodilators, and
women should be reassured that inhaled and nebu-
lized corticosteroids are safe in pregnancy.

Toward the middle and end of the third trimester,
women with CF may become increasingly breathless
often without any obvious infective exacerbation. If
there is resting hypoxia, and especially if oxygen satu-
ration is in the 80s or low 90s, admission for bed rest
and oxygen therapy is advised. In some women, symp-
tom deterioration warrants early delivery. Cesarean
section is only necessary for obstetric indications and
general anesthesia should be avoided if possible.
Instrumental delivery may be indicated to avoid a pro-
longed second stage. Patients with CF are particularly
prone to pneumothoraces, which may be precipitated
by prolonged attempts at pushing and repeated
Valsalva maneuvers in the second stage of labor.

In view of the risk of fetal growth retardation, the
mother should be scanned regularly throughout preg-
nancy. If the growth rate slows down, it may some-
times be improved by admission of the mother for bed
rest, nutritional supplements and oxygen.

In most cases, CF women deliver vaginally at
term.63 Breast feeding should usually be encouraged,
although the mother may continue to require nutri-
tional supplements in the puerperium especially if
she is breast feeding. Most of the drugs used will
be secreted into the breast milk, but this is rarely a
contraindication to breast feeding.

Severe restrictive lung disease
Patients with restrictive lung disease, due to, for
example, kyphoscoliosis, are less likely to deteriorate
in pregnancy than those with severe cardiac disease for
the reasons described above. It is difficult to predict
with any accuracy the minimum vital capacity com-
patible with successful pregnancy outcome in patients
with kyphoscoliosis and other causes of severe restric-
tive lung disease. Although figures such as 1 l66 or 50%
of predicted have been suggested, women with more
severe impairment have had successful pregnan-
cies.67,68 Polycythemia gives an indirect assessment of
the degree of hypoxia, and in itself is associated with
an increased risk of thrombosis due to hyperviscosity.

Women with severe kyphoscoliosis are often deliv-
ered prematurely due to deterioration in respiratory
function in the third trimester, and by cesarean section
because of associated abnormalities of the bony pelvis
and of abnormal presentations of the fetus.69 Each
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case must be assessed individually, but, whatever the
underlying cause of respiratory insufficiency, signifi-
cant hypercapnia or hypoxia, and pulmonary hyper-
tension and cor pulmonalae are associated with less
favorable pregnancy outcome.

Conclusions
Respiratory diseases are common in the population
generally and are thus common in pregnancy. They

can cause much maternal morbidity – most of it
preventable – even when the risk to the fetus is
extremely small. Whilst severe respiratory disease
may be apparent before pregnancy, and the woman
already under specialist care, other cases may come to
light for the first time during the antenatal period.
All those involved in the care of pregnant women
should have some knowledge of respiratory disease,
and, in particular, how to recognize present or future
problems and the need for specialist advice.
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195 Cardiac disease in pregnancy
D. J. Williams and M. de Swiet

Introduction
Cardiac disease is after psychiatric causes, the second
most common cause of maternal death in the UK.1

Furthermore, symptoms such as breathlessness and
signs such as an ejection systolic murmur reflect the
physiological changes of healthy pregnancy and are
present in up to 90% of the pregnant population.2

Distinguishing between benign physiological change
and significant pathology is an important part of good
maternal and perinatal practice. In the developed world
the pattern of maternal heart disease has changed radi-
cally over the last 50 years, but it has changed little in
the developing world. As a prelude to a discussion of
the assessment and management of heart disease during
pregnancy, we describe the physiological changes of
healthy pregnancy and how the pattern of heart disease
in pregnancy has changed over a single generation.

Cardiovascular changes during
healthy pregnancy

In normal pregnancy, cardiovascular changes are
recognized as early as 5 weeks after the last menstrual
period, i.e. 3 weeks after conception3 (Table 195.1). At
this time an increase in heart rate and ventricular
function combine with a fall in total peripheral
vascular resistance to significantly increase maternal
cardiac output.3,4 This trend persists until 24 weeks’
gestation by which time cardiac output has increased
by approximately 45%, from 4.8 to 7.2 l/min.3 In the
third trimester, cardiac output falls when the gravid
uterus compresses the inferior vena cava.6 Whether
or not this fall is evident when measured in the left
lateral position remains controversial.3,7 During labor,
cardiac output increases from a basal mean of 7.9 to

Variable Non-pregnant Pregnant Change (%)

Aortic area (cm2) 3.66 4.16 +13
Cardiac output (l/min) 4.9 7.2 +47
Heart rate (beats/min) 75 88 +17
Stroke volume (cm3) 66 87 +32
Systolic blood pressure (mmHg) 115 111 –3
Diastolic blood pressure (mmHg) 72 55 –24
Peripheral vascular resistance (dynes/s/cm5) 1326 875 –34
Pulmonary vascular resistance (arbitrary units) 2.85 2.17 –24
Blood volume (ml) 2600 3850 +48
Red cell mass (ml) 1400 1652 +18
Hemoglobin concentration (g/dl) 12.0 10.4 –15
LV end systolic diameter (cm) 2.90 3.04 +5
LV end diastolic diameter (cm) 4.49 4.79 +7
LA diameter (cm) 3.12 3.63 +16
LV wall thickness (cm) 1.48 1.89 +28
Left ventricular mass (g) 120 183 +53
Peak LV cavity dD/dt* (cm/s)

Systolic 7.8 10.7 +27
Diastolic 12.2 17.7 +45

Ejection fraction (%) 72.4 77.3 +7

Values for pregnancy are those at rest giving the maximum change from the non-pregnant state before labor, irrespective of gestational age; LV,
left ventricle; LA, left atrium

*dD/dt is the rate of change of diameter

Table 195.1 Change in cardiovascular variables in pregnancy3–5
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10.6 l/min during contractions,8 returning to prelabor
levels within 24 h. Within 2 weeks of delivery cardiac
output almost returns to prepregnancy levels.9

Total extracellular fluid volume increases by 6–8 l,
with a relatively greater increase in intravascular
compared with interstitial fluid volume.5 However,
arterial and venous dilatation in the first and second
trimesters creates a relatively underfilled state associ-
ated with a fall in blood pressure.10,11 By 32 weeks’
gestation, plasma volume has increased to a maximum
of 40% above prepregnancy levels (approximately
1.2L).12 Although the mechanism of vasodilatation in
healthy pregnancy has not been fully elucidated,
there is accumulating evidence that increased activity
of nitric oxide synthase has an important role.13,14

Increased erythropoietin levels stimulate red cell
production from early pregnancy,15 but as the rise in
plasma volume is relatively greater than the increase
in red cell mass, there is an apparent anemia. Never-
theless, the hemoglobin concentration should not
normally fall below 10 g/dl.16 Plasma colloid oncotic
pressure (COP) falls by about 15% in normal preg-
nancy secondary to a fall in plasma albumin concen-
tration. Edema is usually prevented by a similar fall in
interstitial COP.17

In anticipation of hemorrhage at childbirth, normal
pregnancy is characterized by low-grade chronic
intravascular coagulation within both the maternal
and uteroplacental circulation.18 There is evidence for
increased levels of clotting factors, especially fibrino-
gen19 and depression of fibrinolysis.20

Maternal mortality from heart disease
The best data regarding maternal mortality from heart
disease in pregnancy come from the Confidential
Enquiries into Maternal Deaths in the UK.1 In the
9-year period following the beginning of the
Confidential Enquiries, from 1952 to 1960, heart dis-
ease caused about one-quarter of all indirect (i.e. not
‘direct’ obstetric) maternal deaths. This amounted to
42 maternal deaths from heart disease per million
maternities. During this period the picture was domi-
nated by rheumatic heart disease, predominantly
mitral stenosis, which caused 239 of the 277 cardiac
deaths (Figure 195.1 and Table 195.2). There were also
12 deaths from endocarditis, 13 deaths from coronary
artery disease and 13 deaths from other causes. This
is probably a similar pattern to that seen at present in
developing countries, though in Africa a considerable
number of women die from dilated cardiomyopathy
(not puerperal cardiomyopathy) associated with its
high local prevalence, even in the non-pregnant
population.

In the 12 years from 1991–2002, the death rate from
heart disease represents about one-third of all indirect
maternal deaths, but now this equates to 18 deaths
per million maternities.1 Furthermore, the pattern

of death from heart disease in the UK is completely
different from 1952 to 1960 (Figure 195.1). Between
1991–2002, there were 117 deaths from acquired heart
disease (Table 195.3) and 38 deaths from congenital
heart disease (Table 195.4). The majority of the 117
deaths from acquired heart disease were either
ischemic (27) or due to rupture of aneurysm of the
thoracic aorta or its branches (28). The women who
died from ischemic heart disease were in general older
than other women during pregnancy. It is not clear
whether these data demonstrate an increased risk of
dying from ischemic heart disease in pregnancy or
merely reflect the older age at which women now
become pregnant and the higher prevalence of smok-
ers in this age group. Those dying from congenital
heart disease included 22 with pulmonary vascular
disease, who had either primary pulmonary hyperten-
sion or Eisenmenger’s syndrome. Nearly all health-
care workers, with the exception of cardiologists,
seem to be unaware of the seriousness of pulmonary
hypertension in pregnancy.

Between 1991–2002, there were 28 deaths from dis-
secting aneurysm, a persistent observation in repeated
maternal mortality reports, possibly related to
increased shear stresses and thinner vessel walls in
pregnancy. Indeed, rupture of other blood vessels in

Disease Deaths

Mitral valve disease (predominantly mitral stenosis) 96
Mitral and aortic valve disease 6
Mitral and tricuspid valve disease 1
Aortic valve disease 5

Total 108

Table 195.2 Deaths from rheumatic heart disease,
1952–1954

Figure 195.1 A comparison of the causes of death due to heart
disease in pregnancy between 1952–1960 (shaded bars) and
1991–2002 (clear bars).1
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the brain or abdomen (splenic artery aneurysm, renal
artery aneurysm) are more common in pregnancy.
Again, an aging reproductive population may be part
of the explanation, though women who died from
aneurysm were not as old as those who died from
ischemic heart disease.

With regard to the standard of care provided, deaths
from ischemic heart disease (I.H.D.) were usually
sudden and probably little more could have been
done to prevent them. However, they all had risk fac-
tors, such as smoking and a family history of I.H.D.
Patients with aneurysms had often been ill for several
days before they finally died and usually the condi-
tion had not been considered a possibility.

Cardiovascular examination
in pregnancy
History
As in all medical specialties, the history is of para-
mount importance in the assessment of patients with
heart disease. In developed countries, women have
frequent medical examinations throughout their lives
and cardiac lesions are usually identified long before
they attend an antenatal clinic. The family history is

important for conditions such as hypertrophic cardio-
myopathy and congenital heart disease.

The most frequent symptom of cardiac disease in
pregnancy is dyspnea. However, this is difficult to
assess as it is a variable feature of healthy pregnancy.21

Furthermore, syncope is also common in normal preg-
nancy, but can be a symptom of severe aortic stenosis,
hypertrophic cardiomyopathy (HCM), Fallot’s tetralogy,
Eisenmenger’s syndrome or dysrrhythmias. Palpita-
tions are often a symptom of dysrrhythmias. Chest
pain is usually a symptom of ischemic heart disease,
but is also associated with HCM or severe aortic
stenosis. However, attempts to predict the outcome of
heart disease in pregnancy by assessing the severity of
symptoms in the first trimester have proved unreli-
able.22 A precise anatomical diagnosis and knowledge
of the outcome from previous pregnancies is more
useful.2

Physical signs
The hyperdynamic circulation of pregnancy causes
alterations in the cardiovascular system that mimic
heart disease. The peripheral pulses are full, bounding
and often collapsing suggesting aortic regurgitation
to the untutored. Premature atrial and ventricular
ectopic beats are common in normal pregnancy.23

From midgestation onward, the jugular venous pres-
sure becomes more obvious and may be raised due
to increased intrathoracic pressure secondary to
increased intra-abdominal pressure.24 The apex beat
is more forceful and because of the increase in cardiac
output may suggest cardiomegaly in normal patients.
However, if the apex beat is more than 2 cm outside
the midclavicular line, this should be considered
abnormal.2 On auscultation, the first heart sound is
loud and a third heart sound is audible in most preg-
nant women, reflecting rapid ventricular filling.25

Rarely, during the last trimester, increased mammary
blood flow can produce a bruit that varies with the
pressure of the stethoscope.2

Investigations

Chest x-ray
The gestational increase in cardiac output and pulmo-
nary blood flow causes an increase in cardiothoracic
ratio and pulmonary vascular markings. A chest x-ray
is indicated in a pregnant woman who has new onset
of dyspnea. If the fetus is properly screened from
x-rays the dose of radiation is less than 10 days of
background radiation.

Electrocardiogram (ECG)
The heart rate increases gradually throughout normal
pregnancy to reach a mean of 88 beats/min in the
third trimester.3 As the diaphragm becomes elevated,
the heart gradually changes position and the QRS axis

2078 Cardiac disease in pregnancy

Disease Deaths

Primary pulmonary hypertension 8
Eisenmenger’s syndrome 3
Atrial septal defect 4
Ventricular septal defect 4
Hypertrophic cardiomyopathy 2
Aortic valve disease 2
Mitral valve disease 1
Complex congenital cardiac lesion 3

Total 27

Table 195.4 Deaths from congenital heart disease in
pregnancy, 1985–1993

Disease Deaths

Cardiomyopathy and myocarditis 34
Aneurysm of thoracic aorta and its branches 28
Myocardial infarction 27
Pulmonary hypertension 22
Subacute bacterial endocarditis and valve disease 12
Other congenital heart disease 9
Other acquired heart disease 8
Sudden adult death syndrome 6
Myocardial fibrosis 4

Total 150

Table 195.3 Deaths from heart disease in pregnancy,
1991–2002
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moves to the left.26 Q waves and inverted T waves are
frequently seen in lead III and aVR.

Echocardiography
Echocardiography is a safe and accurate method of
discriminating significant heart disease from the
physiological changes of healthy pregnancy. It is
particularly useful when serially monitoring known
valvular and myocardial lesions throughout pregnancy.
A degree of regurgitant flow across the tricuspid, mitral
and pulmonary valves was found in 41–90% of appar-
ently normal pregnant women, depending on the valve
and the stage of gestation.27 Certain heart lesions are
more accurately identified by transesophageal echo-
cardiography. This involves passing a transducer
mounted on the end of a flexible endoscope into the
esophagus. Bacterial vegetations, intracavity thrombi
and prosthetic valve dysfunction are all more accurately
identified with transesophageal echocardiography.2

Furthermore, non-invasive Doppler echocardiography
can be used as effectively as Swan–Ganz catheteriza-
tion for hemodynamic monitoring of the critically ill
pregnant patient.28

Stress testing
The exercise ECG of healthy pregnant women reveals a
shorter time to onset of maximum ST depression com-
pared with non-pregnant women, but no difference in
the time to resolve these changes.29 In the absence of
symptoms of ischemic heart disease these changes
should be considered normal.29 However, exercise test-
ing prior to pregnancy, while monitoring the ECG and
blood pressure, is useful for assessing cardiac reserve
in women with ischemic heart disease, aortic stenosis
or impaired ventricular function.24

Specific conditions occurring
during pregnancy
Rheumatic heart disease
Although the incidence of rheumatic heart disease
has fallen dramatically in the developed world, it
used to be, and still is in the developing world, the
most common cardiac cause of death during preg-
nancy. Acute rheumatic fever, following infection
with a group A β-hemolytic streptococcus, is rare
during pregnancy, even in developing countries.30

However, the consequences of the acute disease,
resulting in damage to heart valves, have major impli-
cations for the pregnant patient.

Mitral stenosis causes far more death and morbid-
ity during pregnancy than any other rheumatic valve
lesion (Table 195.2). Breathlessness is the most com-
mon presenting symptom of mitral stenosis, which
becomes worse during pregnancy because affected
women are unable to increase their cardiac output by
the same degree as normal pregnant women.31 This is

due to the gestational increase in heart rate, which
reduces diastolic filling time through the stenotic
mitral valve. The consequent rise in left atrial pres-
sure, and gestational increase in pulmonary blood
volume, makes these women particularly vulnerable
to pulmonary edema in the third trimester.2

Furthermore, contraction of the uterus and relief of
inferior vena cava compression immediately after
delivery causes an increase in intravascular volume
and a sharp rise in left atrial pressure, which can also
result in acute pulmonary edema.32,33 Conversely,
peripartum hemorrhage can offset the increase in
intravascular blood volume.7 Patients who enter labor
with a pulmonary artery wedge pressure of less than
14 mmHg are unlikely to develop pulmonary edema.32

The management of severe mitral stenosis should
be aimed at improving left ventricular diastolic filling
by slowing down the heart rate with β-blockers.34 The
dose should be titrated according to the patient’s
symptoms and heart rate.30 Diuretics are necessary for
the treatment of pulmonary edema and cardioversion
may be needed to treat atrial fibrillation (see later).
Pregnant women with mitral stenosis and atrial fibril-
lation should be anticoagulated with low molecular
weight heparin e.g. dalteparin 5000 units daily (the
risk of thromboembolism is not as high as with
mechanical heart valves).30 If the clinical condition
deteriorates despite medical treatment, then balloon
or surgical valvotomy during pregnancy gives good
results.35

The cardiovascular adaptations to pregnancy allow
women with mitral regurgitation to tolerate preg-
nancy well. Systemic vasodilatation off-loads the left
ventricle and stretching of the left atrial wall keeps
left atrial pressure down.30 However, infective endo-
carditis remains a concern, so antibiotic prophylaxis
is required for a complicated or surgical delivery.

Rheumatic aortic stenosis is less common in
women than in men and is usually associated with
mitral valve stenosis. Although the symptoms of
coexistent mitral stenosis dominate, patients can pre-
sent with chest pain, syncope or even sudden death.
The severity of aortic stenosis can be estimated by cal-
culating the pressure gradient across the valve with
echocardiography. However, this gradient can be over-
estimated in pregnancy due to increased flow across
the valve, while a fall in stroke volume, in patients
with severe aortic stenosis, causes a reduction in gra-
dient.30 Medical treatment is aimed at improving
function with coexistent mitral stenosis, but if the
clinical condition deteriorates, then the fused com-
missures of the rheumatic aortic valve can be divided
by balloon valvotomy, until valve replacement
becomes necessary.30 Epidural anesthesia causes
peripheral vasodilatation and further increases the
valvular gradient. Care should therefore be taken to
avoid hypotension, while in those with a large pre-
existing aortic valve gradient, epidural anesthesia
should be avoided.
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The gestational fall in peripheral vascular resistance
improves cardiac output through a regurgitant aortic
valve. Hence, aortic regurgitation is usually well toler-
ated during pregnancy, although pulmonary edema
can occur with poor left ventricular function.2

Rheumatic tricuspid valve disease almost always
coexists with mitral valve disease and the latter domi-
nates the clinical picture.36 Tricuspid regurgitation is
more common than stenosis, but in healthy pregnancy
there is also a functional regurgitation through the tri-
cuspid valve.37 Patients with tricuspid regurgitation
have a raised right atrial pressure with ‘v’ waves in
the jugular vein that become more obvious during
pregnancy. Right heart failure presents with systemic
edema and may require treatment with diuretics.
Tricuspid stenosis in the presence of sinus rhythm is
associated with an ‘a’ wave in the venous pulse and
right atrial hypertrophy on an ECG. Echocardiography
can recognize a rheumatic tricuspid valve, which if
unsatisfactorily treated with diuretics requires defini-
tive treatment with valvotomy.

Infective endocarditis
Infective endocarditis is a microbiological inflamma-
tion of the endothelial lining of the heart chambers,
heart valves or great vessels.38 It is characterized by
fever, positive blood cultures, vegetations on heart
valves or congenital defects, embolism and immuno-
logical phenomena.39 Almost all patients with endo-
carditis have a heart murmur. However, increased
blood flow during normal pregnancy intensifies mur-
murs from preexisting heart lesions and makes changes
in auscultatory findings more difficult to interpret. The
decline of rheumatic fever in the developed world has
led to a reduction in the prevalence of abnormal heart
valves and, consequently, a reduction in the incidence
of infective endocarditis. Furthermore, puerperal
sepsis related to criminal abortion remains a source
of endocarditis only in the developing world.39

A group from Duke University have modified the cri-
teria for a diagnosis of infective endocarditis to include
echocardiographic evidence of a vegetation as well as
fever and positive blood cultures with an organism that
typically causes infective endocarditis.40 Particularly
virulent organisms, such as Staphylococcus aureus, can
damage normal valves, but more usually, vegetations
form at the site of known heart defects where there is
damaged endothelium. The range of pathogenic
organisms is similar to that of the non-pregnant state,
although the urogenital tract is a source of ente-
rococcal endocarditis following obstetric surgical
intervention.41 Previous antibiotics may suppress fever
and cause negative blood cultures. Transesophageal
echocardiography provides a better view of a vegetation
or paravalvular abscess than transthoracic echocardio-
graphy. Once a clinical diagnosis has been made,
three sets of blood cultures must be sent and then
antibiotics initiated immediately. The most serious
complications of infective endocarditis include valve

destruction, embolism and immunological phenom-
ena including a crescentic glomerulonephritis. As in
the non-pregnant state, surgery is indicated for heart
failure secondary to valve destruction.

In one series, there were no cases of infective endo-
carditis following a normal delivery in over 2000 car-
diac patients.42 Furthermore, although endocarditis
was present in over 10% of cardiac deaths between
1985 and 1993,1 very rarely was it acquired at the time
of delivery. British microbiological43 and cardiologi-
cal44 working parties have therefore been persuaded
that, except for women with a history of previous
infective endocarditis or prosthetic heart valves, this
relatively high incidence of endocarditis is not a justi-
fication for routine antibiotic prophylaxis at the time of
normal delivery. However, the Confidential Enquiry
into maternal deaths during 2000–2002 included two
women who died from bacterial endocarditis (one on
a ventricular septal defect after a normal delivery), out
of 44 deaths from cardiac disease.1 This demonstrates
that endocarditis can occur on heart lesions following
normal delivery with catastrophic results. Since it is
difficult to predict if a delivery will remain ‘uncom-
plicated’, it is the authors’ personal recommendation
to give antibiotic prophylaxis to all women with struc-
tural heart lesions at the time of normal delivery. We
recommend a similar strategy to the UK recommen-
dation for cardiac patients having an operative deliv-
ery.43 This is to give 1 g amoxycillin intramuscularly
and 120 mg of gentamicin intravenously at the time of
induction of anesthesia (or onset of labor), and then
500 mg amoxycillin orally (we prefer intravenously)
6 h later (or every 6 h while the patient is still in labor).
Drugs are variably absorbed during labor; therefore, we
do not give 3 g oral amoxycillin to cover an anticipated
normal delivery. Alternatives to amoxycillin include
either vancomycin 1 g intravenously over 1 h or
teicoplanin 400 mg intravenously.

Artificial heart valves and anticoagulation
Artificial heart valves are either mechanical or biopros-
thetic (made of animal tissue). Women with diseased
heart valves who are contemplating pregnancy should
be advised to have children early, before a prosthetic
valve becomes necessary.45 When there is no alterna-
tive to heart valve replacement in a young woman, the
risks of anticoagulation for a mechanical valve need to
be weighed against the accelerated deterioration of a
bioprosthetic valve during pregnancy.46–48

Warfarin crosses the placenta into the fetal circula-
tion where it is a more potent anticoagulant. This is
due to reduced production of vitamin K-dependent
clotting factors by the fetal liver, rendering it at greater
risk of hemorrhage throughout pregnancy and for up
to 2 weeks after the mother stops warfarin.45 The
quoted risk of fetal embryopathy (chondrodysplasia
punctata) from taking warfarin in the first trimester
is 6%,51 but this ignores the fact that warfarin-induced
fetal embryopathy is dose-dependent.45 In women

2080 Cardiac disease in pregnancy
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taking less than 5mg/day the risk of embryopathy is
likely to be even less.49

Low molecular weight heparin does not cross the
placenta, but it is less effective in preventing pros-
thetic valve thrombosis than warfarin.47,48,50 Further-
more, heparin has a similar miscarriage rate to
warfarin,51 but otherwise has few maternal side
effects.52 There are small case-series of low molecular
weight heparin successfully preventing mechanical
valve thrombosis during pregnancy, but this mode of
anti-coagulation to prevent valve thrombosis has yet
to be evaluated.53

There is no optimal strategy for anticoagulation of
women with metal heart valves during pregnancy.
The author (D.W.) favours switching to LMW heparin
at therapeutic doses aiming for a 3–4 hr. post dose anti
Xa level of > 1.0 u/mL and a trough level of at least
0.5 u/mL. It might be possible to reduce the rate of
valve thrombosis (currently estimated at approx. 10%
on LMW heparin), by using higher doses, but this
remains speculative. Low dose aspirin (75–150 mg)
density is a safe and possibly effective adjunct to low
molecular weight heparin in women with mechanical
heart valves or an otherwise increased risk of intra
cardiac thrombosis.52

Anticoagulation at the time of delivery is particu-
larly difficult. Converting to i.v. infractionated
heparin peripartum is very difficult to manage, due to
variability in the APTT at term. Timing the dose of
LMW heparin to minimise haemorrhage and restart-
ing 4–6 hours post-partum may minimise the risk of
valve thrombosis. Delaying reintroduction of warfarin
for 3–5 days will reduce the risk of secondary post-
partum haemorrhage.

A woman presenting with thrombosis of a heart
valve will become acutely breathless. Sudden death is
unusual, as the valves usually stick half open. This
results in muffling of the prosthetic heart clicks and
stenotic and regurgitant murmurs of the obstructed
valve.45 Echocardiography will confirm the diagnosis.
Thrombolysis is the treatment of choice for thrombo-
sis of right-sided heart valves,45 but has also been
successful for thrombosis of left-sided prosthetic
heart valves.54 However, emergency heart valve
replacement is usually necessary.

The hemodynamic stress of pregnancy leads to
accelerated damage of bioprosthetic valves, with all the
attendant risks of subsequent valve replacement.47,48,55

Consequently, these women should have serial echo-
cardiography throughout pregnancy to assess valve
integrity.45

Warfarin does not pass into breast milk, so is safe
for the breast-fed infant.

Myocardial infarction
Coronary artery disease is an unusual occurrence in
young women, but the incidence is increasing.1 The
reasons include more smokers, especially among
young professional women, more obesity, more drug

abuse, particularly with cocaine, and delay of preg-
nancy until a later age. Other rarer causes include
vasculitis and congenital coronary anomalies.

Although early atheromatous disease of the coronary
arteries is probably under-reported, myocardial infarc-
tion in pregnancy is often caused by coronary artery
dissection.56 Women therefore present suddenly,
without prodromal angina and usually in the third
trimester or postpartum.57,58 The dissection usually
begins within 2 cm of the ostium of the left anterior
descending artery, causing an infarct of the anterior
wall of the left ventricle.59 The preponderance of arte-
rial dissections associated with pregnancy may be
related to increased hemodynamic shear stress on
thin and dilated vessels.

Myocardial infarction is diagnosed in the usual
way by noting typical ECG changes and enzyme rises.
The MB isoenzyme of creatinine phosphokinase is
released from the myometrium postpartum; therefore,
cardiac troponin must be measured peripartum, to
diagnose a myocardial infarction.60 If possible, imme-
diate coronary angiography is indicated to discover
the cause of the infarct.59 If an intracoronary artery
thrombosis is identified, it can be lysed with a local
injection of streptokinase, remembering that there is a
risk of bleeding from the genital tract, if delivery has
just occurred or is imminent. However, the first
choice for treatment of acute coronary syndrome in
pregnancy is percutaneous catheter intervention.
Women with coronary artery dissection have survived
thrombolysis with normal ejection fractions.61 Major
dissections threatening a large territory of anterior
wall are best repaired with urgent coronary artery
bypass grafting, preferably after delivery of a viable
fetus.59 However, both balloon angioplasty and coro-
nary artery bypass grafting have been performed suc-
cessfully during pregnancy.59,62

The size of the infarct can be reduced by β-blockers
given as soon as possible after the diagnosis.59 Although
angiotensin converting enzyme inhibitors cause oligo-
hydramnios and reduce renal blood flow in the fetus,
the benefits to a mother, who has had a large infarct,
probably outweigh the risks to the fetus. Cesarean sec-
tion creates less physical demand on the impaired left
ventricle and is therefore preferable to vaginal delivery.
Epidural anesthesia is acceptable, especially in women
who have had a small infarct, but some believe a general
anesthetic causes less hemodynamic stress and is there-
fore preferable for patients with poor ventricular func-
tion.59 Oxytocic drugs constrict coronary arteries as well
as the uterus and should be avoided. Ergotamine, used
to prevent postpartum hemorrhage, can also provoke
coronary artery spasm and has caused fatal myocardial
infarction in a previously healthy woman.59

Arrhythmias
As ischemic heart disease is rare in women of child-
bearing years, its clinical sequelae such as angina,
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heart failure and arrhythmias are also unusual. How-
ever, women with non-ischemic disease of cardiac
conducting tissue, such as Wolff–Parkinson–White
syndrome, have supraventricular tachycardias more
frequently during pregnancy.63 The precise reason for
this observation must in some way relate to the cardio-
vascular and hormonal changes of healthy pregnancy.64

In general, antiarrhythmic drugs are safe in preg-
nancy and should be prescribed according to clinical
need.64 Most experience has been gained with digoxin,
quinidine and β-adrenergic blocking drugs. Digoxin
crosses the placenta to give similar drug levels in
the fetus as in the mother,65 hence its use as a first-
line treatment of fetal supraventricular arrhythmias
in utero.66 Quinidine, procainamide and lignocaine are
all well tolerated and relatively safe in pregnancy.64

Similarly, β-blockers are also well tolerated, especially
in later pregnancy, but atenolol can cause intrauterine
growth retardation when taken during the first half of
pregnancy.64,67 Amiodarone can cause fetal thyroid dys-
function68 and should be reserved for life-threatening
arrhythmias.64 Verapamil has been widely used for the
treatment of maternal supraventricular arrhythmias,
but adenosine is now gaining favor, especially in the
second and third trimesters.69

Supraventricular arrhythmias
Almost all narrow complex tachycardias have a
supraventricular origin. Chronic atrial fibrillation in
women of childbearing age is usually associated with
rheumatic mitral valve disease.70 Under these circum-
stances, anticoagulation throughout pregnancy is
essential, due to the increased risk of cardiac throm-
bus and embolization.71 Fast atrial fibrillation can be
treated with digoxin or combined with β-blockers if
necessary.72

Atrial fibrillation in the absence of structural heart
disease may be secondary to cardiomyopathy (partic-
ularly puerperal cardiomyopathy), thyroid disease,
excessive alcohol, infection or sick sinus syndrome,
but usually no cause is found.73 In the presence of risk
factors, anticoagulation is necessary and the choice
between warfarin and low molecular weight heparin
depends on the type of underlying heart disease (see
sections on artificial valves and rheumatic fever).

The treatment of atrial fibrillation depends on
the underlying cause, precipitating factors and dura-
tion of the episode. Direct current cardioversion is
safe in pregnancy,74 but there are only anecdotal data
on the outcome of chemical cardioversion in preg-
nancy. Women who have had atrial fibrillation for
longer than 2 days should be anticoagulated for
3 weeks prior to cardioversion. However, it may be
possible to reduce this time and thereby improve the
likelihood of successful cardioversion, by excluding
atrial thrombi with transesophageal echo.75 If no
thrombus is detected, then patients can be fully anti-
coagulated at the time of cardioversion and for

4 weeks postcardioversion.75 Type 1c antiarrhythmic
drugs, such as flecanide, are most effective at main-
taining sinus rhythm after cardioversion and treating
paroxysmal atrial fibrillation. Flecanide is probably
safe in pregnancy, as it is given to the mother for the
treatment of fetal supraventricular tachycardia.76

However, in the absence of controlled trials in preg-
nancy, β-blockers remain a sensible first choice, espe-
cially in relation to thyrotoxicosis, for the treatment of
maternal paroxysmal atrial fibrillation.73 Quinidine is
useful and safe in pregnancy if a β-blocker fails.
Digoxin is of no benefit in preventing paroxysms of
atrial fibrillation.77

Ventricular tachycardia
It is important to make the diagnosis of a broad com-
plex tachycardia, not only to avoid inappropriate
treatment (that can be fatal in the case of verapamil
given to a patient with ventricular tachycardia), but
also to provide an accurate prognosis and plan for
follow-up. Broad complex tachycardias can be either
ventricular or supraventricular associated with bundle
branch block or pre-excitation.78 A wide complex
tachycardia with atrioventricular dissociation is
almost diagnostic of ventricular tachycardia.78 The
presence of fusion and capture beats and concordance
of the QRS complex across the chest leads confirm
the diagnosis. However, when the hemodynamic situ-
ation is stable, further clarification can be gained
using echocardiography to identify dissociated atrial
activity. If diagnostic difficulty persists, then atri-
oventricular block with either vagal stimulation or
intravenous adenosine can terminate supraventricular
tachycardia and a.v. nodal re-entry tachycardias.79 In
the same way, retrograde ventriculo- atrial conduction
can be blocked to reveal the characteristic features of
an underlying ventricular tachycardia.78

There is an increased awareness of ventricular
arrhythmias in pregnancy.64 If paroxysmal ventricular
tachycardia is well tolerated, there is a place for con-
servative management.80 The first-line treatment for
idiopathic ventricular tachycardia during pregnancy
should be β-blockade with metoprolol or failing that,
sotalol.64,81 Electrophysiological testing is usually not
required for the treatment of most tachyarrhythmias
and because of the high dose of radiation82 associated
with invasive electrophysiology, it has a limited role
during pregnancy.

Bradyarrhythmias
Bradycardias are unusual in pregnancy. They may
be secondary to vasovagal episodes, iatrogenic
(b-blockade), or more rarely, sick sinus syndrome or
complete heart block.73 Congenital complete heart
block can present for the first time during pregnancy
with syncope. This is particularly true during the
second stage of labor when the Valsalva maneuver
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can lead to further slowing of the heart rate.83 It is
therefore recommended that even asymptomatic
women with complete heart block should have labor
covered with a temporary pacing wire.83 Physiological
permanent pacemakers adapt to the physiological
increase in heart rate during pregnancy. Women with
fixed rate pacemakers also do well, presumably by
increasing their stroke volume, but if symptoms related
to an inappropriate bradycardia develop, then the
pacemaker can be set at a faster rate.2

Cardiac arrest in pregnancy
In late pregnancy, resuscitation in the supine position
may fail as venous return and cardiac output are com-
promised by aortocaval compression by the fetus.5

Turning the patient to relieve the compression can
overcome this problem.84 If necessary, cardioversion
can be used without apparent harm to the fetus.74 If
resuscitation is failing, emergency cesarean section in
the accident and emergency department may help
maternal cardiac output. If resuscitation has failed,
but the fetus is still viable, an emergency cesarean
section should be carried out within 15 min.85

Pericardial disease
Three main syndromes affect the pericardium: acute
pericarditis, pericardial tamponade and constrictive
pericarditis. Acute pericarditis is most commonly
‘idiopathic’ or related to a viral infection.86 Rarer
causes include tuberculosis, pyogenic infection,
autoimmune disease, postinfarction, irradiation, neo-
plasia and trauma.86 Chest pain and fever are the most
common symptoms. Pericardial pain can be differen-
tiated from the pain of myocardial ischemia by its
accentuation on inspiration and movement of the
thorax. There is a pericardial rub on auscultation
and widespread, concave ST elevation on the ECG.
Admission to hospital allows time to investigate an
underlying etiology. Symptomatic relief with salicylates
or non-steroidal anti-inflammatory drugs is acceptable,
except close to term, when there is a risk of narrowing
of the patent ductus arteriosus. Acute pericarditis
may cause a pericardial effusion, which can be iden-
tified by echocardiography. If the effusion becomes
too large, tamponade will develop, impeding ventric-
ular filling and reducing cardiac output. This can
present during pregnancy and is life-threatening
unless aspiration or pericardiotomy is performed
urgently.87 Pregnant women with constrictive peri-
carditis are unable to accommodate the gestational
increase in blood volume and may therefore present
for the first time during pregnancy.88 The ventricles
cannot distend during diastole; therefore, the stroke
volume is reduced and there is a compensatory tachy-
cardia. Symptoms resemble those of right-sided cardiac

failure, but with a normal-sized heart. There is an
elevated venous pressure, systemic edema, which
often includes hepatomegaly and ascites. Pulmonary
edema is not a problem. There is frequently pericardial
calcification on a chest x-ray, which together with a
normal-sized heart and typical echocardiographic
features, allows differentiation from a cardiomyopa-
thy.86 Without pericardectomy, maternal cardiovas-
cular adaptation cannot take place and fetal outcome
is compromised.88

Cardiomyopathies
Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is characterized
by hypertrophy of the undilated left ventricle in the
absence of an abnormal hemodynamic load, but in the
presence of disorganized cardiac muscle.89,90 It is an
autosomal dominant condition with variable pene-
trance.91 It can present as a chance finding, following
investigations for an asymptomatic murmur, or as
sudden death.92 Other symptoms include syncope,
palpitations, exertional chest pain and dyspnea.

On examination, there is a typical late systolic
murmur, accentuated by standing and attenuated by
squatting. Investigations include echocardiography,
which will identify symmetrical or asymmetrical
thickening of the left ventricular wall. An ECG will
typically reveal left atrial P waves and left ventricular
hypertrophy with strain. Once diagnosed, a 24-h ECG
will identify arrhythmias and an exercise test will
assess tolerance and changes in blood pressure. A
failure of the blood pressure to rise may suggest an
inability to increase stroke volume and an increased
risk of syncope.

Asymptomatic pregnant women with HCM do
well.93 Although there are reports of women dying in
pregnancy, sudden death in pregnancy is unusual.94 It
appears that the overall risk of sudden death from HCM
is not increased by pregnancy.90 However, a family
history of sudden death or episodes of syncope or
near syncope are poor prognostic signs. If there are
symptoms of syncope then it must be deduced
whether this is secondary to arrhythmias or hemody-
namic instability. Short bursts of ventricular tachycar-
dia can be treated with amiodarone, but there has
been no controlled trial to test whether amiodarone
is effective in preventing sudden death.90 Indeed,
asymptomatic bursts of ventricular tachycardia on
ECG ambulatory monitoring are no longer thought to
be a poor prognostic feature.95 Similarly, the degree of
outflow tract obstruction does not predict a poor out-
come.96 Arrhythmias should be treated appropriately,
bearing in mind that the hypotensive action of vera-
pamil may aggravate syncope in patients with HCM.90

Symptoms of palpitations or chest pain might be
improved with β-blockers, such as propranolol, as the
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bradycardia will improve coronary artery filling and
left atrial emptying.90

Normal vaginal delivery is safe, but should take
place in hospital with continuous ECG monitoring.
Blood volume must be maintained throughout deliv-
ery, as a reduction in venous return will aggravate the
gradient across the outflow obstruction. Therefore,
peripartum blood loss must be replaced promptly and
filling pressure kept up, if an epidural anesthesia is
used. For similar reasons induction of labor with
prostaglandins is best avoided.90

Peripartum cardiomyopathy
In the UK the incidence of peripartum cardiomyopathy
is less than 1 in 5000.2 There is no predisposing cause
of the heart failure that develops peripartum (within 1
month of delivery and up to 6 months postpartum).97

However, women with multiple pregnancies and gesta-
tional hypertension are more likely to develop peripar-
tum cardiomyopathy.98 Cases range from mild left
ventricular dysfunction to sudden onset of gross heart
failure and death within days of delivery. Symptoms
include dyspnea, orthopnea and palpitations. Signs of
heart failure include tachycardia, hypotension, ele-
vated jugular venous pressure, basal crepitations,
third heart sound and mitral regurgitation. Arrhythmias
are common and thrombus within a dilated left heart
can embolize systemically at presentation and before
the clinical onset of heart failure.99

An ECG will show sinus tachycardia, possibly with
runs of supraventricular or ventricular arrhythmias.
A chest radiograph can reveal a grossly dilated heart
and pulmonary edema.99 Echocardiography usually
reveals dilatation of all four chambers of the heart and
hypokinesia of the left ventricule. Functional regurgi-
tation through the mitral, tricuspid and pulmonary
valves can be present in normal hearts during preg-
nancy, but will be more obvious in patients with a
peripartum cardiomyopathy.99

The prognosis depends on the severity of the initial
insult. While some women make a good recovery, others
gradually decline to death or have a cardiac trans-
plant.100 Even women who have made an apparently
full recovery are likely to have lost some cardiac reserve
in the initial insult. Therefore, the hemodynamic chal-
lenge of a future pregnancy will always carry risks.
Women who have made a good and sustained recovery
will do best in a subsequent pregnancy, but serial
echocardiography to assess left ventricular function is
sensible as the possibility of relapse remains. Women
with residual left ventricular dysfunction and an ejec-
tion fraction less than 50% should be discouraged from
a further pregnancy.

Pulmonary vascular disease
Pulmonary hypertension may be either primary, when
there is no demonstrable cause, or secondary to

underlying cardiac or vascular disease. Whatever the
etiology, pulmonary hypertension is life-threatening
in pregnancy.1

Primary pulmonary hypertension
This is a rare disease characterized by increased
pulmonary vascular resistance of unknown etiology.
Diagnostic criteria used by the National Institutes of
Health (NIH) include a mean pulmonary artery pres-
sure of more than 25 mmHg at rest, without evidence of
left-sided cardiac valvular disease, myocardial disease,
congenital heart disease or clinically important respira-
tory, connective tissue or thromboembolic diseases.101

However, clinical and pathological features of primary
pulmonary hypertension (PPH) are seen in patients
with human immunodeficiency virus (HIV), a history
of cocaine abuse, portal hypertension and in those
who take appetite suppressant drugs such as fenflu-
ramine.102 Women are affected twice as often as men.

Symptoms of PPH usually begin with dyspnea and
easy fatigability.102 However, the non-specific nature
of these symptoms often means that the disease is not
diagnosed until severe.102 Consequently, women who
become pregnant with recognized PPH have severe
disease and a maternal mortality of about 40%.103,104

On examination, signs include a loud second heart
sound, pulmonary ejection click and, occasionally, an
early diastolic murmur of pulmonary regurgitation. An
ECG may show right atrial P waves and evidence of
right ventricular pressure overload.103 An echocardio-
gram can exclude other cardiac disease, but also reveal
elevated pulmonary artery systolic pressure and a
dominant right ventricle.103 A normal ventilation–
perfusion scan will discriminate between PPH and the
large perfusion defects typical of chronic major vessel
thromboembolic pulmonary hypertension.102

Due to the 40% maternal mortality and possibility
of disease progression during pregnancy, any patient
with PPH should be advised to have a termination. If
the patient insists on continuing the pregnancy, then
maximum rest is advised due to the limited ability to
increase cardiac output and the possibility of right
ventricular failure.

Increased pulmonary vascular resistance is created
by a combination of vasoconstriction, thrombosis in situ
and medial hypertrophy of the vessel wall. Manage-
ment of PPH is therefore aimed at correcting these
abnormalities. Vasodilators such as calcium channel
blockers produce a sustained improvement in
25–30% of patients.105 Anticoagulation with LMW
heparin will reduce the risk of thrombosis within the
damaged pulmonary artery during the hypercoagula-
ble state of pregnancy.106 Oxygen and pulmonary
vasodilator therapy can provide symptomatic relief
for hypoxic patients and diuretics have a place when
right heart failure causes gross hepatic congestion and
ascites. However, a high right filling pressure is
required for maintenance of cardiac output; therefore,
any fall in intravascular volume due to blood loss
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must be replaced promptly. Postpartum management
should take place in the intensive care unit with mon-
itoring of the central venous pressure, systemic blood
pressure and oxygen saturation.103 Occasionally, right
ventricular function recovers postpartum, but often,
despite all precautions, symptomatic deterioration is
relentless until death.103 When death ensues, it is
usually postpartum, precipitated by hypotension sec-
ondary to blood loss, arrhythmia, thromboembolism or
right ventricular failure.103

Pulmonary embolism
When the hypercoagulable state of healthy preg-
nancy combines with a thrombophilia, immobiliza-
tion, venous stasis, cesarean section or obesity, the
incidence of thromboembolism increases markedly.1

There were 25 maternal deaths from pulmonary
embolus (PE) documented in the latest triennial
Confidential Enquiry into Maternal Deaths.1 Seven-
teen of these cases occurred postpartum (10 after
cesarean section) and only 4 antepartum. A subclini-
cal thrombophilia can manifest for the first time with
thromboembolism during pregnancy. Thrombophilia
may be secondary to deficiencies of antithrombin
protein C and protein S as well as abnormalities of
procoagulant factors, specifically factor V Leiden and
prothrombin gene polymorphisms.135

Pulmonary embolism can be rapidly fatal or cause
minor pleuritic pain. Although massive pulmonary
embolism requires emergency treatment to save life,
small PEs may herald a large fatal embolus and need
to be fully investigated and anticoagulated.

A woman with massive PE may present with dysp-
nea and collapse. Examination may reveal an elevated
venous pressure, a third heart sound and soft second
sound. The cardiac monitor may show sinus tachy-
cardia in the absence of a cardiac output, i.e. electro-
mechanical dissociation. Emergency care should
include elevation of the legs, turning the late pregnant
patient onto her side, oxygen and colloid administra-
tion to improve right ventricular filling.107 Inotropes
are unnecessary due to maximal endogenous release
of catecholamines.107 When there is more time, as in
a subacute PE, the ECG may show evidence of right
atrial and ventricular dilatation with a typical S1 Q3
T3 pattern and T wave inversion in leads V1 to V4.107

A chest X-ray may show dilatation of the pulmonary
artery, then pulmonary oligemia. Echocardiography
may reveal a dilated right ventricle that is hardly
moving and a hypercontractile left ventricle. The
patient should then be sent for immediate cardiac
catheterization via the brachial artery, so as not to dis-
lodge more clot from the inferior vena cava. The
embolus can then be agitated and fragmented by the
catheter itself.107,108 The fragments of clot then pass
into the peripheral pulmonary vasculature where they
lyse rapidly and spontaneously.108 If the facilities of a
cardiac catheterization laboratory are not available,
systemic thrombolysis should be used in acute

massive pulmonary embolus. Subsequent treatment
with intravenous heparin should start with 40,000
units/24 h, then adjusted to keep the partial thrombo-
plastin time around two times control values.109

Long-term prophylaxis could then continue with self-
administered subcutaneous low molecular weight
heparin. Twice daily injections of low molecular weight
heparin (e.g. enoxaparin 1 mg/kg twice daily) are gain-
ing popularity, and proving to be safe and effective.112

About 1 week postpartum, women who find injections
difficult can safely transfer to warfarin, as it does not
pass into breast milk. Anticoagulation should continue
for 3 months postpartum.

Small pulmonary emboli may present with mild
pleuritic pain, hemoptysis or mild dyspnea. All
preliminary investigations may be normal, but if suspi-
cion persists, then there should be no hesitation in
performing a perfusion scan (no need for a ventilation
scan). The dose of radiation is not enough to be harm-
ful to fetus. If available, magnetic resonance angio-
graphy is a sensitive and probably safe method for
diagnosing pulmonary emboli in pregnancy.113 Small
PEs may become large and fatal; therefore, pregnant
women should be anticoagulated in the same way as
for larger PEs.

Around the time of delivery, sudden cardiovascular
collapse with central cyanosis may be secondary to
amniotic fluid embolus. This is almost invariably fol-
lowed by disseminated intravascular coagulation and
is often fatal.114 The diagnosis can sometimes be con-
firmed by histological identification of fetal squames
in maternal central venous blood,115 although these
have also been found in normal pregnancy. Treatment
is aimed at supporting the circulation, contracting the
uterus and correcting disseminated intravascular
coagulation by monitored infusion of colloid and
fresh frozen plasma.

Congenital heart disease
Improvements in cardiac surgery and pediatric
care have meant that more women with congenital
heart disease survive until a fertile age and become
pregnant.

Acyanotic heart disease
Mitral valve prolapse
Mitral valve prolapse is a relatively common finding
in young women of childbearing age. It is usually
diagnosed when an asymptomatic systolic murmur
leads to echocardiography. One or both of the mitral
valve leaflets prolapse into the left atrium during
systole, associated with or without mitral regurgita-
tion.116 Echocardiography recognizes some patients
with a slight bowing of the mitral valve into the left
atrium, but with an otherwise normal valve this is
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of no clinical consequence and should lead to
reassurance of the patient.116 Occasionally, patients
present with palpitations caused by ectopic beats
and even more rarely tachyarrhythmias.116 However,
generally mitral valve prolapse is a benign condition,
which is well tolerated during pregnancy.

Mitral valve prolapse can be inherited as an auto-
somal dominant condition, usually associated with an
asthenic habitus,117 or secondary to acute rheumatic
carditis, following mitral valvotomy and connective
tissue disorders such as Marfan syndrome.116 The
typical auscultatory findings are of a late systolic
click followed by a murmur with an accentuation at
the end of systole. When regurgitation becomes more
severe, the click and the murmur are heard earlier.
However, the gestational increase in left ventricular
volume during pregnancy causes a diminution of
these auscultatory findings.118

Mitral valve prolapse is well tolerated in pregnancy.
An increase in cardiac volume reduces valve prolapse
and systemic vasodilatation diminishes mitral regurgi-
tation.116 However, infective endocarditis remains a
significant concern.119 Therefore, antibiotic prophy-
laxis is required for women who have more than
trivial mitral regurgitation. Occasionally ulcerated
areas on the mitral cusps attract non-bacterial platelet
aggregates. These can separate and lead to cerebral
embolism, but this possibility should not lead to
prophylactic anticoagulation in all patients with
mitral valve prolapse.119

Marfan syndrome
This is an autosomal dominant condition caused by
a defect in the fibrillin gene that leads to abnormal
collagen synthesis.120 Characteristic clinical features
affect the cardiovascular system, eyes and skeleton.
The most important cardiac abnormalities are dis-
section of the aorta, aortic regurgitation and mitral
valve prolapse. Advice to women with Marfan syn-
drome planning a pregnancy must be based on a
cardiovascular assessment. If the aortic root is mea-
sured at less that 4 cm on echocardiography then the
likelihood of aortic dissection is small.121 Out of one
series of 26 pregnant women with Marfan syndrome
only one died, from endocarditis.121 However, fami-
lies ‘breed true’, as exemplified by two women who
had a dissection of the aorta during pregnancy,
despite an aortic root diameter less than 5 cm, but
with a family history of aortic root dissection.122 The
risk of dissection persists for up to 6 months post-
partum. During pregnancy hypertension must be
aggressively treated with β-blockers to reduce hemo-
dynamic stress on the aortic root. Identification of
the putative gene is possible to make a prenatal and
presymptomatic diagnosis.123 Cesarean section is the
safest form of delivery for women with an enlarged
aortic root.

Atrial septal defects
An interatrial defect (ostium secundum type) allows
blood to shunt from the left to the right atrium.
Consequently, the right atrium and ventricle become
dilated and pulmonary blood flow increases. This
causes a pulmonary flow murmur and prominent
venous pulsation, both of which become even more
pronounced during pregnancy. However, an atrial
septal defect is often not detected until adult life,
when patients present with dyspnea or syncope from
supraventricular arrhythmias. During pregnancy, acute
blood loss must be avoided, as the consequent systemic
vasoconstriction and reduced venous return leads to
an increase in the left to right shunt, reduced left ven-
tricular output and cardiac arrest.124 More complicated
atrioventricular defects (ostium primum defects) are
associated with mitral regurgitation and direct shunts
between the left ventricle and right atrium. Unlike
secundum defects, which are not associated with endo-
carditis even in the non-pregnant state, these lesions
require prophylactic antibiotics peripartum.124

Ventricular septal defect
Ventricular septal defects have usually been identified
prior to pregnancy, but may be picked up by color
flow Doppler, after referral for investigation of a pan-
systolic murmur. Patients are at risk of infective endo-
carditis and require antibiotic prophylaxis at the time
of delivery. At delivery the shunt that is left to right in
the acyanotic patient can reverse if there has been
major blood loss on top of the gestational vasodilata-
tion of pregnancy. If the ventricular septal defect is
restrictive there is a loud pansystolic murmur, but
with a large ventricular septal defect there is often
pulmonary hypertension. Following closure of a ven-
tricular septal defect in childhood there is no added
risk due to pregnancy, except when there is residual
pulmonary hypertension. This is of variable severity,
so exercise tolerance and functional reserve of the
right ventricle should be assessed before pregnancy.124

Those with significant pulmonary hypertension
should be treated in the same way as women with pri-
mary pulmonary hypertension (see above). One report
suggests that nearly one-quarter of offspring will be
born with ventricular septal defects.125

Persistent ductus arteriosus
During fetal life, blood flows from the pulmonary
artery through the ductus arteriosus into the aorta. If
the ductus does not close at the time of birth, then
blood will flow in the opposite direction from the
aorta into the pulmonary artery. This can be recognized
with a collapsing pulse and a continuous murmur at
the left second intercostal space. A large shunt leads to
pulmonary artery hypertension and congestive cardiac
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failure and should be closed before pregnancy.
Furthermore, widely patent persistent ductus arteriosus
are at increased risk of dissection during pregnancy.126

There is also a small risk of infective endocarditis.124

Small persistent ductus arteriosus may be identified
on auscultation and echocardiography, but if there is a
normal pulmonary artery pressure then pregnancy does
not present any added difficulty.

Coarctation of the aorta
Women who become pregnant with coarctation of
the aorta are at increased risk of aortic dissection,
rupture of an associated berry aneurysm, infective
endocarditis and heart failure.127 However, the
overall mortality rate of a pregnant woman with
coarctation of the aorta is currently less than 3%.124

Hypertension should be aggressively treated, exercise
curtailed and cesarean section performed (if labor is
expected to be difficult or prolonged) to reduce the
possibility of dissection. One-third of all patients
with an aortic coarctation have an associated bicus-
pid valve, which is vulnerable to endocarditis.
Surgical repair of the coarctation is usually per-
formed in childhood with improvement of long-term
outcome, but late local complications such as dis-
section or aneurysm are still possible.124

Ebstein’s anomaly
Ebstein’s anomaly consists of downward displacement
of the tricuspid valve into the right ventricle, usually
associated with an atrial septal defect. Cyanosis,
arrhythmias and dyspnea are common problems,
depending on the severity of the condition. Reduced
systemic vascular resistance of pregnancy should
aggravate cyanosis by increasing the right to left shunt.
However, Ebstein’s anomaly seems to be well tolerated
during pregnancy.128 There were no maternal deaths
or serious complications following 111 pregnancies in
44 women (10 after surgical repair) with Ebstein’s
anomaly.128 There were 85 live births, of which five had
congenital heart disease. Women who were cyanosed
had smaller babies than acyanotic women (2.53 kg vs.
3.14 kg, P < 0.001).128

Cyanotic heart disease
Women with cyanotic congenital heart disease even
without Eisenmenger’s complex (see below), carry a
high risk of maternal cardiovascular complications
14/44 (32%).129 These include heart failure (8), throm-
boses (2), bacterial endocarditis (2) and supraventric-
ular tachycardia (2).129 However, only 41 of 96
pregnancies resulted in a live birth, perhaps because
of fetal hypoxemia secondary to maternal cyanosis.129

Eisenmenger’s syndrome
The clinical picture of pulmonary hypertension and
a right to left shunt through an atrial septal defect,
ventricular septal defect or aortopulmonary shunt is
known as the Eisenmenger complex. The patient is
breathless and cyanosed. High pulmonary and low
systemic vascular resistance aggravates the cyanosis.
Consequently, gestational vasodilatation combined
with even minor blood loss or a vasovagal episode can
be fatal.130 Women with Eisenmenger complex who
continue with a pregnancy have at least a 30% mater-
nal mortality rate.131 Sadly, they should be advised
against pregnancy and to terminate an ongoing preg-
nancy. If continuation of pregnancy is insisted upon,
they should have as much bed rest as possible and
complete bed rest in the lateral position, from the
third trimester onward.130 There is an increased risk
of thromboembolism, which should be countered
with prophylactic L.M.W. heparin e.g. enoxaparin
40 mg once daily. Overall experience in the manage-
ment of delivery in this condition is limited and
therefore no consensus regarding the mode of delivery
has been reached. Vaginal delivery is recommended
by some130,131 while cesarean section under general
anesthetic is favored by others132 as it provides a con-
trolled hemodynamic environment. Either way, there
should be intensive cardiac and blood gas monitor-
ing.130 Hypotension must be avoided at all costs,
whether induced by epidural anesthesia, blood loss or
arrhythmias. Most maternal deaths occur peripartum;
therefore, the mother must stay in hospital, near resus-
citation facilities, for at least 7 days postpartum.130

Tetralogy of Fallot
The tetralogy of Fallot consists of pulmonary outflow
obstruction, due to infundibular narrowing of the pul-
monary outflow tract and pulmonary stenosis leading
to right ventricular hypertrophy. There is a ventricu-
lar septal defect, over which lies the aorta. Due to the
high resistance to flow through the pulmonary out-
flow obstruction, venous blood passes from right to
left through the ventricular septal defect. Cyanosis
worsens as the pulmonary stenosis progresses. During
pregnancy, the fall in peripheral vascular resistance
increases the right to left shunt and dyspnea gets
worse. Any hypotension related to blood loss at the
time of delivery will also increase the right to left
shunt. Fetal outcome is poor in pregnant women with
uncorrected tetralogy of Fallot and maternal cardio-
vascular complications are common.130 After surgical
correction of the anomaly there is a much improved
maternal and fetal outcome.133 Prepregnancy assess-
ment with echocardiography and stress testing to
assess cardiovascular reserve will help determine the
likelihood of a successful outcome for the mother
during pregnancy. There is an increased risk of a con-
genital heart defect in the offspring.
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Transposition of the great vessels
Transposition of the great vessels occurs when the
aorta arises from the right ventricle and the pul-
monary artery from the left ventricle, associated with
a communication between the two circulations. An
operation to redirect oxygenated blood into the right
ventricle and aorta and systemic venous blood into
the left ventricle and pulmonary artery now allows
women to survive until adulthood. One series of
nine women who had 15 pregnancies, following this
operation, resulted in 12 healthy live births.134 There
were two spontaneous abortions and one intrauterine
death.134 However, prepregnancy assessment of right
ventricular function with echocardiography and exer-
cise testing is essential before advising pregnancy.130

Tricuspid atresia and the Fontan procedure
In tricuspid atresia, blood is unable to pass through
the tricuspid valve and therefore exits the right atrium
through an atrial septal defect. Blood then passes
through a ventricular septal defect back into the right
ventricle and into the pulmonary circulation. The
Fontan procedure creates a connection between the
right atrium and pulmonary artery while closing off
the atrial septal defect and ventricular septal defect.
In general, maternal outcome depends on the state of
health at the beginning of pregnancy and fetal out-
come on the level of central cyanosis.2

Heart transplantation and pregnancy
A survey of international cardiac transplant centers
identified 30 women who had had pregnancies
following heart transplantation: 27 heart and 3 heart
and lung recipients.100 The cardiovascular changes
of pregnancy were well tolerated. There were six
episodes of mild to moderate rejection, requiring an
increase in prednisolone. Different combinations of
prednisolone, azathioprine and cyclosporin were
used throughout all pregnancies. Of the women 48%
had preexisting hypertension and 24% developed
preeclampsia. There were no maternal deaths during
pregnancy, but three women died within 30 months
of delivery. Two died after stopping their immuno-
suppressive therapy and one developed cryptococcal
meningitis 2 years postpartum. Four women had heart
transplants following peripartum cardiomyopathy
and all survived without any recurrence of their orig-
inal heart disease. Preterm labor occurred in nine
cases (36%). There were 27 live-born infants with two
sets of twins. There were no fetal deaths or anomalies,
but 20% had fetal growth retardation.100 Overall, it is
sensible to advise heart transplant patients who wish
to conceive that although most pregnancies are suc-
cessful, complications are common. Furthermore, those
women with poor cardiac reserve may not survive to
raise their children.
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196 Disorders of the
musculoskeletal system
in pregnancy
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Introduction
Musculoskeletal symptoms are common in pregnancy.
Many women suffer mild non-specific arthralgia and
myalgia, which require no specific intervention. Some
pregnant women develop more clear-cut and distressing
symptoms such as parasthesiae due to carpal tunnel
syndrome, mechanical low-back or pelvic pain.
Occasionally, transient osteoporosis of the hip or
osteoporotic vertebral fractures occur. Most of these
cases occur in women without underlying disease but
about 3% of pregnant women will have a chronic
musculoskeletal disorder. In addition to the effect of
the pregnancy on the disease, the effect of the disease
on the pregnancy needs to be considered.

Rheumatoid arthritis (RA) is the most common
inflammatory arthropathy and the best studied, but
other inflammatory rheumatic diseases will be
mentioned in this review as well. Systemic lupus ery-
thematosus (SLE) is the most common systemic con-
nective tissue disease, usually develops in women of
child-bearing age and may present for the first time
in pregnancy or soon after delivery. Differentiation
between a flare of lupus and pre-eclampsia and tox-
emia of pregnancy is important for appropriate man-
agement. Similarly, it is essential to detect and treat
antiphospholipid syndrome, which may complicate
SLE or present as a primary disorder often in preg-
nancy or the puerperium. Genetic disorders of collec-
tive tissue matrix proteins are a rare but important
group of diseases to be aware of. These, like the
inflammatory collective tissue disorders and vasculi-
tides, can be life-threatening to the mother and fetus
during pregnancy and delivery. These individual con-
ditions will be considered in more detail below, but
first a few general points will be discussed.

Management of musculoskeletal disorders during
pregnancy must take into consideration the risk
of investigations and drug therapy to the fetus. In

general, radiological procedures should be kept to
a minimum especially in early pregnancy but, with
appropriate shielding, can be performed if the results
will significantly affect management. Ultrasound is the
safest way to look for synovial effusions and to guide
needle aspiration, particularly in the hip. Isotope, com-
puterized tomography (CT) and magnetic resonance
imaging (MRI) scans can usually be deferred until
after delivery.

Female patients of reproductive age with any
rheumatic disease need to be aware of the implications
of their disease and its treatment on their fertility, risk
of fetal loss and ability to bring up children from the
time of diagnosis. Close support from their partner,
family and friends will be invaluable as pregnancy
and parenthood can be very tiring and stressful for
such women. It is often helpful for a family member
or friend to come to clinics with them, to encourage the
patient to ask relevant questions and to help remember
what was said at the consultation. Close liaison is
required between the obstetrician, rheumatologist and
any other physicians involved in the care of the preg-
nant patient. Review by a physiotherapist and discus-
sion with an anesthetist about pain relief and
anesthesia should be arranged.

In some cases, difficult issues such as termination of
pregnancy may have to be discussed if the patient has
life-threatening systemic disease. However, in most
patients therapy can be adjusted to control the disease
without significant risk to the mother or fetus. In gen-
eral, it is preferable to plan pregnancy in advance so
that the disease is under good control and drug treat-
ment is appropriate at the time of conception and
throughout fetal development (Tables 196.1–196.3).
Although it is often preferable to discontinue drugs in
pregnancy, the likely consequences of this need to be
considered as well as the risk of continuing therapy.
There is little point in stopping all drugs if the disease
will flare, putting the mother at risk of significant
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systemic disease and fetal loss. Combined clinics for
patients with connective tissue diseases provide the
most efficient service for these patients, as close mon-
itoring of the pregnancy and the disease is required
and this arrangement avoids the need for multiple
clinic visits each month.1,2

Musculoskeletal disorders due to
pregnancy
Carpal tunnel syndrome
Carpal tunnel syndrome is the most common entrap-
ment neuropathy.3 It is common in patients with
synovitis of the wrist but also occurs frequently
in healthy women in the third trimester of pregnancy
(21% of women in one series), possibly due to fluid

retention.4 It causes sensations of burning, tingling
and numbness in the distribution of the median
nerve, usually on the palmar surface of the radial
three and one-half digits and palm of the hand. More
severe cases will have weakness of abductor pollicis
brevis and the pain may radiate proximally in the
forearm. Cases presenting in pregnancy without an
associated arthropathy usually resolve after preg-
nancy and do not require surgery. Treatment consists
of the provision of a wrist support splint, particularly
for use at night when symptoms are often worst, and
local steroid injection for more severe cases.

Transient osteoporosis of the hip
This is a rare but well-recognized condition, which
presents in pregnancy as hip pain on movement or

2092 Disorders of the musculoskeletal system in pregnancy

Table 196.1 Analgesic and anti-inflammatory drug use in pregnancy

Main use in 
musculoskeletal Possible risks Contraindicated Contraindicated 

Drug disorders to fetus in pregnancy in breast feeding

Paracetamol Analgesic (mild) Unlikely No No

Codeine Analgesic Respiratory depression, No (caution) Caution
withdrawal syndrome

Aspirin NSAID, anti- Low with low doses, neonatal No (low doses) No (low doses)
thrombotic hemorrhage, pulmonary 

hypertension, renal anomalies?

Ibuprofen Mild NSAID Renal anomalies?, premature Caution first and No (low dose, 
for RA closure ductus, pulmonary third trimester and other arthritides 

hypertension short-acting)

Indometacin Potent NSAID Congenital malformation, Yes Yes
for AS prolonged gestation, 

pulmonary hypertension

NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; AS, ankylosing spondylitis

Table 196.2 Antirheumatic drug use in pregnancy

Main use in Contraindicated Contraindicated in 
Drug rheumatic disease Possible risks to fetus in pregnancy breast feeding

Hydroxychloroquine SLE (RA) Eye or ear abnormalities? No (low dose) No (low dose)
(risks with chloroquine)

Sulfasalazine RA Congenital malformations?, No (caution first No (avoid high dose)
possible kernicterus and third trimesters)
(none confirmed)

Gold salts: Myocrisin RA None confirmed No (low dose) No (low dose)
intramuscularly,
Auranofin oral

D-Penicillamine RA Cutis laxa, connective Yes Yes
tissue abnormalities

SLE, systemic lupus erythematosus; RA, rheumatoid arthritis
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weight-bearing, more often on the left than the right,
sometimes with radiation to the anterior thigh and
knee.5,6 It may be due to pregnancy-related hormonal
changes and local compression of vessels or nerves
resulting in a transient algodystrophy (reflex sympa-
thetic dystrophy). However, it can occur early in preg-
nancy, in the non-pregnant state and in other joints,
leaving the etiology unclear. It is important to distin-
guish other causes of pain in the hip region, which
require different management. The pain may be due
to a femoral or inguinal hernia or may be referred
from the sacroiliac joints or lumbar spine. Obturator
nerve compression at the pelvic brim due to engage-
ment of the fetal head can cause pain in the upper
anterior thigh. The hip pain may be part of a general-
ized preexisting arthropathy or may be an isolated
joint flare in which case infective arthritis must be
excluded (even if there is a history of previous hip
involvement, for example in RA). Pregnancy-induced
osteomalacia and osteonecrosis (aseptic necrosis, par-
ticularly in patients with sickle cell anemia or SLE)
should also be considered.

X-rays, isotope and MRI scans should be avoided
until after the delivery but can be used to confirm
osteopenia with preservation of joint space and to
exclude synovitis. Ultrasound can be used to look for
an effusion and to guide aspiration in suspected infec-
tion. Treatment usually involves short-acting non-
steroidal anti-inflammatory drugs (NSAIDs) like
ibuprofen, up to the third trimester and postpartum,
with paracetamol and codeine if required in the third
trimester (Table 196.1). Physiotherapy is advised as
there is often significant muscle wasting. A walking
stick or crutches may be necessary, but the prognosis
is usually good with full clinical and radiological
recovery within 6 months.

Vertebral osteoporosis
Severe osteoporosis may develop in pregnancy and
cause vertebral fracture(s).7,8 This presents with

severe, localized back pain with loss of vertebral
height, usually in the third trimester or puerperium of
a first pregnancy. Sometimes there is evidence of gen-
eralized osteopenia, and occasionally fractures of the
femur have occurred as well. Under 20% of reported
cases have had a predisposing cause such as treatment
with heparin or steroids, or previous anorexia ner-
vosa, structural protein or metabolic bone disease.
Bone biopsies suggest that there is a failure of osteo-
blast activity but the etiology remains obscure.8 How-
ever, the prognosis is generally good with resolution of
pain and no further vertebral collapse after delivery,
and few patients suffer a recurrence in subsequent
pregnancies.

Mechanical low-back and pelvic pain
Low-back and pelvic pain are very common in preg-
nancy, particularly in the last trimester. The pains
probably result from postural changes (increased
lordosis) due to the enlarging fetus, ligamentous lax-
ity and increased mobility of the pelvic bones.9

Relaxin, which enhances collagenase production and
plasminogen activation, is present at increased levels
in pregnant women with severe pain.10 Pain settles
after delivery and investigation is not indicated unless
there are neurological signs suggesting nerve root or
cord compression.

Inflammatory arthropathies
Rheumatoid arthritis
RA is the commonest inflammatory arthritis, which
affects about 2% of the population and three times as
many women as men. The peak age of onset is 40 years.
RA presents as a symmetrical polyarthritis typically
involving wrists, metacarpophalangeal and proximal
interphalangeal joints. Active disease is usually asso-
ciated with considerable fatigue, anemia of chronic
disorders and a high erythrocyte sedimentation rate,

Inflammatory arthropathies 2093

Table 196.3 Immunosuppressive drugs used in pregnancy

Main uses in Contraindicated Contraindicated 
Drug rheumatic disease Possible risks to fetus in pregnancy in breast feeding

Methotrexate RA, psoriatic Facial and skeletal Yes Yes
arthritis abnormalities

Cyclosporin A RA, SLE, psoriatic Spontaneous abortion? Caution (limited data) Yes
arthritis (not teratogenic in animals)

Glucocorticoids RA, AS, SLE, vasculitis Cleft palate hypoadrenal, No, caution high dose No, caution high dose
small for dates?, stillbirth?

Azathioprine SLE, RA, vasculitis None definite No, caution high dose Caution, conflicting

Cyclosphamide SLE, vasculitis Facial, skin, limb and Yes Yes
visceral abnormalities

RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; AS, ankylosing spondylitis

Kurjak-196.qxd  5/10/2006  6:02 PM  Page 2093



CRP (C–reactive protein) and viscosity. Rheumatoid
factor positive patients may develop a more serious sys-
temic disease with, for example, nodules, pleuroperi-
carditis, lymphadenopathy, weight loss and vasculitis.

The effect of pregnancy on RA
Pregnancy is associated with a marked reduction
in the symptoms of RA in about 70% of cases.11 This
improvement is most marked in the third trimester
and often occurs despite patients stopping or reduc-
ing NSAIDs, and antirheumatic or immunosuppres-
sive therapy (Tables 196.1–196.3). Unfortunately, the
remaining 30% of patients have persistent symptoms
and drug treatment needs to be given to prevent the
mother from developing significant loss of function.
RA rarely develops for the first time during pregnancy
but there is an increased risk of RA appearing in the
first year after a delivery. There is also considerable
risk of a postpartum flare of existing arthritis within 3
months of delivery.12

Protection against the development and activity of
RA in pregnancy may be due to neuroendocrine and
sex hormone changes that suppress immunological and
inflammatory processes.9,11,13 Use of the oral contracep-
tive pill has also been reported to protect against the
development of RA.14 Natural immunosuppressive
mechanisms that act in pregnancy to prevent rejection
of the fetus and to reduce arthritis include changes
in cytokines, such as increased interleukin (IL) 10 lev-
els,15 pregnancy-associated a2-glycoprotein, induction
of maternal antibodies or regulatory T cells in response
to paternal HLA antigen exposure, or changes in the
maternal T cell repertoire induced by fetal HLA
peptides.9,11

The effect of RA on pregnancy
There is no evidence that RA patients have reduced
fertility but they may take longer to conceive than
healthy women.11 RA in the mother is unlikely to
affect the development of the fetus or increase the risk
of maternal complications in pregnancy. Spontaneous
abortion and stillbirth rates are slightly increased
compared with healthy controls but successful preg-
nancy and uncomplicated delivery usually occur.
Pre-eclampsia may be less common in RA patients
than in the general population. Involvement of the hip
joints, even if previously replaced, rarely interferes
with delivery. If a general anesthetic is needed, tem-
poromandibular and cricoarytenoid joint disease may
make intubation difficult. The risk of atlantoaxial
instability needs to be considered.16 All RA patients
should wear a cervical collar so that the staff takes
greater care by being visibly reminded that the cervi-
cal spine, roots and cord are at risk of damage.

Other inflammatory arthropathies and
spondyloarthropathies
There is an increased risk of systemic gonococcal dis-
ease with arthritis during pregnancy, especially in the

third trimester, probably due to the state of relative
immunosuppression. Reactive arthritis due to gut
infections and Chlamydia may also present for the
first time in pregnancy, although there are few data on
this type of arthritis in pregnancy.16,17 With appropri-
ate and prompt antibiotic therapy for these infections,
there is no evidence that the inflammatory processes
in these arthropathies are associated with impaired
fetal development or increased risk of maternal
complications of pregnancy.

Lyme disease, a tick-borne inflammatory disease
caused by the spirochete Borrelia burgdorferi, may
present with erythema chronicum migrans or chronic
inflammation in the joints, skin or nervous system
during pregnancy. B. burgdorferi can cross the placenta
and there have been a few cases of stillbirth and neo-
natal death ascribed to such transmission. However,
it appears to be a rare event.18,19 Nevertheless, a low
threshold for aggressive antibiotic regimens for Lyme
borreliosis in pregnancy has been recommended.
There are no reports of congenital abnormalities or
adverse maternal pregnancy complications in women
with a history of Lyme disease.19

Acute gouty arthritis due to uric acid crystals is very
rare in women before the menopause unless there is a
specific enzyme defect that causes overproduction of
purines (usually with a family history) or significant
renal impairment. However, hyperuricemia (without
arthritis) is common in preeclampsia and toxemia of
pregnancy due to impaired renal clearance of urate.18

High urate levels and raised diastolic blood pressure
are associated with increased perinatal mortality.
Transient hyperuricemia is seen during normal labor
and for 1–2 days postpartum.20

Psoriatic arthritis, juvenile chronic arthritis and
palindromic rheumatism behave similarly to RA,
generally with improvement of symptoms during
pregnancy and a high risk of postpartum flare. Adult
Still’s disease can flare or present in pregnancy and
the postpartum period and may require treatment with
prednisolone.21 The spine disease associated with
psoriasis and inflammatory bowel disease, which
resembles ankylosing spondylitis, tends to improve in
pregnancy. However, true ankylosing spondylitis is
less likely to remit in pregnancy.17,22 Spine and hip
disease may make epidural anesthesia and vaginal
delivery difficult. Postpartum flare is common in
ankylosing spondylitis and the other inflammatory
arthropathies.

Treatment of inflammatory
arthropathies in pregnancy
Although most drugs used in the treatment of rheumatic
disease do cross the placenta, few are definitely terato-
genic in humans and many healthy babies have been
born to mothers who were taking various antirheumatic
drugs at the onset of pregnancy. Table 196.1 lists the
analgesic and anti-inflammatory drugs. Advice on
the use of antirheumatic drugs during pregnancy and
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lactation is given in Table 196.2. Immunosuppressive
drugs are reviewed in Table 196.3.11,23–26 Predniso-
lone, azathioprine and paracetamol are the safest
drugs in pregnancy.2,25,26 There has been considerable
experience in their use during pregnancy for a variety
of disorders. In inflammatory arthritis, which cannot
easily be controlled by aspirin or low-dose NSAIDs, it
is best to use intra-articular steroid injections or low-
dose oral prednisolone. Gold (Myocrisin) injections
may be continued in pregnancy at low doses (20 mg
intramuscularly) monthly to prevent relapse but are
usually avoided.23,24 Ankylosing spondylitis can be
difficult to treat, as patients are often very dependent
on potent NSAIDs, such as indometacin, which have
to be stopped in pregnancy. Steroid therapy is disap-
pointing, but may be helpful if moderate doses (for
example, 20 mg/day) are used with analgesics and
physiotherapy to control the incapacitating pain and
stiffness that may otherwise occur during periods of
physical inactivity.

Connective tissue disorders
Systemic lupus erythematosus
This is the commonest systemic autoimmune disease,
occurring in about 1 in 2000 women,27 and is most
prevalent in people from the Caribbean, the Indian
subcontinent and the Far East. Almost any system in
the body can be affected. The commonest manifesta-
tions include fatigue, non-erosive polyarthritis in
rheumatoid distribution, photosensitive rashes, mouth
ulcers, alopecia, Raynaud’s phenomenon and pleurisy.
More serious manifestations are endocarditis, lung
fibrosis, pulmonary hypertension and various forms of
renal and neurological disease.28 SLE is associated with
the production of autoantibodies directed against a
variety of antigens, such as antinuclear antibodies and
antibodies to double-stranded (ds) DNA, extractable
nuclear antigens (e.g. Ro and La) and hematopoietic
cells (resulting in hemolytic anemia, leukopenia or
thrombocytopenia).

Effect of pregnancy on SLE
This has been a debatable issue for some time.2,29

There is evidence that sex hormones may increase
autoantibody formation. Estrogens, in particular, can
predispose to the development of lupus in mouse
models and human SLE.10 Many patients do not toler-
ate the oral combined contraceptive pill due to exac-
erbation of lupus and, until recently, many physicians
considered pregnancy relatively contraindicated, as
pregnancy frequently caused SLE to deteriorate sig-
nificantly. This impression may have developed
because patients often reduced or stopped their drugs
when pregnancy was diagnosed, an action that
usually precipitates active disease.

There have been a number of retrospective and
prospective studies assessing the risk of lupus flare

in pregnancy.2 These have suffered from a number of
problems such as lack of controls, inappropriately
matched controls, small numbers and failure to define
flare. Overall, they have suggested that the frequency
of flare is between 21% and 82%, and is similar or
increased during pregnancy compared with non-
pregnant patients. Only one study matched for disease
activity at the beginning of the study. This showed
that flare was reduced in patients with inactive dis-
ease at the time of conception, compared to those
with active disease, and non-pregnant patients with
inactive or active disease.30 Two recent controlled
prospective studies31,32 using patients when not preg-
nant as their own controls as well as a separate non-
pregnant group showed that lupus flared in about
65% of pregnancies. This was more common than in
the controls (about 40% flared). The flares were usually
mild, occurred after the first trimester or postpartum,
were independent of therapy and were more likely in
those with active disease at conception.

SLE in pregnancy with active renal involvement is
the most worrying, as deterioration poses considerable
risk to the mother and fetus.2,16 Steroids should not
be used prophylactically as they can aggravate preg-
nancy-induced hypertension and preeclampsia, and do
not appear to reduce the risk of flare. However, pred-
nisolone and azathioprine can be used in pregnancy
(see Table 196.3) and should be continued at prepreg-
nancy doses, and increased or started as clinically indi-
cated to prevent serious clinical deterioration.

Identifying active lupus disease in pregnancy, par-
ticularly with renal involvement, can be difficult as it
needs to be distinguished from preeclampsia, which
may coexist. It is important to identify more specific
features of active SLE such as malar rash, red cells in
the urine and rising titers of anti-dsDNA antibodies
(see Table 196.4). Proteinuria and hypertension due to
pre-eclampsia can be associated with thrombocyto-
penia, pregnancy-induced musculoskeletal pain
and palmar erythema.29 Assessment of the complement
proteins C3 and C4 is less helpful, as these levels usually
rise in pregnancy and a fall in active SLE may not be
detected unless frequently checked. Increased levels of
complement degradation products (C3a, C3d, Ba and
Bb) may be a more reliable measure of active lupus.33

Effect of SLE on the pregnancy
Retrospective and prospective studies have found that
patients with SLE are at increased risk of fetal loss due
to spontaneous abortion and stillbirth. Recent studies
suggest that fetal loss occurs in about 20% of SLE preg-
nancies.2,34 Different frequencies for fetal loss between
studies are likely to reflect variable patient selection
and disease activity, as well as differences in obstetric
care and fetal monitoring between clinical centers.
Factors that probably contribute to the increased risk of
fetal loss include disease activity overall, type and sever-
ity of renal involvement and a hypercoagulable state
due to the presence of antiphospholipid antibodies.
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Antiphospholipid antibodies have been associated with
recurrent miscarriages and stillbirth. They are detected
usually as a ‘lupus anticoagulant’ and/or anticardiolipin
antibodies and are not necessarily associated with SLE
(see ‘the antiphospholipid syndrome’ below).2

Preterm delivery is more common in SLE patients
than in controls. In one study, 24% of pregnancies in
diagnosed SLE patients ended in preterm labor com-
pared with 6% of the pregnancies before SLE was diag-
nosed.34 More recently, 43% of live births in a lupus
cohort were preterm with a mean gestational age of
34 weeks.35 In 76% of these cases fetal distress and/or
intrauterine growth retardation had prompted induc-
tion of labor. This intervention appears to have
improved outcome, with the live birth rate rising from
31% to 82% for these women compared with their own
previous obstetric history.35 In another study, prema-
ture rupture of membranes was found to be more com-
mon in SLE pregnancies than controls and accounted
for 25% of preterm deliveries.36 Active disease at con-
ception, renal involvement, hypertension, Raynaud’s
phenomenon and antiphospholipid antibodies may
indicate patients at risk of preterm delivery.2

Neonatal lupus syndrome
Fortunately, this is a rare manifestation of maternal
autoantibody production, which may present with
transient skin rashes, liver dysfunction, hematologi-
cal abnormalities or congenital heart block in the
newborn.29,37 The condition is due to cellular damage
by passively acquired maternal IgG autoantibodies.
The skin rashes and cytopenias disappear after about 8
weeks as the maternal autoantibodies are cleared from
the neonatal circulation and the tissues regenerate. As
cardiac tissue cannot regenerate, heartblock is persis-
tent but can be treated by the insertion of a pacemaker.
This may be delayed until the child is about 10 years
old but in severe cases, congenital heartblock may be
associated with perinatal death due to myocarditis and
cardiac failure. Maternal dexamethasone administra-
tion may reduce this inflammation and improve fetal
outcome but the heartblock remains irreversible.37

The skin rashes and heartblock are associated with
anti-Ro (SS-A) antibodies in the mother. There is some
evidence that mothers with anti-La (SS-B) and anti-Ro
antibodies are at increased risk of having a child with
congenital heartblock. The mothers often have a
history of photosensitive rashes and are usually known
to have SLE. In some cases the birth of a child with
neonatal lupus is the first and only manifestation of
autoantibody formation in the mother. Over subse-
quent years, typical features of SLE develop in about
50% of these mothers. The remainder usually devel-
ops some lupus-like features such as photosensitivity
and arthralgia. Only 5–10% of mothers with anti-Ro
antibodies give birth to a child with neonatal lupus,
but there is a one in three chance of a further child
with congenital heartblock after the birth of a first
child with this form of neonatal lupus.

Antiphospholipid syndrome
The antiphospholipid antibody syndrome is charac-
terized by the development of recurrent venous and
arterial thromboembolism, fetal loss due to placental
thrombosis and infarction and thrombocytopenia
associated with the production of high levels of IgG
antiphospholipid antibodies.2,38 Other clinical features
include cardiac murmurs, pulmonary hypertension,
hemolytic anemia, livedo reticularis and neurological
disorders such as migraine, epilepsy, chorea and stroke.
The antiphospholipid syndrome occurs in about 15%
of SLE cases but can occur spontaneously (the pri-
mary antiphospholipid syndrome) or in association
with other autoimmune conditions.39 Antiphospholipid
antibodies are present in about 10% of patients with
recurrent miscarriage.40

Antiphospholipid antibodies can be identified by
a variety of tests.38 Antibodies to cardiolipin and other
negatively charged phospholipids can be measured
directly by ELISA techniques. Some antiphospholipid
antibodies interfere with phospholipid-dependent
coagulation tests. They can cause a prolonged acti-
vated partial thromboplastin time (APTT) by acting as
an inhibitor of coagulation in vitro. The effect of this
‘lupus anticoagulant’ (LA) cannot be corrected by the
addition of normal plasma. It is paradoxically associ-
ated with an increased risk of thrombosis, not bleeding,
in vivo. The Russell viper venom test is a more sensi-
tive and specific test for LA than the more commonly
performed APTT screen.2,40 As transiently positive
results are found for both anticardiolipin antibodies
and LA (e.g. in infection), it is important to obtain a
confirmatory test at least 6 weeks later. Persistently
high levels of IgG anticardiolipin antibodies and the
Russel viper venom test appear to be the best predic-
tors of fetal loss.40,41

The antiphospholipid syndrome may present for the
first time during pregnancy, most commonly with deep
vein thrombosis or recurrent second-trimester fetal
loss. First- and third-trimester losses and intrauterine
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Table 196.4 Diagnosis of lupus flare in pregnancy

Unreliable features Reliable features

Facial/palmar erythema True lupus rash

Arthralgia Synovitis

Anemia Mucosal ulcers

Low platelets Leukopenia

Hypertension Red cells in urine

Proteinuria Casts in urine

Low C4/high C4d Anti-DNA antibodies

Classical pathway Alternative pathway 
activation activation
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growth retardation (IUGR) may also occur. Hemolysis,
elevated liver enzymes and low platelets (HELLP)
syndrome and hepatic infarction have been reported
in several patients with antiphospholipid antibodies.
There is a risk of recurrence of all these complications
in subsequent pregnancies.42–44 The fetus should be
assessed carefully for evidence of fetal distress and
IUGR from 26 weeks onward, as premature delivery
may reduce the risk of intrauterine death in a poten-
tially viable fetus. Doppler blood flow waveforms can
be used to assess utero-placental blood flow with
conventional assessments of fetal growth, heart
rate, movement, tone and maturity.1,2

Management of the antiphospholipid syndrome
This is a debatable issue as there are few randomized
controlled studies. The evidence increasingly sup-
ports the use of low-dose aspirin (75 mg) in patients
with anticardiolipin antibodies and/or LA and a
history of recurrent miscarriages.45 More recent work
supports the addition of subcutaneous heparin.46

Many doctors will prescribe low-dose aspirin, at least
between weeks 10 and 34, to all patients with any
serological evidence of antiphospholipid antibodies
or SLE, to reduce the risk of fetal loss and IUGR as the
risk of such aspirin therapy is minimal compared
with the disease-associated risk.47 For patients with
antiphospholipid antibodies and a history of venous or
arterial thrombosis, subcutaneous heparin (unfraction-
ated or low molecular weight) is required. Low-dose
aspirin is often given as well.45,46 When not pregnant,
they require high-dose warfarin therapy to keep the
international normalized ratio greater than 3.0.48

There is no evidence that oral prednisolone therapy
provides additional protection from the deleterious
effects of antiphospholipid antibodies with the primary
antiphospholipid syndrome. There is even some evi-
dence to suggest that pregnant patients given steroids
and low-dose aspirin do less well than those given
aspirin alone (increased risk of hypertension and
pre-eclampsia). For patients on heparin and predniso-
lone there is an increased (additive) risk of osteoporosis.
However, patients with SLE who are taking pred-
nisolone to control their overall disease should con-
tinue with this therapy, at the lowest dose possible to
keep the disease suppressed. For the unfortunate
patients with recurrent fetal loss despite heparin and
aspirin therapy, uncontrolled studies suggest that treat-
ment with intravenous γ-globulin or plasma exchange
may be helpful monthly throughout pregnancy.2,39,49–52

Systemic sclerosis
Systemic sclerosis (scleroderma) is a multisystem
disease of unknown etiology that is characterized by
the overproduction and growth of connective tissue,
especially collagen, with associated microvascular
obliteration and vascular damage. Immune dysfunc-
tion, inflammation and endothelial damage involving
growth factor and cytokine activation are probably

involved in the pathogenesis. The prevalence is
about 1 in 10,000 and it is three times more common
in women than in men. The peak age of onset is
30–50 years. In the past, most women would have
completed their families by this time but it is now
becoming a more frequent problem in pregnancy.
Typical features include thickened shiny skin (sclero-
derma), microstomia, telangiectasia, Raynaud’s phe-
nomenon, esophageal dysmotility, pulmonary fibrosis
and hypertension. The most serious manifestations
are cardiac failure, pulmonary hypertension, digital
gangrene and renal failure.

There have been no prospective and very few case-
controlled studies of pregnancy in systemic sclerosis.
In contrast to previous reports, recent work suggests
that infertility and fetal loss are not increased,53 but
prematurity and intrauterine growth retardation are
more common than in controls.54 The disease does not
necessarily change during pregnancy. However, those
with diffuse cutaneous disease and antitopoisomerase
antibodies have a poorer prognosis than those with
limited cutaneous disease and anticentromere anti-
bodies. Patients with aggressive skin disease, espe-
cially those within 5 years of onset, are at most risk of
deteriorating during pregnancy with life-threatening
systemic complications, especially hypertensive
renal crisis and pulmonary hypertension. Acid reflux,
esophagitis, constipation, arthralgias and hyperten-
sion are common problems, which often deteriorate in
pregnancy. Blood pressure should be checked several
times a week in diffuse disease.

Nifedipine, paracetamol and ranitidine should be
prescribed if needed. NSAIDs should not be given as
they can precipitate hypertension and renal crisis
in addition to fetal risks. Pre-eclampsia can be diffi-
cult to distinguish from renal involvement but this
does not affect management. Angiotensin-converting
enzyme (ACE) inhibitors are indicated in resistant
systemic hypertension, particularly if there is protein-
uria, elevation of serum creatinine or microangio-
pathic hemolytic anemia indicating life-threatening
renal crisis.53 The risks of ACE inhibitors causing fetal
abnormalities, impaired placental perfusion and
intrauterine death appear to be less than the risk of
maternal and fetal death without such treatment.
D-Penicillamine can cause fetal abnormalities and is
usually stopped before pregnancy (Table 196.2). In
patients with aggressive disease it has been continued
in some cases without ill-effect.53 Steroids increase
the risk of renal crisis and should be avoided unless
aggressive fibrosing alveolitis, pericarditis or inflam-
matory myopathy develop.54 Anesthesia may be
complicated if there is cardiac, respiratory or renal
involvement, and if the skin and esophageal changes
are severe. A Swan–Ganz catheter may be necessary
for monitoring during and after delivery. Epidural
anesthesia is often preferred, as it promotes periph-
eral vasodilatation and avoids problems with intuba-
tion and the risk of inhalation. Lower than normal
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doses of all agents are recommended as systemic
sclerosis patients are often very sensitive. Systemic
hypertension with renal impairment, acute pulmonary
hypertension and cardiac failure may develop for the
first time in the postnatal period.55,56

Vasculitis
Vasculitis is a term used to describe a heterogenous
group of diseases characterized by an inflammatory
cell infiltrate and necrosis of blood vessel walls.
The size, site and number of blood vessels involved
determine the clinical consequences of this vascular
inflammation. Vasculitis may be primary, for exam-
ple, Wegener’s granulomatosis, or secondary to a
systemic disease such as SLE. These conditions are all
rare especially in pregnant women, as the onset is
usually after the age of 40 years and cyclophos-
phamide therapy may induce premature menopause.
However, as treatment of these previously lethal con-
ditions improves, the association of vasculitis and
pregnancy may be encountered more frequently.
Polyarteritis nodosa and Wegener’s granulomatosis
may deteriorate or present for the first time in preg-
nancy with high risk of maternal morbidity and mor-
tality.56,57 The prognosis is best in patients who are in
remission on low dose or no immunosuppression.
Cessation of drugs may contribute to disease flare in
pregnancy, so prednisolone and azathioprine should
be continued or used as necessary but cyclophos-
phamide should be avoided (Table 196.3). Fetal out-
come is usually good unless maternal disease is very
severe in early pregnancy.

Genetic syndromes with
musculoskeletal manifestations
Familial Mediterranean fever
This genetic disorder occurs predominantly in people
of Mediterranean and Middle Eastern origin, espe-
cially Sephardi Jews and Armenians.58 It is character-
ized by brief attacks of fever at irregular intervals,
which may be associated with arthritis, pleurisy, peri-
tonitis and erysipelas-like erythema. Untreated
patients develop systemic amyloidosis, which causes
proteinuria due to nephropathy and may result in
death from renal failure before the age of 40. This can
be prevented by continuous colchicine therapy,59

which also prevents symptomatic attacks in about
65% and reduces the frequency and severity of
attacks in a further 30%. Two cases each of trisomy 21
and Down’s syndrome have been reported in 620
colchicine-treated pregnant women. It is not clear that
the chromosomal aberrations were due to colchicine
but amniocentesis is recommended for those who
wish to assess this potential risk in pregnancy.58

Marfan’s syndrome
This genetic disorder affecting the extracellular
matrix protein fibrillin has an autosomal dominant
inheritance, is relatively common in all racial groups
and has a prevalence of about 1 in 20,000.60,61 The
characteristic clinical features include tall stature,
disproportionately long limbs (and digits) relative to
trunk length, chest wall deformities (e.g. pectus exca-
vatum), scoliosis, high arched narrow palate and liga-
mentous laxity. The patients often have flat feet,
which can increase the risk of mechanical back pain,
and may have limited extension of some joints. Most
are myopic and have non-progressive upward sublux-
ation of the lens. The most serious problems are
mitral valve prolapse and dilatation of the aorta due
to cystic medial necrosis. Symmetrical aortic dilata-
tion begins at the sinus of Valsalva and may cause
aortic regurgitation as well as dissection or rupture.
Timely surgical intervention when the aortic root is
55–60 mm may prevent such a catastrophic outcome.
Pregnancy poses a very high risk of precipitating this
in patients with moderate aortic dilatation.60 Women
should receive multidisciplinary advice both before
and during pregnancy.

Ehlers–Danlos syndromes
This is a heterogenous group of genetic disorders
affecting structural proteins, particularly type I and
type III collagen, fibronectin, enzymes involved in
connective tissue synthesis or copper metabolism.60,61

Most show autosomal dominant inheritance but some
are autosomal or X-linked recessive. It is the more
severe, type IV Ehlers–Danlos syndrome (ecchymotic
or arterial form) that is the most dangerous in preg-
nancy due to the additional risk of rupture of the
uterus and preterm delivery at this time.61,62

These patients have characteristic faces with large
eyes, thin nose and lips, easy bruising and thin skin
with prominent venous pattern affecting the hands
and feet Only the small joints of the hand are hyper-
mobile and peripheral joint contractures may
develop. Spontaneous pneumothorax and mitral
valve prolapse occur frequently. Repeated gastroin-
testinal and arterial ruptures, usually involving the
iliac, splenic or renal arteries or aorta, result in peri-
tonitis, hematomas and eventually death. There is a
defect in the synthesis or secretion of type III colla-
gen, which is usually inherited in an autosomal dom-
inant manner, but spontaneous mutations in one of
the collagen type III alleles may occur.61 Although
pregnancy may be uneventful, the risk of uterine rup-
ture and the tendency toward friable tissues means
that delivery, anesthesia and surgery can be fraught
with difficulties, so pregnancy should not be under-
taken lightly.
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Conclusion
In all cases, everyone involved in the care of the preg-
nant patient with a musculoskeletal disorder must be
aware of the underlying disease and its potential effects
on the mother and fetus. Full discussion of the likely

advantages and disadvantages of any treatment plan
must take place. Even with systemic rheumatic disease,
providing that it is stable at the onset of pregnancy, the
prognosis is usually good with careful monitoring of
maternal disease and fetal development.
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197 Thyroid function in
pregnancy
C. Paul

2101

Introduction 
Normal thyroid function in pregnancy is essential for
the normal growth and maturation of the fetus. Any
disturbance of thyroid function, either from disruption
of the hypothalamic–pituitary–thyroid axis or from
non-thyroid disease can have a profound effect on this
process. The antibodies present in maternal serum in
autoimmune thyroid disorders readily cross the pla-
centa, as do many of the drugs used to treat maternal
thyroid disease. These factors may also significantly
influence fetal development. In this chapter, these
processes in normal pregnancy and the ways in which
they may be altered by disease will be discussed. The
implications for both mother and fetus and the relevant
treatments available will be considered.

Over recent years maternal and fetal thyroid physi-
ology and the relationship between the two have been
well studied. Improved understanding of these
processes has opened up interesting possibilities in
the field of fetal therapy. One such example is the use
of thyroid hormones for the acceleration of fetal lung
maturity in preterm labor. This is currently the subject
of important research and will also be discussed later
in this chapter. 

Development of fetal thyroid
Embryology
The development of the thyroid gland commences
during the fourth week of embryonic life. Initially,
an endodermal thickening forms in the floor of the
pharynx. This grows downward forming the thyroid
diverticulum. This diverticulum branches into two and
continues to migrate downward as the embryo grows. It
passes in front of the developing hyoid bone and laryn-
geal cartilages during its descent. The developing gland
is attached by a fine stalk, the thyroglossal duct, to its
original site on the tongue – the foramen cecum.

By the seventh week the thyroid gland has usually
reached its normal position in the neck. At this time

it is composed of a right and a left lobe connected by
the isthmus. The distal part of the thyroglossal duct
forms the pyramidal lobe and the remainder usually
disappears.

Placental transfer of thyroid hormones
The fetal hypothalamic–pituitary–thyroid axis and
thyroid gland develop independently of maternal thy-
roid hormone status, and become functional toward
the end of the first trimester. However, thyroxine (T4)
has been isolated from celomic and amniotic fluid
from as early as 6 weeks’ gestation,1 at concentrations
that vary directly according to maternal serum con-
centrations. This T4 must therefore be derived from
the maternal circulation.

After the first trimester, transfer of tri-iodothyronine
(T3) and T4 across the placenta does occur, but it is
slow and maternal levels remain higher than fetal
levels.2 Neither thyroid-stimulating hormone (TSH)
nor thyroid-binding globulin (TBG) is able to cross the
placenta. Maternal thyrotropin-releasing hormone
(TRH) reaches the fetal circulation,3 but is not required
for the release of TSH from the fetal pituitary.4

Fetal thyroid function
By 12 weeks’ gestation the fetal pituitary gland con-
tains TSH. The thyroid gland is able to synthesize
T3 and T4. TBG, T4 and TSH are all measurable in
fetal serum.5,6 The concentrations of TBG, TSH, free
T3 and T4 and total T3 and T4 all increase with ges-
tation.7 Free and total T4 levels reach adult levels by
36 weeks, but T3 levels remain lower than adult lev-
els throughout pregnancy. TSH levels in the fetus also
continue to increase throughout gestation despite
rising T4 concentration and remain higher than the
maternal levels.

Hypothalamic maturation is an important part of
thyroid system development. This process com-
mences at between 4 and 5 weeks’ gestation and
continues until the third trimester. TRH has been
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detected in hypothalamic tissue by radioimmunoassay
from 10 weeks’ gestation.6 The fetal pituitary is very
sensitive to TRH.8 A response is seen from around
20 weeks’ gestation and negative feedback develops
during the second trimester.9

Changes at delivery
Delivery results in stimulation of TSH release from
the pituitary. This reaches a peak at 30 min of age. The
level of TSH then falls rapidly during the first 24 h but
more slowly over the next 2 days. T4 (both free and
total) levels reach a peak at 24 h of age and then grad-
ually decrease over the first few weeks of life.6 There
is a small peak in T3 production during the first hours
after birth; this is followed by a more sustained rise
commencing within 4 h and maintained for up to 36 h.
These increased T3 levels are thought to arise from
both increased secretion of T3 and increased conver-
sion of T4 to T3. In preterm infants the pattern of TSH
and T4 release are similar, but the magnitude of the
changes is lower than in term infants.

Normal maternal thyroid
function in pregnancy
During pregnancy, many of the normal maternal
physiological changes that occur, such as increased
heart rate, cardiac output and circulating blood
volume, may complicate the assessment of maternal
thyroid function. This difficulty is compounded by
the fact that the size of the thyroid gland increases in
pregnancy.10 This has long been known to be so and,
in fact, was a physical sign used in ancient times to
diagnose the onset of pregnancy.11 Despite this, most
women in normal pregnancy are assumed to be euthy-
roid, and only the presence of an obvious goiter is
considered pathological.9

The increased estrogen level in pregnancy stimu-
lates the synthesis and reduces the hepatic clearance
of TBG.12 Serum TBG concentrations continue to rise
from the beginning of the first trimester until around
24 weeks’ gestation. The level then reaches a plateau,
which is maintained until approximately 2 weeks
after delivery.13 There is a compensatory increase in
the production of T4 and T3. The total serum levels of
these hormones are significantly elevated in preg-
nancy; however, as in the non-pregnant state it is the
unbound or free T3 and T4 that are responsible for
thyroid activity.

Over the years there has been some disagreement
regarding the exact nature of the changes in free thy-
roid hormone concentrations in pregnancy. This is
probably due to difficulties in comparing different
assay techniques. Now that measurements are more
reliable and consistent it is accepted that there is a
small increase in the free T4 concentration during
the first trimester and a small decrease thereafter.14.

In most women these changes are within normal
non-pregnant ranges.15,16 There is a corresponding
change in TSH levels, which fall in the first trimester
and later rise as the T4 levels fall. Again, these levels
remain within the normal limits in most women.17.
The overall increase in thyroid function is thought to
be primarily due to stimulation of the gland by sub-
stances released from the placenta. These are human
chorionic gonadotropin (hCG),17 chorionic TSH18 and
a placental TSH-releasing factor.19 Chorionic TSH has
only been found in one-third of pregnant women, and
even in them the levels are so low that the hormone
is unlikely to be of clinical significance in thyroid
regulation. The effect of placental TRH on fetal and
maternal thyroid function is, likewise, yet to be
defined. There is, however, good evidence to suggest
that hCG plays a significant role in maternal thyroid
stimulation.17 Throughout pregnancy there is a nega-
tive correlation between the levels of hCG and TSH.
This supports the theory that it is hCG that stimulates
the thyroid gland, leading to suppression of TSH in
early pregnancy, and is thus responsible for the
increase in maternal thyroid function.6

It has been suggested that the reduced serum
concentration of iodine in late pregnancy may be
another factor involved in the reduction of thyroid
activity at this time.13 The fall in serum iodine levels
is due to the increased renal clearance of iodide and
the increased requirements of the fetus. The increased
demand for iodine is of little clinical significance
in most developed countries where iodine intake is
sufficient. A summary of the physiological changes
occurring in pregnancy is given in Table 197.1.

Abnormalities of maternal
thyroid function 
Maternal hyperthyroidism

Incidence 
The exact incidence of hyperthyroidism in pregnancy
is unclear; however, it is generally estimated to occur

2102 Thyroid function in pregnancy

Table 197.1 Summary of changes in thyroid function
in normal pregnancy

Second and 
First trimester third trimesters

Thyroid volume ↑ ↑
TBG ↓ ↑
Total T3 and T4 ↑ ↑
Free T3 and T4 ↑ ↓
TSH ↓ ↑
Iodine uptake ↑ ↑
Iodine clearance ↑ ↑
TBG, thyroid-binding globulin; T3, tri-iodothyronine; T4, thyroxine;
TSH, thyroid-stimulating hormone
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in somewhere between 1 in 500 and 1 in 2000
pregnant women.9,13 

Etiology

Autoimmune disorders. Autoimmune disorders,
including the hypermetabolic phase of Hashimoto’s
thyroiditis, account for the majority of cases of
maternal hyperthyroidism in pregnancy. The most
common of these disorders is Graves’ disease. In most
women the onset of this disease precedes the preg-
nancy. Symptoms of thyrotoxicosis may be exacerbated
in the first trimester of pregnancy due to the small
increase in thyroid function at this time. As the
pregnancy progresses, many women with Graves’ and
other autoimmune diseases experience some degree of
remission, because of the mild immunosuppression
occurring in normal pregnancy. The return of auto-
immune activity in the postnatal period often results in
relapse of the condition after delivery.21

Other thyroid causes. Acute thyroiditis is another
relatively common thyroid disorder in pregnancy.
This is commonly preceded by a viral illness, is
usually self-limiting and seldom requires treatment.
Solitary toxic adenomata and toxic multinodular
goiter may also occur but are less common.

Non-thyroid conditions. As already discussed, hCG is
known to have thyroid-stimulating properties. In
trophoblastic disease the greatly increased levels of
this hormone may result in biochemical or clinical
evidence of hyperthyroidism.22,23 In addition, there
is production of acidic variants of hCG, which have
even greater stimulatory properties.24 Overt thyro-
toxicosis is actually quite rare in these women, the
hyperthyroidism resolves as the hCG levels fall
following treatment for the trophoblastic disease, and
antithyroid drug therapy is rarely indicated.

Although the cause of hyperemesis gravidarum is
unknown, it is more common in pregnancies in which
the levels of hCG are higher than normal. It is particu-
larly common in multiple pregnancies and women
with trophoblastic tumors. It is likely that in hyper-
emesis, as discussed above for trophoblastic disease,
the elevated hCG levels are responsible for the
increased thyroid stimulation. A recent study, demon-
strating a direct correlation between the increased
hCG levels in hyperemesis and thyroid stimulation
in vitro, lends support to this theory.25 In most cases
the hyperthyroidism in this condition is mild and
resolves spontaneously before the second trimester.26

Clinical features
Many women in pregnancy experience symptoms
that in a non-pregnant woman would lead to a suspi-
cion of hyperthyroidism. These symptoms include
changes in appetite, weight and bowel function,

tremor, palpitations, heat intolerance, mood changes,
anxiety and tiredness.

The possibility of thyroid dysfunction should not
be discounted in pregnancy, particularly in women
with a past or family history of thyroid disease.

Diagnosis
This is confirmed biochemically by the detection of
suppressed TSH and elevated T4 levels in maternal
serum. In borderline cases it is sometimes useful to
repeat the blood tests after 3–4 weeks in order to con-
firm or exclude the diagnosis. TSH is the single best
indicator of thyroid function in pregnancy,27,28 the
diagnosis of hyperthyroidism being based on its low
levels. T4 may be normal and T3 levels elevated in
isolation.

Since Graves’ disease is such a common cause of
hyperthyroidism in pregnancy, the thyroid-stimulating
antibodies should be measured in all cases in order to
assess the risks to the fetus and neonate.

Effects of hyperthyroidism on pregnancy 

Maternal. Although oligo- or amenorrhea and
anovulation are associated with thyrotoxicosis,29 mild
hyperthyroidism has not been found to significantly
affect fertility.11 A rare but serious complication of
thyrotoxicosis is congestive cardiac failure. Women
with long-standing untreated disease and those
remaining thyrotoxic despite treatment are most at
risk of developing this problem.30

Fetal. Maternal thyrotoxicosis in pregnancy is asso-
ciated with considerable risks to the fetus. The inci-
dence of miscarriage, stillbirth, intrauterine growth
retardation (IUGR), premature delivery and neonatal
death are all greater than in normal pregnancy.30–33 An
increase in the number of babies with structural
and chromosomal abnormalities, including Down’s
syndrome, has also been reported,33–35 but the cause of
this is not clear.

Antithyroid drugs have also been implicated, but
recent evidence suggests that poor control of thyro-
toxicosis is more likely to account for congenital
defects.34 Thyroid autoimmunity is thought to be a
risk factor both for chromosomal abnormality36 and
for miscarriage.37,38 Higher titers of TSH receptor anti-
body increase the fetal risks.32

Treatment
The maternal and fetal complications are significantly
reduced if the disease is diagnosed and treated
promptly.

Drug therapy. Thionamides are the most common
agents used for the treatment of thyrotoxicosis in
pregnancy. They include carbimazole, methimazole
and propylthyrouracil (PTU). Carbimazole is rapidly
metabolized to methimazole. These drugs have two
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actions. First, they inhibit thyroid hormone synthesis.
This is achieved by the competitive blocking of the
peroxidase enzyme, preventing the release of iodine
from circulating iodides. The enzymes responsible
for the iodination of tyrosine and the coupling of
iodothyronine molecules are also inhibited. The
second action is to cause a reduction in the levels
of circulating thyroid autoantibodies. PTU has the
additional effect of inhibiting the peripheral conver-
sion of T4 to the more active T3. The release of
thyroid hormones is not prevented, so it may be at
least a week before a response is detectable and up to
6 weeks before a patient becomes euthyroid.

Although all the thionamide drugs cross the pla-
centa, PTU does so more slowly than carbimazole and
methimazole.39 This has resulted in PTU becoming
the treatment of first choice in pregnancy. There is
ongoing concern that there may be a link between the
use of methimazole and the development of a rare
skin condition in the fetus, aplasia cutis congenita;
although a direct causal relationship has not been
confirmed, this has further decreased the popularity
of this drug.40 Despite its advantages, PTU is not with-
out risks to the fetus. It is slowly metabolized by the
fetus, and is present in higher concentrations in the
fetal than the maternal circulation.41 The resulting
suppression of fetal thyroid function by this drug can
lead to the development of fetal goiter,42,43 or neonatal
hypothyroidism.44

The treatment regimen commonly used in non-preg-
nant women with Graves’ disease involves complete
suppression of thyroid function with high doses of
antithyroid drugs and T4 replacement. This treatment
cannot be used in pregnancy because of the poor
placental transfer of T4 compared to the thiourea drugs.

The aim of treatment should be to rapidly control
the thyrotoxicosis and then to reduce the dose of drug
to maintain the T4 level toward the upper limit of the
normal range, or at mildly hyperthyroid levels.40,45

Treatment should be monitored by measuring mater-
nal free T4, which generally correlates well with
fetal levels; TSH measurement is less useful in these
patients.

Up to 5% of women experience mild side effects
with thionamides. These include gastrointestinal
upset, rashes, joint pains, pruritus, a metallic taste
and nausea. More serious side effects such as bron-
chospasm, hepatitis and a lupus-like syndrome can
also occur. Some patients will, however, be able to
tolerate a different agent from the group. The most
dangerous side effect, agranulo-cytosis, occurs in only
0.1% of patients. It tends to occur in women older
than 40 years of age; it is dose related and reversible
on stopping treatment.46 It is a contraindication to
further treatment with any thionamide agents.

Side effects are usually apparent within 2 months
after commencing treatment. All women should have
regular assessment of liver function and blood count,
and be advised to report any problems.

β-Blockers may be used in the short term to control
severe symptoms such as palpitations. They do not,
however, treat the underlying condition. Prolonged
use has been associated with a number of fetal side
effects including IUGR, fetal bradycardia, hypo-
glycemia, a poor response to anoxic stress and respi-
ratory depression at birth.47,48

Surgery. This is only indicated in pregnancy for
those women who cannot tolerate antithyroid drugs,
those in whom biochemical control is poor and in rare
cases of suspected malignancy. It is best performed
during the second trimester. The complications are
the same as for non-pregnant patients and include
hypothyroidism, recurrent hyperthyroidism, hypo-
parathyroidism and vocal cord paralysis.

Radioactive iodine therapy. This form of treatment is
contraindicated in pregnancy and during breast feed-
ing.49 Termination of pregnancy should be offered to
women inadvertently treated during early pregnancy,
due to the risks of teratogenesis.

Maternal hypothyroidism

Incidence
Hypothyroidism is more common than hyperthy-
roidism, occurring in between 6 and 9 per 1000 women
in pregnancy.50

Etiology

Autoimmune disorders. Most cases of hypothyroi-
dism in women of child-bearing age have an auto-
immune etiology. These conditions tend to reduce
fertility and are unlikely to develop during pregnancy,
thus most women will have been diagnosed, and
treatment instituted, before the onset of pregnancy.
The commonest cause in this group of women is
Hashimoto’s thyroiditis. Spontaneous atrophic hypo-
thyroidism and treated Graves’ disease with inadequate
thyroxine replacement are other autoimmune condi-
tions that should be considered.

Iatrogenic. Hypothyroidism may also be the con-
sequence of thyroidectomy, radio-iodine ablation or
excessive dosage with antithyroid drugs.

Iodine deficiency. During pregnancy the uptake of
iodine is increased in order to maintain normal
thyroid function. This is of little significance in
developed countries, but in areas of the Third World
where iodine deficiency is endemic it is a major
health problem.

Clinical features. The symptoms of hypothyroidism
including tiredness, poor concentration and weight
gain with poor appetite, dry skin, hair loss and cold
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intolerance often occur only in severe cases. Physical
signs including bradycardia, delayed relaxation of
tendon reflexes and goiter are, likewise, not invariably
present.9

Diagnosis
In hypothyroidism the serum concentration of TSH
is significantly increased. Free T4 and T3 may be
reduced; however, due to the increase in TBG found
in pregnancy the total serum levels of these hormones
may remain within the normal range, and are not use-
ful in the diagnosis. Testing for maternal thyroid
autoantibodies should be performed routinely.

Effects of hypothyroidism on pregnancy

Maternal. It is well recognized that the incidence
of menstrual irregularity and anovulation are high in
hypothyroid women. Pregnancy is uncommon in severe
cases. Gestational hypertension is much more common
in hypothyroid women than in the general obstetric
population, even in those with subclinical disease.51 

Fetal. In the past, hypothyroidism has been associ-
ated with high rates of miscarriage, stillbirth, neonatal
death and congenital abnormality.52–55 More recent
evidence has been more reassuring, indicating that
pregnancy outcome is usually good in these women.56

Treatment
Many women with hypothyroidism will already be
taking T4 replacement therapy before becoming preg-
nant. Those in whom the diagnosis is made during preg-
nancy should be started immediately on T4. Adequate
dosage should be confirmed by monitoring maternal
TSH levels. It has been reported that the requirements
for T4 are increased during pregnancy;57 however, for
women who are established on treatment, it is probably
sufficient to check TSH and free T4 levels once in the
first trimester, and to alter the dose at this point if
necessary.58 Subsequent adjustments can be made if the
patient becomes symptomatic.

As with the treatment of hyperthyroidism, the
serum free T4 levels should be kept in the upper
normal or lower hyperthyroid range. This will allow
adequate production of T3 via the peripheral conver-
sion of T4. It is perfectly safe for mothers to breast-
feed while taking thyroxine.

Abnormalities of fetal and neonatal
thyroid function
Hyperthyroidism

Incidence
This is a rare condition affecting less than 1 in 4000
pregnancies.59

Etiology
Fetal and neonatal thyrotoxicosis generally occurs as
a result of transplacental transfer of thyroid autoanti-
bodies from the maternal circulation. All women with
a history of autoimmune thyroid disorder (most com-
monly Graves’ disease or Hashimoto’s thyroiditis)
may, even after successful treatment, pass antibodies
to the fetus during pregnancy.

The risk to the fetus can be determined by measur-
ing the maternal antibody levels. If the levels are low,
the fetus is not at risk; if they are high, more careful
monitoring is required.60,61 However, it is only after
22–24 weeks’ gestation that the fetus is at risk of
developing thyrotoxicosis.62 All women with a past or
current history of thyroid disease should be monitored
carefully during the second half of pregnancy. Increased
thyroid activity has also been demonstrated in fetuses
anemic as a result of rhesus isoimmunization.63

Clinical features

Fetal. The rates of preterm delivery and stillbirth
are considerably higher for thyrotoxic fetuses.64

Careful postmortem in cases of stillbirth may reveal
features including thyromegaly, cardiomegaly, con-
gestive visceromegaly, generalized adenopathy,
reduction in subcutaneous fat and signs of pulmonary
hypertension.65

Neonatal. A number of clinical signs may lead to a
suspicion of thyrotoxicosis in the fetus at risk of this
condition. These include poor feeding and failure to
gain weight, irritability, tachypnea, tachycardia and
sometimes the development of cardiac failure. Goiter
may also be seen.9

Diagnosis

Fetal. Serial ultrasound scanning from 28 weeks’
gestation is useful for the detection of IUGR, fetal
tachycardia, hyperactivity and goiter. The characteristic
findings of advanced bone age and craniosynostosis
have also been described on ultrasound.11 Poly-
hydramnios, which may be due to esophageal
obstruction by fetal goiter and fetal hydrops from
cardiac failure, can also be excluded.

Fetal thyroid function can be abnormal regardless
of maternal thyroid status and occasionally a direct
assessment of fetal thyroid function can be under-
taken by performing fetal blood sampling. The results
can be compared with established normal ranges.7

Neonatal. Cord blood should be taken at the time of
delivery to check for thyroid autoantibodies, TSH, T4
and T3 in all at-risk cases. It is important to remember
that autoantibodies will last longer in the neonatal
circulation than antithyroid medication transferred
from the maternal circulation. Therefore, if the
mother has been taking antithyroid drugs the neonate

Abnormalities of fetal and neonatal thyroid function 2105

Kurjak-197.qxd  5/10/2006  12:29 PM  Page 2105



may not present with features of thyrotoxicosis until
5–10 days of age. Untreated neonatal thyrotoxicosis
has a mortality rate of up to 25%.66 It is important to
maintain a high index of suspicion, to make an early
diagnosis and to institute treatment promptly.

Treatment

Fetal. If the diagnosis of fetal thyrotoxicosis is made,
the mother should be treated with antithyroid medi-
cation in the same way as for maternal hyper-
thyroidism. PTU is the drug of choice, as already
described.

The fetal condition can be closely monitored with
cardiotocography (CTG) and ultrasound assessment.
These should initially be performed weekly, but the fre-
quency can be decreased as the condition stabilizes.

Neonatal. When the diagnosis is made in the
neonate the thionamide agents are still the first-line
choice of treatment. Other drugs such as propranolol
for tachycardia, digoxin and diuretics for cardiac
failure and sedatives can be used as appropriate.

Maternal autoantibodies will disappear from the
neonatal circulation over the first 3–4 months, leading
to spontaneous resolution of the hyperthyroidism,
allowing gradual withdrawal of medication.

Hypothyroidism

Incidence
Screening programs performed in the USA have
found the incidence of permanent abnormalities lead-
ing to hypothyroidism to be between 1 in 3500 and
4000 live births. Transient functional abnormalities
occur in 1–2% of newborn babies, with premature
infants being most commonly affected.67–69

Etiology

Thyroid dysgenesis. This term covers the spectrum of
disorders from ectopic or hypoplastic thyroid gland
tissue to complete agenesis. It is the most common
cause of permanent hypothyroidism. Babies tend to
be asymptomatic and are diagnosed by routine
screening. The cause is unknown.

Dyshormonogenesis. Several defects in thyroid hor-
mone synthesis and metabolism have been described.
Most have an autosomal recessive inheritance. Goiter
may be present at birth, but usually develops
postnatally over a period of months or years.6

Secondary and tertiary hypothyroidism. Abnormal
synthesis or metabolism of TSH and TRH are extremely
rare. They may occur either as isolated abnormalities or
in association with other hypothalamic or pituitary
abnormality.70 These conditions will not be detected
by routine screening.

Transient primary hypothyroidism. This may result
from passage across the placenta of antithyroid drugs
or other drugs such as amiodarone or lithium.71,72 It
can also be caused by the transfer of maternal thyroid
autoantibodies or high concentrations of iodine from
excessive maternal intake.

Prematurity. Serum T4 concentration increases with
gestational age, as the hypothalamic function matures.6

All premature infants thus have low T4 levels at birth,
which are physiological. TSH levels remain within
the normal range. Sick premature infants may have
lower levels of T4 than those who are well, and lower
T3 levels due to reduced peripheral conversion of
T4.73 Thyroid function returns to normal as the babies
recover.

Hypoxia and IUGR. Hypothyroidism has been found
to be a feature of hypoxic growth retardation due to
uteroplacental insufficiency. TSH is higher and T4
lower in these babies as compared to normally grown
babies of the same gestation. The severity of the
hypothyroidism reflects the severity of the hypoxia.74

It is thought that this may be a result either of reduced
supply of nutrients across the placenta due to
impaired placental blood flow, or of hypoxia affecting
the thyroid function itself.

Chromosomal abnormalities. More than 50% of adults
with Down’s syndrome suffer from hypothyroidism.75

These patients have been found to have a greater
degree of intellectual impairment than euthyroid
Down’s syndrome patients.76

It is only recently that the thyroid function of
fetuses with chromosomal abnormalities has been
investigated in utero.77 It has been found that even
though their thyroid hormones remain within the
normal range, TSH levels are elevated. This may be an
early sign of developing hypothyroidism. It has been
suggested that this may contribute to the development
of mental and neurological handicap in chromosomally
abnormal patients.

Iodine deficiency. Around 800 million people live in
areas of severe iodine deficiency and are thus at risk
of developing related disorders.78 This includes the
development of cretinism, which is a major problem,
commonly leading to irreversible mental deficiency,
deaf-mutism and spastic diplegia.9 In these countries
the situation may be worsened by the high intake of
foodstuffs such as cassava, which inhibit thyroid
function. The condition can be prevented by the
administration of iodine supplementation.

Clinical features

Fetal. IUGR, bradycardia, delayed skeletal development
and goiter have all been identified in severely hypo-
thyroid fetuses.79 Goiter may cause polyhydramnios
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by mechanical obstruction of the esophagus, thus
increasing the risk of preterm labor.

Neonatal. Often there are no obvious clinical
features at birth in these babies. Depending on the
cause and severity of the condition the classical
features may take several weeks or months to become
apparent. These features include poor feeding,
constipation, respiratory problems, umbilical hernia,
prolonged jaundice, dry skin, ‘cretinoid facies’ and an
enlarged fontanelle.

Neurological development. Babies born with severe
congenital hypothyroidism, even if treated promptly
after birth, have been shown to have lower scores on
intelligence testing than their normal siblings and
moderately hypothyroid infants.80 There seems to be a
threshold level of T4 below which impaired brain
development occurs.81

Screening
In the UK all babies are screened routinely for hypo-
thyroidism at between 5 and 8 days of age. A blood
sample is obtained from the baby by heel prick. Spots
of blood are applied directly on to special filter papers
and TSH measured. Similar programs are in operation
in Europe, USA and Japan. These screening programs
allow early diagnosis and treatment of affected babies,
thus preventing the development of neurological and
mental impairment.82.

Babies born to mothers with a history of auto-
immune disease or other babies thought to be particu-
larly at risk can be investigated in more detail by
obtaining cord blood at the time of delivery.

Diagnosis

Fetal. Fetal hypothyroidism may be suspected
because of maternal history, or in the presence of the
abnormal scan findings described earlier. Investiga-
tion of the mother is helpful to assess the thyroid
hormone and autoantibody status. As mentioned pre-
viously, fetal thyroid function can only be measured
directly by obtaining a fetal blood sample. A raised
TSH will confirm the diagnosis.83

Neonatal. Screening programs will allow the detection
of most cases in the first week of life. Further inves-
tigation, including measurement of autoantibodies and
thyroglobulin or even radioisotope scanning, may be
necessary in order to determine the cause. In the rare
cases of secondary or tertiary hypothyroidism the
TSH will not be increased, and thus these conditions
will not be detected by normal screening.

Treatment
Careful assessment of maternal thyroid function
and autoantibody levels is essential. In those women

taking antithyroid medication or T4, the treatment
dosage should be adjusted to keep the maternal thyroid
function in the upper normal or low hyperthyroid
range.

Unfortunately very little T4 crosses the placenta
after the first trimester of pregnancy. If the fetus were
to be adequately treated by maternal administration of
T4, the doses required would result in the mother
developing significant hyperthyroidism.2 Treatment
of the fetus by intra-amniotic administration of T4 at
intervals of 7–10 days has been described by several
authors.83–85 Fetal blood sampling for assessment of
thyroid function has been described in the manage-
ment of thyrotoxicosis.86 This technique is equally
suitable for the management of hypothyroidism cases
where the response to intra-amniotic treatment was
poor.

There are many advantages of early treatment.
These include the prevention of neurological sequelae
of antenatal fetal hypothyroidism and also reduction
of the polyhydramnios associated with fetal goiter,
thereby decreasing the risk of preterm delivery and its
complications.

Postpartum maternal thyroid
dysfunction
Incidence
The reported incidence of postpartum thyroiditis
varies widely between different studies, but is probably
somewhere around 4.9%.87

Etiology
A mild state of immunosuppression exists in preg-
nancy, which results in the temporary remission of
many autoimmune diseases. This is often followed by
a relapse in the postnatal period as the autoimmune
activity increases. Graves’ disease is one condition
that follows this pattern.21

Both Graves’ disease and Hashimoto’s thyroiditis
may also present for the first time after pregnancy.
There is another form of autoimmune thyroiditis that
occurs specifically in postpartum women. This condi-
tion, known as postpartum thyroiditis, is character-
ized by its transient nature, and was first described by
Amino and colleagues in 1976.88 The classical picture
of this disease comprises an initial hyperthyroid
phase typically occurring 2–3 months after delivery.
This is caused by a destructive process involving the
thyroid gland and resulting in the release of thyroid
hormones into the circulation. This phase is followed
2–6 months later by a hypothyroid phase. This phase
generally resolves spontaneously within 3–5 months;
however, it may be severe enough to require treatment
and often results in goiter formation. It has also been
associated with postnatal depression.89
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The presentation of this condition may vary from the
sequence of events described. Patients may experience
transient hypothyroidism without the preceding hyper-
thyroid phase or an isolated transient hyperthyroidism.
Interestingly, it has been found to occur more
commonly in women giving birth to girls.90

Women developing postpartum thyroiditis are sig-
nificantly more likely than those not affected to
develop permanent hypothyroidism.91

Diagnosis
Levels of T4, T3 and TSH are different during
the various phases of the disease. Thyroid antibodies,
including microsomal antibodies, are present in high
concentrations.92 Measurement of microsomal anti-
bodies during the first trimester may predict the
development and degree of transient postpartum
hypothyroidism.93 If the mother is not breast-feeding,
radioisotope scanning can be performed and will
demonstrate decreased uptake, which is consistent
with thyroiditis and the associated reduction in thyroid
hormone synthesis.

Cytological examination of specimens obtained by
fine-needle aspiration from the thyroid glands of
women with this condition shows a lymphocytic infil-
tration consistent with an autoimmune diagnosis.94

Treatment
The hyperthyroid phase tends to be mild and of
short duration, so that treatment is seldom indicated.
If the symptoms are severe they should be treated
with β-blockers or mild sedatives. Antithyroid medica-
tion is not indicated as the high levels of thyroid hor-
mones result from destruction of the gland and release
of stored hormone rather than increased production or
secretion.

T4 therapy is, however, indicated for all women
developing symptoms during the hypothyroid phase
of the illness. This can be continued for up to 1 year.
The thyroid function should be monitored carefully
after stopping treatment to exclude the development
of permanent hypothyroidism. The risk of recurrence
in future pregnancies means that follow-up is particu-
larly important at this time.

The effect of thyroid hormones
on fetal lung maturation
Background
Thyroid hormones are among the many factors
involved in the development and maturation of fetal
lung function. This is important due to the high inci-
dence of respiratory morbidity and mortality occurring
in preterm infants. These complications of prematurity
have been greatly reduced but not abolished by the
introduction of maternal corticosteroid administration
to women at risk of preterm labor.

It has been known for some time that infants with
respiratory distress syndrome (RDS) have lower levels
of T3 and T4 than normal infants.95 This has led to the
investigation of the potential benefit of the antenatal
use of thyroid hormones in an attempt to prevent the
development of RDS.96

As already discussed TSH does not cross the pla-
centa, and T3 and T4 cross only in small amounts. The
maternal dose of T4 required to obtain satisfactory fetal
levels is unacceptably high for the mother.2 Both intra-
amniotic and fetal intramuscular administration of T4
have therefore been attempted.96,97 These routes are
invasive and thus carry risks for the fetus. Another
problem with the intra-amniotic route is that the
volume of amniotic fluid, and hence the concentration
of the hormones, is variable and fetal absorption may
be different in different fetuses. These considerations
have limited the adoption of this policy.

The safest and most effective way to stimulate fetal
thyroid function is by the maternal administration of
TRH. This small tripeptide molecule rapidly crosses
the placenta and stimulates fetal production of TSH
with the subsequent release of thyroid hormones
(Figure 197.1).

Mechanism of action of TRH
There is no evidence to suggest that TRH alone, with-
out corticosteroids, is of any benefit in promoting
lung maturity. However, there is believed to be a syn-
ergistic effect when TRH and corticosteroids are used
in combination.

Many mechanisms have been hypothesized. These
include effects on increasing surfactant production;98

effects on pulmonary fluid production and absorp-
tion;99 stimulation of fetal breathing;100 accelerated
structural development, possibly mediated by pro-
lactin secretion101 and stimulation of the sympathetic
nervous system via the neurotransmitter properties of
TRH.102 Despite these theories the exact mechanism
has not yet been defined.103
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Figure 197.1 Placental transfer of thyroid-stimulating
hormone (TSH), thyroid-releasing hormone (TRH), tri-
iodothyronine (T3) and thyroxine (T4).
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Clinical trials
A number of randomized controlled trials comparing
the outcome in women and their babies given TRH and
corticosteroids antenatally to those given corticos-
teroids alone have now been conducted.104–109 A meta-
analysis of these trials has also been published.110

These studies have used different dosages, dose inter-
vals and number of doses of TRH. Various gestational
ages have been used to qualify for entry into the trials.

Different subgroup analysis has also been per-
formed, with a number of the trials reporting outcomes
only for the ‘optimally treated’ infants, this being
defined as those having received a complete course of
treatment and then delivered within a certain time
period. Even optimal treatment is defined differently in
different papers. These discrepancies make direct com-
parison of the results of these trials quite difficult. So
far, the combined results show few significant differ-
ences between the treatment and control groups. These
differences are a reduction in the incidence of severe
RDS and an increase in maternal side effects. There is
no significant effect on the incidence of either chronic
lung disease or perinatal mortality.

Further work is currently in progress to investigate
the issue of antenatal TRH treatment. Long-term fol-
low-up of the infants delivered after their mothers
have received this therapy will also be necessary to
address the question of pituitary–thyroid and neuro-
developmental effects.

Conclusion
Maternal thyroid disease in pregnancy may have
important implications for both mother and fetus.
Prompt diagnosis and treatment are therefore impera-
tive. It is also important to remember that the babies
of women with thyroid disease may be at risk despite
normal maternal thyroid function throughout preg-
nancy. These pregnancies should thus be monitored
carefully.

Antenatal TRH therapy is currently being investi-
gated as a potentially useful addition to corticos-
teroids in reducing morbidity and mortality in
preterm infants. The definitive results of this work are
awaited.
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198 Management of severe
pre-eclampsia and eclampsia
C. Sen

Introduction
Hypertension is a common problem occurring in
around 12–15% of all pregnancies.1 It remains one of
the major causes of maternal mortality.2 Because of
the difficulty in deciding who has a problem and who
does not, obstetricians often admit a patient to hospi-
tal for closer observation. This approach can cause
much inconvenience to the patient and her family.
In-patient management may vary between different
hospitals but the cornerstone is hospitalization in
order to maintain close monitoring.

The outcome of pre-eclampsia changes depends on
severity. Maternal and perinatal mortality and morbid-
ity in the hospitalized case with mild pre-eclampsia
are extremely low and approach those of normoten-
sive pregnancies. In contrast, in the case of severe pre-
eclampsia, maternal and perinatal mortality is very
high. Sibai and colleagues3 reported that the corrected
perinatal mortality rate in severe pre-eclampsia is 135
in 1000. In this study, the perinatal survival rate was
zero in those cases up to 28 weeks’ gestation, but rose
to 100% after 36 weeks’ gestation, especially in cases of
pre-eclampsia with hemolysis, elevated liver enzymes
and low platelet (HELLP) syndrome when the perinatal
mortality ranged from 77 to 600 per 1000 and maternal
mortality from 0% to 24%. Based on this experience,
prompt delivery was recommended after stabilizing the
maternal condition.4,5

Doppler studies on uterine artery and fibronectin
measurements in maternal blood have been predictive
methods for pre-eclampsia with 77% and 90% sensi-
tivity, respectively.6,7 In these high-risk patients low-
dose aspirin can be given as a prophylaxis, but recent
studies have shown that there is no apparent benefi-
cial effect on clinical outcome.8,9 At the present time
there is no effective method that can prevent the com-
plications of pre-eclampsia, and clinical management
of severe cases is becoming an important issue.

The most important therapy for severe pre-eclampsia
and eclampsia is delivery of the fetus and placenta

and there is universal agreement that all such patients
should be delivered at or after 32–34 weeks’ gestation
and, in cases of severe pre-eclampsia, delivery has to
be taken into account between 28 and 32 weeks’ ges-
tation, depending on the situation. At this stage, the
neonatal mortality rate is not very high depending on
the ability and experience of the neonatal intensive
care unit.10 Timing the delivery in cases of severe pre-
eclampsia at a gestational age of less than 28 weeks is
a difficult decision for the mother and obstetrician to
make. Aggressive management with immediate deliv-
ery will result in extremely high neonatal mortality
and morbidity. In contrast, attempts to prolong preg-
nancy may result in fetal demise and high maternal
morbidity and mortality. The perinatal survival rate is
poor when the disease develops before 24 weeks’ ges-
tation (2%); however, after that stage the survival rate
is good (50%).11

In a study with 252 cases of hypertension in preg-
nancy, the maternal mortality rate was 0.4% (eclamptic
case with cesarean section). Overall perinatal mortality
in those cases with hypertension in pregnancy was
182/1000, which is 2.5-fold higher compared to the
perinatal mortality at this hospital.12 In those cases of
severe pre-eclampsia, the perinatal mortality was about
300/1000. Most of the cases had not received any ante-
natal care nor were referred patients who had received
conservative management with antihypertensive
therapy over a long period. In this study, the perinatal
mortality was 116/1000 in those cases after 32 weeks’
gestation and 686/1000 in those of less than 32 weeks’
gestation. The rate of intrauterine growth retardation
(IUGR) in patients with severe pre-eclampsia was
92.3% for those cases below 32 weeks’ gestation and
40% in those cases above 32 weeks’ gestation. The aver-
age rate of IUGR was 54.2% in the severe pre-eclamptic
cases. For this reason maximum attention should be
paid to the fetus [e.g. non-stress test (NST), Doppler
assessment]. In addition, there was no beneficial effect
of cesarean delivery on perinatal mortality in case of
pre-eclampsia and eclampsia.
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Maternal mortality in the case of eclampsia is
usually associated with mismanaged or complicated
cases. Maternal morbidity is greater in multigravidae
than in primigravidae. This difference may be due
to a higher incidence of chronic hypertension and
underlying renal disease in multigravidae. The com-
plication rate is also higher in patients who have had
no antenatal care. The fetus of the eclamptic woman
is particularly at risk from abruptio placentae,
preterm delivery, IUGR and fetal distress during
seizure. In a study from Turkey,13 the rate of maternal
mortality in cases of hypertension in pregnancy var-
ied in the different regions, while the rate of maternal
mortality was about 0.52–1.20% in urban areas; in the
rural areas, where antenatal care is not satisfactory,
the perinatal mortality was 2.90–5.20%.

The clinical course of patients with severe pre-
eclampsia may be associated with progressive deterio-
ration in maternal and fetal condition. In the case of
severe pre-eclampsia, both the mother and the fetus
are at risk for morbidity and mortality. Some clinical
signs and symptoms, such as hypertension, protein-
uria, edema or other parameters, might indicate the
level of pathophysiology in relation to the severity of
the disease and endothelial cell damage. With regard
to endothelial cell damage and vascular pathology,
the risk of vascular damage for the mother would
appear to increase after the diastolic blood pressure
had reached 110 mmHg, whereas an increased risk to
the baby has been shown to correlate with a diastolic
blood pressure above 95 mmHg.14 There is universal
agreement that all such patients should be delivered
at or after 32–34 weeks’ gestation or if there is any
evidence of premature rupture of membranes, IUGR,
oligohydramnios or fetal and/or maternal distress, at
any gestational age. However, there is disagreement on
the management of patients with severe pre-eclampsia
before 32 weeks’ gestation. Some authors consider
delivery as a definitive therapy for all patients with
severe pre-eclampsia regardless of gestational age;
others recommend expectant management.3,15 In the
literature it is not always possible to compare the
studies because their design differs in definition, clini-
cal decision and follow-up and studies are retrospec-
tive. There is also no agreement on the classification of
hypertension in pregnancy. The classifications of the
American College of Obstetricians and Gynecologists
and the International Society for the Study of Hyper-
tension in Pregnancy are mostly used, but both are
not clinically well applicable. The outcome of severe
pre-eclamptic cases differs depending on definition
and clinical management. If the pathology is severe
enough in the case of severe pre-eclampsia, the mater-
nal morbidity and mortality are very high. In some cases
with severe pre-eclampsia where the blood pressure is
high but the other clinical parameters are not severe,
the pathophysiology may not be severe enough to put
the mother at risk of severe morbidity or mortality. We

need to differentiate therefore between which patient
should have expectant management and induction of
labor and which criteria we should apply to make a
decision for delivery in the case of expectant manage-
ment with severe pre-eclampsia.

Expectant management in severe
pre-eclampsia
There is no controversy on the management of the
cases with chronic hypertension, gestational hyper-
tension and mild pre-eclampsia at any gestational age.
These cases consist of a mild group and maternal–
perinatal mortality and morbidity (mild pre-eclampsia
has high perinatal morbidity) are not high and patients
are delivered at term. In severe cases, because the
maternal–perinatal morbidity and mortality are very
high, delivery should be after 32 weeks’ gestation,
when fetal lung maturity is complete. However, there
is controversy in the literature on management of
cases with severe pre-eclampsia at a gestational age of
less than 32 weeks because of high perinatal mortality.
While delivery has long been felt to be the best thera-
peutic regimen for the mother with severe pre-eclampsia,
in certain cases remote from term it may not be the
best for the fetus. As methods for monitoring both
maternal and fetal well-being have been improved,
expectant management in an attempt to prolong
gestation is an alternative option.

When the extent of the maternal antenatal manage-
ment is compared with the costs of neonatal intensive
care, it is obvious that intensive care for prolonged
periods of time is more complicated and also there-
fore more costly. For developing countries with
limited resources available for sophisticated treatment,
expectant management is recommended providing
that the level of care is adequate to detect any mater-
nal complications early. The expectant management
can be beneficial to the fetus without exposing the
mother to severe risks.

In a study,16 a randomized clinical trial was con-
ducted in which patients with severe pre-eclampsia
between 26 and 36 weeks’ gestation were assigned to
be treated with either nifedipine or hydralazine. The
authors found better control of blood pressure and a
lower incidence of fetal distress in the group managed
with nifedipine. In addition, the group managed with
nifedipine had a better perinatal outcome than those
receiving hydralazine. They concluded that nifedip-
ine is a safe and effective drug in the management of
patients with severe pre-eclampsia remote from term.

Odendaal and colleagues17 described the results of
conservative management in 129 patients with severe
pre-eclampsia before 34 weeks’ gestation. The patients
were managed with bed rest, antihypertensive ther-
apy and frequent evaluation of maternal and fetal
well-being. These pregnancies were prolonged for an
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average of 11 days. The overall perinatal mortality
was 326/1000.

Moderate and severe pre-eclampsia
Some authors suggest that severe pre-eclampsia cases
at a gestational age of between 26 and 32 weeks can be
managed conservatively in a close follow-up at the hos-
pital, but in the literature there is no clear definition of
which case is suitable for expectant management.

In order to evaluate and properly manage the cases
with hypertension in pregnancy we should identify
which case is at high risk. In our practice we classify
cases with hypertension in pregnancy as follows:

(1) Chronic hypertension;
(2) Gestational hypertension (hypertension in preg-

nancy without proteinuria);
(3) Mild pre-eclampsia (hypertension < 10 mmHg

diastolic pressure and proteinuria > 0.5 g/l and
< 5 g/l);

(4) Moderate pre-eclampsia (hypertension≥10 mmHg
diastolic pressure and proteinuria < 5 g/l, no
other clinical/laboratory signs for severity);

(5) Severe pre-eclampsia (hypertension ≥110 mmHg
and/or proteinuria > 5 g/l, and/or clinical/labora-
tory sign for severity such as oliguria, scotomata,
headache, confusion, epigastric pain, retinal hem-
orrhage, pulmonary edema, HELLP syndrome) or a
moderate pre-eclampsia that cannot be con-
trolled by antihypertensive therapy;

(6) Superimposed pre-eclampsia and
(7) Eclampsia.

The cases with moderate pre-eclampsia, as classified
above, can be managed with expectant management.
At this stage of the pathophysiology the blood supply
from mother to the placenta and hence to the fetus can
be achieved by increased blood pressure. The patho-
physiology is not generally systemic and the organ
systems of the mother are not compromised. There is
no increased risk for the mother but fetal morbidity
and mortality are very high. The method of assess-
ment for the fetus at risk will be discussed later (NST,
Doppler and fetal blood sampling). Another important
point is that the expectantly managed pregnant
woman should be hospitalized and followed inten-
sively for the probability of a severe form of pre-
eclampsia that can cause severe maternal morbidity
and mortality.

For this purpose the patients are hospitalized and
given special care in the hospital. For moderate pre-
eclampsia, proteinuria should not be higher than 5 g/l
with no other clinical/laboratory sign for severity. After
bed rest in the hospital, the diastolic blood pressure
might be decreased to less than 110 mmHg without
any medication. If not, an antihypertensive drug
such as nifedipine can be given to keep the diastolic

pressure level between 90 and 100 mmHg. If the
patient is treated by antihypertensive therapy, it may
cause relatively decreased blood flow in the uterine
artery and fetal hypoxia. Also, fetal demise should
be expected if the blood pressure is prominently
decreased. We should remember that in both moderate
and severe cases, perinatal morbidity such as IUGR
(45.8%) is higher than in mild cases (10.2%).12 The
evidence of IUGR and oligohydramnios is an indica-
tion for induction of labor in the case of moderate
pre-eclampsia.

If any of the following signs is becoming evident,
the case should be categorized as severe pre-eclampsia
and labor should be induced: diastolic pressure more
than 110 mmHg in spite of antihypertensive therapy,
increase in proteinuria to 5 g/l or more, any clinical/
laboratory sign for severity during follow-up in the
hospital. In that case, delivery should be the recom-
mended approach to the patient because of high mater-
nal morbidity and mortality as well as high perinatal
mortality.

The aim of expectant management for cases with
moderate pre-eclampsia is to gain more time for the
fetus to mature. It is possible to prolong the pregnancy
by approximately 7–10 days but usually no longer. It
should be expected that the patient with expectant
management may move to the severe category at
any time. Daily NST and Doppler assessment should
be carried out. Biochemical parameters for severe
pre-eclampsia (uric acid, platelets, Hb, bilirubin,
transaminases and fundoscopic evaluation) should be
checked at least every other day. Close clinical follow-
up and blood pressure monitoring at least four times
a day are essential clinical workup. These moderate
cases should be managed by a person who has experi-
ence of these cases, preferably at a tertiary center.

Fetal surveillance
The NST is a useful test, and has 88% specificity and
50% sensitivity for fetal well-being.18,19 The oxytocin
challenge test (OCT) has no extra value compared to
the NST and also can be hazardous. Doppler study
and NST are both more accurate in IUGR and oligo-
hydramnios cases. In a study20,21 of IUGR cases with
oligohydramnios, 90% of the cases with abnormal
Doppler findings were acidemic. In cases of oligohy-
dramnios without IUGR with normal findings, both
Doppler and NST were 20% acidemic. We should
remember that in the case of IUGR, the risk for fetal
hypoxemia is very high and delivery is mandatory. In
the case of oligohydramnios there is a high risk of fetal
hypoxemia, which remains at 20%. Fetal blood sam-
pling may help to rule out the risk of fetal hypoxia or
acidemia in a tertiary center. Fetal biophysical profile
(FBP) may also help in high-risk cases but is time-
consuming. Meanwhile the combination of NST and
amniotic fluid volume measurement (AFV) is a reliable
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and time-saving method with similar sensitivity and
specificity rates as FBP.22 In any category of pre-
eclampsia, any case with IUGR and oligohydramnios
should be delivered. Some cases with moderate pre-
eclampsia and borderline IUGR without oligohydram-
nios at a gestational age of less than 28 weeks, if NST
and Doppler findings are normal, can be managed
conservatively. Recently, it has been shown23 that
monitoring of the fetal venous circulation represents a
more accurate method of determining the optimum
time of delivery and also can predict fetal compro-
mise earlier than antenatal cardiotocography. Another
important factor to be taken into consideration in
moderate pre-eclampsia managed expectantly is the
risk of abruptio placentae and eclampsia.

Antihypertensive therapy in
moderate/severe pre-eclampsia
In severe pre-eclampsia, a blood pressure more than
180/110 mmHg, mainly a diastolic pressure of more
than 110 mmHg, is a risk factor for intracerebral bleed-
ing, tissue hypoxia and abruptio placentae, which can
cause maternal or fetal morbidity and mortality. In this
situation, to control the blood pressure, antihyperten-
sive medications should be given to the mother until
delivery.

Pre-eclampsia might be better explained and
defined as a platelet/endothelial cell disorder rather
than a primary hypertensive disease. For that reason
using antihypertensive drugs is not the best treatment
for the disease. The clinical manifestations of moder-
ate or severe pre-eclampsia are consistent with a sys-
temic disorder in which severe hypertension is only
one aspect of the pathophysiology. Patients present-
ing with such multiorgan disease are often both a
diagnostic and a therapeutic challenge. For that
reason treating the mother by antihypertensive med-
ications should not be the main therapeutic approach.
The control of hypertension may prevent some com-
plications such as intracerebral hemorrhage and
cardiac failure in which severe proteinuria and other
compromised systemic organ functions are not evi-
dent. The aim of antihypertensive therapy in the case
of moderate pre-eclampsia at less than 32 weeks’ ges-
tation is to gain more time and to reduce the risk of
respiratory distress syndrome. If there is IUGR and
oligohydramnios, the fetus is probably at risk as well
as the mother. For that reason there is no indication
for using antihypertensive therapy and in that situa-
tion the best option is delivery at any gestational age.

Different types of antihypertensive agents have
been used for the long- or short-term treatment of
hypertension in pregnancy.24 Methyldopa is one of
the antihypertensive agents whose long-term safety
for both the mother and the fetus has been adequately
assessed. It reduces systemic vascular resistance
without significant physiological changes in heart or

cardiac output, while renal blood flow is maintained.
Plasma half-life and also peak plasma levels after oral
administration are approximately 2 h. However,
decrease in arterial pressure is maximal about 4–8 h
after an oral dose of methyldopa. The usual dose is
1–2 g/day given in four divided doses although some-
times 4 g/day is needed.

Clonidine is a potent a2 receptor to central stimula-
tor and has some side effects such as sedation, dry
mouth and rebound hypertension following an abrupt
discontinuation. The usual oral dose is 0.1–0.3 mg/day
given in two divided doses and up to a maximum
of 1.2 mg/day as needed. Horvath and coworkers25

studied this drug and concluded that clonidine was a
safe and effective antihypertensive agent.

Sodium nitroprusside is a potent arterial and venous
dilator, which is used extensively in the treatment of
cases with malignant hypertension in non-pregnant
patients. It has a rapid onset and a short duration of
action. This agent should be used only in extreme
emergencies in pregnancy because of the potential risks
of fetal cyanide poisoning and metabolic acidosis.26

β-Blockers (propanolol, metropolol and atenolol)
have different hemodynamic effects that depend
on their receptor selectivity. The type of action of
β-blockers is competitive inhibition of catecholamines
at β1 (heart) and β2 (peripheral circulation, bronchi
and uterus) adrenoreceptors. Side effects are bronchial
spasm, hypoglycemia, cold extremities and a distur-
bance in lipid metabolism, neonatal bradycardia,
neonatal hyperglycemia, fetal growth retardation
and neonatal respiratory depression.27 Because of the
concern regarding side effects such as fetal growth
retardation, the use of this drug should be limited.

Labetalol is a combined α- and β-adrenoreceptor
blocker. The additional property of α-blockade induces
vasodilatation improving the primary vasospasm in
this disorder. The usual dose is 33 mg daily up to
2400 mg/day as required. It appears to be safe like
methyldopa for short-term use in the third trimester,
but it has an increased incidence of fetal growth retar-
dation in the case of long-term use.28

Diuretics decrease the blood pressure by decreas-
ing the intravascular volume and cardiac output. The
most commonly used diuretics of the non-pregnant
hypertensives are the thiazide diuretics. However, the
use of diuretics in case of pre-eclampsia should be
restricted to the patients whose pregnancy is compli-
cated by pulmonary edema or excessive fluid reten-
tion or to certain patients with renal disease.

Hydralazine has a direct relaxation effect on arterial
smooth muscle and is associated with stimulation of
the sympathetic nervous system resulting in an
increased heart rate and contractility. Maternal side
effects are headache, flushing, palpitations, nausea and
vomiting. Drug-induced lupus syndrome is generally
observed only after long-term oral use. Uteroplacental
blood flow may decrease following parenteral admin-
istration, which can cause fetal distress. Hydralazine
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may accumulate after continuous intravenous infusion
resulting in hypertension and therefore it should be
administered in small intravenous amounts of 5–10 g
at intervals because the onset of the effect may be
delayed for 15–20 min.

Comparative trials between hydralazine, nifedipine
and labetalol have not shown one agent to be superior
in the acute management of severe hypertension.16,28,29

Calcium channel blockers (such as nifedipine, nicardi-
pine, isradipine, nimodipine and verapamil) are potent
antihypertensive agents that depress the myogenic
tone of precapillary arterioles. The most frequent side
effects associated with these drugs are secondary to
the acute vasodilatation. 

Nicardipine has been studied30 and demonstrated
to reduce maternal blood pressure without increasing
neonatal morbidity. Additionally, Doppler flow
studies of the umbilical artery were not significantly
affected by nicardipine therapy. Long-term therapy
was well tolerated by the mother with no adverse
fetal/neonatal side effects.

Intravenous isradipine studied by Ingemarsson and
associates31 was found to normalize blood pressure
15–30 min after injection. There was no change in
Doppler velocimetry of the umbilical arteries. Wide-
Swensson and coworkers32 performed a randomized
placebo-controlled trial of a slow-release form of
isradipine in women with gestational hypertension.
Again, they demonstrated the effect of isradipine on
decreasing maternal blood pressure without demon-
strating an effect on vascular flow.

Belfort and colleagues33 studied the hemodynamic
effects of verapamil administration in nine women
with proteinuric hypertension. These patients had
an intravenous infusion of verapamil, after plasma
volume expansion with dextran-70, until a 20% reduc-
tion in mean arterial pressure was obtained. They
concluded that verapamil is a good antihypertensive
agent to be used in hypertension in pregnancy but
deemed that caution was indicated when it was used
in combination with magnesium sulfate.

Nifedipine was found to be extremely effective
in the acute treatment of severe hypertension in preg-
nancy. In patients treated with daily nifedipine and
serially followed by maternal blood pressure and fetal
Doppler studies, it was demonstrated that a signifi-
cant decrease occurred in maternal blood pressure
without any change in resistance index in the umbili-
cal and uterine arteries or in the fetal aorta. The Apgar
scores and arterial blood gases were not consistent
with fetal compromise. In a retrospective study, Sibai
and colleagues34 studied the effect of nifedipine
on 200 women between 26 and 36 weeks’ gestation.
Nifedipine was associated with significantly lower
blood pressure and good perinatal outcome.

Many of the calcium channel blocker agents
have been found to inhibit platelet aggregation, both
in vivo and in vitro. Rubin and colleagues35 studied
10 women with proteinuric gestational hypertension

and noted a statistically significant increase in the
mean platelet count, which they attributed to nifedip-
ine. They concluded that nifedipine reversed throm-
bocytopenia and controlled blood pressure in patients
with gestational hypertension.

In conclusion, calcium channel blockers such as
nifedipine have been used for many years in pregnant
women with good effect. In many cases, they are
effective and safe for the mother and the fetus when
used carefully and are inexpensive. Additional bene-
fits may be derived from vasodilator and antiaggrega-
tional effects. In the acute situation, calcium channel
blockers such as nifedipine can be given sublingually
10 mg two or three times at 15-min intervals. Blood
pressure decreases slowly to an appropriate level and
then is maintained with 10 mg three or four times a
day at 6–8-h intervals. The onset of action occurs
within 10 min of administration and the peak action
occurs after 30 min, with the blood pressure control
maintained for approximately 4 h. It should be
remembered that the daily maximum dose should not
exceed 120 mg/day because of maternal side effects.
Mild side effects and a short half-life, plus a rapid but
not very deep response, make this drug preferable to
others. In moderate pre-eclampsia there is no need to
add any alternative antihypertensive agent. In this
situation the case should be classified as severe
pre-eclampsia and be delivered after stabilization of
the mother.

Maternal volume expansion 
The clinical consequences of vasodilatation without
volume expansion include precipitous falls in blood
pressure as well as the onset of peripheral ischemia,
most clearly evident as a fall in renal output and the
development of fetal distress.36 Preloading the patient
prior to vasodilatation is known to prevent these com-
plications and also facilitates subsequent vasodilatation.

Fluid therapy in pre-eclampsia has traditionally been
monitored by the use of central venous pressure (CVP)
lines, but CVP readings, while acting as a good index of
overall intravascular volume, do not give any indication
of the left ventricular response to acute volume expan-
sion. Central monitoring, to be meaningful, requires
right heart catheterization in order to measure pulmo-
nary capillary wedge pressure. In practice, in these
severe cases, patients should never be exposed to acute
plasma volume expansion of more than 30 ml of fluid.

Eclampsia
Eclampsia is associated with multiple organ dysfunc-
tion. The question of whether or not eclampsia is a
preventable complication is controversial. Campbell
and coworkers37 studied factors leading to the devel-
opment of eclampsia in 66 women and concluded that
convulsions were not preventable in 42% of the cases.

2116 Management of severe pre-eclampsia and eclampsia
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The first action should be to control convulsions.
As a first line, 10 mg intravenous diazepam can be
given as a bolus and then 3–4 mg of magnesium sul-
fate administered as a bolus. After convulsions have
been abolished, the magnesium sulfate perfusion
should be maintained at 1–1.5 g/h for at least 24 h.
Arterial blood gas measurements, magnesium level in
the blood and a chest radiograph should be obtained
to ensure adequate maternal oxygenation and to avoid
overperfusion of magnesium. Hypoxemia and acidemia
should be corrected. Hydralazine or labetalol can be
intravenously administered, or sublingual/oral calcium
channel blockers can be used to control the blood
pressure. Intensive care of the patient is necessary.
Occasionally, it is not possible to control the convul-
sions. In that situation the woman should be cared
for in the intensive care unit under the perfusion of
sodium thiopental. The seizures can be prevented
with this therapeutic approach.

In some cases, fetal bradycardia or signs of fetal
distress can be seen during or just after seizures. In
this situation, there is no hurry to perform immediate
cesarean section. Because of maternal distress, the
placental flow is not in the optimum condition and
temporary fetoplacental insufficiency is present. After
abolishing the seizures, maternal oxygenation and
hemodynamic condition recover. At this stage, any
sign of fetal distress disappears and fetal well-being
returns. Immediate maternal oxygenation and control
of seizures and blood pressure are significant steps for
fetal well-being. Fetal heart rate usually returns to
normal once convulsions cease. If the bradycardia
persists or the uterus is hypertonic, placental abrup-
tion should be suspected. Following stabilization of
maternal conditions, the next step should be delivery
of the fetus. Induction of labor with oxytocin is often
successful. The fetal heart rate and uterine activity
must be closely monitored. Eclampsia is not an indi-
cation for cesarean section. Cesarean section solely for
this indication should be avoided. In the case of
seizure or just after convulsion, it can cause harmful
effects on the maternal system and increase maternal
morbidity and the heart rate.

Magnesium sulfate prophylaxis in
severe pre-eclampsia 
Considerable conflict exists regarding the need for
seizure prophylaxis, the optimal anticonvulsant for
this purpose and the type of hypertension in preg-
nancy that increases the patient’s risk. The recom-
mendations from the literature state that the essential
management of pre-eclampsia includes preventing
convulsions, which involves the use of parenteral
magnesium sulfate.38 Magnesium sulfate is the drug of
choice in the United States, while it is less frequently
used in other countries. Instead, standard anticonvul-
sants such as phenytoin, diazepam and phenobarbital

are used frequently for the treatment of seizures. In
Turkey, magnesium sulfate is the most preferred and
used anticonvulsant for the treatment of convulsions
and also for the prophylaxis of convulsions in the
case of severe pre-eclampsia.39

Moodley and Moodley40 addressed the necessity of
anticonvulsant therapy in hypertension in pregnancy.
They randomized 228 women with severe pre-
eclampsia to receive magnesium sulfate with antihy-
pertensive therapy vs. antihypertensive therapy alone.
There was no significant difference in the number of
convulsions, birth weight, Apgar score or maternal com-
plications between these two groups. In 1993, Friedman
and associates41 performed a randomized clinical trial
on the use of phenytoin vs. magnesium sulfate in 105
patients with severe pre-eclampsia or eclampsia. They
found that patients receiving phenytoin had a more
rapid cervical dilatation and a decreased incidence of
postpartum anemia. There were no seizures in either
group after initiation of therapy.

In 1995 the Eclampsia Trial Collaborative Group
published data42 on the anticonvulsant medication for
the treatment of eclampsia and compared the efficacy
of magnesium sulfate, phenytoin and diazepam with
respect to reduction of seizures in women with
eclampsia. They concluded that magnesium sulfate is
a more effective agent than either of the other two
medications in the prevention of further seizures, as
well as being equally safe. The use of magnesium
sulfate for the prevention of eclamptic seizures is not
entirely without risk. Magnesium toxicity can culmi-
nate in cardio-respiratory arrest if it is not prevented
or treated immediately. In addition, some studies have
reported low Apgar scores, respiratory depression and
hyperflexia in preterm neonates of mothers receiving
magnesium sulfate.43

Recently, Odendaal and Hall44 performed a study
on maternal and perinatal outcomes by using prophy-
lactic administration of magnesium sulfate to patients
with early severe pre-eclampsia. They concluded that
the prophylactic use of magnesium sulfate in patients
with severe pre-eclampsia, especially when they are
not in labor, is questionable, and that, although the
use of magnesium sulfate did not cause severe mor-
bidity, it is a potentially harmful drug that should be
reserved for specific indications.

Cases with severe pre-eclampsia or eclampsia that
present with cerebral or visual disturbances, right
quadrant abdominal pain, severe headache, uncon-
sciousness, acute exacerbation in blood pressure or
uncontrolled blood pressure should have prophylatic
therapy because of high seizure risk. Also, in the case
of severe pre-eclampsia or eclampsia during labor or
on the first day of the postpartum period, prophylac-
tic therapy should be initiated. This prophylactic
therapy can be administered as 3–4 g magnesium
sulfate intravenously given as a bolus, with a caution
about side effects, and then perfused 1.5 g/h for 24 h.
Under these circumstances there is no evidence or
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reason for continuing prophylactic therapy for more
than 24 h.

Intrapartum and postpartum
management 
Pre-eclampsia or eclampsia alone should not be an
indication for cesarean section. All women with severe
pre-eclampsia should receive anticonvulsant prophy-
laxis during labor or postpartum. In our institute,

magnesium sulfate is administered by controlled
intravenous infusion with a loading dose of 3 or 4 g
over 20 min, followed by a maintenance dose of 1.5 g/h.
The infusion is continued throughout labor and deliv-
ery, and at least 12 h postpartum. All patients should
be monitored very closely, with special attention given
to fluid intake and output. Patients with severe pre-
eclampsia and eclampsia, particularly uncontrolled,
or those remote from term and those with the HELLP
syndrome are at increased risk for the development of
pulmonary edema and acute renal failure.4

2118 Management of severe pre-eclampsia and eclampsia
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199 Maternal mortality in
developing countries
J. A. Fortney, J. B. Smith and P. E. Bailey

Levels of maternal mortality and
the public health discrepancy
Overall mortality in developing countries has
declined rapidly during the last half of the 20th cen-
tury. Much of this decline is attributable to nearly
universal immunization against childhood diseases,
public health measures such as improved water and
sanitation, and some economic development allowing
higher living standards.1 Differences between rich and
poor countries in expectation of life at birth have nar-
rowed, although discrepancies in various public
health indices remain.2

Maternal mortality has failed to keep up with this
progress in public health. Maternal mortality ratios
(MMRs) in developing countries are about 20-fold
greater than in the developed world.3 By contrast, infant
mortality is only ninefold greater, and life expectancy at
birth is 20% lower in developing countries than in
developed countries (24% lower if China is excluded).4

Maternal mortality is fundamentally different from
other public health challenges in that curative services
are more important than preventive services and in
that a package of interventions is needed to address it.
About 80% of maternal deaths are attributable to five
direct obstetric complications, which can, for the
most part, be neither predicted nor prevented. They
are hemorrhage, sepsis, hypertensive disorders of
pregnancy, prolonged or obstructed labor, and unsafe
abortion.

While it is generally true that direct obstetric com-
plications are not predictable or preventable, some
complications can be prevented some of the time.
Recent studies have now provided good evidence that
active management of the third stage of labor has the
potential to prevent a significant proportion of post-
partum hemorrhage (PPH), perhaps in the range of
40% if well and widely implemented.5–7 Evidence to
date, however, requires that deliveries take place in
the presence of an attendant trained and equipped to
practice active management of the third stage.
Research regarding the use of uterotonics (especially

misoprostol) with less skilled attendants is under
development.8 It is important to note that even if
active management of the third stage of labor is fully
and perfectly implemented, some PPH will still occur
and will require treatment by skilled attendants in a
facility equipped to provide such care.

While prevention of sepsis in domiciliary deliver-
ies attended by traditional birth attendants (TBAs) has
been disappointing,9 sepsis is preventable when
deliveries are supervised by skilled attendants prop-
erly trained and equipped.10 Preventing sepsis in
cesarean deliveries is eminently possible.11 Evidence
for the ability to prevent hypertensive diseases of
pregnancy is not compelling at the present time, but
may be accumulating.12–14

Complications of abortion, either spontaneous or
induced, typically include sepsis and/or blood loss.
In places with good access to care for these complica-
tions, abortion mortality is extremely low. In places
where access to care for abortion complications is
poor (for either resource or policy reasons), abortion
complications can account for as much as 20% of
maternal mortality.15 Of course, abortion complica-
tions can be prevented by making safe abortion avail-
able and accessible; and the need for abortion can be
reduced (but not eliminated) by affordable, accept-
able, and accessible family planning programs.

While the direct obstetric complications themselves
may not usually be preventable, death resulting from
them can usually be prevented if appropriate medical
care is available. As we shall see, this is a big ‘if’.

Developing countries today
The countries with the highest MMR today are in
Africa. (The sole exception to this is Afghanistan.)
Table 199.1 shows MMRs estimated by UN agencies.16

While the developing world as a whole has MMRs
22 times greater than the developed world, the range
among individual countries is vastly greater. Some
developed countries may go for long periods (i.e. more
than 1 year) without any maternal death and therefore
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have an MMR of 0 for that year (e.g. Iceland). Other
countries (e.g. Afghanistan, Sierra Leone) have MMRs
in excess of 2000 deaths per 100,000 live births. In
many countries, national estimates may mask wide
subnational variations in MMRs – especially in remote
or geographically challenging areas where MMRs may
be considerably higher than the national ratio.

Considering the absolute number of deaths rather
than the MMRs, the magnitude of the problem
becomes even more apparent. The number of deaths
in Asia (combined) is approximately equal to those in
Africa. This is because the generally lower MMRs in
Asia are applied to a larger population base. Certain
countries account for large numbers of maternal
deaths. India, alone, accounts for 136,000 – a stagger-
ing quarter of all the world’s maternal deaths. Nigeria
is a distant second with 37,000, and Pakistan is third

with 26,000. China, on the other hand, has ‘only’
11,000 in spite of having a population more or less the
same as India’s.

Developed countries historically
Historically, the countries currently labeled as devel-
oped had MMRs not very different from the develop-
ing world today.17 Table 199.2 shows MMRs from the
early 20th century for 21 of today’s developed coun-
tries. Given the level of sophistication with regard to
measurement at that time, these numbers should be
interpreted with caution, and experience tells us that
they are probably underestimates. It should also be
noted that some of the countries at the high end had
some remote (and therefore difficult to reach) popu-
lations, but so did Norway and Finland.

2124 Maternal mortality in developing countries

Number of Lifetime risk of 
Region MMR* maternal deaths maternal death (1 in)

World total 400 529,000 74
Developed regions 20 2,500 2800
Developing regions 440 527,000 61
Northern Africa 130 4,600 210
Sub-Saharan Africa 920 247,000 16
Eastern Asia 55 11,000 840
South Central Asia 520 207,000 46
South Eastern Asia 210 25,000 140
Western Asia 190 9,800 120
Latin America and the Caribbean 190 22,000 160
Oceania 240 530 83

*Maternal deaths per 100,000 live births

Table 199.1 UN estimates of maternal mortality in 2000* (adapted from AbouZahr and Wardlaw16)

Europe Other developed countries

Country MMR Country MMR

Denmark 235 Uruguay 338
Netherlands 242 Japan 353
Sweden (1918) 258 South Africa* 410
Norway (1919) 297 Australia 501
Finland 360 New Zealand 648
Italy 367 Chile 748
England and Wales 433 United States 799
Spain 501
Germany (1919) 515
Ireland 553
Belgium 609
Scotland 615
France 664

*Probably (but not so specified) whites only

Table 199.2 Maternal mortality ratios in 1920 in developed countries (adapted from Woodbury RM. Maternal
Mortality. Washington, DC: Children’s Bureau Publications, No. 15, 1926; quoted in Loudon17)
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High as these 1920s numbers are, some had already
declined substantially. Loudon graphs the decline in
several of these countries showing in Scandinavia, the
Netherlands, Belgium, and Paris a sharp decline from
around 1880 to around 1910. He attributes this to
acceptance of new aseptic techniques during this
period and, to a lesser extent, the emergence of anes-
thesia. In other countries (England and Wales, Scotland,
Australia, New Zealand, and the United States), there
was no comparable decline in 1880–1920.

Table 199.3 shows how rapidly three disparate
countries converged during the first half of the last
century. Again, readers should view the numbers as
indicative rather than completely accurate.

Maternal mortality in the developed world began
its rapid decline to current levels in the 1930s (Table
199.3) following the widespread introduction of new
drugs (sulfa drugs in the late 1930s, then antibiotics in
the mid-1940s18) for management of infections,19

blood transfusion technologies,20,21 and improved
surgical techniques developed during World War II.
Cesarean sections, for example, carried a high risk of
dying before the availability of antibiotics and blood
transfusion. There was a further decline in the 1960s
and 1970s, though far less spectacular, as many coun-
tries both legalized abortion and introduced safer
techniques of pregnancy termination. Probably, the
increasing proportion of deliveries taking place in
medical facilities also contributed to the decline in
many (but not all) countries.

Developed countries today
Developed countries today account for 2500 deaths or
0.005% of the world’s total. Their combined
MMR is 20. A score of countries have MMRs in the
single digits, including some well-resourced Middle
Eastern ones. The United States and the United
Kingdom, both countries with pockets of poverty
and/or substantial immigrant populations, are in the
midteens. Developed countries with higher MMRs are
most likely to be located in Eastern Europe where
access to high-quality care may be limited in some
areas.

Issues in measuring
maternal mortality
Three measures of maternal mortality are used.*

(a) Maternal mortality ratio: The MMR is the most
commonly used measure. It is defined as the num-
ber of maternal deaths per 100,000 live births.
(Unfortunately, many people still refer to this by
its old name – maternal mortality rate, which
means something else.) There are issues related to
both the numerator and the denominator.

(1) Numerator: Should only direct obstetric
deaths be included? What about indirect
obstetric deaths, and non-obstetric deaths?
The trend is to be more inclusive. One reason
for this is that it is increasingly recognized
that it is not always simple to determine
whether the death is related to pregnancy.
The most glaring example of this is deaths
related to domestic violence, homicide, sui-
cide, and accidents.23 One author reports that
40% of maternal deaths in New York City are
due to injury, mostly homicide and suicide.24

Furthermore, it seems likely that pregnancy
contributes to the likelihood of violence.25

(2) What time frame should be used – 42 days,
3 months, 12 months?26 Again, the trend is
to be more inclusive for several reasons. In
developed countries, where extreme mea-
sures are sometimes taken, women may
survive well beyond the 42-day limit only to
eventually succumb to a direct obstetric
complication (for example, kidney failure
due to eclampsia). Postpartum depression
may lead to suicide more than 3 months
after delivery. The advantage of 12 months is
that maternal mortality would then be equiv-
alent to infant death (deaths to infants under
12 months due to any cause per 1000 live
births). The disadvantage, of course, is that
the ratio would be inflated with deaths unre-
lated to pregnancy or childbirth.

(3) Denominator: Some writers prefer using
10,000 or even 1000. Smaller denominators
turn the low levels of MMR in developed
countries into an awkward statistic – the
mean is 2 per 10,000 live births or 0.2 per
1000. Some writers have argued that the
denominator should include all pregnan-
cies, not just live births. This is a matter of
convenience. National statistical offices
report live births reasonably accurately; still-
births are reported less completely, and data
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* Calculations may be found in Fortney.22

1920 1940 1960

United States 799 376 37
England and Wales 433 261 39
The Netherlands 242 235 37

Table 199.3 Decline in MMRs from 1920 to 1960 in
the United States, England and Wales, and the
Netherlands (adapted from Loudon17)

Kurjak-199.qxd  5/10/2006  12:45 PM  Page 2125



on abortions (whether spontaneous or
induced) are invariably underreported.

(b) Maternal mortality rate: This is defined as the
number of maternal deaths per 100,000 women of
reproductive age (15–45 years). It is a measure of
both obstetric risk and the frequency with which
women are exposed to the risk. If you wish to
measure the impact of family planning on mater-
nal mortality, this is the measure to use.22

(c) Lifetime risk: This is the risk of dying in child-
birth for a woman in a specific country and is
stated as a 1 in X risk. For example, it was
recently reported that a girl in Sudan is more
likely to die in childbirth than to finish primary
school. The likelihood that she will finish pri-
mary school is 1 in 100, while her lifetime risk of
death in childbirth is 1 in 9.27 This, too, is a mea-
sure of the average number of births combined
with the risk of dying at each birth.22

Why measure?
Maternal mortality is measured either to assess the
magnitude of the problem or to evaluate the impact of
improved services. However, all methods of measure-
ment have significant shortcomings or are costly to
implement. Furthermore, one commonly used method
(sisterhood) refers to a period of time beginning 10 years
(or so) before the measurement is taken, which has
implications for its current usefulness for policy
makers. Because of its cost and its lack of precision,
it is recommended to undertake measurements of
maternal mortality only rarely, i.e. not more than
once every 10 years.28 Whichever method is used, it is
important to calculate 95% confidence limits as these
are typically quite wide. This is especially important
in making comparisons as confidence limits may over-
lap even though point estimates seem quite different.

Types of measurement
There are several ways of measuring maternal mortal-
ity. These are discussed below in approximate order
of their appearance over time.

Hospital death rate: This is defined as the number
of maternal deaths divided by the number of obstetric
patients admitted. While most hospitals calculate
this, it is of value only to that hospital and reflects the
mix of patients and their condition on admission as
well as the quality of care they receive. Conceivably,
a hospital’s death rate could increase as the quality
of care improves and more patients come from ever
greater distances. The case fatality rate (obstetric
deaths per 100 obstetric complications admitted) is
a better measure of quality of care, but this too is

affected by the condition of patients at admission.
The more inaccessible† the area served by the health
facility the less informative the hospital death rate
could be.

Vital statistics: Even in countries where reporting
of death is complete, maternal deaths are underesti-
mated in vital statistics.29–31 There are several reasons
for this, including the skills of the physician signing
the death certificate and that of the person assigning
the code for cause of death. Vital statistics should not
be used as a measure of maternal death.

RAMOS: RAMOS stands for reproductive age mor-
tality survey, and was developed in the late 1970s. It
consists of determining (usually by verbal autopsy32

through interviews with family members and health
care workers) the cause of death in women of repro-
ductive age (15–45 years). This generates a percentage
that can be attributed to each of the major causes of
death (‘proportional mortality’). In developing coun-
tries, maternal deaths are typically between 20% and
25% of all deaths during the reproductive life span,
but can be much higher for the prime child-bearing
years.33 RAMOS studies have fallen into some disfa-
vor because of challenges in locating all deaths to
women of reproductive age (usually in the absence of
systematic death reports), but one was done in 2002
in four provinces of Afghanistan.34

Sisterhood: The limitations of the methods
described above led to the development, in the
1980s of a method of estimating maternal mortality
by asking people (both men and women) how many
sisters they have ever had, how many are still living,
the age at death of those who died, and their cause of
death.35 There is now very wide experience with this
method; it is used in the demographic and health
surveys that are implemented in many developing
countries on a continuing basis. The sisterhood
method tends to consistently underestimate mater-
nal mortality by about one-third.28 There are several
reasons for this built-in bias.36 In spite of its limita-
tions, this method is currently the best there is and
will continue to be used until newer methods are
developed and refined. The IMMPACT program at
the University of Aberdeen‡ is currently developing
methods to assess the effectiveness and cost-effec-
tiveness of maternal mortality reduction interven-
tion strategies.37

Modeling: The continuing difficulty in arriving at
good – and not too expensive – estimates of maternal
mortality led WHO, in the 1990s, to collaborate with
scholars at the Johns Hopkins University School of
Public Health to develop estimates by using a com-
puter model. This method has been used successfully
to estimate infant mortality.38 The maternal mortality
estimates are updated regularly by the UN agencies
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†Inaccessibility includes distance, lack of transport, cost, cultural avoidance of medical facilities, and beliefs in causes of complications that are at
odds with medical science.

‡Funded by the Bill and Melinda Gates Foundation, the European Union, DfID (UK’s Department for International Development), and United States
Agency for International Development.

Kurjak-199.qxd  5/10/2006  12:45 PM  Page 2126



using this model.16 This method has the advantage
that it uses secondary data, the collection of which is
less time-consuming and costs less than collecting
new data in the field.

Monitoring progress
Progress in reducing maternal mortality can be
assessed either through the use of a direct indicator
(i.e. the MMR) or through changes in proxy indicators
that are known (or strongly believed) to have a strong
and direct association with maternal mortality.
Indicators such as education or the status of women
are strongly associated with maternal mortality, but
the relationship is indirect – better educated women
are more likely to seek care if it is available. Countries
with a relatively high status of women are more likely
to make maternity care available.

It is important to recognize that whether a woman
survives an obstetric complication depends on many
factors. A failure in one part of the health system can
lead to death even when all the other parts are func-
tioning correctly. If the MMR is used as the measure
of success or failure, the measure will not identify
which element is lacking or has failed to improve.
The use of a package of proxy indicators can identify
some of the elements in need of improvement.

UN indicators
The UN agencies with a mandate to address maternal
mortality (WHO, UNICEF, and UNFPA) developed such
a set of proxy indicators – described in the ‘UN Guide-
lines’ (Table 199.4).39 The guidelines identify eight ‘sig-
nal functions’, which are deemed necessary to manage
obstetric complications. Each should have been pro-
vided to at least one patient in the last 3 months for the
facility to be considered able to provide it. The func-
tions are provision of parenteral antibiotics, oxytocics,
and antihypertensives; removal of retained products
(preferably manual vacuum aspiration rather than
D&C); manual removal of placenta; assisted vaginal
delivery; cesarean section; and blood transfusion. If a
medical facility can provide only the first six it is con-
sidered able to provide basic emergency obstetric care
(EmOC). If it can provide all eight it is considered to
provide comprehensive EmOC.

The UN Guidelines further note that there should be
at least one comprehensive and at least four basic
EmOC facilities per 500,000 population. Because appro-
ximately 15% of women will experience a potentially
life-threatening complication during pregnancy or
delivery, at least 15% of women should deliver in a
medical facility able to provide EmOC, and 100% of
women with complications should deliver in a medi-
cal facility. Cesarean section rates should be between
5% and 15%, and case fatality rates should not exceed
1% of women presenting with complications.

The UN indicators have now been used in many
needs assessments in all regions of the world and
have proven to be useful in national and regional
planning.40–45 It is probable they will be reviewed in
the near future in the light of accumulated experience,
and they may undergo minor modifications. The
signal function that is least likely to be available is
assisted vaginal delivery. Some countries no longer
train midwives (or even doctors) to do this, preferring
instead for women to proceed directly to cesarean
section.46 While most countries have an adequate
number of comprehensive EmOC facilities (though
not necessarily well located), most have far too few
facilities providing basic EmOC. This means that
women must travel further to seek care, causing them
to be in poorer condition on arrival at the hospital.
This may also cause an overload in the comprehen-
sive EmOC facilities.

The theoretical framework
The three-delay model47 describes the three points in
time at which delay contributes to maternal death: the
delay in deciding to seek care, the delay in reaching
an adequate facility, and the delay in receiving
adequate care once at the facility.

When a woman experiences an obstetric complica-
tion during a home delivery she and her family decide
whether to seek help. First, they must decide whom
they will ask to help – other family members, TBAs,
staff at a health center nearby, or staff at a more
distant hospital. Often all of these are consulted in
roughly that order. Seeking care from the formal
health system requires traveling there whether on
foot, on human-powered devices, or on motorized
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Process indicator Definition

Availability of EmOC Number of facilities that provide EmOC per 500,000 population
Percentage of all births Percentage of all births in EmOC facilities

in EmOC facilities
Met need Proportion of women estimated to have complications who are treated in EmOC facilities
Cesarean deliveries as a Cesarean deliveries as a percentage of all births

percentage of all births
Case fatality rate Proportion of women with obstetric complications admitted to a facility who die

* Emergency obstetric care.

Table 199.4 The UN process indicators (from United Nations38)
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transport of various types, public or private. This may
or may not require the presence of roads and/or
money.

When she arrives at the medical facility (sometimes
after hours or even days of travel), her family may be
required to provide a certain amount of money, which
they may need time to get, or they may be asked to go
outside the hospital to buy drugs. In addition, staff
may not be there, drugs and equipment may not be
available, or there may be no operating room or blood
for transfusion. All may be present, but the staff may
be unwilling or unable to do what is needed. It is
obvious that many things need to be simultaneously
in place and functioning before medical care of ade-
quate quality is administered. Interventions may target
any one or more of these opportunities in the pursuit
of medical attention. Some of the more common
interventions are described later.

Training TBAs
Training TBAs has long been a priority in many devel-
oping countries, but its effectiveness is being ques-
tioned. Typically, training lasts several weeks and
covers the ‘three cleans’ (hands, delivery surface, cord
care), management of a normal delivery, recognition
of complications, and referral. Note the assumption
that there is an appropriate place to which women
can be referred if needed.

Evaluating the work of TBAs is not easy.
Evaluations most often consist of the number of TBAs
trained. Sometimes TBAs are given oral examinations
asking about their knowledge, attitude, and practice.
Rarely are they observed practicing their trade, and if
they are, the presence of the observer may change the
practice. Goodburn and colleagues9 found that train-
ing in asepsis and antisepsis neither improved prac-
tice nor reduced infections. Smith and Fortney,
comparing outcomes of pregnancy among women
delivered by trained or untrained TBAs in Ghana,
found a small improvement in management of the
placenta and postpartum fever, but a tendency to
wait longer before referral.48 Bailey found that TBAs
in Quetzaltenango, Guatemala, were actually less likely
to detect women with complications after they were
trained.49 A recent meta-analysis of studies with
quasi-experimental design50 found small but signifi-
cant benefits for neonatal morbidity and mortality,
but no evidence of either cost-effectiveness or benefits
for mothers.

There is anecdotal evidence that TBA effective-
ness is enhanced when they are incorporated into
the larger health system, accorded respect, and
allowed to remain with their patients even when
they are admitted to hospital. Payment is a crucial
factor; if TBAs lose their fee when their patients are
delivered elsewhere, then the motivation to refer is
reduced. To address this issue, hospitals sometimes

pay a small fee to TBAs for the referrals (anecdotal
evidence only).

Antenatal care
The purpose of antenatal care is to improve women’s
health and nutrition during pregnancy, to detect the
early signs of what could develop into a complication
and potentially prevent it, to educate women to rec-
ognize symptoms of complications, and to help
women make decisions about where to deliver (and
‘birth preparedness’). Unfortunately, antenatal care in
many resource-poor settings is little more than an
injection of tetanus toxoid, and weighing and measur-
ing the woman’s height. Often, even when potential
complications are detected (hypertension, for exam-
ple), no further action is taken. In spite of their short-
comings, antenatal clinics are often overcrowded so
that most women spend no more than 5 min with a
physician during their entire pregnancy. Blood pres-
sure machines often do not function and vitamins
and iron supplements are inadequately supplied.
Nonetheless, widespread use of tetanus toxoid has
greatly reduced both neonatal and maternal mortality
due to tetanus.

In fact, antenatal care has only a limited ability to
reduce maternal mortality. Consider the five main
causes of maternal death: complications of abortion,
prolonged or obstructed labor, PPH, puerperal infec-
tion, and hypertensive disorder of pregnancy. Only the
last can logically be affected by antenatal care. Some of
its effectiveness depends on the availability of a not-
too-distant referral hospital. A program in an area of
Gambia provided high-quality antenatal care (and
nutritional support) to pregnant women; nevertheless
until the 24 h-a-day availability of a physician or qual-
ified midwife, maternal mortality did not decline.51

The risk approach and risk assessment
Every obstetrician considers the risks to which each
patient is subject. Some programs, however, calculate
a score based on several factors. Many of these have
been developed, some complex, others simple. Often
the factors are demographic (age, parity), physical
(height), and obstetric history (previous pregnancy
loss, or previous complications).52

The paramount difficulty with any risk scoring
system is that both sensitivity and specificity are low.
In other words, many complications occur in ‘low-
risk’ mothers, and most of the mothers defined as
‘high risk’ will deliver normally. As long as most
women deliver in a medical facility, this presents little
difficulty. However, it is when most women deliver
at home, and only those ‘at risk’ deliver in medical
facilities that difficulties arise. Being labeled as ‘low
risk’ gives mothers and their families a false sense of
security and reduces their ‘birth preparedness’. The
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fact is that all women are at risk and should be
prepared to seek medical help.53

Having said that, at least one country – Malaysia –
used the risk approach to dramatically change its
maternal health program.54 Using a system of colored
cards and careful follow-up with home visits if
needed, ‘high-risk’ women were encouraged and
helped to deliver in medical facilities. Definitions
of risk were very broad and included geographic
reasons – living a long way from the hospital.
Furthermore, the number of risk factors was gradually
expanded until a large proportion of women were
included – acknowledging, tacitly, that indeed all
women are at risk. Delivery in a medical facility
increased from about 15% in 1950 to more than 80%
in 1995, and maternal mortality plummeted from 534
to 19.55 It is sometimes said that the disadvantage of a
risk assessment approach is that medical facilities are
‘flooded’ with women who, although labeled as high
risk, in fact have uncomplicated deliveries. The other
side of this coin is that, as Malaysia found, increasing
the proportion of deliveries in medical facilities is
often desirable.

Note that even if accurate risk assessment were
feasible, any program based on this approach would
require the availability of high-quality maternity care,
including EmOC, to manage those women who do
develop complications – regardless of whether they
were labeled high or low risk.

Institutional deliveries
We have said above that increasing the proportion of
deliveries in medical facilities is often desirable.
Institutional deliveries are more likely to be aseptic,
to include active management of the third stage of

labor, to use the partogram for early identification of
obstructed labor, and to have rapid access to the drugs
and equipment needed in case obstetric emergencies
do arise. It is important to note, however, that not all
medical facilities meet these standards.

An assessment of several hospitals in a country of
medium development found clinical staff disregarded
their training, ignored management protocols, and
treated patients with little regard for their comfort and
dignity.55 Maternal and perinatal mortality were higher
than might be expected despite the high rate of deliv-
ery by a skilled attendant. An analysis of the situation
points to weak leadership and management, a lack of
accountability in the health system, and women who
are unaware of their rights to higher quality of care.
Nevertheless, women defend their decisions to deliver
in these facilities; they believe (probably correctly) this
is where the highest quality of care is to be found.

In most developed countries virtually all deliveries
take place in institutions, usually those able to provide
a full range of life-saving services. The Netherlands is
an exception to this rule (MMR =16) but hospitals
are always in close proximity. Among developing
countries, there is a very wide range of institutional
deliveries. Often the problem is the inaccessibility of
quality obstetric care when it is needed. McCord and
his colleagues in southern India56 have shown that,
given confidence in the quality of medical services
provided, women and their families do a good job of
knowing when to seek care. Furthermore, they are
willing to pay for it. Thus, we can see that, while
increasing the proportion of births in institutions cer-
tainly facilitates a rapid decline in maternal mortality,
it is neither necessary nor sufficient.

Figures 199.1 and 199.2 show scattergrams of
MMRs with the percentage of births attended by
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Figure 199.1 Proportion of deliveries with midwives and the
maternal mortality ratio for 50 developing countries. Adapted
from Graham et al.57 with permission.

Figure 199.2 Proportion of deliveries with doctors and the
maternal mortality ratio for 50 developing countries, 1990.
Adapted from McCord et al.56 with permission.
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midwives and doctors, respectively. Figure 199.1
(midwives) shows no clear pattern, while Figure 199.2
shows a clear relationship between physician-assisted
delivery and lowered maternal mortality. While, in
general, doctors practice in hospitals, midwives may
practice in either communities or hospitals.

There is a building momentum within the donor
community for increasing the availability of skilled
(not merely trained) attendance at delivery. Skilled
attendance is defined as a skilled attendant in an
environment that enables referral to higher levels of
skill as needed. While the rigorous evidence needed
to support the claim that skilled attendance reduces
maternal mortality is lacking, less rigorous evidence
does support this claim.56 Note that the effects of
skilled attendance and those of institutional deliver-
ies overlap to a considerable degree. Note also that the
concept of skilled attendance includes access to
EmOC and the two are highly complementary.

Community involvement
Community involvement, as a program, typically
includes one or more of the following: community
facilitation of transport to a medical institution, com-
munity-implemented insurance schemes, community
education on the need for nurturing pregnant women,
education on recognition of symptoms of complica-
tions,58 community involvement in building a health
center or maternity waiting home59 and/or providing
a welcoming environment for health workers in rural
areas. A welcoming environment might include, for
example, a cultural acceptance of single women
(doctors, nurses, or midwives) living apart from their
families, or the building of living quarters suitable for
health professionals.

While community involvement often costs rela-
tively little, sustainability is difficult and many pro-
grams fold when program support is withdrawn.
Homegrown programs have greater viability. In the
absence of accessible medical care, community involve-
ment in maternity care is necessarily of limited effec-
tiveness. At the end of the day, however, community
involvement is an essential ingredient to enhance the
utilization of obstetric services.

Emergency obstetric care
Accessible, acceptable, and affordable EmOC is the
ingredient that is critical to the success of all other
approaches. Implicit in almost all interventions
designed to reduce maternal mortality is the intention
to increase the proportion of women who are able to
seek care when they need it. Surprisingly, this was not
made explicit until relatively recently.60 Nor were the
components of EmOC defined until relatively
recently. They include the following:

• availability of EmOC 24 h a day, 7 days a week
(24/7)

• training of staff (at all levels) in the clinical and
support skills needed for EmOC

• management protocols for each complication
• reliable and accessible supply of drugs and func-

tioning equipment
• renovation of buildings to provide dedicated labor

and delivery rooms and operating rooms that can
be kept clean

• infection prevention measures
• laboratory support
• a functioning system of collecting and transfusing

blood
• sensible management and logistics
• quality assurance including regular self-assessment

(audits)61

• supportive supervision and mechanisms of quality
improvement.

A recent program at Columbia University§ has been
elaborating the necessary components and imple-
ments programs through two UN agencies (UNICEF
and UNFPA) and two non-governmental organiza-
tions (Care and Save the Children).62 This program is
now at the point where an assessment of impact can
be made. The program met many challenges that had
to be overcome – nonfunctioning equipment, drugs
that remained in warehouses or on the docks,
surgeons working in hospitals with no anesthetists
or functioning operating room, staff untrained in
obstetric procedures, low staff morale, no budgets
for maintenance and repair, national policies against
necessary practices, unwillingness to innovate,
among others. The good news is that many of the
problems could be solved with relatively little
money simply by improving logistics and manage-
ment practices.

Few of the interventions described above have
been adequately evaluated. As we have stressed ear-
lier, whether a woman survives an obstetric compli-
cation depends on many factors. If one element fails,
others cannot function, as they should. Thus, no
matter how well TBAs might recognize complications
and understand the need for referral, if they cannot
refer because there is nowhere to refer to, their train-
ing will have little impact on maternal mortality. A
community may collaborate on developing means of
transport, but if there is no medical facility to trans-
port women to, their efforts are wasted.

There are well-established guidelines for evaluat-
ing individual interventions – such as active manage-
ment of the third stage of labor.5 But there is – as
yet – no recognized hierarchy of evidence to support
programs (which are, in essence, packages of inter-
ventions). While this is beginning to be developed for
EmOC it remains at an early stage63 and others would
contest this.64 It is important for researchers in this
field to develop imaginative ways to provide evidence
for the effectiveness of program interventions.
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Causes of maternal death
There are many causes of maternal death. In Fathalla’s
now famous ‘Why did Mrs X die?’ he describes the
many off-ramps from the road to death.65 In addition
to PPH, Mrs X was high parity, without access to con-
traception, and the hospital to which she was taken
had no blood available for transfusion. It is important
to address the multiple causes of maternal death and
this requires the attention of many in the government
and the private sectors, not only those concerned with
health.

Clinical causes
All obstetricians are familiar with the clinical causes
of maternal death. In addition to the five main direct
causes (abortion complications, hemorrhage, sepsis,
obstructed/prolonged labor, hypertensive diseases of
pregnancy) there are less frequent ones such as
ectopic pregnancy, amniotic fluid embolism among
others. Indirect and non-obstetric causes can be diffi-
cult to separate. In developing countries, malaria,
tuberculosis, and AIDS all make a significant contri-
bution. HIV/AIDS-associated disease is the leading
cause of maternal death in some settings.66 Anemia,
while rarely a cause by itself, makes women less resis-
tant to other complications. Violence is increasingly
getting attention as a cause of maternal death, though
it may not always come to the attention of maternal
health workers.

Social causes
The low status of women contributes greatly to
women’s inability to obtain the medical care they
need. It limits their access to money needed to pay
for transport or for medical care, and it makes them
less likely to demand high-quality care provided
humanely and with dignity. Low levels of education
and high rates of illiteracy in some developing coun-
tries make women less likely to know the symptoms
of complications, less likely to understand the need
for certain interventions, and less likely to be told the
reason for treatment. Some widespread cultural
beliefs (for example, obstructed labor is caused by
adultery) mean that women and their families do not
seek appropriate care for some complications. Many
hospitals ignore women’s preferences for such things
as companions during labor, delivery position, or
means of placenta disposal; this adds to women’s
reluctance to deliver in hospital. The social distance
between women (especially, rural women) and med-
ical staff means women may be reluctant to speak
(and therefore to provide necessary information) to
their doctors and midwives. Often they have no
language in common, and even if they do, medical
professionals often fail to state things in simple, non-
medical terms.

Geographic and logistic causes
Many countries must contend with populations
living in remote or difficult areas (curfews, moun-
tains, deserts, rivers, floods). In developed countries,
the solutions are often high-tech (such as telemedi-
cine) or expensive – medical ‘flying squads’ that fly
women to medical centers 2 or more weeks before
the expected date of delivery. In low-resource coun-
tries, these solutions are usually out of the question.
But there are maternity waiting homes in many
countries that provide a convenient place to stay for
a week or more prior to delivery. Because these
populations are often quite small (and out of sight),
and the solutions are difficult, they are seldom given
high priority. Indeed, it is difficult to provide any
kind of service to such populations and preventive
health services are more easily given than curative
ones. Lack of infrastructure – roads, transport, com-
munication, security – presents further barriers to
those seeking medical care.

Management and quality of obstetric services
Experience has shown us a multitude of ways in
which poor management can jeopardize quality of
care. All aspects of clinical care and support func-
tions are compromised by poor management, from
failure to replace light bulbs to assigning surgeons
to hospitals with no operating room or anesthetist.
It is difficult to overestimate the contribution
made by poor management to maternal mortality, or
indeed mortality from any cause. Poor management
is the leading contributor to the ‘third delay’ (fail-
ure to receive prompt and appropriate care once in
the medical facility).

Accountability for how professional staff perform
and behave is likely to contribute to whether
women receive the care they need.67 Too often key
staff are absent and sometimes for understandable
reasons – public salaries are so low that medical
professionals must maintain more than one job.
Thus, management at the policy level must also be
held accountable.

Quality of care is compromised by a very long list
of factors including – but not limited to – lack of
accountability, poor preservice training, lack of ongo-
ing in-service training, lack of up-to-date skills, lack
of clinical management protocols, lack of equipment
and drugs, low morale of health workers, lack of con-
cern for patients, poor condition of hospital buildings,
and a policy environment that is not supportive of the
needs of either health workers or their patients.
Nevertheless, some hospitals are able to function well
and provide high-quality care in spite of these many
obstacles, which may help explain why some poor
countries despite their limited financial resources
have lower mortality than others with a similar level
of poverty.
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Prospects for the future
The Nairobi Conference on Safe Motherhood in 1987
set the goal of halving maternal mortality by 2000 and
this goal was adopted by national governments and
other international conferences including the Inter-
national Conference on Population and Development
in Cairo (1994) and the Fourth World Conference
on Women in Beijing (1995). But the goal was not
met. The international development community is
currently using the Millennium Development Goals
(MDGs) as a roadmap to reducing poverty. It includes
only eight goals, one of which is to improve maternal
health; its indicator target is to reduce maternal mor-
tality by 3/4 by 2015 from the 1990 levels (whether
the MMR or actual numbers is not specified). National
governments and donor agencies are also adopting
these goals. From a political perspective, keeping
maternal mortality reduction at the center of long-term
planning is critical.

While MMRs have declined, the population base
has increased leading to an increase in the number of
deaths. Several donors – multilateral agencies,
national aid agencies, and private foundations – have
provided several hundred million US dollars toward
achievement of the goal. Much of the effort has, how-
ever, been directed to projects that were, and still are,
small relative to the size of the target population. Few
countries have embraced the challenge and moved
beyond statements of goodwill and good intentions.

A significant barrier has been the perception that
real progress would require a great deal of money and
reform of health systems; the former was not forth-
coming and the latter seemed too great a challenge.
Many projects therefore remained small in scale and
went around the health system rather than attempting
wider reform.

Recently, it has been realized that revitalizing
maternity services can lead to improvements in hospi-
tal services beyond obstetric departments. Functioning
operating rooms and blood transfusion services bene-
fit those needing surgery as well as obstetric emergen-
cies. The same is true for training anesthetists and
laboratory technicians, or renovating operating rooms.
Improved drug logistics benefit far more patients than
just those in the obstetric ward. Better infection pre-
vention benefits medical staff, patients, and the com-
munity at large. Enabling people to do their jobs as

they were trained to do them (through the components
listed in ‘Emergency Obstetric Care’) improves morale,
performance, and accountability. Thus, it appears that
a focus on EmOC can lead to significant improvements
in the way the broader health system functions.

As countries move from externally funded projects
in limited geographic areas to nationwide programs,
two questions dominate. First, how should a country
‘scale up’? Second, how can we ensure sustainability
when donors withdraw their technical and financial
assistance?

Improvement in health services is incremental but
successful expansion to a national level will undoubt-
edly require that the specific goal of reducing mater-
nal mortality and the general goal of improving health
systems be widely internalized. The increasing profile
of the MDGs should reinforce these goals as countries
must report to the UN their progress on the MDGs.
Not only must all personnel in the health sector –
from the Minister of Health down – understand what
needs to be done, but so must counterparts in other
sectors. Nevertheless, significant progress can be
made with the involvement of only the health sector.
And while improvement is facilitated by economic
development, Sri Lanka and Malaysia have demon-
strated that low mortality can be achieved even in
low-resource countries.

The precise route to national expansion will vary
with circumstances. Determining factors include
whether the health sector (among others) is central-
ized, decentralized, or devolved; the geographic barri-
ers that exist; the size of the population and whether
the country (or regions of it) is densely or sparsely
populated; whether services are free or fee-for-service;
the mix of public and private services; and the com-
mitment of the relevant professional organizations.

Similarly, there are many routes to expansion of
health sector improvements that are sustainable when
donors withdraw. The reader is referred to publications
of the World Bank on this topic. Two important factors,
though, are first, widespread commitment to health out-
side the health sector and second, widespread technical
competence within the health sector. The latter
includes competence in public health, management,
awareness of international norms and standards of prac-
tice, and problem-solving skills. These skills are needed
at the district level as well as at the central level, and the
more so in devolved or decentralized systems.
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Introduction
The 20th century witnessed a dramatic drop in maternal
mortality throughout the western, industrialized
world. For example, maternal death rates in England
and Wales, between 1935 and 1978 dropped from 341
to 10 per 100,0001 and in 1990 there were no deaths
attributable to pregnancy and delivery in Iceland,
Luxembourg and Malta.2 Unfortunately, similar
results were not achieved in the developing world
and in most countries of the so-called ‘south’ deaths
attributable to pregnancy, labor, delivery and the
immediate postpartum continued to be unacceptably
high throughout the second part of the 20th century.2

This means that most obstetricians practicing in
developed countries end their professional careers
without witnessing a single maternal death, whereas
for obstetricians in the South of the world, “maternal
deaths are real people, human faces seen in agony and
distress: they have names, and continue to live in
their memories. Indeed, for an obstetrician, there is no
more tragic event than a maternal death”.3

Because of the failure of the international commu-
nity to effectively tackle the plight of so many young
women and their children, it was not until the 1980s
that the right to safe motherhood was recognized as an
important health goal. The turning point in creating a
global awareness about maternal mortality was
achieved with the convening of the International
Conference on Safe Motherhood, in Nairobi in 1987.
The sponsors of the Conference then created an Inter-
Agency Group for Safe Motherhood, whose members
included the World Health Organization (WHO), the
United Nation Population Fund (UNFPA), the World
Bank, the United Nations Children Fund (UNICEF), the
International Planned Parenthood Federation (IPPF)
and The Population Council amongst others; the secre-
tariat of Family Care International acted as secretariat.4

It must be pointed out that obstetricians were con-
spicuously absent in this initiative, because, at the
time, their relevance was in doubt; there was a feeling
that obstetricians were part of the problem, rather

than a part of the solution. In fact, initially, there were
many misconceptions about the role of obstetricians,
with their professional privileges, their alleged obses-
sion for high technology and inability to play the
constructive role of team leaders.3

Fortunately, this attitude changed and – in the
1990s – the international community recognized that
obstetricians in the South and North were very much
concerned about this neglected tragedy, and that they
had the know-how to alleviate this unnecessary suffer-
ing. Proof of this recognition was the invitation
extended to the International Federation of Gynecology
and Obstetrics (FIGO) to join the Inter-Agency Group.

The work to bring maternal morbidity and mortal-
ity to the forefront of the international agenda for
development climaxed in the year 2000, when the
largest-ever gathering of heads of state at the United
Nations in New York, adopted the UN Millennium
Declaration, made up of eight critical goals to fight
poverty and accelerate development, named Millen-
nium Development Goals (MDGs). Two of the eight
MDGs deal with improving maternal health and
reducing child mortality, thereby recognizing the
importance of these health goals in promoting global
development and in fighting poverty.5 The target is to
reduce by three-quarters, between 1990 and 2015, the
maternal mortality ratio. As an indicator to measure
progress toward the goal of reducing maternal and
under-five mortalities, the MDGs selected the propor-
tion of births attended by a skilled attendant. Targets
were agreed for countries with high rates of both
maternal mortality and under-five mortality. Thanks
to the existence of these MDGs, today’s policy-makers
must, not only acknowledge that for the world’s poor,
pregnancy and delivery still carry an unacceptably
high risk of morbidity and mortality, but also actively
engage themselves to improve the situation.

Unfortunately, 5 years after the Declaration, the
available data on reported proportion of births
attended by a skilled attendant show poor progress in
a number of countries, particularly in Asia and
sub-Saharan Africa, the very places where maternal
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mortality is highest. At the same time, in spite of a
slow start and of many obstacles, today, 25 years after
the founding of the safe motherhood movement and
many failed attempts, the international community
seems ready to launch a unified struggle to reduce
mortality related to pregnancy, including that due to
unsafe abortion. Indeed, the beginning of a new era
was marked in September of 2003, when all major
organizations active in the field of maternal health,
joined forces and launched, in Kuala Lumpur, the
Partnership for Maternal and Neonatal Health.

Thanks to the new partnership, a global consensus
has now been reached on what should be done to elim-
inate the menace of maternal deaths and disabilities
hanging over so many women of the developing world.

Four major strategies have been identified to reach
the MDGs of safer pregnancies and deliveries:

• Skilled attendance at all births,
• Basic emergency obstetric care (BEOC) in periph-

eral units,
• Comprehensive emergency obstetric care (CEOC)

in referral hospitals, and 
• Rapid transport of women in need of special care.

Ways to achieve these goals will be illustrated in this
chapter.

Skilled attendance at birth
The first and most important strategy to reduce
maternal mortality involves the presence – during
childbirth – of a health professional who can
manage a normal delivery as well as detect and man-
age complications such as hemorrhage, shock and
infection. Skilled attendants should have access to a
functioning emergency and transport system so that
they can refer women to an appropriate health facility
for higher level medical care (such as cesarean deliv-
ery or blood transfusion) when necessary.6 Skilled
attendants include doctors, nurses, midwives and
other health workers with midwifery skills who can
diagnose and manage complications during child-
birth, as well as assist normal deliveries.

Already in 1999, a joint statement by several inter-
national organizations called on countries to ‘ensure
that all women and newborns have skilled care during
pregnancy, childbirth and the immediate postnatal
period’.7

According to a document jointly published by the
WHO, FIGO and the International Confederation of
Midwives (ICM),8 ‘Skilled care refers to the care pro-
vided to a woman (and her newborn) during preg-
nancy, childbirth or immediately after birth by an
accredited and competent health care provider who
has at her/his disposal the necessary equipment and
the support of a functioning health system, including
transport and referral facilities for emergency obstetric

care’. Around the world skilled care can be provided
by a range of health professionals, whose titles may
vary according to specific countries. For this reason it
has been agreed to refer to this health care provider as
the ‘skilled birth attendant’ (SBA), so as to avoid con-
fusion over titles.

Therefore, an SBA is ‘an accredited health profes-
sional – such as a midwife, doctor or nurse – who has
been educated and trained to proficiency in the skills
needed to manage normal, uncomplicated pregnan-
cies, childbirth and the immediate postnatal period,
and in the identification, management or referral of
complications in women and newborns’.8

The unique role of SBAs becomes clear when we
realize that, at the community level, she/he will often
be the only qualified and accredited health care
worker who can take care of women during pregnancy,
child birth and the immediate postpartum period.
Unfortunately, communities in many developing
countries often still lack sufficient numbers of skilled
attendants and rely on unskilled personnel, such as
the Traditional Birth Attendants (TBAs).

All skilled attendants must have the core midwifery
skills. The additional skills required will vary from
country to country, and possibly even within a country,
to take account of local differences such as urban and
rural settings. As detailed in the joint WHO, ICM, FIGO
document,8 the core functions must include:

• Communicate effectively cross-culturally in order to
be able to provide holistic ‘women-centered’ care.
To provide such care skilled attendants will need to
cultivate effective interpersonal communication
skills and an attitude of respect for the woman’s
right to be a full partner in the management of her
pregnancy, childbirth and the postnatal period.

• In pregnancy care, take a detailed history by asking
relevant questions, assess individual needs, give
appropriate advice and guidance, calculate the
expected date of delivery and perform specific
screening tests as required, including voluntary
counseling and testing for HIV.

• Assist pregnant women and their families in mak-
ing a plan for birth (i.e. where the delivery will take
place, who will be present and, in case of a com-
plication, how timely referral will be arranged).

• Educate women (and their families and others sup-
porting pregnant women) in self-care during preg-
nancy, childbirth and the postnatal period.

• Identify illnesses and conditions detrimental to health
during pregnancy, perform first-line management
(including performance of life-saving procedures
when needed) and make arrangements for effective
referral.

• Perform vaginal examination, ensuring the
woman’s and her/his own safety (by using gloves).

• Identify the onset of labor.
• Monitor maternal and fetal well-being during labor

and provide supportive care.
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• Record maternal and fetal well-being on a parto-
graph and identify maternal and fetal distress and
take appropriate action, including referral where
required.

• Identify delayed progress in labor and take appro-
priate action, including referral where appropriate.

• Manage a normal vaginal delivery.
• Manage the third stage of labor actively, including

using oxytocic drugs.
• Assess the newborn at birth and give immediate

care.
• Identify any life-threatening conditions in the new-

born and take essential life-saving measures,
including, where necessary, active resuscitation as
a component of the management of birth asphyxia,
and referral where appropriate.

• Identify hemorrhage and hypertension in labor,
provide first-line management (including life-
saving skills where needed) and, if required, make
an effective referral.

• Provide postnatal care to women and their newborn
infants and post-abortion care where necessary.

• Assist women and their newborns in initiating
and establishing exclusive breastfeeding, includ-
ing educating women and their families and other
helpers in maintaining successful breastfeeding.

• Identify illnesses and conditions detrimental to
the health of women and/or their newborns in the
postnatal period, apply first-line management
(including the performance of life-saving proce-
dures when needed) and, if required, make arrange-
ments for effective referral.

• Supervise non-skilled attendants, including TBAs
where they exist, in order to ensure that the care
they provide during pregnancy, childbirth and early
postpartum period is of sound quality and ensure
continuous training of non-skilled attendants.

• Provide advice on postpartum family planning and
birth spacing.

• Educate women (and their families) on how to pre-
vent sexually transmitted infections including HIV.

• Collect and report relevant data and collaborate in
data analysis and case audits.

• Promote an ethos of shared responsibility and part-
nership with individual women, their family
members/supporters and the community for the
care of women and newborns throughout preg-
nancy, childbirth and the postnatal period.

Obviously, depending on the setting and the avail-
ability of referral centers, additional and advanced
skills should be identified and agreed upon by indi-
vidual countries.

As part of the new, ongoing collaboration promoted
and supported by the Partnership for Maternal and
Newborn Health (and its predecessor, the Inter
Agency Group for Safe Motherhood), WHO-UNICEF-
UNFPA-the World Bank, with the endorsement of ICM,
FIGO and the International Pediatric Association

(IPA) have produced a Manual for the integrated
management of pregnancy and child birth9 that
details essential practices for the management of preg-
nancy, childbirth and the postpartum and for proper
neonatal care.

Emergency obstetric care
Contrary to common belief – most obstetric complica-
tions cannot be predicted or prevented,10,11 but they can
be treated and a woman’s life saved in most cases.
Therefore, the second pillar of safe motherhood is rep-
resented by the widespread availability of centers capa-
ble to provide BEOC. This involves the provision of
antibiotics, oxytocics, anticonvulsants, the manual
removal of placenta and – if necessary – of retained
products and assisted vaginal delivery.12

The presence of skilled attendants at all home
births should be sufficient to ensure an early identifi-
cation of those complications requiring referral of the
woman to a center where can BEOC be provided. It
must be pointed out that, in a majority of developing
countries, centers supposed to provide BEOC already
exist, although – for a variety of reasons – the posts
may not be equipped. It seems therefore that basic
emergency care could be provided in most countries
and that a modest financial input would be sufficient
to enable skilled attendants to provide basic services
to most women.

In the effort to provide BEOC, it is vital to ensure
their proper distribution throughout a territory, taking
care of studying the geography, the presence of roads,
or the existence of natural barriers (rivers, mountains,
etc.) that can make difficult the access to a health
post. Under normal conditions, it should be sufficient
to have one BEOC center for every 100,000–150,000
inhabitants.

Comprehensive obstetric care
A facility providing BEOC can perform a majority, but
not all, emergency obstetric functions. There is there-
fore a need to ensure that, for each territory of 500,000
inhabitants or so (again, depending on the geography
and overall easiness of access) a CEOC facility exists.
Such a center must be able to provide all BEOC func-
tions plus the possibility to perform cesarean sections
and blood transfusions.12

All district hospitals are, in theory, capable of carry-
ing out CEOC, although this is often not the case
because existing equipment is not functioning, spare
parts are not available, or the skills needed for repair do
not exist. Given this situation, any attempt at ensuring
CEOC for a given area must focus on upgrading exist-
ing facilities, not creating new ones. Monitoring the
functioning of a facility providing comprehensive
care is essential to ensure that lives will be saved.
Experience has taught that efforts aimed at improving
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the situation in the developing world are often not
sustainable, that once a project or a model intervention
has been completed, because of lack of funding, per-
sonnel turnover or equipment break down, slowly
but steadily the situation reverts to the status quo
ante. This is probably the biggest danger that all safe
motherhood programs run into; it is therefore funda-
mental that – when improving a CEOC facility – the
self-sustainability of the effort be properly evaluated
and measures to ensure it be undertaken.

Another major problem is that local physicians
may not be adequately trained, or that they, as well as
other auxiliary health personnel may not be available
on a 24 h basis, or that drugs or blood supplies do
not exist. In this respect, skills in surgery and anes-
thesiology are critical for the management of compli-
cations in pregnancy and childbirth. It is therefore
essential that skilled attendants in the field or at
primary health facilities who do not themselves have
these skills, be able to refer women to centers where
these skills are available. In such cases, skilled atten-
dants must work closely with these professionals in
order to ensure that speedy action is taken soon after
the need for surgery has been established.

Countries that are facing a severe shortage of physi-
cians trained in surgery and/or anesthesiology have
successfully trained nurses, midwives and other
cadres of health workers to perform or assist in
cesarean sections. This however can pose problems,
since if people with these skills are health care work-
ers who are not skilled attendants, then the need to
operate must be identified by the skilled attendant
working in the field or at the BEOC unit; furthermore
the skilled attendants must be able to provide ongoing
and follow-up midwifery care.

Rapid transport
A safe pregnancy and a safe delivery require the
provision of a continuum of care, which – in turn –
necessitates, not only a functioning health care sys-
tem, but also the necessary infrastructure, including
transport between the primary level of health care and
referral clinics and hospitals. It also needs effective,
efficient and proactive collaboration between all
those involved in the provision of care to pregnant
women and newborns.

For this reason, improving facilities and ensuring
their presence in a territory does not per se ensure
that all women will reach a post in time for their lives
to be saved. Often transportation, to be effective must
be rapid, since conditions like intrapartum hemor-
rhage, must be dealt with within a very short time.
Unfortunately, the rapid transport of patients in need
involves complex interactions between the pregnant
woman and the community in which she lives and
this may be problematic.

In an effort to contribute to the solution of this
problem, the Mailman School of Public Health at

Columbia University in New York, has recommended
a scheme focused on delays that could lead to mater-
nal mortality, with the aim of identifying solutions to
the causes of such delays12,13 and to possible solutions.

The ‘three delays’ are defined as:

• Delay in deciding to seek care,
• Delay in reaching a treatment facility, and
• Delay in receiving adequate treatment at the

facility.

It must be stressed that in many cases, a decision to
seek care to resolve a labor complication occurring at
the pregnant woman’s home – where most deliveries
still occur in the developing world – is often neither
quick nor easy.

In societies where a long, painful labor is consid-
ered part of the process of giving birth, family
members may not recognize a ‘true’ complication.
Often, TBAs, who still assist a majority of home deliv-
eries, may delay a decision to seek skilled care by
days, because referral may be seen as a ‘failure’ on
their part, especially if – once the woman has reached
the facility – health center personnel will exclude the
TBA from any further involvement. Furthermore, the
lack of autonomy of women in many societies may
necessitate a decision by the husband to seek help
and the cost of transportation may negatively influ-
ence his decision.

Even when a decision has been made, a health post
may be days away, especially if it can only be reached
by foot. This is why the proper distribution of centers
providing emergency obstetric care is so important in
the fight for safe motherhood. For instance, if a
woman has reached a BEOC facility and it is deter-
mined that she needs a cesarean section, the ability to
immediately communicate with the referral CEOC
center to request the ambulance needed for a speedy
transport of the woman, may be the most important
ring in the chain to save her life.

Finally, statistics show that many maternal deaths
take place at a health post or hospital; this is why the
delay in receiving care once reaching a center is still
an important factor to be considered in attempting to
achieve safe motherhood.

Implementing programs: the FIGO
Save the Mothers Initiative
Over the last two decades many international, gov-
ernmental or non-governmental organizations have
created programs aimed at promoting safe mother-
hood, both in terms of decreasing mortality and mor-
bidity. Only one program however, was promoted and
implemented by obstetricians – gynecologists. For
this reason, it was felt important – in providing an
example of field activities – to single out the work
carried out by the FIGO, the only organization capable
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of combining the experience of doctors in the indus-
trialized world with the local knowledge of their col-
leagues in the developing world to combat the scourge
of maternal mortality and morbidity. With this initia-
tive, obstetricians–gynecologists all over the world
provided clear proof that they are part of the solution,
rather than being part of the problem.

FIGO’s activities, named the FIGO Save the Mothers
Initiative, have been ongoing since 1998 with funding
from UNFPA, the World Bank and Pharmacia Corpo-
ration and FIGO’s own resources and today span over
several fields: prevention of maternal mortality, treat-
ment of disabilities (vescico-vaginal fistulae) and pre-
vention of hemorrhage during labor, delivery and the
postpartum. These are the areas where obstetrician/
gynecologists can contribute most and, at the same
time, acknowledge the roots of the problem and the
need for other interventions. The overall objective of
the project was – and continues to be – to mobilize the
obstetric/gynecological community in both the devel-
oped and developing world to work in partnership to
reduce maternal mortality, and to show the feasibility
and effectiveness of integrated essential and/or
comprehensive obstetric services.

Reports of individual projects,14–17 as well as a com-
prehensive summary18 have already been published.
The following is therefore an overview aimed at illus-
trating the uniqueness of FIGO’s interventions.

The twinning system
From the outset, FIGO’s initiative was confronted
with an overwhelming demand for assistance that
could not possibly be satisfied in full. For this reason,
the number of partnerships to be created had to be
limited to five, as follows:

• The Society of Obstetricians and Gynecologists of
Canada (SOGC) was twinned with the Association
of Obstetricians and Gynecologists of Uganda
(AOGU).

• The American College of Obstetrics and Gyneco-
logy (ACOG) was twinned with the Central American
Federation of Associations and Societies of
Obstetrics and Gynecology (FECASOG).

• The Swedish Society of Obstetrics and Gynecology
was twinned with the Ethiopian Society of Obstetr-
icians & Gynecologists.

• The Royal College of Obstetricians and Gynaeco-
logists was twinned with the Pakistani Society of
Obstetricians and Gynaecologists.

• The Italian Society of Gynecology and Obstetrics
was asked to work directly with the Government of
Mozambique, since that country does not, as yet,
have a dedicated society of obstetricians and gyne-
cologists.

The countries in which activities took place were cho-
sen on the basis of their high maternal mortality, the

desire of the local society of obstetrics and gynecology
to work with FIGO, the demonstration of government
interest and commitment to improving women’s
health and an expression of interest from a FIGO
member society of obstetricians and gynecologists in
a developed country to work in the chosen region.
Dedicated ‘Country Teams’ were established for each
geographical area identified. Each team consisted of
international experts and of local obstetricians–gyne-
cologists, in a developing country together with rep-
resentatives from both the ‘developed’ and the
‘developing’ country.

For each Country Team a Coordinator was selected to
participate in the initial situational analysis and needs
assessment visits to the developing country with a view
to defining how maternity services can best be orga-
nized within the available and potentially available
resources, and to work with the other members of the
Country Team to evaluate the feasibility, impact and
cost-effectiveness of the proposals made as a result of
the assessment carried out.

Evaluating the situation
The first step in the implementation phase consisted
of carrying out a situation analysis to assess the acces-
sibility and efficiency of the existing health infra-
structure for essential obstetric functions, the
availability of facilities, equipment, supplies, training
needs and personnel to provide easy access to obstet-
ric functions. As part of the assessment, each Team
evaluated the optimal allocation and redeployment of
available resources, so that the ensuing demonstration
project could be properly customized to meet the
needs of the area selected in each country.

Particular attention was paid to ways to measure
the success of the project. In the end, it was decided
that only really measurable output would be the
number of cases of life-threatening complications
admitted to the health facilities and the outcome of
their management.

In carrying out the needs assessment the Guidelines
issued by the United Nations were used.19 These
Guidelines focus on process indicators of CEOC – in
other words, the treatment of serious obstetric com-
plications. Three key indicators are laid out in the
Guidelines:

(1) Coverage of services: The Guidelines specify that
for every 500,000 population there should be at
least one facility providing CEOC and four facili-
ties providing BEOC.

(2) Unmet need for emergency obstetric care: An
estimated 15% of pregnant women will require
medical treatment for obstetric complications.
Unmet need is the proportion of these women
who do not receive care in a medical facility.

(3) Cesarean section rate: At least 5% of women
giving birth will require a cesarean section. (Note
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that this is population-based rate and not a
hospital-based rate.) By counting the number of
cesarean sections performed in health facilities,
the deficit in this life-saving service can be esti-
mated (the recommended maximum for the
cesarean section rate is 15% and care must be
taken that all procedures are indicated).

When the teams conducted needs assessments, they
found striking deficits. Not surprisingly, the greatest
deficits were in the poorest countries. In the study
areas of Ethiopia and Mozambique, for example, the
unmet need for emergency obstetric care was over
98% and the cesarean section rate for the population
was less than 1%. Even in Central America, serious
shortages were discovered. While there were enough
hospitals in the study areas of the four countries in this
region, there were no lower level facilities (such as
health centers) providing BEOC. The lack of basic care,
often caused by shortages of trained staff, equipment
and drugs, presents serious access problems for poor
women in rural areas, where transportation is scarce
and expensive.

The field projects
Each project carried out in partnership is different
and therefore their characteristics have been unique,
although they have all achieved the basic goal of
helping to save mothers’ lives. For this reason they
represent useful examples of how, with limited
resources, obstetricians–gynecologists can move out
of their hospital natural setting and provide unique
support to the fight for safe motherhood. For this
reason, the main feature of all five projects will be
briefly described here.

Central America
The Central America–USA demonstration projects
took place in one rural province of El Salvador, Guate-
mala, Honduras, and Nicaragua. They focused on
interventions aimed at implementing training courses
in the management of BEOC and CEOC on the one
hand and at improving relationships between the
National Obstetric and Gynecology societies and the
Ministries of Health, on the other.

The starting point was the realization that high
maternal mortality rates were a common medical,
social, as well as human problem and that no reliable
information on maternal mortality was available in
the four Central American countries. It was reco-
gnized that, notwithstanding the fact that properly
trained obstetricians–gynecologists existed in all four
countries, at rural level the capacity to render basic
care for obstetric emergencies was virtually non-
existent. Almost all of the institutions rendering total
care were located in urban areas and were private
facilities. As a result, the indigent population, which
comprises the majority of the rural population, had

very limited access to obstetric care during pregnancy
and at delivery, since adequately trained health care
personnel capable of managing obstetric emergencies
at peripheral public hospitals and at health centers
and offices were lacking and communication between
health centers and regional hospitals was deficient.

Given this reality, activities centered around
assessing and improving obstetric emergency care,
establishing monitoring systems and committees at
community and district hospital levels, properly car-
rying out audits of cases of maternal deaths and iden-
tifying strategies to effectively prevent these deaths.

A series of interventions were therefore planned
and implemented, including:

• Training of field coordinators in the management
of emergency obstetric care, including the develop-
ment of ad hoc Instructors and Course Manuals
with Updates in Obstetric Emergency Care.20 These
coordinators then trained the remainder of the staff
in the entire province thereby ensuring that all
health care personnel would be adequately trained.

• Introducing a routine protocol for the active man-
agement with oxytocin during the third period of
labor in all the institutions providing childbirth
services.

• Establishing a prospective and systematic data
gathering system, including a detailed study of all
maternal deaths with ‘verbal autopsies’ (interviews
with family and community members), thereby
determining a more realistic maternal mortality
rate.

• Creating provincial maternal mortality committees
to better understand causes and factors related to
each death, with the aim of providing education to
ensure better prevention.

• Training health providers in the manual endome-
trial vacuum aspiration for incomplete abortions.

• Installing radiotelephones at health centers and
tertiary hospitals to ensure proper communication
with tertiary hospitals.

• Establishing evaluation meetings to brief local
and national health authorities and Obstetrics/
Gynecology Society representatives.

In all areas, the unmet need for emergency obstetric
care was in the order of 80%. When, after 3 years,
results started to be evaluated, a slight decrease was
observed to approximately 70%. However, one worry-
ing feature emerged: no significant reduction in the
number of maternal deaths was evident, contrary to
the strong belief of everyone involved who had origi-
nally expected positive results within a 3-year time
frame. However, looking more carefully at the situa-
tion, it became apparent that, as a result of the
improved surveillance system, more maternal deaths
were being identified. Indeed, the surveillance system
developed by the project clearly demonstrated that
the majority of maternal deaths were not being
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reported. This made any comparison with historical
data impossible and forced the realization that the
intervention would need to continue for a longer
period in order to demonstrate a decrease in the real
maternal mortality rate. An important finding, with
very practical repercussions was that 74% of maternal
deaths – approximately two-thirds of which due to
postpartum hemorrhage – occur following delivery at
home and only 22% occur in hospitals, pointing out
to serious delays in transporting women to medical
facilities.

The most important achievement of the activities in
Central America was the training of almost all health
care providers in the targeted provinces. Overall, 929
health care personnel received initial training and 502
follow-up training. Today, all health care facilities in
each of the four provinces can provide BEOC.

Ethiopia
Maternal mortality in Ethiopia is one of the highest in
the world, with a ratio of 1800 deaths per 100,000 live
births and the prospect for a rapid decline in this rate
is poor because of the limited availability of health
services. In addition, in Ethiopia there is a substantial
number of women who die because of complications
caused by illegal abortions.

The FIGO project dealt with an area approximately
250 km from the capital, where a zonal hospital and
two health centers are located. The area is among
those with the lowest obstetric indicators for the
entire country and emergency obstetric care services
deemed below an acceptable standard and not pro-
vided around the clock, even at the zonal hospital.
Coverage of emergency obstetric care in the targeted
area was very low, at slightly more than 6% in 1999,
raising to some 7.5% in 2001. This indicates an unmet
need for emergency obstetric care of 91% and for
Caesarean sections of 97%. In the area there was an
acute shortage or absence of trained manpower at all
levels; a poor administrative system and a lack of
accountability by bureaucrats; non-conducive work-
ing environments for medical and paramedical per-
sonnel; shortages of essential drugs, supplies and
medical equipment; absence of blood transfusion
services and of an effective referral system.

Given this reality, the main aim of the intervention
was to increase coverage in emergency obstetric care
through training, accurate record keeping, securing
adequate staff and creating cost-effective, community-
based, integrated emergency obstetric care services.
This was accomplished by upgrading existing facili-
ties through the provision of equipment, supplies and
materials.

The intervention included training physicians and
other service providers from the Hospital and the
health centers in emergency obstetric care; providing
new equipment, materials and supplies; entering into
agreements with the Ethiopian Red Cross Society for
a regular supply of blood for transfusion in Ambo

Hospital; securing a dependable supply of water and
electricity to a new block for obstetric and gynecolog-
ical services that had been built at the zonal hospital
prior to the intervention, and had been standing idle
for over 2 years. During the intervention period, all
the obstetric and gynecological services – including
the operating theatre were moved to the new block;
encouraging community participation through a regu-
lar dialogue with community leaders and extending
invitations to the local population to attend gradua-
tion ceremonies of trainees.

Specific care was given to training and motivating
staff; this led to an improvement in record keeping
already after the first round of training not only in the
zonal hospital, but also in the two health centers.
Midwives were assigned this responsibility in all
facilities, and this activity has also been strengthened
by regular supervision. Before the intervention,
obstetric performance at the target Hospital was very
poor, as documented by the number of referrals to
Hospitals in the Capital. However, as soon as the
implementation phase began, the total number of
deliveries at the Hospital increased from a baseline of
709 in 1998 to 991 in 2001 (an increase of almost
40%). Particularly significant was the increase in
cases with obstetric complications – from 128 in 1998
to 432 in 2001 (an increase of approximately 238%).
The leading cause of hospitalization in the area is
obstructed labor, accounting for 39% of all complica-
tions. Obstetric hemorrhage comes next, accounting
for 24% of all admissions. Instrumental deliveries
also increased from 6% in 1998 to 23% in 2001.
Particularly noteworthy was the almost sixfold
increase in the Caesarean section rate at the zonal hos-
pital, from a base line level of 3.8% in 1998 to 17.3%
in 2001. Case fatality rates, calculated taking into
account direct maternal deaths, decreased from 7.2%
in 1998 to 4.6% in 2001. The two health centers in the
intervention area have been upgraded in terms of
training of staff members, and provision of equipment
and supplies. Regular supervision has been under-
taken to ensure that the community in these areas has
access to BEOC services.

The availability of high-quality emergency obstetric
care in the hospital and in the sites involved in the
project is shown by a significant decline in referrals to
Addis Ababa. Annual deliveries at one of the health
centers have increased from 38 in 1999 to 76 in 2001
and at the other from 206 in 1999 to 362 in 2001.

Mozambique
Mozambique is another African country where mater-
nal mortality rates are very high, ranging – in 1997 –
between 500 and 1500 per 100,000 live births.
A recent analysis of 90 in-hospital maternal deaths in
seven provinces during the period of January 1, 1997
and June 30, 1998 was conducted by the Ministry of
Health in order to try to identify the principal deter-
minants of maternal mortality; the results indicated
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that more than 80% of these deaths were attributed to
direct obstetric causes.

One of the major determinants was obstructed
labor: with a caesarean section rate of 2.7% and a
range of 7.3% in urban areas and of 1.4% in rural
areas, clearly the majority of cases of obstructed labor
went untreated.

The FIGO project focused on six Rural Hospitals
and two General Hospitals in the area around the capi-
tal, where a number of reasons were identified that
accounted for a general inability to provide CEOC.
These included: low number of trained personnel;
scarcity of drugs and lack of surgical materials and
equipment. When trying to design strategies to improve
the situation, it soon was recognized that the major
obstacle to improvement was the almost complete lack
of trained medical practitioners qualified to provide
obstetric care. Therefore, improving the country’s abil-
ity to train physicians in general and obstetricians in
particular, became a top long-term priority.

Although the floods that devastated Mozambique
in 2000 affected the project areas and completely dis-
turbed the normal activities at the country level, inter-
ventions went on aimed at upgrading three selected
hospitals to allow them to become CEOC units. This
was obtained through training of non-physicians (sur-
gical technicians); supplementing the equipment of
the BEOC and CEOC units in the selected Districts;
improving the diagnosis and management of obstetric
complications; improving the interpersonal commu-
nication and counseling skills of health providers;
and improving data collection systems.

As a result of the interventions the number of
centers offering BEOC in the project area doubled in
2 years and the number of units offering BEOC
increased, during the same period from one to five.
Within the first 3 years, emergency obstetric care had
become available 24 h a day in one site, for part of the
day in another and intermittently at the third site,
with the aim of 24-h provision in all three centers by
the end of the project activities. This resulted in an
increase in the number of complications treated at the
project hospitals where, globally, total deliveries
decreased between 1998 and 2000, from 4289 to 3822,
but concomitantly complications rose from 1816 to
2065 and the number of caesarean sections increased
from 14 to 39.

An important result of the FIGO project was that
the model of intervention used was adopted as a
model for basic and comprehensive emergency care at
the national level. As a result, a 5-year plan was
developed for Mozambique, taking into account the
difficulties, mistakes and problems that had arisen
during the demonstration project. All the lessons
learned have been incorporated into the national
strategy for the reduction of maternal and perinatal
mortality in the country, which essentially means the
concepts utilized in the FIGO project have now been
applied throughout the country. Work continues to

ensure sustainability of the effort even in the difficult
situation faced by Mozambique.

Pakistan
The FIGO-supported intervention took place in a rural
district which was believed to be representative of the
semi-urban and rural nature of many of the country’s
communities. Although the area would not rank as
‘very poor’ by Pakistani standards, it was considered
representative of the country, as, prior to the com-
mencement of activities, the provision of emergency
obstetric care was virtually non-existent. Three Rural
Health Centers (RHCs) – essentially ‘cottage hospitals’
with only modest inpatient facilities – each serving
about six Basic Health Units (BHUs) – primary care
facilities – were targeted. Once operational, the
registers of all three RHCs were audited both for
normal deliveries and for all interventions (including
caesarean sections) carried out in the presence of com-
plications, to evaluate which were potentially life-
threatening if untreated. Specific attention was given
to an evaluation of the impact that the new services
might have throughout the area. Therefore, the village
of origin of all women presenting themselves for deliv-
ery, or treatment of a pregnancy-related emergency, at
hospitals in Lahore was also recorded. This ensured
that, for the population of the study area, the total
number of deliveries, treated complications and cae-
sarean sections were recorded irrespective of whether
they had taken place within and outside the area.

The interventions aimed at restoring structural facil-
ities and upgrading the operating and delivery rooms
within the RHCs, at ensuring that RHC ambulances
were functional and that blood transfusion equipment
became available. An important component of the
project involved negotiating the filling of established
health personnel positions, and offering in-service
training in emergency obstetric care to existing medical
and paramedical staff. Another specific feature dealt
with the creation of a comprehensive educational
program for local people, including males and civic
dignitaries (customarily the decision makers) and
‘dayas’ (TBAs).

As a result of the intervention, the number of births
in the project facilities increased in 1 year by almost
71%; caesarean sections increased in the same period
by 48% and that of complications treated by almost
10%. By the middle of 2002, over 80% of all women
living in the area of intervention who required a
caesarean section, received it at the targeted centers.
Good liaison and interaction with government author-
ities was established at all levels and the traditional
cultural resistance shown by women to the idea of
being examined or treated by male doctors has all but
disappeared.

Uganda
Uganda is unquestionably one of the poorest
countries in the world. Maternal mortality in Uganda
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is estimated at 510 per 100,000 live births. Only 38%
of all births are attended by trained health personnel
(skilled attendants), making the country perfectly
eligible for a FIGO project.

The rural district selected for the intervention was
of the appropriate size, with no other ongoing public
health projects and one hospital with the capacity to
become a referral hospital. Maternal mortality rates in
the district had been estimated at 650 per 100,000 live
births, even higher than the national average.

The main challenges to the provision of emergency
obstetric care services identified in the district were:
delays in transportation for women trying to reach a
health center; lack of radio or telephone communication
between the community dispensaries and the referral
hospital; lack of trained midwives; lack of community
health workers; and lack of basic equipment and
supplies in some community dispensaries.

A number of interventions were planned to make
emergency obstetric services available to the women
of the District and reduce maternal morbidity and
mortality. Among them prominent was increasing the
skilled attendants’ coverage and capabilities related to
basic and CEOC. This was achieved by opening eight
new Dispensary Maternity Units; recruiting 14 mid-
wives to ensure 24-h coverage; recruiting a midwife-
coordinator to coordinate the project’s seminar series
for midwives, collect the project data and organize
the bimonthly visits of local or foreign volunteer
obstetricians.

Another important task was upgrading health facil-
ities by providing basic equipment, supplies and
medication; identifying and addressing social and
cultural barriers to maternal care by educating,
through a partnership with the Department of Women
and Gender Studies at Makerere University, women
and their families on issues related to pregnancy,
delivery and possible complications during birth;
addressing the lack of emergency communication and
transportation facilities in the district to ensure the
timely transfer of women to health facilities.

Already after the first 18 months of continuing
work, a number of improvements were noticed: one
CEOC facility became fully functional, with two other
facilities providing basic care; the number of births in
the project’s health facilities increased from 17% in
1998, to 23% in 1999, although it decreased slightly
to 21% in 2000. The ability to treat all women with
obstetric complications (the so-called ‘met need’), in
emergency obstetric care facilities increased from
8.5% in 1998, to 34% in 1999 and 38% in the year
2000.

Caesarean section rates increased from 1.3% in
1998 to 2.2% in 1999 and to 2.7% in the year 2000
and the number of antenatal cases seen and treated by
midwives increased by more than 40%.

More work lies ahead: the number of births in all
the BEOC centers and Dispensary Maternity Units has
consistently remained less than 10% of women

attending antenatal clinics, with the majority of
deliveries taking place in the home. Overall ‘unmet
need’ for general obstetrics services remains more
than 60% and the cesarean section rate still needs to
raise to the optimum calculated at around 12%.

Lessons from the FIGO Initiative
The Save the Mothers activities in all five areas have
been quite different, although they have all achieved
varying degrees of success. It must be stressed that
FIGO set out to try to show that one of the direst
medico-social problems affecting the lives of women
in the developing world, could be addressed and
resolved even under some of the worst logistic condi-
tions and with very limited financial resources. It is
fair to state that the results document that this
approach is feasible and should be replicated.

A number of lessons can be drawn: first, although
activities had been designed using the same basic
parameters, as the work progressed, it became clear
that each project was unique, reflecting the needs of
the countries and regions concerned. Perhaps more
importantly, it also became apparent that individual
projects could easily be replicated wherever a set of
similar circumstances prevailed, as it was the case in
each of the countries where the Initiative was con-
ducted. In many ways, whereas FIGO had expected to
see one solution that could be applied across the
board, it got five. All five projects developed findings
that, whilst specific to their area, could also provide
lessons for not just other similar interventions, but
also for health care workers in developing nations
worldwide.

In Central America, training of field coordinators
who then trained the remainder of the staff of the
entire province ensured better training for all health
care personnel involved in delivering obstetric ser-
vices. In Ethiopia, strengthening existing programs
improved the availability of Emergency obstetric care
services, and simple modification of routine practices
produced startling results: adequate supplies of blood
for transfusions at Ambo Hospital were obtained by
simply discussing the matter with the local Red Cross.
In Mozambique, the simple interventions advocated
by the Initiative were adopted as a model for basic
and comprehensive emergency care at the national
level and a 5-year plan based on the project’s template
was developed. In Pakistan, the activities undertaken
in a rural area, close to a large city, highlighted a
number of interesting points that, whilst not antici-
pated, should be noted. For example, voluntary Lady
Health Workers, who became major contributors par-
ticularly insofar as immunization and family plan-
ning aspects were concerned, facilitated the
collection of data. Of particular note is the fact that a
300% increase over 5 years in the uptake of general
(i.e. non-pregnancy-related) medical services was
seen at the ‘flagship’ RHC, without any increase in
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costs or staffing. Finally, in Uganda, those working in
the field noted that less than 20% of the relatively
large number of women who attended antenatal
classes returned to the same facility to deliver their
baby, a fact which strongly suggested the existence of
cultural barriers against delivery outside the home
environment. In addition, although the number of
women with obstetric complications referred to the
hospital increased over the period of the inter-
ventions, between 40% and 60% of those who had
been instructed to attend the hospital for treatment
did not subsequently go. Up to 10% of the women
referred to the hospital returned home to seek care
from relatives or other community providers; unfortu-
nately, some of these women died.

Conclusions
The work of the international community has begun to
show that even an extremely difficult and logistically
complex problem such as that of ensuring safe moth-
erhood for all women of the planet can be attacked and
eventually resolved: if there is a will, there is a way.
What is needed today in a sustained effort capable of
producing results over the long period in all the areas
where women die unnecessarily.

Thanks to this work today we know that, not only
progress is possible with modest resources, but
improving emergency obstetric care is a cost-effective
approach to reducing maternal mortality. At the same
time, the effort must be global; in other words, success
depends on strengthening the full range of existing
reproductive health programs, of which availability of
Emergency Obstetric Care services is a key component.

Success however, is also linked to modifications of
existing routine practices; even minor modifications
can result in startling improvements, as it is the case
with the many solutions found across the developing
world to the non-availability of adequate supplies of
blood for transfusions. These are areas where the
Community, if properly mobilized, can take a leading
role.

More complex to resolve is the lack of trained
professionals – particularly acute in some countries.
This suggests that one of the top priorities in creating

emergency obstetric centers is the need to develop
human resources and to place trained personnel in
areas where women are dying. A sustained ‘cascading’
of knowledge through training at the local level could
allow replication of the results achieved in one area or
country to another. All this means that success will not
be achieved without the development of local capacity
for support, supervision and monitoring. In this
respect, the partnership of midwives, general practi-
tioners and an obstetrician can have a significant
impact on the availability of emergency obstetric care
in rural districts.

The role of local communities, their sense of pride
and ‘ownership’ in the fight to improve the health of
women is also essential. In this respect, upgrading facil-
ities can lead to a global better utilization of a health
center for purposes that go well beyond safe mother-
hood. When a center ‘belongs’ to a community, even the
age old and widespread reticence to deliver in medical
facilities – a result of culture and tradition which
requires an intensive effort to modify – may eventually
be resolved. At a higher level, since Ministries of Health
are the most important players in the struggle to resolve
their countries’ problems, involving Ministry officials
becomes a primary objective.

In conclusion, there is one inescapable conclusion
of all the efforts we have recently witnessed: with
determination and a sustained effort, the lives of
mothers and their babies can be saved with very little
real financial outlay.

The real outlay is one, not of money, but of a will
by doctors, nurses, midwives and all other arms of the
medical profession to become a part of the solution
rather than remain part of the problem, and by govern-
ment to recognize that by diverting a comparatively
modest part of their national budgets to providing, at a
modest cost, CEOC, they will be helping to save count-
less thousands of lives.
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201 Vesico-vaginal fistulas in
developing countries
P. Hilton

Introduction
Although it is likely that vesico-vaginal fistula (VVF)
of obstetric etiology was known to the physicians of
ancient Egypt, the association with difficult labor was
not made until 1000 AD when it was described by the
Perso-Arab physician Avicenna (Ibn Sinna) in his text
‘Al Kanoun’.

Since then the literature on this subject has been
extensive, although largely based on anecdote, small
retrospective case series, and opinions rather than
facts. As a result, much of our knowledge and practice
in this area is based on the experience of a small
number of individuals working in areas of high fistula
prevalence, rather than firm scientific evidence.

Etiology and epidemiology
Urogenital fistulas may occur congenitally, but are
most often acquired from obstetric, surgical, radia-
tion, malignant, and miscellaneous causes. In much of
the developing world over 90% of fistulae are of
obstetric etiology,1–4 whereas in the UK and USA over
70% follow pelvic surgery.5

Obstetric fistulas
The basic physical factors responsible for obstetric
fistula include obstructed labor, accidental injury
at the time of caesarean section, forceps delivery,
craniotomy, symphysiotomy, traditional surgical
practices including circumcision and gishiri, and
complications of criminal abortion.

The overwhelming proportion of cases are compli-
cations of neglected obstructed labor. During normal
labor the bladder is displaced upwards and the ante-
rior vaginal wall, bladder base, and urethra are com-
pressed between the fetal head and the posterior
surface of the pubis. No harm results if compression
lasts for a short time, but in prolonged obstructed labor
the intervening tissues are devitalized by ischemia.
Usually the anterior vaginal wall and underlying

bladder neck are affected, although sometimes the area
of necrosis is higher, in which case the anterior lip
of the cervix and underlying trigone are involved.
The devitalized area separates as a slough, usually
between the third and 10th day of the puerperium,
with resulting fistula formation and incontinence (see
Figures 201.1 and 201.2).

In other instances accidental injury to the vaginal
wall occurs during a difficult operative delivery and
may involve damage to the underlying bladder wall,
particularly if the tissues are devitalized by prolonged
pressure. Forcible rotation of the head with Kielland’s

Figure 201.1 Area of slough on anterior vaginal wall 5 days
following delivery.
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forceps is particularly liable to produce such an injury
by shearing stresses. The bladder is exposed to injury
following symphysiotomy if the pubic bones are too
widely separated by forced abduction of the thighs. In
these circumstances the unsupported bladder neck is
very likely to be damaged especially if the head is
rotated and extracted with forceps. The posterior wall
of the bladder may be accidentally incised during
lower segment cesarean section or repair of ruptured
uterus, particularly if the bladder is not reflected suf-
ficiently far downwards before the lower uterine seg-
ment is opened. Alternatively, sutures may be passed
through the posterior bladder wall during repair of the
uterine incision. The appearance of urinary inconti-
nence in such cases is delayed until the intervening
bladder tissue is caught up in the suture sloughs.

Traditional surgical practices play a significant
role in the etiology of obstetric fistulas in several
parts of Africa. The practice of yankan gishiri is still
commonly employed among the Hausa, Fulani and
Kanuri tribes of northern Nigeria. The traditional cut
made with a razor blade or knife through the vaginal
introitus is sometimes superficial, but still may result
in fistula formation. Since the procedure is usually
made by linear incision into healthy tissues, repair is
often much easier than those fistulas which result
from pressure necrosis (see Figure 201.3).

Female circumcision is practiced in various forms
in much of North Africa, and is widespread in Sudan
and other Moslem cultures. The most extreme form,
pharaonic circumcision, involves removal of the labia
minora, most of the labia majora, the mons veneris, and
often the clitoris, the introitus being reduced to pinhole
size. Coitus itself may result in perineal rupture and
may be a primary cause of fistula formation. Delivery
will often necessitate wide episiotomy, often with an
anterior incision. Intuitively one might expect this

to contribute to the development of both VVF, and
recto-vaginal fistulas or third-degree tears, particularly
where skilled obstetric care is not available; however,
the exact relevance of female circumcision to obstetric
VVF remains unclear. Tahzib reported on the epidemio-
logical determinants of VVF in women and children in
northern Nigeria.6,7 In over 80% of cases obstructed
labor was the major etiological factor; one-third of the
total had undergone gishiri, and in 15% this was felt to
be the main etiological factor.

In considering obstetric fistulas, however, it is
equally relevant to consider the social, cultural and
geographical influences of this condition. Obstructed
labor is most often due to a contracted pelvis. This
usually results from stunting of growth by malnutri-
tion and untreated infections in childhood and ado-
lescence. Where women retain a subservient role in
society, and standards of education are limited, early
marriage and the absence of family planning results in
early childbearing. First pregnancies occur soon after
menarche, before growth of the pelvis is complete,
accentuating this risk. It is however important to
recognize that whilst fistula are of high prevalence in
areas where the educational and nutritional status of
women is poor, where traditional surgical practices
abound, and where early marriage, early childbearing
and poor access to health care are the norm, these
factors are not necessarily in themselves causative. In
a case–control series from northern Nigeria it was
found that whilst VVF patients had a lower educa-
tional and socioeconomic status than control women,
age at marriage and first pregnancy, and uptake of
antenatal care were not different.8

Surgical fistulas
Genital fistula may occur following a wide range of
surgical procedures within the pelvis. The contribu-
tion of surgical fistulas to the total fistula prevalence
in developing countries is small, however. It is often
supposed that this complication results from direct
injury to the lower urinary tract at the time of operation
but this is certainly not always the result of careless,
hurried, or rough surgical technique. Of the 165 uro-
genital fistulas referred to the author over the last 12
years, 117 have been associated with pelvic surgery,
and 91 followed hysterectomies; of these only four
(4%) presented with leakage of urine on the first day
postoperatively. In the other cases it was presumed
that tissue devascularization during dissection, inad-
vertent suture placement, or pelvic hematoma forma-
tion or infection developing postoperatively resulted
in tissue necrosis with leakage usually developing
5–14 days later. Overdistension of the bladder post-
operatively may be an additional factor in many of
these latter cases.9 It is likely that patients with a
habit of infrequent voiding, or those with inefficient
detrusor contractility, may be at increased risk of
postoperative urinary retention; if this is not recog-
nized early and managed appropriately, the risk of

Figure 201.2 Large obstetric fistula involving the whole
urethra and bladder base, up to the level of the ureteric orifices.
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fistula formation may be increased. The use of
prophylactic catheterization in the first 24–48 h might
be expected to reduce the risk of postoperative fistula
formation, but this has never been proven.

Radiation fistulas
The obliterative endarteritis associated with ionizing
radiation in therapeutic dosage proceeds over many
years and may result in a fistula long after the primary
malignancy has been treated. Of the 19 radiation fis-
tulas in the author’s series, leakage developed at inter-
vals between 1 and 30 years following radiotherapy.
The associated devascularization in the adjacent tis-
sues means that ordinary surgical repair has a high
likelihood of failure,10 and modified surgical tech-
niques are required.

Malignant fistulas
Excluding the effects of treatment, malignant disease
itself may result in genital tract fistula, particularly in
areas where primary health care and screening
programs are absent or ineffective. Carcinoma of
cervix, vagina and rectum are the most common
malignancies to present in this manner. It is relatively
unusual for urothelial tumors to present with fistula
formation, other than following surgery or radiother-
apy. Although the development of a fistula may be a
distressing aspect of the terminal phase of malignant
disease, it is nevertheless deserving of a full consider-
ation of the therapeutic or palliative possibilities
rather than simply compassion.

Miscellaneous causes
Miscellaneous causes of fistulas in the genital tract
include infection (lymphogranuloma venereum,

schistosomiasis, tuberculosis, actinomycosis, measles,
noma vaginae), trauma (penetrating trauma, coital
injury, neglected pessary, or other foreign bodies), and
catheter-related injuries.

Prevalence
The prevalence of genital fistulas varies from country
to country and continent to continent, just as the main
causative factors vary. In the developing world, many
fistula cases never come to medical attention, as these
women are separated from their husbands and ostra-
cized from society. Although the true prevalence in
the developing world is unknown, high prevalence
rates have been reported from Sudan,11 Ethiopia,12

Chad,13 Ghana,3 and Nigeria.6 An incidence of 1–2 per
1000 deliveries has been estimated worldwide, with
an annual incidence of 50,000–100,000 and a preva-
lence of untreated fistulas of 500,000–2,000,000.14

The incidence of fistulas clearly relates to the level of
maternity care. Areas with high maternal mortality
also tend to have high fistula rates. Danso et al. have
suggested that a more realistic estimate of the inci-
dence of fistulas in any community might be that it
approaches the maternal mortality rate.3 If this were
true the annual incidence worldwide might approach
500,000.

The rate of fistula formation following hysterec-
tomy has been calculated as between 1 per 642 (from
the author’s fistula cases) and 1 per 1330 operations
in the UK (J. B. Lawson, 1990, personal communica-
tion). Figures of between 1% and 4% fistulas have
been reported following radical hysterectomy,15,16

with a similar incidence following radiation for gyne-
cological malignancies.17 The incidence of fistula
formation following pelvic exenteration may be as
high as 10%.18

2148 Vesico-vaginal fistulas in developing countries

Figure 201.3 Urethro-vaginal fistula following
‘gishiri cut’.

Kurjak-201.qxd  5/10/2006  12:45 PM  Page 2148



Management 2149

Investigation
The four cardinal principles of investigation are
simple: (1) confirm that the discharge is urinary; (2)
confirm that leakage is extra-urethral; (3) identify site
of leakage; and (4) identify or exclude multiple or
complex fistulous tracks.

Investigation has traditionally been undertaken
by dye testing, examination under anesthesia, cys-
tourethroscopy, and intravenous urography. Phena-
zopyridine may be used orally or indigo carmine
intravenously to stain the urine and hence confirm
the presence of a fistula. The identification of the
fistula site is best carried out by the instillation of
colored dye (usually methylene blue) into the bladder
with the patient in the lithotomy position. The tradi-
tional ‘three swab test’ has limitations and is not
recommended; examination is best carried out with
direct inspection. If leakage of clear fluid continues
after dye instillation a ureteric fistula is likely, and
this is most easily confirmed by a ‘two dye test’, using
phenazopyridine to stain the renal urine, and methyl-
ene blue to stain bladder contents.19

Although intravenous urography is a particularly
insensitive investigation for the diagnosis of VVF,
assessment of upper urinary tract status may have a
significant influence on treatment measures applied
(see Figure 201.4). Where x-ray facilities are available,
this test should be viewed as an essential part of the
investigation. Some authorities would go so far as
to advocate bilateral retrograde pyelography in the
assessment of all VVFs. Compromise to ureteric func-
tion is a particularly common finding when a fistula
occurs in relation to malignant disease or its treat-
ment. Whilst this recommendation is not possible in
much of the world, it remains underutilized where
facilities are available.

Management
Immediate management by catheter drainage
An abnormal communication between viscera will
tend to close spontaneously before epithelialization is
complete, provided that the natural outflow is unob-
structed. Bypassing the urethral sphincter mecha-
nisms by catheterization may encourage early closure,
especially in cases where the fistula is small. Obste-
tric fistulas developing after obstructed labor should
be treated initially by continuous bladder drainage,
combined with antibiotics to limit tissue damage from
infection. Indeed, if a patient is known to have been
in obstructed labor for any significant length of time,
or is recognized to have areas of slough on the vaginal
walls during the puerperium, prophylactic catheteri-
zation should be undertaken before the development
of a fistula. This should be maintained for 6–8 weeks,
since spontaneous closure in both surgical and obstet-
ric cases may occur within this period.14,20,21 Indeed,

spontaneous closure of obstetric fistulas has been
reported in up to 28% of cases where catheterization
has been employed.22

Palliation and skin care
The vulvar skin is at considerable risk from ammoni-
acal dermatitis in fistula patients, and liberal use of
barrier creams should be encouraged (see Figure 201.5).
Steroid therapy was advocated in the past as a means
of reducing tissue edema and fibrosis, although these
benefits have been refuted more recently, and there
may be a risk of compromise to subsequent healing.
Local estrogen cream has been recommended by some
authors, and whilst empirically one might expect
benefit in postmenopausal women or those obstetric
fistula patients with prolonged amenorrhea, the evi-
dence for this is lacking.

Nutrition
Because of social ostracism and the effects of pro-
longed sepsis, patients with obstetric fistulas may
also suffer from malnutrition and anemia. In order to
maximize the prospects for postoperative healing, it is
essential to optimize the general health of the patient.
The admission of fistula patients to preoperative
hostel facilities is encouraged by several of the larger
third world fistula units. Where nursing staffs are

Figure 201.4 Intravenous urogram illustrating poorly
functioning hydonephrosis right kidney in association with
uretero-vaginal fistula.
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limited, family members may be required to help with
cooking and general support.

Physiotherapy
Early involvement of the physiotherapist in preoperative
management and rehabilitation of such patients is
essential, as obstetric fistulas are commonly associ-
ated with lower limb weakness, foot drop and limb
contracture. In a group of 479 patients studied
prospectively, 27% had signs of peroneal nerve weak-
ness at presentation, and a further 38% gave a history
of relevant symptoms.

Antimicrobial therapy
Opinions differ on the desirability of prophylactic
antibiotics at the time of surgery. Some authors avoid
their use except for the treatment of specific infection;
others advocate broad-spectrum treatment in all
cases. One randomized trial of antibiotic prophylaxis
in obstetric fistula patients from West Africa failed to
show benefit.23 The author’s current practice is single-
dose prophylaxis in urinary fistulas, and 5-day cover-
age for intestinal fistulas.

Counseling
Confident but realistic counseling by the surgeon is
essential. Of equal importance is the involvement of

nursing staff or counselors with experience of fistula
patients. In addition, support from previously treated
patients can be of immense value in maintaining
patient morale, especially where a delay prior to
definitive treatment is required.

General principles of surgical treatment

Timing of repair
The timing of surgical repair is perhaps the single
most contentious aspect of fistula management.
Whilst shortening the waiting period is of both social
and psychological benefit, one must not compromise
surgical success. The benefit of delay is to allow slough
to separate and the inflammatory changes to resolve.
Considerable sloughing of tissues occurs in both
obstetric and radiation fistulas and it is imperative
that this should have ceased before repair is under-
taken. Most authorities suggest that a minimum of
3 months should be allowed to elapse in obstetric
cases, although others advocate surgery as soon as the
slough is separated.14 It may be necessary to wait
12 months or more in radiation fistulas.

The same principles should apply with surgical
fistulas. Here, although the extent of sloughing is lim-
ited, extravasation of urine into the pelvic tissues
invariably sets up some inflammatory response.
Although several authors advocate early repair most
would agree that 10–12 weeks after the inciting event
is the earliest appropriate time for repair.

Route of repair
Arguments continue as to whether the abdominal or
vaginal route is most appropriate for fistula repair.
Two recent small and uncontrolled studies suggested
advantage from the abdominal transvesical24 and
transperitoneal25 approaches. Recognizing that other
authorities recommend the vaginal route,2,26 these two
series acknowledge the need for individualized manage-
ment based upon anatomical relationships, extent of
injury, and comorbidities. Larger series of obstetric1,2

and surgical5 fistulas indicate high success rates with
the vaginal approach.

Regardless of personal preferences, surgeons
involved in fistula management should be capable of
all approaches, and must have the versatility to mod-
ify their techniques in order to select that most appro-
priate to the individual case. When access is good and
vaginal tissues are sufficiently mobile, the vaginal
route is usually most appropriate. If access is poor
and the fistula cannot be brought down, on the con-
trary, the abdominal approach should be used.
Overall more surgical than obstetric fistulas are likely
to require an abdominal repair, although in the
author’s series of cases from the UK,5 and those
reviewed from Nigeria,2 two-thirds of cases were
satisfactorily treated by the vaginal route regardless of
etiology.

2150 Vesico-vaginal fistulas in developing countries

Figure 201.5 Ammoniacal dermatitis.

Kurjak-201.qxd  5/10/2006  12:45 PM  Page 2150



Management 2151

Interposition grafts
Several techniques have been described to support
fistula repair in different sites. In each instance, the
interposed tissue serves to create an additional layer
in the repair, to fill dead space, and to bring in new
blood supply to the area. As such, interposition grafts
have been most commonly in use in the repair of radi-
ation fistulas, or to limit scarring and reduce postfis-
tula repair stress incontinence in patients with
urethral and bladder neck fistulas. The tissues used
include: (a) labial fat and bulbocavernosus muscle
passed subcutaneously to cover a vaginal repair
(Martius graft)27 (see Figure 201.6); (b) gracilis muscle,
either passed via the obturator foramen28 or subcuta-
neously29 or rectus abdominis muscle30 – both used in
repairs by the vaginal route; (c) omental pedicle
grafts31,32 from the greater curve of the stomach and
rotated into the pelvis on the right gastroepiploic
artery (these may be used at any transperitoneal pro-
cedure, but have greatest advantage in postradiation
fistulae); (d) peritoneal flap grafts33 provide an addi-
tional layer for transperitoneal repair procedures by
taking a flap of peritoneum from any available sur-
face, most usually the paravesical area; (e) a pedicled
flap of vaginal wall34 (although the results were good
in this case, concern exists over the risk of subvaginal
cyst formation in the buried vaginal tissue); and (f)
free bladder mucosal grafting.35

The role of interposition flaps in transabdominal
repair procedures has recently reviewed by Evans
et al.36 These authors reported 37 patients with fistu-
las of largely surgical etiology. All of the 12 treated
employing an omental or peritoneal interposition flap
were cured, compared with 16 cures among 25 man-
aged without interposition (64%). This finding was
consistent for fistulas of both benign and malignant
etiology. The authors acknowledge that their overall
cure rate (75%) is lower than many series. Despite

this, they recommend an interposition flap regardless
of fistula etiology when a transabdominal repair is
undertaken, particularly when the repair is performed
by a surgeon without extensive prior experience.

Rangnekar et al. evaluated the role of the Martius
graft in vaginal repair procedures in a series of mainly
obstetric fistulas from Mumbai, India.37 Forty-six
cases were reviewed retrospectively, of which 12 were
urethro-vaginal and 34 vesico-vaginal; a Martius graft
was employed in 21 instances. Overall, 95% of those
treated with a graft were cured, compared with 72%
of those with simple anatomic repair. Despite small
numbers, the authors of this series recommend the
use of an interposition graft, particularly for urethro-
vaginal fistulas and in patients with recurrent or
multiple fistulas.

The difficulty with case series such as those cited
here is that the use of grafting has not been random-
ized, and reflects the personal prejudices of the surgeon
as to which patients are most likely to benefit form the
procedure. In the author’s practice, it has been standard
for the last 15 years, to use a labial fat graft in all
urethral and bladder neck fistulas, and an omental graft
in VVFs treated by the transperitoneal approach, but
not in those treated by either the vaginal or abdominal
transvesical routes. With this approach, the cure rate at
first operation has been 95% for those cases treated
with a graft, and 97% for those where a graft has not
been used. There were also no significant differences in
cure rate between the urethral and bladder fistulas, or
between primary and recurrent fistulas.

Urinary diversion
The acceptability of permanent urinary diversion in
most developing countries is extremely limited, and
the need is infrequent. In the series of cases from
southeast Nigeria cited previously, only 0.6% of 2484
patients required diversion.2 In a review of 55 cases
from Denmark, Langkilde et al. report 90% success
using either vaginal or transvesical approaches in
postsurgical fistulas, but only 14% success in postra-
diation fistulas.10 As a consequence, they advocate
ileal conduit urinary diversion as the method of choice
for the latter cases. Although currently 12% of patients
with VVF undergo a diversionary procedure in the
UK,38 the requirement for urinary diversion in fistula
patients should be very uncommon, and in series of
both surgical5 and obstetric2 cases is less than 3%.

Specific repair techniques

Vaginal procedures

Dissection and repair in layers. Two main types of
closure are applied to the vaginal repair of urinary
fistulas, the classical saucerization technique
described in 1852 by Sims (see below),39 and the
much more commonly used dissection and repair in
layers. In this latter procedure sutures must be placed

Figure 201.6 Martius bulbocavernous muscle/fat graft passed
subcutaneously from left labium majus to overlie fistula repair.
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with meticulous accuracy in the bladder wall, care
being taken not to penetrate the mucosa which should
be inverted as far as possible. The repair should be
started at either end, working toward the midline, so
that the least accessible aspects are sutured first.
Interrupted sutures are preferred and should be
placed approximately 3 mm apart, taking as large a
bite of tissue as feasible. Stitches that are too close
together, or the use of continuous or purse-string
sutures, tend to impair blood supply and interfere
with healing. Knots must be secure with three hitches,
so that they can be cut short, leaving the minimum
amount of material within the body of the repair. With
dissection and repair in layers the first layer of
sutures in the bladder should invert the edges; the
second adds bulk to the repair by taking a wide bite of
bladder wall, but also closes off dead space by
catching the back of the vaginal flaps. After testing the
repair, a third layer of interrupted mattress sutures is
used to evert and close the vaginal wall, consolidating
the repair by picking up the underlying bladder wall.

Saucerization. The saucerization technique des-
cribed by Sims involves converting the track into a
shallow crater, which is closed without dissection of
bladder from vagina using a single row of interrupted
sutures. The method is only applicable to small
fistulas and perhaps residual fistulas after closure of a
larger defect; in other situations the technique does
not allow secure closure without tension.

Vaginal repair procedures in specific circumstances
The conventional dissection and repair in layers des-
cribed above is entirely appropriate for the majority of
mid-vaginal fistulas, although modifications may be
necessary in specific circumstances. In juxta-cervical
fistulas in the anterior fornix vaginal repair may be
feasible if the cervix can be drawn down to provide
access. Dissection should include mobilization of the
bladder from the cervix. The repair must be under-
taken transversely to reconstruct the underlying
trigone and prevent distortion of the ureteric orifices.

Vault fistulas, particularly those following hyster-
ectomy, can again usually be managed vaginally.
The vault is incised transversely and mobilization of
the fistula is often aided by deliberate opening of the
Pouch of Douglas.40 The peritoneal opening does not
require to be closed separately, but is incorporated
into the vaginal closure.

Tissue loss may be extensive with subsymphyseal
fistulas involving the bladder neck and proximal
urethra as a consequence of obstructed labor, and fixity
to underlying bone is a common problem. The lateral
aspects of the fistula require careful mobilization to
overcome disproportion between the defect in the
bladder and the urethral stump. A racquet shape
extension of the incision facilitates exposure of the

proximal urethra. Although transverse repair is often
necessary, longitudinal closure gives better prospects
for urethral competence.

Where there is substantial urethral loss, recon-
struction may be undertaken using the method
described by Chassar Moir,41 or Hamlin and Nicholson.29

A strip of anterior vaginal wall is constructed into a
tube over a catheter. Plication behind the bladder
neck is probably important if continence is to be
achieved. The interposition of a labial fat or muscle
graft not only fills up the potential dead space, but
provides additional bladder neck support and
improves continence by reducing scarring between
bladder neck and vagina.

The extensive dissection required with very large
fistulas extending from the bladder neck to the vault
may produce considerable bleeding. The main surgical
difficulty is to avoid the ureters. They are usually situ-
ated close to the supero-lateral angles of the fistula, and
if they can be identified they should be catheterized.
Straight ureteric catheters passed transurethrally, or
double pigtail catheters may both be useful in directing
the intramural portion of the ureters internally.

Radiation fistulas present particular problems in
that the area of devitalized tissue is usually consider-
ably larger than the fistula itself. Mobilization is often
impossible, and the flaps are likely to slough if repair
in layers is attempted. Closure by colpocleisis is
usually required. Some authors advocate total closure
of the vagina although it is preferable to avoid dissec-
tion in the devitalized tissue entirely and to perform a
lower partial colpocleisis converting the upper vagina
into a diverticulum of the bladder. It is usually neces-
sary to fill the dead space below this with an inter-
position graft.

Abdominal procedures
Transvesical repair. Repair by the abdominal route is
indicated when high fistulas are fixed in the vault and
are inaccessible per vaginam. Transvesical repair has
the advantage of being entirely extraperitoneal. It is
often helpful to elevate the fistula site by a vaginal
pack, and the ureters should be catheterized under
direct vision. The technique of closure is similar to
that of the transvaginal flap-splitting repair except
that for hemostasis the bladder mucosa is closed with
a continuous suture.

Transperitoneal repair. It is often said that there is
little place for a simple transperitoneal repair,
although a combined transperitoneal and transvesical
procedure is favored by urologists and is particularly
useful for VVF following cesarean section. A midline
split is made in the vault of the bladder; this is
extended downward in a racquet shape around the
fistula. The fistulous track is excised and the vaginal
or cervical defect closed in a single layer. The bladder
is then closed in two layers.

2152 Vesico-vaginal fistulas in developing countries
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Results
It is difficult to compare the results of treatment in
different series, since the lesions involved and the
techniques of repair vary so greatly. Cure rates should
be considered in terms of closure at first operation;
these vary from 60% to 98%. Of the 165 patients in
the author’s series managed in the UK, 12 (7.2%)
healed without operation, nine declined surgery, one
(with coexistent detrusor instability) was asympto-
matic on medical treatment, three underwent primary
urinary diversion, and two patients with radiotherapy
fistulae died without being operated upon (one from
recurrent disease and one from cachexia without
recurrence). Of the remaining 138 who underwent
repair surgery, 133 (96%) were cured by the first oper-
ation. Of the 71 fistulas occurring after simple
hysterectomy, 99% were cured at their first operation.

As in many other forms of surgery a law of dimin-
ishing returns is evident in fistula repair. Although
repeat operations are certainly justified, the success
rate decreases progressively with increasing numbers
of previous unsuccessful procedures. Unfortunately,
individual surgical series are rarely large enough for
this fact to be evident. In one series of 2484 largely
obstetric fistulas, the success rate fell from 81% for
first procedures to 65% for those requiring two or
more procedures.2

Postfistula stress incontinence
The occurrence of stress incontinence in patients fol-
lowing successful repair of obstetric VVF is well
known, and estimated to range from 10% to 12%.
Waaldijk documented the occurrence of postfistula
stress incontinence in fistulas of varying type in a
Nigerian population, describing 1% incidence where
there was no sphincter involvement in the fistula,
13% incidence where there was sphincter involve-
ment without tissue loss, and 16% incidence where
there was both sphincter involvement and tissue
loss.1 Because of concern over the possible incidence
of functional abnormalities of the lower urinary tract
following fistula repair in the UK and the need to
appropriately counsel patients prior to repair, Hilton
undertook a series of urodynamic investigations in 30
patients with urogenital fistulas prior to repair.9 Only
one in six had normal findings, with 47% showing
urodynamic stress incontinence, 40% detrusor insta-
bility, and 50% voiding dysfunction; those with ure-
thral or bladder neck fistulas had the highest
incidence of abnormality. Following repair of the fis-
tulas in this small group of patients, stress inconti-
nence persisted in 11%, and detrusor overactivity in
50% of those urethral fistula patients who had had
these diagnoses prior to repair. In another series of
urodynamic investigations in 30 women with persis-
tent incontinence following anatomically successful
repair of obstetric fistulas from Ethiopia, 31% had

urodynamic stress incontinence, 4% detrusor
overactivity, and 20% mixed incontinence.42 In a
long-term ‘quality of life’ follow-up of previously
treated fistula patients in the UK, whilst seriously
bothersome residual urinary symptoms were most
uncommon, mildly bothersome symptoms were
reported by 75% of patients.43 Whilst the extrapolation
of outcomes from patients with surgical fistulas in the
UK to those with obstetric fistulas in the developing
world might be questioned, it is unlikely that func-
tional outcomes in the latter group would be better.

There have been a number of recent reports
describing techniques for the management of post-
fistula repair stress incontinence. These range from
the relatively minimally invasive peri-urethral injec-
tion of autologous fat,44 to a combined retropubic ure-
throlysis, fascial sling, and omental graft.45 Most
recently Browning has reported on the use of a sling
procedure at the time of fistula for prophylaxis against
postoperative stress incontinence, in women felt to be
at particular risk for this complication.46

Subsequent pregnancy
Although many patients with obstetric VVF experi-
ence amenorrhea for 2 years or more after the
causative pregnancy,2 hypothalamic function often
returns to normal immediately after successful repair
if tissue loss is not great, and fertility may be rela-
tively normal. The need for cesarean section in any
subsequent pregnancy has been emphasized.47 Kelly,
however, reported 33 patients who became pregnant
within 1 year of fistula repair, 12 of whom were deliv-
ered vaginally without damage to the repair.48 The
criteria he used for attempting vaginal delivery were
that the fistula arose from a non-recurring cause (i.e.
malpresentation as opposed to absolute pelvic con-
traction), that an interposition graft had been utilized
in the repair, and that the labor is conducted under
skilled supervision in hospital.

National and
international strategies
The World Health Organization estimates that approxi-
mately 500,000 maternal deaths occur each year
worldwide. It is clear that the prevalence of obstetric
fistulas and maternal mortality rates are closely
related. Indeed, one might consider the VVF patient
as being the ‘near miss’ maternal death. In recognition
of this fact, WHO established, through their ‘Safe
Motherhood Initiative’, a technical working group to
investigate the problems of prevention and manage-
ment of obstetric fistulas. The recommendations from
this working group included the extension of antena-
tal and intrapartum care, the transfer of women in
prolonged labor for delivery by skilled personnel,
the identification of areas where fistulas are still
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prevalent, so that resources could be mobilized to
deal with fistulas more effectively, and the creation of
specialized centers for management, training and
research.49

Certainly obstetric fistulas would disappear if early
intervention in obstructed labor were available and
acceptable throughout the world. It has been pointed
out, however, that this would require the establish-
ment of some 75,000 obstetric units throughout
Africa.50 In addition to the provision of services for
fistula management however, the achievement of the
WHO’s aims and recommendations is critically

dependent on major social changes in areas where
fistulas are most prevalent. These changes must
include government recognition of fistulas as a major
public health concern, improvement in the status of
women in society, the extension of primary education
for girls, deferment of marriage and childbearing, the
abolition of female genital mutilation, improved
nutritional status and contraceptive services, and
affordable, accessible and acceptable services for all
pregnant women.51 These socio-political issues were
the main concerns of an international workshop on
fistula management and prevention in Abuja.52
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202 Traditional birth attendant
training
P. Buekens

Introduction
The training of traditional birth attendants (TBAs)
was a priority strategy to reduce maternal and new-
born mortality and morbidity in the late 1970s and
throughout the 1980s, but its effectiveness is now
questioned by many. Yet, little scientific evidence is
available to support the enthusiasm of the past and
the criticisms of today.1 In many developing coun-
tries, the majority of the deliveries are not performed
by health professionals.2 Training TBAs seems thus a
logical thing to do.

The term ‘TBA’ was coined by the international
health development community and includes the vast
array of birth attendants throughout the world who
have not received formal Western medical training.3 A
shortcoming of the term is that it gives the impression
that TBAs are one unified body of birth attendants
and that health professionals have a choice of whether
or not to collaborate with them. In fact, TBAs are quite
heterogeneous and play such a central role in many
societies that ignoring them does not seem realistic.

The role of TBAs varies across communities. In some
cultures, TBAs only attend a few deliveries a year
among family members, while in others they have a
broader role.1 On average, 24% of births were attended
by TBAs in countries where data from 1995–2002
Demographic and Health Surveys were available, but
the frequency varied from less than 1% to over 90%.4 In
most countries, TBAs do not provide prenatal care, with
the exception of Guatemala, Honduras and Mexico.5,6

TBAs are an important source of social and cultural
support to women, and the role of TBAs in providing
support during childbirth is potentially important.1

Support provided by TBAs could be compared with
the support provided by ‘doulas’ or other accompany-
ing persons during labor. A meta-analysis of 15 ran-
domized trials concluded that continuous support for
women during childbirth was associated with a
reduction in the length of labor, better Apgar scores,
increased women’s satisfaction and increased breast
feeding at 4–6 weeks.7

Clean delivery kits
The goal of TBA training is to improve each individ-
ual’s skills and to strengthen links within the health
care system.1 Training programs put emphasis on
infection prevention and include such approaches as
the promotion of the ‘three cleans’ (Table 202.1) and
the provision of clean delivery kits (CDKs).8,9 CDKs
generally include soap, a plastic sheet (1 ×1 m), a new
razor blade and clean cord ties. A CDK that is packed
in a sturdy plastic bag and includes pictorial instruc-
tions is available from UNFPA Procurement Services,
and the kits can be produced locally as well (Figure
202.1).8,9 In Nepal, the rate of cord infections found in
deliveries that utilized CDKs was less than half of the
infection rate among non-users who did not use a new
or boiled razor blade and a clean cutting surface.10

However, more than 90% of non-users did in fact use
a new or boiled blade to cut the cord. Another study
from Nepal suggests that CDKs have a limited influ-
ence on hygiene practices, as the majority of the
respondents were not aware that the soap provided in
the kit was intended for washing their hands during
the delivery rather than for bathing the infant after
delivery.11 In rural Bangladesh, training TBAs in clean
delivery did not prevent postpartum infection.12

Furthermore, although a clean delivery should
decrease the risk of maternal and neonatal tetanus,
immunization with tetanus toxoid is overwhelmingly
superior.1

‘Three cleans’ clean delivery kit

1. Clean hands Soap
2. Clean delivery surface Plastic sheet
3. Clean cord cutting New razor blade

Clean cord ties

Table 202.1 ‘Three cleans’ and clean delivery kits8,9
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Prevention and treatment of
postpartum hemorrhage
Postpartum hemorrhage is a major cause of maternal
mortality, and TBAs should refer bleeding women to
an essential obstetric care facility.1 Unfortunately,
timely referrals are not always feasible, as transporta-
tion is difficult to obtain and essential obstetric care
facilities are often unavailable. This is a major limita-
tion in the role of TBAs. Early suckling and nipple
stimulation have been proposed as simple alternatives
to uterotonics, but a trial randomizing 23 TBAs to an
early suckling intervention group and 26 TBAs to a
control group did not show any difference in blood
loss between the groups.13 One alternative currently
under study is the potential postpartum use of miso-
prostol.14–16 A prostaglandin E1 analog with strong
uterotonic effects, misoprostol can be taken orally or
administered rectally, does not require refrigeration
and is not contraindicated for hypertensive patients.16

However, for active management of the third stage of
labor, oral misoprostol 600 µg has been shown to be
less effective than injectable uterotonics, and trials

comparing misoprostol vs. no uterotonics or a placebo
were inconclusive.17 Shivering, pyrexia, nausea and
vomiting are common but not severe side-effects of
misoprostol. Potential misuse of misoprostol during
the first and second stage of labor is a concern.18

However, a field demonstration project conducted in
Indonesia suggests that self-administration of miso-
prostol is feasible.15 Community health workers dis-
tributed misoprostol and counseling material to women
for self-administration after delivery. Additionally, the
use of misoprostol for managing postpartum hemor-
rhage rather than preventing it is promising and is
under study.15,16 A Tanzania study is examining the
use of 1000 µg of misoprosotol administered rectally
by TBAs when blood loss is greater than 500 ml.15 It is
too early to recommend making misoprostol widely
available to TBAs until studies in the community
show that it is both safe and effective.

Referral
A key element of TBA training should be the identifi-
cation of obstetric complications and their referral. The

Figure 202.1 Assembly of clean delivery kit components. Figure courtesy of Program for Appropriate Technology in Health.9

Step 1: Measuring string for cord ties; Step 2: Cutting string; Step 3: Wrapping cord ties and razor blade into paper packet; Step 4:
Cutting soap pieces; Step 5: Cutting sheets of papers into squares; Step 6: Placing wrapped components into kit plastic bag; Step 7:
Placing the pictorial instruction sheet into kit plastic bag; Step 8: Sealing kit plastic bag with candle flame; Step 9: Placing delivery
kits in large plastic bags for storage.
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author’s experience in Burkina Faso suggests that TBAs
can indeed detect complications and refer women.19

However, a meta-analysis of 16 studies showed that the
effect of TBA training on the referral of women with
obstetric complications is relatively small.4 Another
meta-analysis suggested that TBAs may play a role in
referring women to professional prenatal care during
pregnancy.20 The availability of an essential obstetric
care unit to which the women can be referred is a nec-
essary condition for TBAs to be effective.1,21

Impact on health outcomes
Evaluating the impact of TBA training on health out-
comes is difficult. One of the challenges is that very
large sample sizes are needed to study an impact on
maternal mortality, which is a relatively rare event.
Many evaluations have thus been focused on process
rather than on outcome. A meta-analysis recently
published by Sibley and Sipe summarized the results
of 60 studies of the effectiveness of TBA training.22,23

The data suggest that TBA training is associated with
substantial improvement in TBA’s ‘knowledge, atti-
tudes, behavior and advice’. There was also a small
(8%) decrease in perinatal or neonatal mortality asso-
ciated with training. Two studies included data on
maternal mortality, and the meta-analysis concluded

that there were 8% fewer deaths among women cared
for or living in areas served by trained TBAs.
However, the studies were not randomized controlled
trials, and thus were not rigorous enough to firmly
establish a causal relationship between TBA training
and improved health outcomes. The results of this
meta-analysis suggest that the impact of TBA training
should not be expected to be large.

Conclusion
In addition to having a limited impact, TBA training
programs are expensive and are difficult to sustain if not
funded by international donors.1 Thus, TBA training
should not be given a high priority. While there is no
single magic solution that will make pregnancy safer in
developing countries, programs need to be multifaceted
and improve every level of health care. As such, TBAs
should not be ignored and should be trained and linked
to the health system whenever possible.
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Introduction
Maternal and perinatal health remain major contributors
to the global burden of disease, on a par with HIV,
tuberculosis, and malaria. The annual global burden
of neonatal deaths is estimated at about four million,
98% of which occur in the developing countries.1 In
the Eastern Mediterranean Region (EMR) maternal
and perinatal conditions rank second among the lead-
ing causes of death, as they account for 8.8% of all
deaths.2 About 99% of the half million women who
die annually from pregnancy or childbirth complica-
tions occur in low- and middle-income countries.3

While developing countries suffer from the greatest
load of the world’s health burden, they have the least
capacity to carry out quality research and to generate
nation-specific data that will allow them the identifi-
cation of their own health problems and priorities.4

The first recommendation by the Commission on
Macroeconomics and Health5 is that ‘Developing
countries should begin to map out a path to universal
access for essential health services based on epidemi-
ological evidence and the health priorities of the
poor’, stressing the importance of scientific research
in identifying national priorities.

Furthermore, most developing countries lack high-
quality routine statistics that provide a consistent and
continuous system of assessment that constitutes the
first step in planning appropriate health strategies.
Poverty, the lack of health care infrastructure and
the limited resources are enormous barriers faced by
governments trying to implement such systems.
Statistics are mostly based on models or ad hoc
surveys, with minimal training of personnel on inter-
pretation of findings and few follow-up interventions.
The sample sizes of ad hoc studies are often too small
to allow decentralized problem identification and

planning. In such settings with fragmented care and
weak government regulation and capacity, research
networks are likely to be one of the few successful
approaches to building an infrastructure for evidence-
based decision and policy making.

The multidimensional nature of the medical field
makes networking in medicine very attractive and
efficient. Practice, policy, education, and research are
different facets of the domain. As a result, the relation-
ships between these factors cannot be ignored and
cannot be considered as separate items. The combina-
tion of resources from all dimensions and the collabo-
ration of all persons within these dimensions are
necessary to accomplish strength and productivity.

International experience has proven that building
up regional networks among academic, research and
health care institutions allows an accurate and con-
tinuous assessment of the population health status
and is an efficient approach to respond to growing
economic constraints faced by developing countries.
Identification of common problems, pooling of resources
and addressing solutions collectively increase the
problem-solving potential of these countries. These
South–South alliances contribute significantly to
capacity building and are the basis for sustainable
development. In this chapter, we present the experi-
ence of a perinatal neonatal network established in
Lebanon as a model for a successful approach to
research in the EMR.

Defining networks
A network is an infrastructure where individuals,
institutions or organizations that have similar issues,
aspirations or problems join their efforts to collabo-
rate, share information and expertise, find solutions
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and as a result improve the quality of their services to
reach higher standards in their quest for excellence.
Flexibility and collaboration alongside with having a
systematic structure and a long-term perspective are
crucial concepts in insuring a network’s scientific
self-sufficiency and, most importantly, sustainablitiy.6

At the core of their activities, networks maintain
databases. Collaborative databases provide a rich and
functional resource for analysis and constitute a solid
infrastructure to assess the impact of maternal and
neonatal health care over time, carry out intervention
programs aiming at improving perinatal health and
health care, conduct multicenter randomized con-
trolled research trials, efficiently practice continuous
quality improvement, help member institutions reach
national and international accreditation standards
and most importantly, it helps in defining and imple-
menting national health care policies based on accu-
rate primary data.

Examples of existing networks in the world
Networking in research is not a novel approach. It has
been applied in both developed and developing parts
of the world and has proven successful. Examples of
perinatal neonatal networks include the Vermont
Oxford Neonatal Network (VON) which includes over
450 neonatal intensive care units across the world, the
Latin American Center for Perinatology and Human
development (CLAP) whose database covers informa-
tion on more than one million births from hospitals in
19 Latin American and Caribbean countries and The
National Institute of Child Health and Human
Development (NICHD) Neonatal Research Network in
the USA specialized in conducting clinical trials. The
European Neonatal Network (Euro Neo Net) is a simi-
lar European-level initiative whose database was
developed to meet the specific needs of the very-low-
birthweight infants.

Introducing the National
Collaborative Perinatal
Neonatal Network
Lebanon, with relatively high fertility and perinatal
mortality rates is in great need for vital and routine
health statistics. Unfortunately similar to other devel-
oping countries, many obstacles, related mainly to the
lack of a structured health care system and a restricted
budget the government is allocating for scientific
research, are impeding the way to generating accurate
health statistics and to setting national priorities and
programs. These problems are widespread in the
region; the latest United Nations Development
Programme (UNDP) Arab Human Development report
identifies the region as suffering from a paucity of
investment in research and information gathering.7

In such an environment, the National Collaborative
Perinatal Neonatal Network (NCPNN) was created in
1998 by a group of investigators working in different
private health care institutions in Beirut. Partially
funded by grants from the World Health Organization
(WHO), the Network is a voluntary collaborative effort
of professionals from different disciplines including
pediatrics, obstetrics, family medicine, nursing, epi-
demiology and public health. The primary objective
of the NCPNN is to improve the health of the pregnant
woman and her offspring through scientific research
and the establishment of an integrated maternal and
perinatal neonatal database.

Mission statement of the Network: The Network is
a non-profit collaboration created to conduct scien-
tific research, gather scientific and sociodemographic
data, and maintain the database regarding the quality,
utilization, costs, outcomes and effectiveness of med-
ical treatments and health care practices as related to
perinatal and neonatal elements.

Methodology of the NCPNN
Data covering all deliveries are collected prospec-
tively at participating health care centers in the capi-
tal Beirut and its suburbs. With so far nine member
hospitals in Beirut, the NCPNN has achieved a good
coverage of the population of pregnant women and
their newborns in the capital and its suburbs where
35% of the Lebanese population resides. The NCPNN
is currently expanding to the rural more underprivi-
leged areas of Lebanon where maternal and child
health problems are of greater magnitude. Eight
centers in different areas of Lebanon have joined the
network so far and efforts are made in planning the
regional expansion of the network to neighboring
countries. The NCPNN database gathers data on over
60,000 newborns and their mothers.

Currently, the coordinating center of the NCPNN
lies at the American University of Beirut Medical
Center. It is composed of a project director (neonatol-
ogist), three co-investigators (a PhD epidemiologist
and biostatistician and a family medicine professor
and an obstetrician), one network coordinator, two
data analysts (MSc Epidemiology and Biostatistics),
five research assistants and several data entry per-
sons. Obstetricians working in the different network
centers are also close collaborators and key investiga-
tors in the network’s integrated activities. A primary
investigator (attending physician) is assigned in each
member hospital to supervise the implementation of
the system. Meetings are held on regular basis with
the investigators for updates and discussions of cur-
rent and future matters pertaining to the network.
Data are collected daily at each participating hospital
by a local nurse, midwife or research assistant. Data
collectors undergo an extensive training on the ques-
tionnaire and on retrieval of the data from the medical
charts of the mother and newborn. Training is done by
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the network coordinator in the locals of the partici-
pating hospital to insure applicability to the available
medical charts. Two standardized instruments have
been developed: one for the Normal Nursery and one
more detailed version for the Neonatal Intensive Care
Unit. These questionnaires are modified and updated
as the need arises, depending on observations and
experiences from current collection. The collected
data is transported at the end of each month to the
coordinating center where it is entered into the com-
puterized database. Continuous auditing of data col-
lection and entry is performed. The data are highly
protected and access to the data is restricted to insure
confidentiality of both patients and providers. One
general annual report covering data on the entire
network and individual reports for each center are
generated and distributed to the member hospitals.
Newsletters are issued and distributed periodically.

Projects by the NCPNN
In addition to the ongoing database, the NCPNN carried
on several research projects that took advantage from
the existing database for the identification of study
objectives, data collection, access to medical records
from hospitals, identification of cases and many other
logistics. One example is the ‘The study on morbidity
and mortality among newborn babies, infants and
under 5-year-old children in Greater Beirut’ also
known as the follow-up (FUP) study. This was the first
cohort study of its kind in the region whereby 1320
newborns were recruited and followed up prospec-
tively with the collaboration of over 117 pediatricians.
The NCPNN has completed the first phase of the study,
which is the first year of life follow-up.

The FUP study met its primary objective in identify-
ing the causes of morbidity and mortality during the
first year of life in our population. Among all morbidity
outcomes, the overall infection rate till the age of 15
months was the highest. Of the entire cohort, 71.8%
have had at least one infection episode during their first
year of life. Upper respiratory tract infections were the
most common type of infections (49.9%). High preva-
lence of otitis and bronchiolitis was also noted (26.5%
and 20.1%, respectively). On the contrary, the cumula-
tive hospital readmission rate during the first year of
life was 15%, being highest at the age of 1–2 months.
The high rate of antibiotic use identified in the analysis
warrants further research into the reasons behind such
a high rate and the extent of accompanying antibiotic
resistance. The rate of antibiotic use during the first
year was over 42%. Although not recommended during
the first months of life, 4.3% of the infants received oral
antibiotics at the age of 1–2 months.

In addition to morbidity patterns, the FUP study
looked into behavioral and preventive practices such
as breast feeding, vaccination patterns, car seat use
and others. Low breast feeding rates at 4 months
were noticed in our sample (24.7%) and a negative

correlation was found between breast feeding and
socioeconomic status. On the contrary, by the end of
the first year of life, there was an almost complete
coverage for the three doses of polio, diphtheria-
tetanus-pertussis (DTP), and hemophilus influenza
(Hib) vaccines, with a noticeable decrease in the third
dose (87.7%) of Hib vaccination rate. The vast major-
ity of the children received the cellular type of DTP.
Although WHO recommends the exclusive use of oral
poliovirus vaccine, the injectable form of polio was
administered to more than 65.5% of the children.

The above-mentioned results have been published
in the monograph summarizing results of the first year
of life FUP8 and that was distributed during the
national dissemination workshop held in Beirut in
February 2004. Results derived from the study carry
several implications for further analysis, research and
interventions.

Another project by the NCPNN is ‘Group B strepto-
coccal colonization of pregnant women and neonates
in Beirut’. This is the first study conducted in
Lebanon, whereby the prevalence of group B strepto-
coccus (GBS) and its risk of infection are determined
in attempt to assess the magnitude of the problem in
our population. The study is still ongoing. However,
preliminary results indicate relatively high rates of
GBS colonization among pregnant women and among
newborns. Predictors of GBS colonization are also
looked at. The generated data would thus provide the
guidelines for recommending and implementing
appropriate policies regarding screening and preven-
tion of neonatal GBS disease in the country.

Currently, the NCPNN is in the data collection
phase of a study entitled ‘Consanguinity and congeni-
tal malformations: a study of prevalence and associa-
tion in the Lebanese population’. This projects looks
into the health consequences of consanguinity.
Consanguinity has been associated with increased
morbidity and mortality in offsprings of consan-
guineous parents. Research by the NCPNN has already
found significant association between consanguinity
and congenital health disease,9 apnea of prematurity10

and intrauterine growth restriction (unpublished data,
Mumtaz G, Tamim H, Khawaja M et al.)11 in Beirut.
Despite the adverse health consequences of consan-
guineous marriages, this practice is still common in
the Lebanese community. The NCPNN data indicates a
consanguinity rate of 12.8% in the Capital Beirut and
its suburbs. Preliminary analyses on the data collected
from the newly recruited hospitals in the rural areas
shows significantly higher rates reaching up to 40% in
some remote areas of Lebanon. The inclusion, in the
sample, of hospitals located outside the capital Beirut,
including the most underprivileged areas of the coun-
try, represents indeed a major feature of this study, as
local research is usually confined to the capital Beirut.
Results of this project will provide solid grounds for
public health programs concerning the implications of
consanguinity.

Introducing the National Collaborative Perinatal Neonatal Network 2161
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Achievements of the NCPNN
Research conducted by the NCPNN has identified
health and health care problems and as such, has set
the grounds for conducting intervention studies of
public health significance. One of the most important
observations is the high cesarean-section rate in most
member centers of the NCPNN, reaching more than
30% in some hospitals. In addition to other adverse
outcomes identified in the literature, a significant
double-fold risk of hyaline membrane disease was
found in babies delivered via cesarean route in the
NCPNN newborn population.12 Accordingly, the
NCPNN is about to start a multicenter intervention
study based on the implementation of practice guide-
lines and on auditing, in an attempt to reduce the
cesarean-section rate.

Among the other major issues that pertain to the
pregnant women, the indiscriminate use of oxytocin,
the high rate of general anesthesia administered
during cesarean delivery, postpartum depression and
cigarette and/or hubble-bubble smoking during preg-
nancy were some of the major concerns identified.
The NCPNN has also identified several problems that
pertain to the care of the newborn, such as nosoco-
mial infections, the abuse of antibiotics during the
first months of life and the lack of long-term follow-
up for premature infants.

In the absence of any published birthweight for
gestational age growth charts for the Lebanese newborn
population, a major achievement by the NCPNN was
the development of its own fetal growth charts based
on the NCPNN newborn population.13 In Lebanon, the
absence of a governmental entity responsible for the
production and dissemination of perinatal health
statistics has precluded data collection on a large scale
and the generation of national standards for intra-
uterine growth. The availability of the NCPNN data-
base allowed the development of our own population
fetal growth charts based on 24,767 single live births
delivered between 28 and 42 weeks of gestation. To our
knowledge, this is the first attempt at devising intra-
uterine growth standards that are specific to a devel-
oping country in the EMR and thus they are useful
tools for assessing the health of newborn infants deliv-
ered at sea level in the urban areas of Lebanon and
other countries having a similar socioeconomic profile.

From our experience at the NCPNN, the establish-
ment of research networks of collaborative nature has
a considerable impact on the health care system. The
NCPNN annual reports presented to each of the par-
ticipating hospitals, and the NCPNN newsletters distrib-
uted to pediatricians, nurses, hospital administrators,
and other health care providers have been instrumen-
tal in the ongoing self-evaluation and thus improve-
ment of hospital services and pediatricians’ practices.
Furthermore, there has been a steady improvement in
medical records documentation at the participating
hospitals as per NCPNN recommendations. Some
hospitals have even incorporated a questionnaire in

their medical charts similar to that of the NCPNN. The
NCPNN has also played a role in educating women
about health issues related to the different stages of
pregnancy such as breast feeding, postpartum follow-
up, pap smear performance and newborn vaccination.

NCPNN, the future
So far, the main achievements of the NCPNN were in
the capital Beirut where the network was created and
maintained for the past few years. During the past two
years, the NCPNN has initiated its local expansion
in the different regions of Lebanon and new health
centers have already joined the network successfully.
The NCPNN near objectives are the consolidation of
the perinatal care system in Lebanon, with more cen-
ters from the rural underprivileged areas joining the
network, so as to insure a national coverage of the
Lebanese population. However, the regional expan-
sion of the network to neighboring countries remains
the primary objective of the NCPNN. The NCPNN
infrastructure provides a solid base for the network to
be a model for a successful approach to medicine and
public health research in these countries that share
similar population characteristics, similar environ-
mental and geographical features as well as similar
challenges.

Consolidation and expansion of the network will
not be feasible without lesson-learning from other
multinational networks (e.g. CLAP) and links with
governmental and international agencies, the network
is anticipating to collaborate with. In that respect, the
NCPNN is planning to initiate ties with profes-
sional/institutions having expertise in networking
methodology such as the National Institute of Child
Health neonatal network and Development and the
Vermont-Oxford network. These North–South alliances
will help strengthening the research capacity of the
network member countries by providing expertise and
knowledge. In addition, the NCPNN anticipates estab-
lishing links with regional groupings such as Pediatric
and Obstetric Societies, with academic or research
institutions that can be of help in issues of analysis
and with professionals with expertise in the field of
perinatal and neonatal network as well as in electronic
data management and other technicalities.

Conclusion
The NCPNN has pioneered a unique system/model in
Lebanon and the region. With over 88% of the deliv-
eries in Lebanon occurring in hospitals,14 hospital-
based networks are effective and insure a good
coverage of the population of pregnant women.
However, financial constraints and the unavailability
of adequate funding for planning and organizing have
been the major limitation to the rapid expansion
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of the NCPNN in Lebanon and other neighboring
countries. In developing countries with a low level of
expenditure on health research, the input of the pri-
vate sector (academic institutions, non-governmental
agencies and private hospitals) is crucial. Inter- and
intra-organizational arrangements, as well as partner-
ship and collaboration among professionals can provide
such settings with a productive, reliable and sustain-
able model/system where epidemiological evidence
is gathered, the health priorities of the population

under study are set and effective interventions are
designed.

Funding remains the major challenge for the sus-
tainability and evolution of such systems, but experi-
ence with this voluntary approach to date and
projected estimates of the costs per patient entered in
the database suggest that the anticipated cost is afford-
able in the settings concerned, making the proposed
system appealing for governments to support and
collaborate with.
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204 Perinatal genetics:
preliminary experience
from a developing country
P. Zalloua and A. Adra

Introduction
Being located in the Eastern Mediterranean Basin,
Lebanon has been a crossroads between Europe, Asia
and Africa, allowing the settlement and intermingling
of successive different ethnic groups throughout
history. Consequently, a melting pot of over three
million people comprising 17 religious groups resides
in Lebanon, contributing to its particular genetic
heterogeneity. Intercommunity marriages are rare but
consanguineous marriages exceed 25% in certain
groups,1 increasing the incidence of genetic diseases,
particularly autosomal recessive diseases, such as
hemoglobinopathies, cystic fibrosis (CF) and congenital
sensorineural deafness.2 For example, beta-thalassemia
(β-thalassemia), an autosomal recessive disorder char-
acterized by reduced (β+) or absent (β0) beta-globin
chain synthesis, is the most predominant genetic defect
and the most common hemoglobin disorder in
Lebanon3 and throughout the Middle East region. The
challenges in diagnosis, treatment and prevention of
this disease, as discussed in this chapter, are indicative
of the difficulties in the management and prevention of
genetic diseases in developing countries.

The early identification of genetic diseases could
aid health care providers: obstetricians, neonatalo-
gists and pediatricians, in treating the affected indi-
viduals and in providing support to their families. In
addition, a comprehensive approach to early diagno-
sis as well as the creation of a centralized data bank
concerning epidemiological characteristics could aid
in planning and implementing the appropriate pre-
ventive measures.4

Furthermore, the comprehensive approach is never
complete without the presence of genetic counselors
who have a primordial role in discussing the medical
aspects of the disorder, its mode of inheritance, the
available diagnostic and treatment options as well as
possible preventive measures.5

The role of genetic counseling
in a developing country

Genetic counseling addresses the medical and psy-
chosocial impact of a genetic disease on the individu-
als and their families who are either undergoing
molecular genetic testing or who are afflicted with
such a disease. Genetic counseling is an integral part
of any genetic testing, screening or prevention pro-
grams and should be optimally offered before and
after the genetic testing.6

In addition, it should be offered by medically
trained clinical geneticists or trained genetic coun-
selors.6 These criteria are not always easy to imple-
ment in Lebanon. There are two genetic counseling
programs available and they usually handle postdiag-
nostic counseling, often having difficulty in follow-up
counseling. Education of the medical community and
the population at large concerning the importance of
the prediagnostic counseling is essential.

Furthermore, while one of the goals of prenatal
genetic counseling and diagnosis is patient reassur-
ance to foster reproduction in parents with genetic
problems, the prenatal diagnosis of a genetic disorder
may be followed by abortion of the affected fetus for
many reasons, including the obvious monetary cost/
benefit ratios in an economically struggling develop-
ing country.5 A comprehensive genetic counseling
program, in addition to counseling couples with a
child afflicted with a genetic disease, should also
support couples who have decided to abort their
fetus, as these couples are at risk for depression or
marital separation.5

The implementation of a good prevention program
with one of its main axis based on prenatal diagnosis
requires clear laws concerning abortion. This has to
be kept in mind in any country where religion plays a
major role in societal life.
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Prenatal diagnosis and population
screening in a developing country
Many prenatal diagnosis techniques have been
incorporated into routine antenatal care in Lebanon.
The request for prenatal diagnosis is most commonly
made for aneuploidy testing and for disorders with
onset in early childhood, associated with severe
symptoms and/or with no treatment available.
Individuals seeking prenatal diagnosis for a genetic
disease are usually couples who already have an
affected child, who have had a positive history of
miscarriages or because of advanced maternal age.5 In
addition, there is a proportional relationship between
the demand for genetic testing and the perceived indi-
vidual and familial burden of a genetic disease.7 The
request for prenatal diagnosis may be made not only
for the selective abortion of the affected fetus, but also
for better preparation for an affected child.6

In Lebanon, prenatal diagnosis has rapidly been
accepted in concordance with a changing cultural cli-
mate consisting of a reluctance to accept physical
handicap and a struggle to balance the independent
rights of the unborn fetus with limiting the perceived
suffering of the unborn child. Prenatal diagnosis has
an increasingly recognized role in confirming normal-
ity, optimizing antenatal management and providing
the opportunity for intrauterine treatment.8

Furthermore, in order to decrease the incidence of
genetic disease in Lebanon, carrier testing and prena-
tal diagnosis are very important.5 Some limitations do
occur and include the lack of social acceptability of
genetic testing in some populations because of the
fear of being labeled as ‘abnormal’, the lack of ade-
quate genetic counseling and the cost-effectiveness in
detecting heterozygous couples. More importantly,
governmental support or subsidy for genetic testing is
still limited and the cost/benefit ratio for public test-
ing still needs to be adequately studied when consid-
ering funding carrier screening or prenatal diagnosis
programs.

The new approach: preimplantation
genetic diagnosis
Preimplantation genetic diagnosis (PGD) is used to
detect many single gene disorders including β-tha-
lassemia, CF and others.9 It allows for the selection
and transfers of unaffected embryos in high-risk cou-
ples10 and thus may be used as an alternative to pre-
natal diagnosis in a country where abortion is not
always preferred or even illegal. Furthermore, some
patients undergoing in vitro fertilization (IVF) for
male infertility factor may be CF male carriers having
a congenital absence of their vas deferens. These
patients could benefit from PDG.9 Nevertheless today,
because of the prohibitive cost of the test, PGD is

mainly recommended for patients with a specific
chromosomal abnormality.11

In order to perform PGD, couples need to undergo
IVF.11 To diagnose single gene defects, genetic testing
centers need to biopsy one to two cells from an 8- to
10-cell embryo and use polymerase chain reaction
(PCR) technology to detect the gene defect.10 Embryo
biopsy for PGD is usually performed on the morning
of day 3 after egg collection. PGD only tests for one
specific disease so it is important for IVF couples to
consider prenatal diagnosis for other diseases.9

In Lebanon, efforts are being made to develop a
comprehensive PGD program. The lack of advanced
training in the field and the absence of adequate train-
ing in the procedure of embryo biopsy are hindering
the rapid development of such a program.

Furthermore, in Lebanon and elsewhere, PGD is
still considered an experimental procedure rather
than a form of medical treatment or an extension of
IVF, and health insurers do not have PGD as part of
their coverage policy.12 In Lebanon, patients would be
required to cover the entire cost of PGD, without
governmental subsidy or insurance coverage. Legislation
is required to address and regulate genetic testing as
well as PGD.

Thalassemia: a case study of perinatal
genetics in a developing country
β-Thalassemia is an autosomal recessive disorder of
hemoglobin metabolism in which there is a genetic
defect in one of two or more genes which results in
reduced synthesis of β-globin chains.13 The disorder
is manifested by a severe hemolytic anemia, requiring
regular blood transfusions and iron chelating therapy.
β-Thalassemia occurs with high frequency in areas
endemic for malaria such as the Mediterranean coun-
tries, Africa and Southeast Asia, where carriers of the
disease are genetically protected against malaria and
therefore selectively advantaged.14 It is the most
common hemoglobin disorder in Lebanon and there is
an estimated carrier frequency rate between 2% and
3%.15 Based on the patients’ registry of the ‘Chronic
Care Center (CCC)’, a non-governmental, non-profit
medico-social center that specializes in the treatment
and care of patients with thalassemia and childhood
diabetes, there are about 600 registered patients in
Lebanon with hemoglobinopathies (86% β-thalassemia
major and intermedia, 5% α-thalassemia, 4% sickle
cell-thalassemia and 5% sickle cell disease).

Though non-curable, thalassemia is a preventable
disease as learned from Cyprus and Sardinia, Italy.
In a country like Lebanon, thalassemia prevention
is desperately needed since treatment costs are a
healthcare burden to a society where the health care
system is private and medical expenses are very high.
Prevention strategies have been implemented since
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1994 and focus mainly on premarital testing, population
screening and more recently prenatal diagnosis pro-
grams accompanied by public awareness and educa-
tion campaigns. However, success has been limited
due to a number of barriers including (1) limited indi-
vidual education, (2) culture and religion obstacles
mostly with regard to abortion issues, and (3) genetic
test costs that are not included under any national
health insurance coverage. All these factors limit the
success of prevention and comprehensive screening
programs.

Premarital testing
The law for premarital testing for β-thalassemia was
implemented in 1994. This law helped tremendously
in identifying couples at risk of having a child with
this hemoglobinopathy, especially since around 25%
of marriages in Lebanon are consanguineous, reaching
61% in some areas of Lebanon, as reported in a 1993
study done by the Lebanese Ministry of Public Health
and UNICEF in underserved areas. Analysis of the
percentage distribution of thalassemic patients from
CCC by geographic area of origin (Figure 204.1),
showed that the majority is from the North and South
regions of Lebanon (49.7%) followed by the Bekaa
region (17.7%). Since malaria was reported to have
spread mostly in these marshy regions,16,17 sparing
Beirut, the central parts of the country and the moun-
tains, these results might also explain the high preva-
lence of thalassemia among Muslims (Figure 204.2)
who resided in these areas, corroborating the fact that
malaria-infested regions exhibit the highest inci-
dences of β-thalassemia with the Muslim Sunnis
showing evidence of 16 different mutations (Figure
204.3). This high mutational heterogeneity may be
partly explained by their interaction with neighboring
Muslim countries for centuries, resulting in a genetic
admixture.

Nevertheless, despite the goals of premarital
screening, two major problems were encountered

that hampered its success. On one hand, the primary
laboratory screening test performed consists mainly of
determining the mean corpuscular volume (MCV).
Blood samples with an MCV value of < 70 µm3 were
considered as having microcytosis and electrophore-
sis was then performed to determine the presence of a
thalassemia trait. However, with a cut-off point of
70 µm3 and the occurrence of errors in testing, some
carriers of thalassemia are missed. On the other hand,
couples identified at risk are offered very basic coun-
seling by the laboratory technician or physician
where the test was performed or by their referring
physician. This type of genetic counseling seems
insufficient because of the currently registered
thalassemic patients at the CCC, 27.2% remain under
the age of 10. The need for professional genetic coun-
seling is evident.

Population screening
Screening patients’ siblings is currently being con-
ducted in order to identify those carrying the disease
trait and thus make them or their parents aware of any
future risk they might have in giving birth to a
thalassemic child. Furthermore, a ‘Thalassemia Youth
Screening Project’ was initiated in 2002 in schools,
universities and other youth’s clubs. This project was
launched by a collaborative effort between the CCC
and the Ministry of Social Affairs in Lebanon. Due to
limited resources, the progress is unfortunately slow
with no preliminary data available yet.

Genetic testing and prenatal diagnosis
β-Thalassemia mutations may be identified using the
Amplification Refractory Mutation System (ARMS)
PCR or direct gene sequencing. Haplotype analysis of
a subset of the Lebanese population shows that the
observed genetic diversity originates from both new
mutational events and gene flow from population
migration. Identification of both common and rare
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Figure 204.1 Geographic distribution of thalassemia patients.
Figure 204.2 Distribution of thalassemia patients by religious
groups.
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β-thalassemia mutations is essential for the imple-
mentation of screening and prenatal diagnosis
programs.

In 1982, chorionic villous tissue was used for the
first time to provide fetal DNA in order to diagnose
fetal hemoglobinopathies. This procedure was not
used in Lebanon for the detection of β-thalassemia
until 1999 because of test costs, ignorance of the pro-
cedure, cultural and religious beliefs.18 Furthermore,
the required genetic testing procedure was exclu-
sively performed abroad in Cyprus, the UK or the
USA, which exacerbated the costs and made the
actual testing more cumbersome and complicated.
Local genetic prenatal diagnosis for thalassemia in
Lebanon was started in 1999 at the Genetics Research
Laboratory of the CCC. Diagnosis is based on mutation
detection using ARMS PCR19,20 and DNA sequencing
on DNA from chorionic villi and in some cases fetal
amniocytes. Most individuals (90%) who are referred
for prenatal diagnosis in Lebanon already have an
affected child or family member. Today, an increasing
number of couples, suspected or confirmed to be
β-thalassemia carriers, seek prenatal diagnosis,
mostly encouraged by their obstetrician, family doctor
or hematologist. The families are given limited genetic
counseling at the CCC. Since most couples seeking
prenatal diagnosis for thalassemia already  have an

affected child, they most often choose to terminate the
pregnancy in the event of an affected fetus.

All these prevention strategies, though encouraging,
seem insufficient. Recent data from the CCC shows
that only 12% of thalassemia cases are being pre-
vented each year! Several barriers need to be over-
come in order to achieve a concrete success with
existing and future prevention strategies.

Barriers: education
Education is the key ingredient to promoting aware-
ness. Most families with thalassemia come from low
socioeconomic backgrounds with limited schooling
or university education. Many a times parents do
not come to terms that their child is affected when
there has never been any affected member of the
family before. Furthermore, the mother is often
blamed for the condition of her child. The notion that
the genetic makeup of a child is determined by
the genetic makeup of both the father and the mother
is rarely accepted. To promote awareness and under-
standing of thalassemia as a genetic disease, parents
of children afflicted with the disease are invited to
attend seminars at the CCC given by nurses, doctors
and/or members of thalassemic parents association.
Educational material is distributed during these
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meetings and the language is simple and understand-
able to all.

Unfortunately, however, public awareness of the
disease is limited. Some TV talk shows are presented
each year on the International Thalassemia Day
(May 8) but these remain insufficient since the focus
is on patients, their families and how the disease is
affecting them rather than on the different ways to
prevent and treat thalassemia. Awareness campaigns
at the national level involving the media, schools and
universities are primordial.

Barriers: culture and religion
Sometimes, parents with an affected child, from both
a legal and religious perspective, are found with no
alternatives but to continue with the pregnancy.
Despite these barriers, abortions are sometimes
performed on affected fetuses.

Barriers: financial
The costs of amniocentesis and chorionic villous
sampling procedures for genetic diagnosis as well the
diagnostic laboratory testing itself are almost equiva-
lent to the minimum monthly wage set by the govern-
ment. These procedures and genetic tests are not
covered by the National Social Security Foundation.
Private health insurance companies still do not
include genetic testing in their premium. In any
public health policies, cost/benefit ratios need to be
determined and funding provided if the problem is
considered important.

Other barriers
Geographic and psychological factors also influence
the success of prevention and awareness programs.
Even though Lebanon is a small country, reaching
remote villages and towns in order to promote knowl-
edge on thalassemia and its prevention is very diffi-
cult. Residents of these villages are sometimes
illiterate, they visit a doctor for emergencies only and
may seek late or erratic prenatal care. Psychological
fear from being labeled as ‘outside the norms’ is quite
frequent and results in denial of the diagnosis or
refusal to seek prenatal testing.

Steps toward improvement
In neighboring Cyprus, where the frequency of
β-thalassemia carriers is highest (one in seven) among
East Mediterranean countries, control programs have
achieved close to 100% prevention of new tha-
lassemia cases and specialized clinics and centers
deliver the best treatment and management for
affected individuals.21 Successful screening programs
were also implemented and encouraged by the Greek

Orthodox Church who refused marriages unless the
couple’s carrier status for thalassemia was deter-
mined. Furthermore, although sanctioned by the
church, abortion in Cyprus is legal for affected
fetuses.21,22

In 1994, the WHO working group on hemoglo-
binopathies, in its publication ‘Guidelines for the
Control of Hemoglobin Disorders’,23 outlined the
steps required for successful control programs imple-
mentation. In Lebanon, while management of tha-
lassemia patients is optimized, the need for more
extensive prevention programs is urgent. A collabora-
tive effort between governmental, religious and legal
sectors as well as healthcare institutions is necessary
in order to create a national work task force for the
prevention of hemoglobin disorders.

Obstetric and laboratory facilities are already avail-
able but not extensively exploited. Population screen-
ing programs and mutation detection are not very
expensive when compared with the healthcare costs
incurred during the treatment of thalassemia and thus
they constitute the next step in the program. In addi-
tion, genetic counseling should be offered to families
by trained genetic counselors and specialists who can
properly explain the mode of inheritance, risk and
treatment/diagnostic tools available to families. Of
particular importance is the discussion, revision and
resolution of important abortion laws, bioethical and
religious issues.

The control program has to be carefully monitored
by an expert program coordinator who would over-
look the progress by continuous research. The estab-
lishment of a national birth registry, like in other Arab
countries,24 and a national reference center would
allow the exact evaluation of the health and economic
burden.25

Other genetic diseases
Congenital sensorineural hearing loss
Hearing loss in humans is not uncommon. In fact, one
in 1000 children are hearing impaired and half of
these cases appear to have a genetic cause.2 The inci-
dence of hearing loss in Lebanon is unknown, due to
the lack of a national registry, but could be high
because of the high rate of consanguineous marriages.

The congenital sensorineural hearing loss is a
‘hearing impairment due to disorders of the cochlear
division of the ninth cranial nerve (auditory nerve),
the cochlea, or the retro cochlear nerve tracts’.13 The
major mode of inheritance is autosomal recessive.26

As such, prelingual deafness is highly genetically
heterogeneous.26 Mutations in the Connexin 26 gene,
producing a defunct gap junction protein, represent a
major cause of the deafness.26 In particular, the
30delG mutation is one of the most frequent muta-
tions and was found to occur with a carrier frequency
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of 1/43 in one study of the Lebanese population, with
no excess in any particular ethno-religious commu-
nity.2 This high prevalence is due to a ‘hot spot’ rather
than from an ancestral mutation in the Lebanese
population.2,26

In Lebanon and elsewhere, genetic counseling for
patients with congenital sensorineural hearing loss
and their families is limited because physicians are
currently unable to distinguish between genetic
non-syndromic and non-genetic deafness.26 Based on
recent findings of the prevalence of the Connexin
26 mutation, the possibility of developing a simple
molecular test to distinguish between genetic and
non-genetic deafness would greatly improve genetic
counseling opportunities for affected families.
Furthermore, early screening for the 30delG mutation
would allow for the early detection of about one-third
of non-syndromic autosomal recessive deafness cases
in Lebanon.2

Cystic fibrosis
Cystic fibrosis is the most common lethal autosomal
recessive disorder in Caucasians27, yet its prevalence
in Lebanon is unknown. It is an autosomal recessive
congenital metabolic disorder characterized by chronic
pulmonary disease, pancreatic exocrine insufficiency
and increased sodium chloride composition of
sweat.13,28 Genetic allelic heterogeneity is associated
with clinical heterogeneity.28

Cystic fibrosis results from a mutation in the gene
encoding the cystic fibrosis transmembrane regulator
(CFTR) involved in the transport of ions across the
cell membrane.28 It is imperative for the genetic
counselor/genetic scientist to be aware of the relative
frequency of the most common CFTR gene mutations
among their respective patient population. Mutations
of the CF gene are detected using ARMS PCR and
Allele-Specific Oligonucleotide technology.27 For
at-risk families or consanguineous couples, linkage
analysis based on the family’s particular genetic mark-
ers may also be used to detect the mutation.27,28 In
addition, an amniocentesis may be performed for
fetuses found to have a fetal meconium ileus with an
unknown risk of CF.28 To definitively diagnose a
patient postnatally, a sweat and pancreatic sufficiency
test is needed.27

Cystic fibrosis is thought to be rare among the Arab
populations from the Middle East and little data have
been reported so far. A recent study have been per-
formed on several families living in Lebanon for
several generations and who have at least one child
with CF. The study found that there was a 50% rate of
consanguineous marriage among these families, inde-
pendent of the community of origin. Mutational
analysis have been performed and a total of 10 differ-
ent mutations accounting for 87.5% of 32 unrelated
CF alleles were identified, including two novel

putative mutations (E672del and IVS21-28G →A).
Three mutations, delta F508 (37.5%), W1282X (15.6%),
and N1303K (9.4%) accounted for 62.5% of CF alleles.

Treatment for CF requires long-term medical care,
managing respiratory complications and replacing
pancreatic enzymes. The disease is often fatal by the
fourth decade.28 Newborn CF screening in Lebanon
could make a large difference in the quality of life of
CF patients, allowing for early diagnosis or prophy-
lactic treatment. Screening could prevent chronic
malnutrition, allow for improved growth of patients,
improved pulmonary function and reduce the number
of hospital admissions.29,30 In the future, genetic coun-
seling could also allow parents to avoid having a sec-
ond child with CF.29

Duchenne muscular dystrophy
Duchenne muscular dystrophy (DMD) is the most
common childhood muscular dystrophy and is char-
acterized by symmetrical weakness and muscle wast-
ing.13 It is an X-linked recessive disease with an
incidence of 1/3000 male births in most parts of the
world. It is caused by a mutation in the dystrophin
gene resulting in grossly reduced or absent levels of
dystrophin in muscles. Without dystrophin, muscle
degeneration occurs. Fetuses with a positive family
history for DMD may be tested using Southern
Blotting or PCR analysis.28

Conclusion/future plans
In the future development of the field of genetics in
Lebanon, it is imperative to develop an intercon-
nected network of professionals consisting of genetic
counselors, laboratory researchers, clinicians and
nurses, in addition to establishing a comprehensive
patient and family support system. In particular,
fertility centers and clinical genetic scientists as well
as neonatologists need to develop an interconnected
perinatal network to provide more opportunities for
couples with a positive family history for a genetic
disease or who are themselves afflicted with a genetic
disease. It is equally important to consider the devel-
opment of graduate programs in the field of genetics
and genetic counseling at universities within Lebanon
and the Middle East.

Furthermore, the development of a national registry
for genetic disorders is essential. In fact, in Lebanon,
the National Collaborative Perinatal Neonatal Network
is aiming at improving the lives of mothers and new-
born infants. One of its goals is to establish a Lebanese
National Birth Registry that would help in following
the prevalence of certain diseases in the country and
hopefully measure the success of future genetic coun-
seling programs and PGD programs in Lebanon.
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205 Surgical management of
postpartum hemorrhage:
lessons learned
M. Seoud and A. Adra

2171

Introduction
Postpartum hemorrhage (PPH) remains a leading
cause of maternal morbidity and mortality in develop-
ing and developed countries. Maternal mortality
varies from 1000 per 100,000 live births in countries
like Mozambique to 11.8 per 100,000 live births in
the USA.1 PPH remains a leading cause of death
accounting for around one-third of maternal deaths
in USA and other developing countries.1 The most fre-
quent causes of death due to hemorrhage are abruptio
placenta, uterine atony, uterine rupture and lacerations
of the birth canal. The frequency of each of these causes
varies depending on various risk factors including age,
parity, place of delivery, presence and type of birth
attendant, prior incidence of PPH, type of delivery,
prior cesarean birth, as well as other maternal and fetal
complications that are beyond the scope of discussion
of this chapter.2

The definition of PPH is arbitrary. It is often defined
as a blood loss of more than 500 cm3 following a normal
vaginal delivery and 1000 cm3 following a cesarean
delivery. In practical terms, however, it is very difficult
to quantitate the amount of bleeding and it is left to the
birth attendant to subjectively assess the amount of
blood loss that is frequently underestimated. Blood loss
estimate at cesarean section is even more difficult to
assess since one cannot visualize the amount of blood
loss until is has spilled over the table and onto the floor.
Objectively, the American College of Obstetricians and
Gynecologists (ACOG) defines PPH as a drop in hemat-
ocrit of more than 10% or a need for blood transfusion.3

The predictable increase in the red cell mass of
33% and blood volume of around 45% and the com-
pensatory venous adaptation in pregnancy allows the
pregnant women to tolerate moderate amount of
blood loss with no significant hemodynamic compro-
mise. However, with excessive blood loss, compen-
satory mechanisms fail and hypovolemic shock sets

in resulting in hypoperfusion and its consequences on
vital organs especially the kidneys. The birth atten-
dant should be aware of the hemodynamics of the
patient while trying to control PPH. He should call for
the appropriate expert help to assist him both in the
surgical and supportive management of the patient.

Practical approach to the initial
evaluation and management of PPH
The management of PPH starts with steps taken
before, during and after its occurrence. It is important
to identify high-risk factors which increase the risk of
a pregnant patient to develop PPH. This will ensure
the right set up and support team to be available at
delivery. In some situations, it may involve the early
transfer of the patient to a better-equipped center. The
presence of skilled and experienced obstetricians,
anesthesiologists, intensive care unit, and blood bank
are all necessary to ensure a good outcome.

It is beyond the scope of this chapter to discuss
high-risk factors and their identification. It is also
beyond our scope to discuss various medical and
non-surgical means of management of PPH.

When all medical and supportive measures fail to
control PPH, the obstetrician must intervene surgi-
cally to identify and control the source of bleeding.
During surgery, the obstetrician must continue to
assess the hemodynamic status of the patient and try
to avoid hypovolemic shock with its deleterious
effects on organ perfusion. In general, the patient
should have two large-bore intravenous (i.v.) accesses.
Dilute Pitocin should be infused continuously. A
Foley catheter should be in place and continuous
monitoring of urine output performed. An adequate
urine output of more than 25–30 cm3 per hour usually
indicates an appropriate renal perfusion and avoids
postpartum acute tubular necrosis. Although difficult,
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an estimate of the amount of blood loss should be
promptly made in order to prepare the appropriate
amount and type of blood products. Crystalloids are
preferred solutions, however, in cases of sudden and
excessive blood loss and while waiting for blood to be
transfused, plasma expanders may be used with
supervision of accurate input and output to avoid
cardiac overload and pulmonary edema.

The most difficult decision to make is usually when
to start packed red blood cells (RBCs) and blood com-
ponent replacement. At the present time, blood is the
best volume expander and ensures the best oxygena-
tion and blood pressure support. Yet it has several
potential disadvantages ranging from unavailability
especially in unpredictable situations, possible unto-
ward reactions, and blood born infections. Nonethe-
less, with massive hemorrhage, blood replacement is
life-saving and should be available. Moreover, the use
of clotting factors, especially fresh frozen plasma (FFP),
is usually needed in cases of massive blood loss. A
quick assessment of the bed-side-clotting time (wall
clot) may indicate the need for FFP. However, the exact
timing of the use of the FFP is often not clear and is
arbitrary. The preparation of packed RBCs and FFP
may take up to 30–60 min depending on their avail-
ability and the closeness of the blood bank. It is impor-
tant for the obstetrician to anticipate the need for blood
component replacement ahead of time and to ask for its
preparation. The presence of a skilled anesthesiologist,
familiar with the hemodynamics of pregnancy, may
relieve the pressure on the obstetrician who subse-
quently can concentrate on the surgical management of
PPH. Most of the time, placement of central monitoring
(central venous line, arterial line, and pulmonary cap-
illary pressure catheter) is left to the anesthesiologist,
the maternal fetal medicine specialist, or intensive care
specialist.

When medical management fails and surgery is
contemplated, it is important for the obstetrician to
formulate a differential diagnosis and proceed accord-
ingly. Conditions requiring surgical intervention
include: lacerations of maternal soft tissues, uterine
atony, placental conditions (retained placenta, pla-
centa accreta), uterine rupture, and uterine inversion.

Differential diagnosis and
management of PPH
Faced with PPH, the birth attendant should immedi-
ately ask for additional help. This should include a
senior experienced obstetrician, a skilled anesthesiol-
ogist and a high-risk nursing staff. An additional i.v.
access should be inserted and continuous vital signs
monitoring initiated including blood pressure, pulse,
oxygen saturation, and urine output. The patient
should be carefully inspected including assessment of
the birth canal for lacerations, uterine tone for atony
and the abdomen for blood collection.

Cervico-vaginal lacerations
With appropriate anesthesia (general is preferred to
regional to avoid worsening of the hypotension), the
birth canal should be carefully and gently inspected.
Various risk factors may guide toward certain potential
sites of bleeding. A vaginal birth after cesarean may
necessitate a careful inspection of the prior uterine
incision. A difficult vaginal delivery especially if asso-
ciated with an operative delivery (vacuum or forceps)
or if complicated by a macrosomic newborn or shoul-
der dystocia may result in a cervical or vaginal lacera-
tion. Inspection should start with the episiotomy
especially the apex, even if it involves reopening the
episiotomy. A rectal examination may also reveal the
presence of a hematoma which should be evacuated,
the bleeder identified if possible and ligated and, if one
cannot be seen, a drain should be left in the episiotomy
bed. The cervix should be examined and sutured if
bleeding lacerations are noted, securing the base of the
laceration. In referred cases of vaginal laceration, espe-
cially if previously inspected and manipulated, the
vagina is often very edematous, eroded and individual
bleeders are often difficult to identify. In these cases,
careful packing of the vagina may be necessary. If
bleeding from vaginal laceration continues despite
these efforts, then one may resort to selective artery
embolization as noted in the next section. Recently
however, Hebisch and Huch described a method of
vaginal uterine artery ligation which in their experi-
ence avoided other procedures.4 If no cervico-vaginal
lacerations are found, then one has to concentrate on
the uterus as a source of bleeding. Sterile manual digi-
tal exploration of the uterine cavity is mandatory in
order to identify uterine laceration, dehiscence/rupture
of prior scar, or retained placental tissues. In case of
dehiscence of a uterine scar or uterine laceration asso-
ciated with brisk vaginal bleeding, an emergency
exploratory laparotomy is usually needed as detailed in
the following section.

If a vaginal pack is left in place for few hours, the
patient should be frequently assessed for collection of
blood behind the pack. A Foley catheter is left to asses
the urine output and may be removed following
removal of the pack if the patient vital signs are stable.
Management of lacerations of the uterus and or uter-
ine artery will be discussed later.

Placental conditions

Case 1
Mrs A.S. was undergoing a quaternary cesarean sec-
tion at a small community hospital. Following the
delivery of the newborn, the placenta was noted to be
complete previa and attempt at its separation resulted
in the avulsion of the lower uterine segment. This left
a large crater with subsequent massive bleeding.
Following a short attempt to control bleeding, the
defect was packed and the abdomen closed. The
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patient was transferred immediately to our hospital
and directly to the operating room (OR). In the OR,
following dissection of the bladder from the remain-
ing lower uterine segment, exposing the broad liga-
ment, and identifying the uterine arteries and the
ureters, an abdominal hysterectomy was performed.
The patient was transfused with packed RBCs. The
bleeding continued despite the hysterectomy and the
whole surgical bed was oozing, with no specific major
bleeder. Following careful revision of all pedicles,
bilateral hypogastric artery ligation was performed
with significant decrease in the bleeding. A drain was
left in place and the abdomen closed. Post-op, the
patient initially did well. However, 12 h later, she
became hypotensive with progressive decrease in
the hematocrit. Computerized tomographic scan of
abdomen and pelvis revealed a pelvic hematoma.
Uterine artery embolization was arranged, however
the vital signs stabilized and the hematocrit as well.
The patient was transfused with a total of 30 units
of blood and FFP. She was discharged on the fifth
post-op day, and remains well 1 year after the surgery.

Most cases of retained placenta can be managed
conservatively. One can usually wait for the placenta
to separate spontaneously. In the presence of heavy
bleeding manual separation and removal are needed.
Piece-meal removal of the placenta should be fol-
lowed by curetting of the cavity. Inspection of the pla-
centa may identify one or more missing cotyledons. In
rare cases, careful uterine inspection may identify the
presence of a succenturiate placental lobe. Inspection
of the cavity with a large oval forceps and/or a gauze
wrapped around the fingers, may be needed to
remove large placental tissue followed by gentle
curetting of the cavity with a blunt curette to avoid
uterine synechiae in the future. In the majority of
patients, this is enough to control the bleeding. In
rare cases, it may reveal the presence of an adherent
placenta or accreta.

The incidence of placenta accreta has increased 10
times in the last 50 years reaching an incidence of
1/2500 deliveries.5 This increase is attributed to the
increase in the cesarean section rate. Women who
have two or more cesarean sections have a 40% risk of
developing placenta accreta.5,6 The use of ultrasonog-
raphy, color Doppler and magnetic resonance imaging
have improved our ability to diagnose abnormal pla-
centation antenatally.7 The ACOG advocates in cases
where the diagnosis is strongly suspected to be pre-
pared by properly counseling the patient, preparing
blood products, timing and properly locating the
delivery with the obstetric anesthesiologist on alert.5

When attempts fail to control vaginal bleeding from a
retained placenta the obstetrician usually resorts to a
laparotomy to control the bleeding. Recently however,
some have recommended the use of selective uterine
artery embolization to control bleeding from a pla-
centa accreta.8,9 Others have left the placenta in place
after ligating and cutting the umbilical cord, followed

by the use of methotrexate. Others have combined this
with the use of internal iliac balloon catheterization
with limited success.10 When a small segment of
placenta is firmly adherent to the endometrium, seg-
mental resection of the piece with the underlying
myometrium can be attempted.11 In case of profuse
bleeding from a low lying or placenta previa/accreta,
we and others have successfully sutured the lower
uterine segment en masse or segmentaly.11,12 When all
conservative measures fail, a hysterectomy should be
performed.

Uterine atony

Case 2
Mrs M.A. was a 28-year-old primigravida who failed
tocolysis at 31 weeks and was undergoing a primary
cesarean delivery for breech presentation. Following
the delivery, the uterus was atonic with continued
bleeding. All conservative measures, including liga-
tion of the uterine and utero-ovarian ligaments, and
hemostatic sutures failed. Bilateral hypogastric artery
ligation also failed. News of the newborn not faring
well only prolonged the attempt at preserving the
uterus. Finally, an abdominal hysterectomy was per-
formed. However, continuous oozing from the surgi-
cal bed was noted. In the end, multiple surgical pads
were tied together, left in place and extruded through
the vagina and slowly removed over the next 48 h.
She was transfused with a total of 60 units of packed
RBCs, FFPs, and platelets. She survived with bilateral
moderate atrophy of her gluteal muscles.

Postpartum uterine atony is the most common
cause of PPH. The birth attendant should be aware of
the various risk factors in order to anticipate the
occurrence of uterine atony. Various preventive mea-
sures have been found to be effective in significantly
reducing the incidence and magnitude of PPH from
atony. These include the prophylactic use of various
uterotonic agents, in addition to the routine practice
of manual uterine massage with gentle cord traction to
assist in spontaneous placental separation.

When the medical management of uterine atony
fails and the uterus remains hypotonic and continu-
ously bleeding, one can resort to uterine packing
while preparing the patient for the operating room.
Traditionally, this involves packing the uterus with a
long sterile pack while applying continuous pressure
on the uterine fundus. Prior to surgical exploration
the pack can be gently removed and the bleeding and
uterine tone observed. In case the bleeding recurs, a
ring forceps is placed on the anterior and posterior
lips of the cervix to help identifying the cervix if an
abdominal hysterectomy is later needed. This is espe-
cially useful when the patient is fully dilated and the
cervico-vaginal junction cannot be easily palpated
abdominally. Others have tried various devices to
tamponade the uterus, such as using a 30–50 ml
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intrauterine Foley catheter balloon or a 75 ml ovoid
fluted Foley catheter which will allow the drainage of
blood as well as tamponading the uterus.13

If uterine atony is encountered during a cesarean
section, uterine massage with a warm pack may be
helpful. Compressing the anterior and posterior
abdominal wall is important to decrease the amount of
bleeding while preparing prostaglandin medications
such as intra-myometrial 15-methyl-F2α

.14 Success of
this preliminary maneuver may be also useful in iden-
tifying those patients who will benefit from placement
of hemostatic sutures in the uterine wall. Various tech-
niques have been tried in placing these compressing
sutures, however, the most popular being the B-lynch
using a 36 inch 0-vicryl through the uterine wall in
the lower uterine segment, over the uterine fundus
and across to the other side.14–16 Some authors have
reported serious complications from such procedures
such as the development of pyometra.17

If all these methods fail, one may resort to the liga-
tion of the various blood supply to the uterus includ-
ing the uterine vessels, the utero-ovarian vessels, and
the internal iliac vessels. In cases of uterine atony,
however, these may not be as useful as in cases of
uterine laceration or accreta, and they are more diffi-
cult to perform by a general obstetrician (especially
ligation of the internal iliac arteries). These may also
take precious time that is best spent on proceeding
with a hysterectomy. In our part of the world, we have
witnessed on numerous occasions significant morbid-
ity and mortality when time is wasted while attempt-
ing to safeguard the uterus especially if the patient is
young, nulliparous, of low parity, and/or the newborn
is not in a viable condition.

Uterine lacerations

Case 3
Mrs I.S. is a 31-year-old G3 P2 woman at 38 weeks
who was undergoing a trial of labor following a vaginal
delivery and a cesarean section for a non-reassuring
fetal heart. The patient was expecting her third female
newborn. She progressed smoothly to full dilatation
and pushed for 2 h with arrest of dilatation. During
the repeat cesarean section, and following the extrac-
tion, a lateral downward extension of the uterine scar
was noted. Massive bleeding ensued. Careful dis-
section of the bladder off the cervix revealed a lacera-
tion of the descending branch of the uterine artery.
The ureter on that site was carefully dissected and
the uterine branch ligated effectively controlling the
bleeding. The family was adamantly opposing a hys-
terectomy citing the need for a future male progeny.
The patient subsequently had two more female chil-
dren by repeat cesarean sections and still wants to
continue conceiving.

Uterine laceration may be encountered during a
vaginal delivery, such as during a trial of labor for a
patient with a prior uterine scar, during operative

vaginal delivery (much less these days), during an
intrauterine rotation (much less common), or with
extension of a cesarean incision.

Lacerations following a trial of labor with a prior
cesarean section or during a primary or repeat cesarean
section most often result from the extension of the inci-
sion toward the uterine vessels, at times leading to
massive hemorrhage. Occasionally, the extension is
toward the cervix and or vagina, where the bleeding is
more difficult to see. The blood flow of the uterine
artery at term may reach 500 cm3/min, hence the
urgency in rapidly controlling the bleeding. If the
uterus has been exteriorized outside the abdomen,
the vessels may retract and constrict, and hence be
more difficult to identify. Replacing the uterus in the
abdomen may reveal the source of bleeding. In control-
ling the bleeding from such extension, one should be
aware of the path of the ureter and the position of the
bladder, especially in patients with a prior cesarean
section when the cervix is fully dilated and/or the blad-
der is adherent to the lower segment. In all cases, the
bladder should be identified and sharply dissected as
low as possible from the lower uterine segment. The
broad ligament on the side of the laceration should be
opened, and the ureter identified on its medial leaf. If
suturing the edge of the uterus at the site of laceration
does not control the bleeding, then one should ligate the
uterine vessels at the site of the laceration. This suture,
as originally described by O’ Leary, is performed using
number 1 or 0-vicryl suture placed above and below
the laceration perpendicular to the uterine artery and
in the uterine wall thus ligating the ascending branch
of the uterine vessels.18 In addition, occlusion of the
utero-ovarian ligament on that side by a vascular clamp
may further decrease the amount of bleeding. If bleed-
ing decreases, the utero-ovarian vessels may be perma-
nently ligated.

In cases where the bleeding results from more
extensive lacerations in the lower uterine segment,
such as in placenta previa/accreta, especially in
repeat cesarean section, when the lower uterine seg-
ment cannot be identified, some advocate ligation of
the hypogastric vessels. It is a rather easy procedure,
but with which many obstetricians are not familiar. If
not familiar with it, this is not the time to learn it and
one should not waste precious time trying to perform
it. If expertise is available, the dissection should start
with opening the broad ligament at the level of the
round ligament. The external iliac artery is easy to
identify. The index finger is placed over it and used to
dissect the tissues cephalad toward the bifurcation of
common iliac arteries. The ureter passes over them
and is followed caudally to identify the internal iliac
vessels. The vessel is ligated using 2-0 silk sutures by
passing a right-angle clamp starting laterally toward
the midline below the artery and beyond the posterior
division to avoid ligation of the superior gluteal
artery. Occlusion of both hypogastric vessels may be
needed to drop the pulse pressure enough to decrease
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the bleeding. The presence of extensive pelvic anasto-
mosis is a mixed blessing. While it makes the uterus
the best incubator for the fetus and makes it hard to
control PPH, it also helps the uterus survive ligation
of many of its blood supply with subsequent success-
ful pregnancies.7 Recently, however, identification
and embolization of pelvic bleeders have been per-
formed radiologically under fluoroscopy. In patients
who are relatively more stable, this procedure in
expert hands has helped avoid many surgeries.

When all measures fail to control PPH, hysterec-
tomy is then indicated. Often, however, precious time
is lost trying to preserve the uterus for future fertility.
It is important to proceed with the hysterectomy
before the onset of disseminated intravascular coagu-
lopathy when all measures may fail to control the
bleeding. It is the precise timing of the hysterectomy
that helps avoiding many of the long-term complica-
tions. Hysterectomy on a pregnant uterus with a non-
dilated cervix is relatively simple and quick. When
the cervix is fully dilated, it becomes more difficult to
identify the cervico-vaginal junction. Placing ring for-
ceps on the anterior and posterior cervical lips will
make it easier. However, if the cervix is difficult to
identify, one should not waste time looking for it, but
rather proceed with a supracervical hysterectomy,
unless the bleeding is from the cervix or upper vagina.
In many cases, oozing is noted from the surgical bed.
If it is minimal, and the patient is not hypotensive,
one can leave a drain, exteriorize it from the vagina,
and close the peritoneum over it.

In cases of a complete previa/accreta, especially after
repeat cesarean sections, a large defect may be left in
the lower uterine segment and pelvis. Bleeding in these
cases may neither be controlled with ligation of the
hypogastric arteries nor following hysterectomy. One
should avoid the non-discriminate use of clamping
as well the placement of blind sutures. This will not
control bleeding and may injure vital organs such as
ureters and veins. Applying pressure with pads exteri-
orized through the vagina or placed in a nylon bag and
placed in the pelvis, exteriorized through vagina and
placed under tension by attaching it to 1 l of an i.v. bag
over the edge of the bed, may be life-saving. One may
go back 24–48 h later to remove the pack, or slowly
remove them from the vagina, when the patient is sta-
ble, and blood products made available.19,20 The use of
hemostatic powder over the area prior to the applica-
tion of pressure may also be useful.

Selective embolization
of the uterine artery
When medical management of PPH fails, and if the
patient is clinically stable, selective embolization of

the uterine artery, in the proper hands, may be
attempted. It is becoming an increasingly popular
alternative to hysterectomy or myomectomy for uter-
ine fibroids.21 It was originally used successfully to
control intractable PPH.22 A recent review indicated a
high success rate (91%) when properly used by expert
interventional radiologists.23 Nevertheless, numerous
complications have been reported, including uterine
necrosis, labial necrosis, ovarian artery necrosis, and
other serious complications.24

Conclusions
(1) The management of PPH starts with steps taken

before (recognizing high-risk factors), during
and after its occurrence.

(2) The obstetrician must continue to assess the
hemodynamic status of the patient and try to
avoid hypovolemic shock with its deleterious
effects on organ perfusion.

(3) Faced with PPH, the birth attendant should
immediately ask for additional help.

(4) In referred cases of vaginal laceration, because
the vaginal mucosa is often very edematous,
eroded and individual bleeders are often diffi-
cult to identify, careful packing of the vagina
may be necessary.

(5) Most cases of retained placenta can be managed
conservatively.

(6) Postpartum uterine atony is the most common
cause of PPH. Various preventive measures
including the use of pharmacologic agents have
been found to be effective in significantly
reducing the incidence and magnitude of PPH
from atony.

(7) If hemorrhage secondary to uterine atony fails to
respond to conventional methods and available
pharmacologic agents, the obstetrician should
proceed with surgical management starting with
ligation of the uterine and ovarian arteries.

(8) When vascular ligation fails to control the bleed-
ing, it is important to proceed with hysterectomy
before the onset of disseminated intravascular
coagulopathy. It is the precise timing of the hys-
terectomy that helps avoiding many of the long-
term morbidity.

(9) Proceed with a supracervical hysterectomy to
shorten operative time and reduce blood loss,
unless the bleeding is from the cervix or upper
vagina.

(10) Selective uterine artery embolization should be
considered in women of low parity with persis-
tent hemorrhage and stable vital signs, where
preservation of the uterus is contemplated for
future fertility.
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arterial blood pressure in pregnancy,  901–2
arteries

color Doppler,  349–50
hypoxemic IUGR,  606

arthrogryposis of the fingers, 3D surface rendering,  426
artificial heart valves,  2080–1
artificial induction of ovulation (AIO),  1544
arylsulfatase A (ASA),  1159
asphyxia,  1314, 1316, 1450, 1463–71, 1955

characteristics,  1956
definition,  1451, 1955–6
diagnosis,  1463–35
exposure to,  1464
incidence,  1487
outcome,  1469
pathological sequels,  114–16
pathophysiology,  1956–60
physiological changes,  1957
prediction,  1465
risk factors,  1465–6
significance of,  1463
terminology,  1450
use of term,  1450–1

aspiration biopsy set,  367
aspirative nephrostomy,  373
assisted reproductive technologies (ART),  144, 201, 742,

1028, 1033, 1243, 1544, 1560, 1586–8, 1604, 1673–4
assisted vaginal delivery,  1888
asthma,  2067–70

management,  2068–70
outcome of pregnancy,  2067–8
periconception care,  2030
severity of,  2067

asymmetric dimethylarginine (ADMA),  907, 1261
Atlas de ecografia obstetrica,  288
atresia urethral,  331
atrial changes in pregnancy,  901
atrial fibrillation,  1172–3
atrial flutter,  355, 1172–3
atrial natriuretic peptide (ANP),  703, 1300
atrial septal defects,  2086
atrial systole,  1167
atrial tachycardia,  355
atrioventricular (AV) block,  1173–5

etiology,  1174
management,  1174–5
prognosis,  1174

atrioventricular (AV) reentrant tachycardia,  1171–2
atrioventricular canal defect (AVCD),  509
atrioventricular nodal inhibition,  1168
atrioventricular septal defect (AVSD),  511, 876
atrioventricular tachycardia,  355
atrioventricular valves,  349

linear insertion,  878
audit

applications,  271–2
clinical cycle,  272–3
data analysis,  275
data collection,  273–6
data management,  274
definition,  271
failures,  276
implementation of changes,  275
low income countries,  269–70
measure of structure or service provision,  271
organization,  276
outcome measures,  271–2
perinatal deaths,  268–9
process measures,  271
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qualitative,  269
questionnaires,  274
review criteria,  272–3
standard,  272–3
topic selection,  272

auditory nerve,  954–5
auditory system,  421
autoimmune disorders

IUGR,  1255
microchimera,  1183–4
periconception care,  2030

automated reagin test (ART),  1685
autonomic nervous system signs in seizures,  83–4
autonomous choice,  146
autonomy, principle of,  130–1
autopsy,  113
autosomal abnormalities,  1256
autosomal dominant polycystic kidney disease

(ADPKD),  333–5
autosomal recessive disorders,  369
autosomal recessive polycystic kidney disease

(ARPKD),  333–4
azithromycin,  1799
azlocillin,  1793
azole antifungals,  1804
azthreonam,  1796–7

B cells,  941
B-Lynch suture,  1952
baby, use of term,  161
backache in labor,  1882
bacteremia,  1738–9, 1741–2
bacterial infections, cerebral malaria,  1768
bacterial vaginosis,  1761–3

likelihood ratios,  1422
premature delivery,  1762–3
preterm delivery,  1422–3, 1807–9
timing,  1762

bacteriuria, asymptomatic,  1807
banana sign,  1207
barbiturates in SGA,  1302
baroreflex function

after betamethasone administration,  648–50
analysis of,  648
ontogenic changes,  647–50

basic emergency obstetric care (BEOC),  2136–8, 2140–2
Beckwith–Wiedemann syndrome,  120, 342, 752,

1327, 1336–7, 1350–1
behavioral states, neonate,  949
Belmont Report,  144
beneficence

ethical principle of,  129–31
use of term,  217

benign familial epilepsy,  89
benzodiazepines

in labor,  1870
seizures,  92

benzyl penicillin,  1791–2
β-human chorionic gonadotrophin (β-hCG),  776, 1199
β-lactam antibiotics,  1796–7
β-sympathomimetics,  1396–7
betamethasone,  648–50, 1431

FBP and FHR changes,  648
in cystic periventricular leukomalacia (PVL),  63

betamimetics
in NRDS,  1432–3
in SGA,  1299

bilateral agenesis,  322–3
bile-salt stimulated lipase (BSSL),  1011
bilirubin,  19

antioxidant role,  20
binding sites,  20
distribution in the body,  20
effects on neurologic functions,  22
entry into brain,  22
glycosides,  20
solubility,  19–20
see also kernicterus

bilirubinemia, measurement,  22–3
biochemical markers, renal function,  371
biochemistry, and ultrasound screening

combined,  852–4
bioethics

health care professionals,  154
introducation to,  153

biomedical research, ethics,  140–2
biophysical profile (BPP),  388–9
biophysical responses to placental insufficiency, 979–80
biopsy,  366–7
biparietal diameter (BPD),  117, 1056
birth

characterization,  3–18
life after,  1010
stress,  6–7

birth canal lacerations,  1947
birth control

conception after,  2034–5
postpartum,  1942

birth defects, legal vulnerability,  241
birth registration,  253–5

multiple pregnancies,  1671–2
birth weight,  209–10

and cigarette smoking,  1252–3
and fetal sex,  1340
and gestational age,  1239
and maternal age,  1339
and maternal height,  1339
and maternal weight gain,  1340
and parity,  1339
customized standards,  1234
gestational age tables,  1326
lower limit,  61
mean,  1238
median,  1238
single cutoff point,  1239
specific prevalence of CP,  1668
use of term,  1238

birth-weight curve,  1238
Bishop’s pelvic scoring system,  1833, 1836–7
blackwater fever,  1768
bladder

ectopic ureterocele,  329
effects of pregnancy and delivery,  1940
ultrasound,  322

blastocyst, implanted,  1037
blood circulation

embryo,  174
fetal,  345
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blood collection, dried blood,  852
blood component replacement,  2172
blood disorders, antenatal diagnosis,  791
blood flow

arterial,  1040
centralization,  1282–4
corpus luteum,  1029
decentralization,  1284–5
ductus venosus,  1057
embryo-fetal,  1067–70
endometrial,  1028, 1033–5
fetal, Doppler imaging,  608–18
fetal-placental,  1065–7
follicular,  1026, 1030–2
hemodilution to uteroplacental,  1298–9
intervillous,  1064–5, 1086–7
lacunar space,  1038
luteal ovarian,  1070
maternal,  1037
ovarian,  1025–8
preovulatory follicle phase,  1026
ultrasound,  489–98
umbilical,  1041, 1280–2
uterine,  1028, 1033–5, 1866
utero-placental,  1062–4
venous,  1040, 1046
yolk sac,  1065

blood flow waveforms
cerebral artery,  1597
umbilical artery,  1599

blood gases
assessment,  1468–9
measurement,  53

blood group incompatibility,  1136
blood loss

maternal response,  1948
third stage of labor,  1936–8

blood oxygenation process,  347
blood pressure,  28, 901–2

definition,  27
measurement,  2047–8
pre-eclampsia,  906–7
restoration,  29
see also fetal blood pressure; hypertension

blood sampling
fetal,  192, 1123, 1138
maternal,  757–62
see also red cell isoimmunized pregnancies

blood transfusion,  1138
fetal,  796–7
intrauterine,  796–7
intravascular,  797
neonatal treatment,  799
top-up,  1139

blood type, determination,  1138
blood vessels, vitelline,  1044
blood volume, changes in pregnancy,  899–0
body composition

fetal,  4
neonates,  1351

body movements, fetal,  947–8
body stalk anomaly,  314, 1209
bone age,  690
bone development,  680–2

bone marrow transplantation,  810, 1160–2
bone mineral density (BMD),  687–8
bowel disorders,  317–18
bowel obstruction,  316–17

diagnosis,  317
bradyarrhythmia,  1515, 2082–3
bradycardia,  84, 357, 537, 1075, 1850, 1852, 1968, 2082–3
bradydysrhythmias,  1173–5
bradykinin,  12
brain

bilirubin entry,  22
fetal puncture,  368
maturation,  79
normal views,  445
postischemic change,  114

brain abnormalities
acquired in utero,  468–72
in CMV,  530–1

brain biopsy,  1760
brain circulation,  170, 447
brain development,  417, 440, 821
brain growth,  1006, 1008
brain injury,  236

ROS,  103–4
brain natriuretic peptide (BNP),  703
brain neurotoxicity,  33
brain sparing effect,  606
brain structure,  439

multiplanar imaging,  441
orthogonal views,  446

brain tumors,  468–9
Brandt–Andrews technique,  1936–7
breast feeding,  1940–1
breathing, development,  7–8
breathing movements,  420, 948
breathing time,  420
breech presentation,  391–2, 1444, 1918–27

cesarean delivery,  1902–3, 1909
conduct of delivery,  1925
diagnosis,  1920–1
etiology,  1918–19
external cephalic version (ECT),  1921–2
prenatal mortality and morbidity,  1919–20
preterm,  1446–7
pulse oximetry,  1523

British Medical Ultrasound Society (BMUS),  413
bronchogenic cysts,  484
bronchopulmonary dysplasia (BPD),  39, 46, 51–2, 1431–2
bronchopulmonary sequestration (BPS),  481–4, 494–5
bronze baby syndrome (BBS),  23–4
brow presentation,  1912–15
Bubble CPAP system,  40
bupivacaine in labor,  1874

caffeine, fetal growth,  1253
calcification of bones,  690
calcium

hypertension,  2055
in IUGR,  1252
in SGA,  1303

calcium antagonists,  1396
calcium channels,  634
Calymmatobacterium granulomatis,  1711
Campylobacter,  1740, 1748–9
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cancer
gene therapy,  1159–60
macrosomia,  1358
vaginalis,  254

Candida albicans,  1776
Candida infections,  54–5, 1776–80

clinical manifestations,  1778
epidemiology,  1778
laboratory diagnosis,  1778
pathogen and pathogenesis,  1776–8
treatment,  1778–80
vaginitis,  1778–9

carbamoyl phosphate synthetase deficiency,  369
carbenicillin,  1793
carbohydrates

fetal,  4–5
fetal deposition in the liver,  1008–9
metabolism,  1006
requirements,  1007
supply and utilization,  1011

carbon dioxide level,  420
carboxypenicillins,  1793
cardiac arrest,  2083
cardiac defects

conduction,  1507
echocardiography,  511

cardiac disease,  537, 2076–90
periconception care,  2030

cardiac electrophysiology,  1498–9
cardiac examination, fetal,  841
cardiac function in pre-eclampsia,  907–8
cardiac malformations,  1123
cardiac output,  563–8, 901
cardiac rhythm disturbances,  1166
cardiac soft markers,  876–8
cardiac therapy, fetal,  1133
cardiomyopathies,  2083–4
cardiopulmonary disease, IUGR,  1255
cardiopulmonary resuscitation (CPR),  1967
cardiotocography (CTG),  236, 1447–8, 1472–6,

1487, 1490–4, 1527–32
criticisms,  1472–5
future,  1475–6
improvements,  1475
medico-legal vulnerability,  1474
obstetric interventions,  1475

cardiovascular changes,  1867, 2076–7
cardiovascular examination,  2078–9
cardiovascular function

glucocorticoids effect on,  648
hypertension,  2048
studies in normal developmental and maturational

course,  644–50
cardiovascular maturation, sheep fetus,  645–6
cardiovascular response and fetal development,  1448
cardiovascular system,  489–98, 546, 559

fetal,  345, 351–3
inflow level,  352
maternal,  899–902
ontogenic changes and baroreflex alteration,  653–5
outflow level,  352–3
physiology,  345–7

carpal tunnel syndrome,  2092
cartilage, development,  680–2
cartilage hair hypoplasia (CHH),  685

case–control studies,  254
catecholamines, effects on myometrium,  639
caudal pole,  297
caudal regression syndrome,  1208
Caulophyllum thalictroides,  1839
ceftriaxone in gonorrhea,  1690–1
cell mass growth,  1216
cellular differentiation,  1216
cellular trafficking,  943–4
Center for Justice and Democracy,  242
Central America, safe motherhood

initiative,  2140–1
central nervous system (CNS),  439–74

abnormalities,  439
congenital anomalies,  450–66
defects,  1206
development,  439
diagnostics,  439
infections,  1680, 1752–60
malaria,  1766
normal,  443
pre-eclampsia,  909
premature pathology,  117
structural development,  416–17
toxoplasmosis,  1759–60

central venous catheter (CVC),  52, 54
cephalic pole,  299
cephalic presentation,  1444

preterm,  1445–7
cephalic vessels,  495
cephalocele, ultrasound,  822
cephalosporins,  1794–7

adverse effects,  1796
first-generation,  1794
recommended dosages,  1796
second-generation,  1795
third-generation,  1795–6

cerclage
randomized trials,  382
vs. ETCO,  1413, 1415

cerebellar dysplasia,  464
cerebellar hemispheres,  841
cerebellum,  1054
cerebral abnormalities,  1123

associated with neonatal convulsion,  88
cerebral artery,  841, 1068

blood flow waveform,  1597
cerebral blood flow (CBF),  1851
cerebral brain damage in SGA,  1316
cerebral fluid (CSF), normal composition,  1753
cerebral hemorrhage,  472
cerebral injury, VLBW infants,  28
cerebral malaria,  1767
cerebral palsy (CP),  35, 62

assisted reproductive technology (ART),  1673–4
birth asphyxia,  1668–9
early impairment (congenital),  1667
epidemiology,  1667
fetal loss,  1588
incidence,  1484, 1667–8
late impairment (acquired),  1667
multiple pregnancies,  1667–75, 1669–70
prevalence,  1667–8
risk and mortality associated with

zygosity,  1670–1
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risk factors,  1668–71
twin pregnancies,  1558

cerebral venous circulation,  450
cerebral ventricles, development,  1023
cerebrospinal fluid (CSF),  104

circulation,  439, 442
examination,  1753, 1755
flow,  441

cervical changes, twin pregnancies,  504
cervical examinations,  379
cervical fetal fibronectin (fFN) assay,  379–80
cervical incompetence

follow-up studies,  381
non-randomized interventional studies,  381–2

cervical insufficiency,  1385
cervical length,  379–83

measurement,  1418–19
cervical ripening,  1366–7, 1831
cervical ultrasonography

combined with other biological markers of preterm
delivery,  1425–6

preterm delivery,  1417–20
cervix

anatomy,  912
cellular compartment,  918
clinical considerations,  913
clinical trials,  382–3
collagen,  914–15
cytokines,  917
dilatation,  913
elastin,  915–16
estrogen,  919
hormonal regulation,  919
invading cells,  919
mediators,  916–18
nitric oxide,  917
physiological changes,  912–23
progesterone,  919
prostaglandins,  919–20
retraction,  1940
stromal cells,  918
tissue remodeling,  914
transvaginal sonography (TVS),  379–83
ultrasound,  379–85

cesarean delivery,  400, 1334, 1444–5, 1447, 1649, 1899–911
absolute indications,  1901
anesthesia,  1877–9, 1905
antibiotic prophylaxis,  1729, 1910
bacterial agents,  1727
breech presentation,  1902–3, 1909
complications,  1903–4
contraindications,  1901
decision model,  2007
delivery of fetus in vertex presentation,  1906–8
elective and emergency,  1904
fetal distress,  1899
frequency,  1899
hemorrhage,  1910
HIV transmission,  1720
incidence,  1899
incision of abdominal wall,  1905–6
indications,  1900
infectious complications,  1727
macrosomia,  1352
maternal morbidity and mortality,  1903–4

monitoring,  1899
neonatal morbidity,  1904
position of patient and immediate preparation,

1905
postoperative procedure,  1910
preparation of parturient,  1904–5
prevention of infection,  1727–32
previous,  1840
puerperal fever in,  1730–1
rates,  1899–900, 1902–3, 2173
recommended technique,  1905–10
regional differences,  268
shoulder dystocia,  1931–2
skin incision,  1905
technique,  1904–10
trial of labor,  1902
use of EFM,  1860
uterine incision,  1905–6
wound infection in,  1728, 1730–1

chancroid,  1710–11
clinical manifestations,  1710
diagnosis,  1711
epidemiology,  1710
pathogenesis,  1710
prevention,  1711
treatment,  1711

chemiluminescence assays,  102
chest compression,  1967–8

resuscitation,  1456
chest masses, general features,  477–9
chest X-ray,  2078
Chiari malformation,  453–6
chicken pox see varicella
childbirth, fear of (FOC),  2001
chimera,  171
chlamydia,  2035
Chlamydia trachomatis,  1692–9
chlamydial infections,  1692–9

case detection and prevention,  1697–8
clinical manifestations,  1695
epidemiology,  1693–5
laboratory diagnosis,  1695–6
pathogenesis,  1692–3
recommended regimens,  1697
risk factors,  1694
serologic tests,  1696
treatment,  1696–7

chloramphenicol,  1798
2–chloroprocaine in labor,  1874
chloroquine in malaria,  1769, 1771
chlorpromazine in SGA,  1299
choledocal cysts,  318
cholesterol levels,  1343
cholesterol production,  809
chondrodysplasias,  684–5
chorangioma,  737–8, 752
chorangiopagus parasiticus,  768
choriangiosis,  752
chorioamnionitis,  33, 735

acute,  748
chronic,  748
clinical signs,  35
frequency,  1816

choriocarcinoma
chromosome 7 in,  727–9
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PCR-polymorphism analysis,  726
silencing of NECC1/Hop expression,  726–7

chorioepithelioma,  171
chorion frondosum,  1039
chorionic adrenocorticotropin (ACTH) secretion,  700, 702
chorionic sac,  1052
chorionic villus sampling (CVS),  179, 192, 202–3,

757–8, 769, 780, 803, 1039, 1105–14, 1604
choice of route,  1109
chromosomal abnormalities,  1107
clinical trials,  1105
complications,  1109–10
contraindications,  1106
controlled trials,  1111
criteria for self-evaluation,  1105
fetal losses,  1110–11
feto–maternal transfusion,  1110
first-trimester,  1108
indications,  1106–8
limb defects,  1111–12
multiple pregnancies,  1108–9
oromandibular hypogenesis,  1111–12
outcome of pregnancies,  1111
program requirements,  1105–6
sampling methods,  1106
timing,  1109
twin pregnancies,  1609

chorionicity
antenatal and postnatal diagnosis,  1552–4
determination,  499–501, 1605–6
diagnosis,  1591–3
prenatal diagnosis,  764–7
sonographic illustration,  1614
twin pregnancies,  1636
ultrasound,  766, 890–1, 1056

choroid plexus, volume extraction and volumetric
analysis,  448

choroid plexus cyst (CPC),  466, 468, 1192–3
choroid plexuses,  1053–4
chromosomal abnormalities,  191–2, 520, 537

absent end-diastolic flow in umbilical artery,  589
advanced maternal age (AMA),  780–1
CHD,  675
chorionic villus sampling (CVS),  1107
IUGR,  1256
multiple pregnancies,  767–70, 892
screening,  775–83
screening tests vs. diagnostic tests,  775
twin pregnancies,  1555, 1593
ultrasound,  880–8, 1189–98

chromosomal problems,  209
chromosome 7 in choriocarcinoma,  727–9
chromosome analysis, accuracy of,  1117
Chronic Care Center (CCC),  2165, 2167
chronic fetal hypoxia, markers,  1289
chronic histiocytic invervillositis,  752
chronic hypertension, IUGR,  1254
chronic lung disease (CLD),  39, 46–7, 102–3, 106,

114, 117
chronic lung disease/bronchopulmonary dysplasia

(CLD/BPD),  34–6
chronic renal disease, IUGR,  1254
cigarette smoking and birth weight,  1252–3
ciprofloxacin,  1802–3
circadian rhythms,  925

development of,  422–3
regulation,  16

circadian system,  423
circle of Willis,  493, 495, 546, 591–2
circulation, fetal,  10
cisterna magna,  1054
clarithromycin,  1798
clean delivery kits (CDKs),  2156
cleft lip,  364

3D surface rendering,  426
clindamycin,  1799–800
Clinical Inhaled Nitric Oxide Research Group

(CINRGI),  44
Clinical Negligence Scheme for Trusts (CNST),  221
clinical practice guidelines,  228–9
clonidine in hypertension,  2053
Closed Claims Project,  247–8
Clostridia spp.,  1763
Clostridium perfingens,  397
clotting factors,  1952, 2038
coagulase-negative staphylococci (CoNS),  54
coagulation disorders,  2049

gene therapy,  1159
in SGA,  1317

coagulation factors,  1868
coagulation failure,  1948
coagulation system, pre-eclampsia,  908–9
coagulopathy,  1947
coarctation of the aorta,  2087
Coccidioides immitis,  1776, 1780–3
coccidioidomycosis,  1780–3

clinical manifestations,  1781–2
epidemiology,  1781
laboratory diagnosis,  1782
pathogen and pathogenesis,  1780–1
treatment,  1782–3

Cochrane Collaboration,  277–8
Cochrane Reviews,  277–8
coenzyme Q (CoQ),  101
cohort studies,  254
Collaborative Home Uterine Monitoring Study

(CHUMS),  1424
collaborative perinatal neonatal networking, 2159–63
collagen

cervix,  914–15
types I and II,  914–15

collagenopathy,  683–4
Collective to Stop Discrimination against the Disabled

(CCH),  219
color Doppler see ultrasound
Commission on Macroeconomics and Health,  2159
communication,  158–63
community involvement, developing countries,  2130
compassion,  134
complement regulatory proteins expression on
trophoblasts,  694
compliance, likelihood of,  130
comprehensive emergency obstetric care (CEOC),

2136–9, 2142–3
compression sutures,  1952
computed tomography (CT),  86, 467
computer-assisted cardiotochography (CTG),  606–7
congenital abnormalities,  662–77, 844

multiple births,  1547–9
neonatal examination,  1313
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seizures,  87–8
see also specific cases

congenital adrenal hyperplasia (CAH),  803–4, 1127–8
congenital cystic adenomatoid malformation

(CCAM),  481, 816
congenital diaphragmatic hernia (CDH),  479–80, 548, 815–16

sheep,  1178
congenital disorders, macrosomia,  1350
congenital heart anomalies, multicenter study,  513–17
congenital heart defect (CHD),  517–19, 548, 1206–7

diagnosis,  509–13
fetal echocardiography,  873–4
prenatal detection,  506–7
ultrasound,  871–9

congenital heart disease (CHD),  352, 537, 674–7, 1189, 2085
chromosomal abnormalities,  675
epidemiology,  674–5
mortality,  2078
recurrence risk,  677
risk factors,  675
single-gene disorders associated with,  675–7

congenital high airways obstruction (CHAOS),  484
congenital hyperinsulinism,  1328–9
congenital lobar emphysema,  484
congenital malformations,  95, 209

diabetic pregnancy,  70
in resuscitation,  1971
macrosomia,  1354–5
mumps,  1786

congenital mesoblastic nephroma,  123
congenital neuroblastoma,  122
congenital rubella,  1124
congenital sensorineural hearing loss,  2168–9
congenital teratoma,  121
congenital tumors,  120–3
congenital uterine anomalies, IUGR,  1258–9
congestive heart failure (CHF),  1168
connective tissue disorders,  2095–8
connexins,  627
consanguinity, ethnicity,  868–9
consequentialism,  149
continuous Doppler,  347
continuous positive airway pressure (CPAP),  40, 51
contractility, exhaustion of cellular mechanisms,  1947–8
controlled cord traction (CTT),  1936–7
conventional mechanical ventilation (CMV), 40–2, 44, 2036
Coombs’ test,  1136
copper administration,  1132–3
cordocentesis,  788–93, 1137–8, 1140

applications,  791–2
complications,  789–91
indications,  791–2, 1123–6
methods,  788–9
prognostic value,  1124
risk factors,  789–91
see also blood sampling

coronary artery anomalies,  353
coronary artery disease,  2081
coronary occlusion, use of term,  159
corpus callosum,  441

agenesis of,  457–60
corpus luteum,  293, 1027, 1069

blood flow,  1029
corticoids,  700

in SGA,  1302

corticomedullar cyst,  370
corticosteroids

arterial Doppler,  1435
birth,  7
diabetic pregnancy,  71

corticotropin-releasing hormone (CRH),  623–4, 703,
1365, 1371

preterm delivery,  1424–5
cortisol,  700
cost benefit,  279–84
cost–benefit analysis,  282
cost-effective analysis,  281–4
cost-minimization analysis,  279–80
cost–utility analysis,  281–2
cotrimoxazole,  1802
Council of Europe, ethics committee,  142
COX-1/COX-2,  626–7, 919–20, 943, 1395
Coxsackie viruses,  737, 1756–7
cranial structure,  443
craniometaphyseal dysplasia,  687
craniosynostosis,  464
cranium bifidum,  450–1
Crigler–Najjar disease,  22
crista dividens,  11
critical appraisal tool,  136–7
Crouzon syndrome,  464
crown-rump length (CRL),  1052–6, 1078–9
cyclic adenosine monophosphate (cAMP),  1432
cyclic behavior, development of,  422–3
cyclo-oxygenases,  626–7, 919–20, 943
cysteamine levels,  809
cystic adenomatoid malformation,  570
cystic disorders, aspiration,  367
cystic fibrosis (CF),  867, 1000, 1158, 2072–3

developing countries,  2169
effect of pregnancy,  2072
effect on pregnancy outcome,  2072–3
management,  2073
transmembrane regulator (CFTR),  1158, 2169

cystic hygroma,  515
cystic lynphangioma,  368
cystic masses, non-bowel,  318
cystic periventricular leukomalacia (PVL),

63, 1434
cystic renal dysplasia,  341
cytogenetics, reversed,  1610
cytogenic anomalies,  1257
cytokines,  941

antenatal strategies,  35
cervix,  917
effect on EVT invasion,  709
in preterm birth,  1809–10
neonatal disease,  32–8
placentation,  716
pre-eclampsia,  718
profile in NK cells,  696
proinflammatory,  36

cytomegalovirus (CMV),  735–6, 1124, 1816
fetal abnormalities,  526–7
fetal blood,  529–32
fetal brain abnormalities,  530–1
maternal and fetal biology,  529
pathophysiology,  525
prenatal diagnosis,  525–34
ultrasound,  525–9
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cytosolic phospholipase,  626
cytotrophoblast (CT) cells,  714, 1039

differentiation,  707–13
in pre-eclampsia, integrin expression by,  715

cytotrophoblastic shell,  1038

Dandy–Walker malformation,  461–2
Dandy–Walker variant,  461–2
data acquisition

perinatal care,  262
ultrasound,  359

data analysis, audit,  275
data collection

audit,  273–6
quality assessment,  265

data management, audit,  274
data validity, quality assessment,  265–6
databases, collaborative,  2160
decidua infiltrating cells,  940
decidual thickening,  1052
decidual/fetal membrane activation,  1367
deciduitis, acute and chronic,  748
decision analysis,  2007
decision making

four ‘C’s,  213
neonatal,  221–3
obstetrics,  221

decision modeling,  2007
Declaration of Helsinki,  140–2
deferred abortion,  1082
dehydroepiandrosterone sulfate (DHES),  699, 1839
delayed interval delivery,  1816–17
delivery

effects on fetus,  1989–97
fear of,  2002
maternal stress,  1998–2006
sources of injury,  1989–90
timing,  1831

delivery mode
abdominal,  1444
preterm fetus,  1444–9
vaginal,  1444

delivery route
multiple pregnancy,  1649–52
twin pregnancy,  1650–2

dendritic cells (DCs),  942
dental hygiene,  2036
Denys–Drash syndrome,  342
deontology, theories,  148–9
11–deoxycorticosterone,  1127
depression

newborn,  1955
periconception care,  2030

descending aorta,  350–1
desflurane in labor,  1871
developing countries

antenatal care,  2128
community involvement,  2130
cystic fibrosis,  2169
Duchenne muscular dystrophy (DMD),  2169
emergency obstetric care (EmOC),  2130, 2137
FIGO Save the Mothers Initiative,  2138–44
genetic counseling,  2164
institutional deliveries,  2129–30
lessons from FIGO Initiative,  2143–4

management and quality of obstetric services,
2131

maternal mortality,  2123–35
motherhood safety,  2135–45
population health status,  2159
population screening,  2165
prenatal diagnosis,  2165
prospects for the future,  2132
rapid transport need,  2138
risk approach and risk assessment,  2128–9
skilled attendance at birth,  2136–7
thalassemia,  2165–8
vesico-vaginal fistula,  2146–55

developmental stages and major disorders,  440
dexamethasone,  1431
dextrose, perfusion,  1298
Di George syndrome,  1123
diabetes,  2060–6

effect on fetus and offspring,  2063
gestational,  2060–1
maternal,  1348–60
medical approach,  2062
obstetric approach,  2062–3
preexisting,  1350
prepregancy care,  2061

diabetes mellitus,  999–1000
IUGR,  1255
macrosomia,  1329–31, 1340–4
periconception care,  2029

diabetic embryofetopathy,  69, 73–4
diabetic pregnancy,  69–78

body proportions,  73
comparative neonatal morbidities,  73
congenital malformations,  70
corticosteroids in,  71
hypocalcemia,  71
hypoglycemia,  70–1
insulin secretion,  73
jaundice,  72
macrosomia,  70
outcome,  74–5
polycythemia,  71–2
position and prospects,  75
potential complications,  69
respiratory distress syndrome (RDS),  71

DiagnoSTIC, fetal heart assessment,  362
diamniotic–dichorionic pregnancy,  1816
diaphragmatic defects,  314–16
diaphragmatic hernia,  315
diazepam

half-life,  93
seizures,  92

dichorionic pregnancy,  894, 1108
didanosine (ddI),  1804
diethylstilbestrol (DES),  254, 379
differential conductance index,  1027
digoxin

drug interactions,  1168
in in utero supraventricular tachycardia

(SVT),  1168–9
mechanism of action,  1168
pharmacokinetics,  1168
toxicity,  1168–9

digoxin-like immunoreactive substance (DLIS),
1168
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dipsogenic mechanisms, development of,  422
directive counseling for fetal benefit,  132
disability activists, ethical critique,  184
discordant growth,  765

twin pregnancy,  771
disseminated intravascular coagulation (DIC),

1733, 1947, 1951–2
diuretics, hypertension,  2056
dizygotic pregnancies,  889
DNA,  757, 759–61, 1216, 1229
DNA probes,  759
DNA synthesis inhibitor,  1156
dobutamine in systemic hypotension,  29
docosahexaenoic acid (DHA),  993, 995
doctors, primary roles,  146–7
Donovanosis,  1711–12

clinical manifestations,  1712
diagnosis,  1712
epidemiology,  1712
pathogenesis,  1711–12
treatment,  1712

dopamine
hemodynamic effects,  29
oxidation,  104
volume expansion,  29

dopexamine in hypotension,  30
Doppler see ultrasound
double-lumen catheter,  52
double-outlet right ventricle,  516
Down’s syndrome,  120, 514, 757, 776–7, 780, 844–5,

852, 1115, 1189, 1256
anthropometric study,  826
cardiac sign,  878
ductus venosus,  863
effects of ethnicity on screening methods,  862–6
fetal behavior,  951
fetal nasal bone in screening,  825–36
first-trimester intact hCG multiples of median

(MoM) values,  856
first-trimester screening,  852–3, 889–96
independent sequential screening,  858
maternal age,  1593
modified sequential screening,  858
nasal bone,  863
nuchal translucency,  862–3
radiological study,  826
screening,  833

in multiple pregnancies,  1593–5
ultrasound,  827–32, 1195–6
ultrasound, radiological, and histological

correleation,  826–7
doxycycline,  1699, 1797–8
dreams,  927
drug addiction/treatment, IUGR,  1253
drug withdrawal

jitteriness,  90
seizures,  88

drugs
fetal risk categories,  1790
illegal,  2033

Duchenne–Erb paralysis,  1929
Duchenne’s muscular dystrophy (DMD),

376, 1159
developing countries,  2169
stem-cell therapy,  1163–4

ductus arteriosus,  12, 345–7, 350–1
ductus arteriosus arch,  348
ductus venosus (DV),  346, 348–9, 356, 608–10,

617, 885, 1068, 1595
blood flow,  507, 514, 521–2, 1057
Doppler flow waveforms,  614
Down’s syndrome,  863
measurement,  519–20

duodenal atresia,  316, 1190
duplex kidney,  328–9
dwarf’s syndrome,  1257–8
dysplastic kidneys,  335–7
dystrophine, detection of,  376
DZ pregnancies,  1552

ear
external,  953–4
inner,  954–5
middle,  954

early total cervix occlusion see ETCO
East Flanders Prospective Twin Survey (EFPTS),

1544, 1546, 1548
Eastern Mediterranean Region (EMR),  2159–63
Ebstein’s anomaly,  2087
echocardiography,  2079

abnormal features,  350–1
advantages and limitations,  520
cardiac defects,  511
cardiovascular pathology,  351–3
early pregnancy,  506–24
fetal,  345–58, 517–19, 872–8
genetic scan,  874–9
heart anomalies,  512, 517–19
indications,  521–2
M-mode,  357
normal anatomic and functional features,  348
pathological confirmation,  521
reliability,  522
spatio-temporal image correlation (STIC),  427
technical issues,  507
three-dimensional (3D),  546–50, 872
transvaginal (TV) approach,  506–7, 520
two-dimensional (2D),  508–10, 871

echogenic bowel,  317–18
echogenic intracardiac focus (EIF),  1190–2
echogenic kidneys,  334, 338–9
echoviruses,  1756–7
eclampsia

feto-maternal cell exchange,  1182
intrapartum and postpartum management,  2118
management,  2116–17
maternal mortality,  2113
severe,  2112–19

ECoG recording,  655–8
economic evaluation methods,  279
ectopic pregnancy

abdominal,  1100
acute rupture,  1099–100
asymptomatic tube, with live embryo,  1099
clinical situations,  1092
conservative treatment,  1097–8
diagnosis,  1092–7
etiology,  1091
expectant handling,  1097–8
hCG,  1093–7
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incidence,  1091
rupture,  1097
spontaneous reabsorption,  1098
symptoms and signs,  1091–2
systemic methotrexate administration,  1098–9
treatment,  1100
tubal,  1099–100
ultrasound,  1091–101

ectopic ureterocele,  329
edema

in pre-eclampsia,  2048
in pregnancy,  2045

education
ethics,  146–57

outcomes,  156
phases,  152–6
purpose and process of,  152

egg-pole lavage,  1413–14
Ehlers–Danlos syndrome,  914, 2098
eicosanoids,  1224
Eisenmenger’s syndrome,  2087
elastin, cervix,  915–16
electrocardiography (ECG),  1468, 2078–9, 2083
electrocortical activity,  423
electroencephalography (EEG),  53–4, 79–80, 83–5,

88, 924, 934
abnormalities,  91
clinical neurological status,  94
diagnosis of seizures,  90–1
effect of antiepileptic drugs,  93
excessive interhemispheric asynchrony,  91
excessively slow background pattern,  91
hyperexcitability,  80
isoelectric pattern,  91
modification,  80
paroxysmal pattern,  91
persistent asymmetry,  91
positive rolandic sharp waves,  91
preterm infant,  91

electrolyte disturbances, seizures,  87
electromyography (EMG),  924
electron spin resonance (ESR) spectroscopy,  85
electronic fetal monitoring (EFM),  236, 1496, 1519,

1848–65
effects on cesarean rate,  1860
nomenclature,  1857
precepts of,  1860–2
technical issues,  1857

electrooculography (EOG),  924
embryo

as patient,  168–71
blood circulatory systems,  174
legal status,  170
visualization,  296

embryo–chorionic circulation,  174
embryo-fetal blood flow,  1067–70
embryo-fetal circulation,  1087–8
embryonal development, classic concept,  1037–9
embryonal tumors,  120
embryonic aorta,  1068
embryonic circulation,  169
embryonic development

first to third week,  1017
ultrasound,  1017–24, 1051–4

embryonic folding,  1017
embryonic implantation site, trophoblastic

thickness at,  1076
embryonic length,  1052
embryonic movements and behavior,  176–7
embryonic vessels,  576
embryonic viability, poor prognosis,  1081
emergency obstetric care (EmOC),  2127,

2129–30, 2137
emotional expressions,  433–5
encephalitis

acute viral,  1757–8
arbovirus,  1758

enchondral bone formation,  680
end-diastolic velocity (EDV),  1042
endocardial fibroelastosis, mumps,  1786
endocrine disorders, prenatal therapy,  803–5
endocrine responses to placental insufficiency,  975–6
endocrine system,  621
endocrinology,  699–706
endometrial blood flow,  1028, 1033–5
endometritis, multiple gestations,  1815
endometrium,  939

decidual reaction,  1093
modification,  1037
pseudosac image,  1093
regeneration,  1939

endomyometritis in cesarean section,  1728
endothelial cell dysfunction,  714–23, 2046

and placental dysfunction,  717–18
pre-eclampsia,  717, 907

endotracheal intubation,  1455, 1965–7
endovascular invasion, adhesion molecules,  708–9
endovascular trophoblast,  1039
energy

definition,  928
in pregnancy,  928–9
metabolism,  14–15

enhanced myometrial vascularity (EMV),  399
Entamoeba histolytica,  1749–50
enteral nutrition,  52
enteric fever,  1743–4

clinical manifestations,  1743
diagnosis,  1743–4
epidemiology,  1743
neonatal infection,  1743
pathogenesis,  1743
prevention,  1744
treatment,  1744

Enterococcus,  1727
enteroviruses,  1756–7
enterprise liability,  245–7
entonox in labor,  1871
environmental toxins and exposure,  2032
EPICure study,  63
epidemiology,  253–6

future perspectives,  255–6
risk factors,  254

epidural analgesia,  1871–3, 1877–8
continuous infusions,  1872
patient-controlled,  1872

epilepsy,  94–5
antiepileptic drug pharmacokinetics during

pregnancy and lactation,  94–5
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maternal,  94–5
periconception care,  2030

epileptic syndromes,  88–9
cryptogenic,  89
idiopathic,  89

epinephrine
administration,  1969
resuscitation,  1456

episiotomy,  1446, 1940, 1984–6
and laceration repair,  1985
decision factors,  1986
repair techniques,  1985–6

ergotamine, third stage of labor,  1937
erythroblasts, fetal,  1184
erythrocyte production, non-infectious disorders,  536
erythromycin,  1798
erythropoietin in umbilical venous blood,  1290
Escherichia coli,  35, 54, 86, 396–7, 1155, 1727
esophageal atresia,  316
essential fatty acids,  993–5
estradiol,  1026
estravillous trophoblast (EVT) differentiation,

collaborative regulators,  709–11
estrogen, and its receptors,  621–2
estrogens, effect on plasma volume,  900
estrogen(s)

cervix,  919
formation,  699
function of,  700–1

estrogens, labor induction,  1838
ETCO,  1402, 1412–16

contraindications,  1413
definition,  1412
indications,  1413
measures at end of pregnancy,  1414–15
operation technique,  1414
preoperative diagnostics and measures,  1413–14
results,  1415
vs. cerclage,  1413, 1415

ethane in expired air,  105
ethical committees,  139–45

see also specific organizations
ethical judgments,  147, 150–1
ethics,  129–38

and morals,  148
argument-based,  136–7
basis,  148
bibliography,  155–6
biomedical research,  140–2
code of,  147, 180
common framework for perinatal/neonatal,  212–13
decision making,  214
definition,  129
education,  146–57

outcomes,  156
phases,  152–6
purpose and process of,  152

fetal research,  141–2
fetus as patient,  131–3
focus,  136
fundamental premises,  146–8
genetic counseling,  1610
global prespectives,  211–12
health care professionals,  153

human-research,  139
justice,  133–4
Kant’s,  149
key features,  157
medical,  129
narrative,  149
neonatal,  209–16
normative,  136
parents’ role,  210–11
perinatal,  155–6
preimplantation diagnosis (PGD),  179–82
preterm infant,  57, 64–5
principles of,  129–31
results,  137
resuscitation,  1974–5
virtue,  149
witholding/withdrawal of nutrition and fluids,  211

Ethiopia, safe motherhood initiative,  2141
ethnic groups, targeted screening,  866
ethnicity

access to care,  868
consanguinity,  868–9
culture and religion,  868
prenatal screening,  862–70

eugenics,  190
EUPHRATES expert meeting,  1952
Eurofetus study,  847
Europe Against Immature Lung (EURAIL) study

group,  1439
European Association of Perinatal Medicine (EAPM),

61–2
European Court of Human Rights,  218
European Federation of Societies of Ultrasound in

Medicine and Biology (EFSUMB),  410
European Human Rights Act,  218
European Neonatal Network (Euro Neo Net),  2160
European Society of Human Reproduction and

Embryology,  180
EUROPET survey,  49–50
evidence-based medicine,  232, 277
exencephaly/acrania,  1058
exercise

complicated pregnancies,  597
contraindications,  602
effects on placental bed blood flow,  597
guidelines,  602

exomphalos,  1207–8
expert witness,  227–9
extensive perivillous fibrin deposition,  749
extensive stromal fibrosis,  751
external cephalic version (ECT),  1921–2
extracellular matrix (ECM),  709–11, 914, 1366–7, 1370
extracorporeal embryo, moral status,  181–2
extracorporeal membrane oxygenation (ECMO),

40, 44–5, 209
extraintestinal focal infection,  1742
extrasystoles,  1516
extravillous trophoblast (EVT),  707–14, 938–9
extremely low-birth-weight (ELBW),  106, 209–10,

212–13, 1238
extremities, fetal,  821, 843, 845
extremity buds,  299
ex utero intrapartum treatment (EXIT) procedure,

817
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eye blinking,  433
eye movements,  423, 948

face, fetal,  821
face masks,  1964–5
face presentation,  1912–13, 1916–17
facial expressions, assessment of,  432–5
facial movement patterns, classification,  433–5
facial nerve,  954
facial structures, development,  1018–19
factor IX deficiency,  1159
fallopian tube, patency,  176
famciclovir,  1804
familial Mediterranean fever,  2098
Fanconi’s anemia,  1123
fansidar in malaria,  1769
Fas-ligand (FasL) induced apoptosis,  942
Fas/Fas ligand (Fas L) system,  694
fat accumulation curve,  1230
fat-soluble vitamins,  1251
father, use of term,  162
fatigue

and sleep,  925
definition,  928
hormonal effects,  933–4
in pregnancy,  928–9

fatty acid supply and utilization,  1011
fatty acids,  5–6
FD index,  1488, 1490
fear expressions,  435
fear of childbirth (FOC),  2004
Federal Rules of Evidence,  227
fentanyl in labor,  1869
fertility, resumption,  1942
fertility review and testing,  2034
fertilization

human life,  170–1
product of,  171

fetal acidemia/non-acidemia,  1483
fetal acidosis,  1483
fetal anatomy

11–14 weeks,  1201–4
first trimester,  1199–212
visualization,  1204

fetal anomalies
diagnosis at 11–14 weeks,  822–3
first-trimester maternal serum markers,  851–61
screening and diagnosis,  1057–9

fetal anthropometry,  1231
fetal arteries,  606
fetal behavior,  947–52

assessment,  427
basic studies,  947–9
clinical experiences,  949–50
future clinical aspects,  950–1
neurophysiology,  416–23
states concept,  949
use of term,  949

fetal blood analysis (FBA),  1527–32
clinical consequences,  1528–9
future prospects,  1531
indications,  1528
intermittent character,  1529–30
repetition,  1528–9

subjective considerations,  1531
suitable blood parameters,  1528

fetal blood pressure (FBP),  646–8, 650, 658
fetal breathing movements (FBM), late deceleration

pattern,  1851
Fetal Cell Isolation Study (NIFTY) trial,  1184
fetal cells

genetic analysis,  757
maternal blood,  1182–8
pre-eclampsia,  1185–6

fetal death, intrauterine,  1841
fetal decompensation, markers of,  1290
fetal descending aorta (FDA),  587

Doppler ultrasound,  590–1
with reverse or absent end-diastolic flow,  587–9

fetal deterioration, biochemical study,  1285–8
fetal development

and cardiovascular response,  1448
and growth,  1336

fetal diagnoses, first-trimester,  1105
fetal diseases,  616
fetal distress,  1450

biological signs,  1125
cesarean delivery,  1899
in labor,  1883–4
induction of labor,  1841

fetal echogenic bowel (FEB),  1193–4
fetal electrocardiogram (FECG),  1496–511

analyzers,  1498
changes during fetal compromise,  1500–6
combining time interval and morphology

analysis,  1506
normal values for waveform,  1499–500
P wave,  1500
PQ and PR intervals,  1501
PR segment,  1500
PR-FHR relationship,  1505–6
QRS duration,  1502
QT and RT intervals,  1502
R/S ratio,  1501–2
signal acquisition,  1497–8
signal processing,  1496–7
ST interval,  1502
ST segment,  1502–5
T-wave duration,  1502
T-wave height,  1502–5
T/QRS ratio,  1502–6
transabdominal recordings,  1508–9

fetal fibronectin
preterm labor,  1420–1
vaginal fluid,  1420–1

fetal fluid,  4
fetal growth,  1215–17

and micronutrients,  1251
and preterm delivery,  1240
anthropometry,  1231–6
biochemical studies,  1229–31
decrease in intrinsic potential,  1260
dynamics,  1229–37
endocrine factors,  1348–50
environmental regulation,  1225–6
factors involved in,  1336
general characteristics,  1216–17
genetic control,  1218
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genetic factors,  1216–17
genetic regulation,  1218–19
hormonal regulation,  1219–24
mechanisms,  1215–16
multiple pregnancies,  770–2
phases,  1218
regulating factors,  1218–28
stages,  1218
three-dimensional assessment,  1235–6
see also growth

fetal growth hormone,  1221
fetal growth restriction,  5, 971

diagnosis and management,  980–2
management algorithm,  984
surveillance,  982–4
see also growth; intrauterine growth

restriction (IUGR)
fetal heart rate (FHR),  517–19, 599–600, 617, 647–8,

650, 658, 1075, 1448–9, 1496
animal studies,  645–6
correlation with outcome,  1857–8
decelerations,  1850, 1852–6
effects on cesarean rate,  1860
electronic monitoring,  947, 1848–65
monitoring,  1516–17
non-decelerative pattern,  1849
normal baseline,  1849–50
normal-term pattern,  1849
pathophysiology of monitoring,  1848–54
pattern,  947, 949–50
pattern of injury,  1858–60
second stage of labor,  1854–6
twin pregnancies,  1619
see also heart rate

fetal height curve,  1234–5
fetal hormones,  1337
fetal hydrops,  1174
fetal hypoxemia,  1850
fetal inflammatory response syndrome (FIRS),  32–3
fetal injuries, vacuum extraction,  1895–6
fetal life or death, diagnosis,  386
fetal loss

amniocentesis,  1118
chorionic villus sampling (CVS),  1110–11
multiple pregnancy,  1120

fetal macrosomia,  1932
fetal magnetocardiography,  1509, 1512–17

applications,  1517
data processing,  1512–14
standards,  1514–15

fetal magnetoencephalography,  1517
fetal malformations,  439

multiple pregnancy,  767–70
risk of,  388

fetal maturation
animal studies,  643–61
model study,  650–8

fetal megacystis,  331
fetal mortality,  258
fetal motor characteristics,  430
fetal motor development,  417–20
fetal movement

assessment,  427–32
hand direction to face,  432

incidence of,  429
patterns of,  428–32, 1079

fetal presentation,  386
fetal puncture,  366

brain,  368
catheter,  366
liquid characteristics,  367
renal status,  369–73
sampling,  366
technique generalization,  366–8

fetal safety,  422
fetal sampling, limitations,  1468
fetal sinusoidal heart rate (FSHR),  1490–1
fetal systolic time interval measurements,  1507–8
fetal taste,  422
fetal vessels, abnormalities,  749
fetal weight,  1221

animal species,  1222
estimation,  388
evaluation of,  1346

fetal weight curves,  1232–4
fetomaternal alloimmune thrombocytopenia

(FMAIT),  1143
antenatal management,  1146–8
antenatal screening,  1148
diagnosis,  1145–6
incidence,  1145
laboratory investigations,  1145–6
management,  1146–8
pathophysiology,  1143–5
platelet-specific alloantibodies,  1144–5
platelet-specific antigens,  1143

fetomaternal hemorrhage (FMH),  536, 557, 801,
1117–18, 1139

fetoplacental unit, steroidogenesis in,  699–701
fetus

as patient,  131–3, 162, 217–18
use of term,  162
visualization,  303

FGF receptor 3 (FGFR 3) gene,  678, 680–3
fibrocortical dysplasia,  370
fibromatosis,  122
FIGO Committee for the Study of Ethical Aspects of

Human Reproduction,  142–4
fine needle aspiration,  366
finger-stick blood collection,  858
first trimester

anatomy,  821–3
fetal anatomy,  1199–212
fetal diagnoses,  1105
integrated sonographic and biochemical screening,

833–5
maternal serum markers of fetal anomalies,  851–61
maternal serum screening,  864–5
normal development,  1072–4
normal fetus,  1199–200
screening strategies,  857
ultrasound,  1199–212

fish oil, hypertension,  2055–6
flecainide

in arrhythmias,  1169–70
mechanism of action,  1169
side effects,  1169–70
usage,  1170

Index 2191

Index.qxd  5/17/2006  6:21 PM  Page 2191



flow-cycled pressure-limited ventilation (FCPLV),  41–3
flow index (FI),  1026, 1029–30, 1088
flow synchronized ventilation (FSV),  43
flow velocity waveforms (FVW),  575, 578, 1281

arterial,  1086, 1089
dependency on gestational age,  580–2
fetal descending aorta (FDA),  590
venous,  1086

fluconazole,  1804
fluorescent in situ hybridization (FISH),  199, 202–3,

514, 759, 1116
focal and segmental glomerulosclerosis (FSGS),  908
folate metabolism disorders,  1000
folic acid supplementation,  2027, 2032
follicle stimulating hormone (FSH),  889, 1025–6
follicular blood flow,  1030–2
follicular walls,  1026
Fontan procedure,  2088
Food and Drug Administration (FDA),  238, 287
foramen ovale,  345, 348–9
forceps delivery,  1446, 1888, 1895

choice of instrument,  1893–4
complications,  1895–6
technique,  1890–1

formal assessment tool,  136–7
Four Principle Approach,  149
Fourth World Conference on Women, Beijing,  2132
free beta hCG,  851–2, 854–6, 1224–5
free radicals,  99, 102–3

oxygen-derived,  1292–3
fresh frozen plasma (FFP),  2172
frowning,  435
Frye v. United States,  227
functional residual capacity (FRC),  40
fungal infections,  1680, 1776–84
funipuncture,  1597
funisitis,  33

G protein,  685–6
galactose-1–phosphate uridyltransferase (GALT),  808
galactosemia,  808, 1002, 1130–1
gamma-amino butyric acid (GABA),  934
gamma-glutamyl transpeptides,  810
gas exchange,  9
gastroenteritis, acute,  1741
gastrointestinal changes in pregnancy,  1868
gastrointestinal infections,  1680, 1740–51

non-typhoid salmonellosis,  1740–3
salmonella species,  1740

gastrointestinal tract
anterior abdominal wall defects,  312–14
diaphragmatic defects,  314–16
malformations,  312–19
ultrasonic examination,  312

gastroschisis,  312–13, 492, 1208
Gaucher disease,  1158
gene activation, birth,  16
gene delivery techniques,  1156
gene disorders,  1185
gene–environment interactions,  1383
gene targeting,  1157
gene therapy,  199

design,  1155
ethical issues,  1160
replacement,  1155

suspension,  1156
use of term,  1155

general acceptance test,  227
General Medical Council (GMC),  146, 148
genetic analysis of fetal cells,  757
genetic anomalies, fetal,  1185
genetic counseling,  190–200

decision making,  193–4
developing countries,  2164
directive,  191
discrimination,  196–7
ethics,  194–9, 1610
financial considerations,  199
major branches,  191
MC twin gestations,  1606–8
moral aspects,  194–9
non-directive,  191, 194
prenatal diagnostic tools,  191–2
religion in,  198–9
representing fetal and newborn interest,  198–9
roots of,  190
semi-invasive,  193
stigmatization,  196–7
theoretical and practical means,  191–3
twin pregnancies,  1608
woman’s and partner’s freedom of choice,  198–9

genetic data, confidentiality,  195–6
genetic diagnosis

invasive procedures,  1608–9
multiple pregnancies,  1604–11
preimplantation,  2165
prenatal,  1604–5

genetic disorders,  190
fetal,  757
future plans,  2169
identification,  179, 2164
Jewish,  866
national registry,  2169
stem-cell therapy,  1160

genetic factors
fetal growth,  1216–17, 1336
twin pregnancies,  1542–4

genetic hydrocephalus,  447
genetic markers,  342
genetic research,  190, 195
genetic sonography,  1189–90, 1197
genetic syndromes with musculoskeletal

manifestations,  2098
genetic uniqueness and singleness,  167, 171
genetically determined hemolytic disease of the

fetus,  535
genetics

determination,  1327
periconception care,  2030
progress in,  190

genital tract, abnormal colonization,  1807
genital warts see human papillomavirus (HPV)

infection
genitourinary tract,  842
genodermatosis,  366
genome imprinting,  729
gentamicin,  1800
germ-line therapy,  1160
germinal matrix hemorrhage,  118
gestation, duration,  1363
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gestational age
determination,  1054–6, 1060
lower limit,  61

gestational diabetes mellitus (GDM),  72–3, 1342–3
gestational sac,  294, 1073, 1075–6, 1078

anomalies of,  1075
missed abortion,  1082

gestational vascular complications,  2042–3
ghrelin, role of,  1350
giant yolk sac,  1076
Gillian Turner’s syndrome,  1337
gitter infarct,  749
glial cells,  417
glucocorticoids (GCs),  622, 1431–3

effect on cardiovascular function,  648
fetal effects,  1434–5
follow-up studies,  1439–40
future developments,  1440–1
in PPROM,  1436
incomplete courses,  1438
maternal side effects,  1434
policies of antenatal administration,  1438–9
repeated courses,  1437

gluconeogenesis,  5
glucose,  4–5, 52, 1008–9, 1011
glucose challenge test criteria,  2061
glucose concentration and macrosomia,  1331
glucose tolerance test (GTT),  1331
glucose transporters (GLUTs),  4, 1009, 1011
glucose-6–phosphate dehydrogenase (G6PD)

deficiency,  21–2, 867, 1001
glutathione peroxidase (GSH-Px),  99–101, 107
glutathione transferase (GSH-T),  100
glyceryl trinitrate (GTN), in SGA,  1302
glycogen storage disorders,  538, 1001, 1008–9
glycohemoglobin,  1357
glycosaminoglycan (GAG),  916
gonadotropin receptors,  624
gonadotropin-releasing hormone (GnRH),  703
gonorrhea,  1687–92, 2035

clinical manifestations,  1689–90
epidemiology,  1688–9
laboratory diagnosis,  1690
neonates and children,  1691
pathogenesis,  1687–8
prevention and control,  1692
recommended regimens,  1691
treatment,  1690–2

Government Accountability Office,  242
Gram-positive agents,  120
Gram-stain examination of vaginal fluid,  1422
Graves’ disease,  2107
great toe, separation,  1196
great vessels, transposition,  496–7
grimacing,  433
Group A hemolytic streptococci,  1679
Group B hemolytic streprococci,  1679, 1807
growth

abnormalities,  113–14
abnormalities and perinatal morbidity and

mortality,  1331–4
and maturity,  1238
general principles,  3–4
postnatal,  3
prenatal,  3

growth discrepancy
multiple pregnancies,  1598–9
twin pregnancies,  504

growth disorders, small-for-gestational age
(SGM),  1318–20

growth factor, effect on EVT invasion,  709
growth hormone receptor (GHR),  624
growth hormone-releasing hormone (GHRH),  703
growth hormones (GHs),  3, 1320, 1338
growth restriction

anesthesia in,  1307
concepts related to,  1238–46
twin pregnancy,  1645
see also intrauterine growth restriction (IUGR)

Growth Restriction Intervention Trial (GRIT),  1304
GSH in red cells,  101
GSH/GSSG ratio,  105–6
gut function,  1011

Haemophilus ducreyi,  1710
Haemophilus influenzae,  1752
hand movement,  424, 431–2
Hartnup disease,  1000
Hashimoto’s thyroiditis,  2107
Hassal’s corpuscles,  116
head, fetal,  821, 840
head circumference,  1235
health, definition,  197–8
health care professionals

bioethics,  154
ethics,  153

health care pyramid,  259
health courts,  245
hearing,  953–70

auditory brainstem responses,  965
auditory pathways,  955
behavioral screening,  965
comparative observational studies and clinical

trials,  963
developmental anatomy,  953–5
early disturbances,  964–6
electrophysiological measurements for screening,  965
embryology,  953–5
encoding,  955–7
future research,  966
implications for language development and

musical expression,  962
otoacoustic emissions,  965
physiological basis,  955–7
possible damage from environmental hazards

during pregnancy,  965–6
postnatal auditory responsiveness,  960–1
postnatal development,  961–2
prenatal acoustical responsiveness,  962–6
prenatal auditory responsiveness,  957–60
recognition or memorization,  962
transmission,  955–7

hearing loss,  2168–9
heart

anatomical changes in pregnancy,  900–1
chemical composition,  1230
development,  1020–1
echocardiography,  512, 517–19
fetal,  821, 871

assessment,  346–7
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screening or targeted examination based on 
indications,  872

time motion or M-mode,  871
four-chamber,  550, 559
hypoplastic,  351–2
morphology,  1021
structural development,  507
three-dimensional (3D) volume,  549
ultrasound,  496–7, 507–9

heart block,  357–8, 884
heart defects,  779–80, 884, 1206–7
heart disease

acyanotic,  2085–6
cyanotic,  2087
maternal mortality,  2077–8
structural and functional,  353

heart failure,  349
diagnosis,  355
fetal,  353–6

heart frequency, anomalies of,  1075
heart motion,  1074
heart rate,  348, 358

abnormality scores,  1488
accelerations,  1478–80, 1483
artificial neural network computer analysis,  1490–3
base deficit or excess,  1483
baseline rate,  1477–8
baseline variability,  1478, 1482–3
conventional computer systems,  1487–9
decelerations,  1480, 1483–4, 1489
embryonic,  1052
evolution of patterns,  1482
fetal patterns,  1137–8
glucocorticoids (GCs),  1434–5
monitoring,  1477–95
normal and abnormal fetal,  1472–3
regular fast,  355–7
regular slow,  357–8
resuscitation,  1453
score,  1487–95
sinusoidal,  1490–1
surrogate endpoints,  1483–5
surveillance,  1466–7
variability,  1479
see also fetal heart rate (FHR)

heart structure, fetal,  345
heart transplantation,  2088
heart valve

inflow,  349
outflow,  349–50
prosthetic,  2040

heart volume image,  550
heartbeats, irregular,  355
HELLP syndrome see hemolysis
Helsinki trial,  847
hematologic responses to placental insufficiency,  976
hematological disorders,  1357

gene therapy,  1159
hematology,  799
hematoma,  1078
hematopoietic stem-cell (HSC) therapy,  1160–2

animal models,  1163
clinical experience,  1163
diseases potentially amenable to,  1162–3
source of donor cells,  1161–2

hematopoietic stem-cell (HSC) transplantation,  688
hematosis, normal pregnancy,  2038
heme oxygenase isoforms (HO-1/2/3),  19
hemodilution to uteroplacental blood flow,  1298–9
hemodynamics

assessment of early pregnancy,  1062–71
Doppler ultrasound,  1138
fetal,  348–50
fetal deterioration, IUGR,  1279–85
maternal,  899–903
multiple pregnancy,  1621
prenatal behavioral patterns,  1615

hemoglobin
light absorption characteristics,  1522
prediction in red cell alloimmunization,  593

hemoglobinopathies,  866–7
HSC therapy,  1162

hemolysis,  1136, 1138
elevated liver enzymes and low platelet count

(HELLP) syndrome,  1186, 1436, 1952
hemolytic antibody concentration,  1136–7
hemolytic disease,  552, 794, 798–9

pathogenesis,  795
physiopathology,  795

hemophilia B,  1159
hemorrhage

antepartum,  1883
cesarean delivery,  1910
internal fetal,  536
postpartum see postpartum hemorrhage

hemorrhagic endovasculitis (HEV),  750
hemorrhagic syndromes,  1125

acquired,  1125
hereditary,  1125

heparin
in SGA,  1299
regimens of,  2039–40

hepatic abnormalities, pre-eclampsia,  909
hepatic masses,  319
hepatic vessels,  496
hepatitis B,  2035
hepatitis C,  1816
hepative veins (HV), Doppler flow waveforms,  613
hepatomegaly, malaria,  1767
hereditary hemorrhagic syndromes,  1125
Hering–Breuer reflex,  8
herpes simplex virus (HSV)

case detection and prevention,  1703–5
clinical manifestations,  1701–2
diagnosis,  1702–3
encephalitis,  1757–8
epidemiology,  1700–1
infections,  1699–705
pathogenesis,  1699–700
recommended regimens,  1704
serology,  1703
treatment,  1703
type 1,  86

hiatal hernia,  315
high birth weight, long-term complications,  1357–8
high-frequency jet ventilation (HFJV),  44
high-frequency oscillatory ventilation (HFOV),  44
high-risk pregnancy

defining,  49
transport services,  50
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highly active antiretroviral (HAART) drugs,  1718
Hirschprung’s disease,  120
histidinemia,  1000
histogenetic processes,  417
Histoplasma capsulatum,  1776
holoprosencephaly,  456, 458, 1206
homeopathy, labor induction,  1839
homocysteine plasma levels,  1254
homocystinuria,  1000
hormonal regulation, cervix,  919
hormonal replacement therapy,  1033
hormones

effects on fatigue,  933–4
fetal,  1221
fetal growth,  1219–24
maternal,  1219–20
newborn,  6
placental,  1223–4

horseshoe kidney,  324–5
HPA-1a alloimmunization,  1145
human chorionic gonadotrophin (hCG),  167, 699,

701–2, 1026, 1051, 1030–2, 1034–5, 1072, 1092–7
human chorionic growth prolactin (HCGP),  1223
human chorionic somatomammotropin (hCS),  699, 1223–4
human embryogenesis,  165–7
human experimentation, Nuremberg Code,  139–40
human fallibility, realities of,  248
Human Genome Project (HGP),  195
human haploid genome,  1216
human immunodeficiency virus (HIV),  1159, 1679,

1705, 1757, 1804, 1816
human immunodeficiency virus (HIV) infection,  1717–21

diagnosis,  1718
drug therapy,  1718–19
natural history,  1718–19
subtypes and their importance,  1717–18
twin pregnancies,  1817–18
viral dynamics,  1718

human immunodeficiency virus (HIV) test,  2035
human immunodeficiency virus (HIV) transmission

cesarean section,  1720
drug therapy,  1719–20
perinatal,  1719
through female genital tract,  1719
timing,  1719

human leukocyte antigen (HLA),  179, 938–9,
941, 943–4, 1143, 1183–4, 1257

antibodies,  1144–5
expression on trophoblasts,  693–4
testing,  183

human life
beginning of,  164–78
biology,  165
clinical controversies,  173
definition,  164–5
fertilization,  170–1
religious teachings and historical aspects,  171–3
semantic problem,  165
visualization of early development,  173–6

human milk,  994–5
human papillomavirus (HPV),  1707–10

clinical manifestations,  1708–9
diagnosis,  1709
epidemiology,  1708
pathogenesis,  1707–8

prevention,  1710
treatment,  1709–10

human placental lactogen (hPL),  702, 1223–4, 1298
human platelet alloantigen (HPA),  1143–4
hyaline membrane disease (HMD),  117

diabetic pregnancy,  71
hyaluronic acid,  916
hydatidiform moles,  171

genetics of,  724–5
placenta,  738–9

hydralazine in hypertension,  2053
hydranencephaly,  470–1
hydrocephalus,  445–9

aqueductal obstruction,  449
causes of,  447
disappearance of venous pulsation,  450
monkeys,  1180–1
progressive stages,  451
schema of,  448
treatment,  449
ultrasound images,  448

hydronephrosis,  322, 325, 327
hydrops,  120

anemia-related,  535
congenital heart conditions,  537
fetal,  535–40
feto-maternal hemorrhage,  557
genetic causes,  538
genetic syndromes,  538
immune,  535
infection-induced,  536
inherited dyserythropoietic conditions associated 

with,  536
investigations,  538–9
non-anemia-related,  536–8
placenta,  742–3
signs,  1597
structural anomalies,  536–7

hydrops fetalis,  792, 1972
hydrothorax,  364
17–hydroxyprogesterone (17–OHP),  1127
hyperaldosteronism,  899–0
hyperbilirubinemia,  20–1, 1357, 1842

full-term newborn infants,  24
malaria,  1767
premature newborn infants,  24–5
treatment,  23–5

hypercapnia,  8
hypercholesterolemia,  1133
hyperglycemia,  1329
hyperglycinemia,  1002
hyperinsulinemia,  1255, 1357
hyperinsulinism,  73
hyperoxia,  106

definition,  101–2
hypersystole,  1841
hypertension,  2045–59

classification,  2049
diagnosis,  2047–9
diet,  2055–6
discrepancies among clinical studies,  2057
early markers with predictive value,  2054
epidemiology,  2045–6
genetic predisposition,  2046
high-risk patients,  2057
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induced by PE,  648
lifestyle,  2055
maternal mortality,  2112
medication,  2051–3
periconception care,  2029–30
pharmacologic interventions,  2056–8
physiopathology,  2045–6
pregnancy-induced,  1436
prevention,  2053–4
primary prevention,  2054
pulmonary,  2084
secondary prevention,  2054
treament,  2050–3

hyperthyroidism,  805, 1131–2
effects on pregnancy,  2103
fetal and neonatal,  2105
maternal,  2102–3
treatment,  2103–4

hypertonia,  1841
hypertrophic cardiomyopathy (HCM),  2083–4
hypertrophic myocardiopathy,  1356
hypocalcemia,  1356

diabetic pregnancy,  71
in SGA,  1315–16
seizures,  87

hypochondroplasia,  682–3
hypoechoic lesion, differential diagnosis,  461
hypoglycemia,  1353

diabetic pregnancy,  70–1
malaria,  1768
neonatal,  1314–15

hypomagnesemia,  1356
seizures,  87

hyponatremia,  1842
hypophosphatasia,  686–7, 1209
hypoplastic left heart (HLH),  514, 516
hypoplastic left heart syndrome (HLHS),  566, 876
hypoplastic lung,  477
hypotension,  1879

agents used,  29–30
clinical relevance,  28
definitions,  27
management,  28–30
measurement,  28
neonatal period,  27–31
pathogenesis,  27–8
SNP-induced,  656–7
volume support,  29

hypothalamic-like releasing hormones,  703
hypothalamic–pituitary-adrenal (HPA) axis,  1365
hypothermia in SGA,  1316
hypothyroidism,  804–5, 1131

diagnosis,  2105
fetal and neonatal,  2106–7
maternal,  2104–5
treatment,  2105

hypotonic uterine postpartum hemorrhage,  1842
hypovolemia,  27
hypoxanthine,  1291
hypoxanthine–xanthine oxidase reaction,  104
hypoxemia,  1468, 1851

acute fetal,  652–3
Doppler investigation,  606
with ischeia,  1288

hypoxia,  650, 1852
biochemical markers,  1288–93
cellular consequences,  1302
fetal defensive mechanisms,  1285–8
mechanism,  1851
without ischemia,  1288

hypoxic injury, perinatal brain,  15
hypoxic-ischemic encephalopathy,  85, 116

IGF-binding proteins (IGFBPs),  1349
illness, definition,  197–8
imipenem,  1796–7
IMMPACT program,  2126
immune-mediated thrombocytopenia,  1125
immune system in prematurity,  1400–1
immunithrombocytopenia (ITP),  792
immunizations, updating,  2035–6
immunodeficiency diseases, HSC therapy,  1162
immunofluorescence,  376
immunoglobulins,  74, 795, 797–8, 1223, 1319–20,

1348–9, 1769
immunological system,  624–5
immunology

during pregnancy,  693–7
maternal–fetal interface,  938–46

immunosuppressive drugs,  2093
implantation,  693–7, 939, 1028–35, 1037–50

low rate of success,  693
in utero closed fetal surgery,  813–15
in utero fetal death (IUFD),  1637, 1639–42
in utero fetus, therapeutic research,  141
in utero intervention, life-threatening

anomalies,  1181
in vitro embryo as patient,  133
in vitro fertilization (IVF),  179–80, 195, 199, 206–7,

763, 1030, 1033
shared risk programs,  180
side effects,  201

incubators, double-walled,  53
indoleamine 2,3–dioxygenase (IDO),  696, 942–3
indomethacin

effects on pulmonary circulation,  564–6
in SGA,  1303
in twin-to-twin transfusion syndrome,  1153

induction of labor,  392–3, 1831–47
abruptio placentae,  1842
complications,  1841
costing,  1844
definition,  1831
economics,  1843–4
EFM,  1856–8
failed,  1842
indications,  1831–3
maternal views,  1843
methods,  1833–9
rates,  1831
second stage,  1854–6
specific situations,  1839–41
workload associated with,  1844

infant mortality,  258
decline in,  1560

infantile cortical hyperostosis,  688
infantile respiratory distress syndrome (IRDS),  

116–17
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infections,  1679–80
intrauterine,  1806–11
multiple pregnancies,  1814–18
placenta,  735–7
preterm birth,  118–20
preterm delivery,  1806–18
preterm infant,  54–5
screening for,  2035–6

infectious syndromes,  1123–4
infective endocarditis,  2080
inferior vena cava (IVC),  348, 356, 608–10, 612, 615

Doppler flow waveforms,  613–14
embryology,  610

infertility
language,  159
treatment,  201
treatment in multiple births,  1544–6

inflammatory arthropathies,  2093–5
inflammatory mediators in preterm birth,  1809–10
inflammatory responses

anti-insult strategies,  35
environmental processes,  37
fetal and neonatal,  32–4
perinatal,  34–7

influenza, high-risk condition,  2036
informed consent,  141, 217, 229–30

PGD,  181
inhaled nitric oxide (iNO),  44–5, 209
inherited disorders,  183, 192
inherited syndromes,  1257
inhibin,  703
iniencephaly,  452
innate immune system,  625
inositol in NRDS,  1432
insertional mutagenesis,  1157
instant risk assessment (IRA),  858
Institute of Medicine,  232–3
instrumental delivery,  1888–98
insulin

animal species,  1222
diabetic pregnancy,  73
in fetal growth,  1337–8
role of,  1222–3, 1349
sensitivity regulation,  704

insulin-growth hormone balance,  1221
insulin-like growth factor (IGF) system,  709, 1220,

1255, 1319, 1338, 1348–50
insulin-like growth factor binding protein (IGFBP),

939, 1220, 1255, 1319–20
insurance,  237–8, 242–3, 247
intact hCG,  855–6
integrated first-trimester sonographic and biochemical

screening,  833–5
integrin,  711, 715
integrity,  134–5
intensive care of preterm infants,  49–60
Inter-Agency Group for Safe Motherhood,  2135
interhemispheric cyst,  466
interleukins (ILs),  34–5, 37, 624–5, 709, 718, 917
intermittent abdominal decompression,  1302
intermittent mandatory ventilation (IMV),  42–3
internal carotid arteries (ICA),  447
internal os (IO) dilatation,  380
International Association for the Study of Pain,  56

International Bioethics Committee (IBC),  140
International Conference on Population and

Development, Cairo,  2132
International Federation of Gynecology and Obstetrics 

(FIGO),  2135
International Society of Ultrasound in Obstetrics and 

Gynecology (ISUOG),  410–11
interrupted pregnancy, ultrasound,  1080–2
interstitial invasion, adhesion molecules,  707–8
interventricular hemorrhage,  469
intervillous blood flow,  1064–6, 1086–7
intervillous circulation,  1037, 1040–1, 1043,

1047, 1065–6
intervillous hemmorrhage and thrombus,  750
intervillous space,  1037, 1042, 1064

premature access of maternal blood,  1080
intestinal atresias, types I-IV,  316–17
intimal fibrin cushion,  749
intoxications, seizures,  88
intra-abdominal vascular tree,  492
intra-abdominal vessels, ultrasound,  493
intra-amniotic therapy in SGA,  1301
intracardiac echogenic focus,  876–7
intracardiac shunts,  345, 347
intracerebral vessels, ultrasound,  495
intracranial anatomy,  839
intracranial hemorrhage,  85–6, 470–1
intracranial infection,  86
intracranial structure,  445
intracranial trauma,  1444
intracranial tumors,  123, 469
intrafollicular hypoxia,  1030
intranodal tachycardia,  355
intraovarian vascularization, luteal conversion,  1028
intrapartum

complications,  2000–1
decision-making,  2007–23
fetal monitoring,  1527–32
multiple gestation,  773

intraperitoneal transfusions,  1138
intratracheal surfactant administration,  1973
intrauterine bleeding,  1076
intrauterine fetal death,  765, 1841

twin pregnancies,  504
intrauterine growth restriction (IUGR),  62, 578, 584,

616–17, 690, 746–7, 1220, 1238–46, 1296–8, 1300,
1304–7, 1606, 1645–6

adult conditions related to,  1321–2
agents or factors associated with,  1247
animal models,  1257–8
biophysical signs,  1286
characteristics,  1313–25
classification,  1270–8
Doppler ultrasound,  585–7, 590, 599, 605–7
epidemiology,  1242–3
ethnic groups,  1248
etiology,  1247–60
factors leading to modification of classification,  1273–4
familial factors,  1248–9
fetal factors,  1256–8
fetal order at birth,  1258
genetic factors,  1248–9
geographical and climatic factors,  1252
hemodynamic study of fetal deterioration,  1279–85
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hypoxemic,  606
immunological factors,  1257
integrated classification,  1271–3
interval between pregnancies,  1258
management in delivery room,  1313
maternal diseases,  1254
maternal factors,  1247–56
modified integrated classification,  1274–6
mortality rate,  1317
natural history of fetal compromise,  1279–95
neonatal examination,  1313–14
neonatal resuscitation,  1313
neuromotor outcome,  589
pathogenesis,  1260–4
pathological and histological assessment,  114
pathophysiological mechanisms,  1286
pre-eclampsia,  2112
rabbits,  1179–80
radiation-induced,  1257
socioeconomic factors,  1249–52
toxic habits,  1252–3
type I,  1271–2, 1275
type II,  1272, 1275–6
type III,  1272–3, 1276
use of term,  1313
uteroplacental factors,  1258–60

intrauterine infection,  1380–3
chronic process,  1381
fetus and placenta,  119
IUGR,  1257
mechanism and common pathogens,  119

intrauterine pathological sequels,  118
intrauterine pregnancy, assessment of abnormal early,  

1085–90
intrauterine transfusions,  1139
intravascular transfusions,  1138
intravenous immunoglobulin (IVIG)

followed by intrauterine transfusions,  798–9
in Rh alloimmunization,  797–8

intraventricular hemorrhage (IVH),  83, 85–6, 589,
1433, 1444–5, 1814

intubation, preterm infant,  51
invasive fungal dermatitis,  54
iodine, IUGR,  1252
ion channels,  627–8, 634–6
iron, IUGR,  1251
IRONFAN registry,  1059
ischemia–reperfusion,  104
ischemic brain damage, in SGA,  1316
ischemic heart disease (IHD),  2078, 2081
isoimmunization disease, survival rates,  1139
isoimmunized pregnancies,  1135–42
isolated MV (IMV),  1194–5
isolevuglandins,  105
isovaleric acidemia,  1000
itraconazole,  1804
IUGR see intrauterine growth restriction (IUGR)

Jacquemier maneuver,  1933–4
Jarisch–Herxheimer reaction,  1686
jaundice

in diabetic pregnancy,  72
see also neonatal jaundice

Jewish genetic disorders,  866

jitteriness,  90
and seizures,  90
drug withdrawal,  90

justice
concepts of,  133–4
ethics,  133–4

Kaiser Permanente,  245
kanamycin,  1800
kangaroo care, preterm infant,  55
kaposiform hemangioendothelioma,  120
karyotyping,  514, 1117, 1123, 1608

multiple pregnancies,  892
Kasabach–Merritt syndrome,  120, 753
keratinization disorders,  374–5
kernicterus,  88
ketamine in labor,  1870
ketoconazole,  1804
ketonuria,  1357
kidney

bright,  338, 340
chemical composition,  1231
coronal scan,  321
dilatation,  330, 332
echogenicity,  321
fetal,  321–2
multicystic,  321
obstructive uropathies,  325
preterm infant,  53
sagittal scan,  321
see also nephrourologic system; specific anomalies

kyphoscoliosis,  1209, 2073–4

labor,  386–405
abnormal patterns,  1823–9
analgesia,  1868–75
arrest of descent,  1823
arrest of dilatation,  1823
arrest patterns,  1993–4
assessment,  1821–30
augmentation,  1843
clinical features,  1821
course of,  1999
dystocia,  391
effects on fetus,  1989–97
failure of descent,  1823
fetal well-being during,  388–9
initiation,  1371
maternal distress in,  2001–3
maternal stress,  1998–2006
neurological complications,  1881–2
normal pattern,  1822–3
onset,  1364, 1371, 1998–9
overview,  1364–5
pain and pain relief,  1866–87, 2002–3
patient evaluation and preparation,  1871
precipitate,  1829, 1994–6
preterm,  1999–2000
prolonged deceleration phase,  1823
prolonged latent phase,  1823–5, 1990–2
protracted patterns,  1992–3
protraction and arrest disorders,  1825–8
psychological trauma,  2001–2
resuscitative equipment,  1881
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second stage,  1828–9
sources of injury,  1989–90
systemic medication,  1869–70
third stage,  393, 1936–8
trial,  1902
ultrasound admission test,  386
vibroacoustic stimulation,  963–4
see also induction of labor; postpartum

labor graph,  1821–9
labor induction see induction of labor
lactate dehydrogenase (LDH),  4
lactation,  1940–1

maintenance of,  1010
lactobacillus, functions,  1403
lactobacillus system,  1403–5
lacunar space blood flow,  1038
lacunar stage,  1038
lambda sign,  499, 1592
lamivudine (3TC),  1804
language

appropriate word choice,  158
medical,  159
obstetrics,  159–60
political correctness,  159
prenatal diagnosis,  160–3
racist,  158
sexist and discriminatory,  158
unacceptable,  158

large vessels, changes in pregnancy,  901
large weight for gestational age (LGA),  70, 1240,

1326, 1348, 1351, 1353
laryngeal atresia,  484
laryngeal mask airway (LMA),  1965
laser-assisted in situ keratomileusis (LASIK) vision

correction,  181
laser coagulation of communicating placental

vessels,  1152
late TCO, definition,  1412
lateral ventricles,  1054

volume extraction and volumetric analysis,  448
Latin American Center for Perinatology and Human

development (CLAP),  2160
law of mass action,  20
lawsuits

frivolous,  241–2
reasons for,  225

Lebanon
genetic heterogeneity,  2164
perinatal neonatal network,  2159–63

left isomerism,  492
left ventricular cardiac output (LVCO),  563–5
left ventricular ejection force (LVEF),  566
legal aspects,  217–23

changes in climate,  236–7
see also litigation; malpractice issues; rights

legal status, embryo,  170
legal vulnerability, birth defects,  241
lemon sign,  1207
leptin

intrauterine growth,  1349
production,  704

Leri–Weill dyschondrosteosis (LWD),  685
leucocytes,  941
levobupivacaine in labor,  1874

liability reform acts,  242
lidocaine in labor,  1874
life see human life
life after birth,  1010
life-threatening anomalies, in utero intervention,  1181
light stress effect on fetus,  658–9
limb defects, chorionic villus sampling (CVS),  1111–12
limb development,  1018
limb malformations, amniocentesis,  1120
linoleic acid, hypertension,  2055–6
lipids,  5–6, 994–5

levels,  1343
metabolism,  1006
reaccumulation in adrenal cortex,  116
requirements,  1007
supply,  1009

lipofection,  1157
lipogenesis,  6
lipopolysaccharides (LPS),  1734–5
lipoprotein lipase,  5
lissencephaly,  460–1
Listeria monocytogenes,  86, 1752
litigation,  113, 217, 229, 231

and risk management,  247
common areas during labor,  235–6
European perspective,  221

liver
chemical composition,  1230
fetal,  10–11

liver biopsy
complications,  369
indications,  369
technique,  368–9

lobar holoprosencephaly,  493
lomefloxacin,  1802–3
long-chain polyunsaturated fatty acids (LCPUFAs),

1007–9, 1011
loss-of-function mutations,  1155
low back pain,  2093
low birth weight (LBW),  253–5, 257, 1238–40,

1243, 1446
incidence and mortality,  1243–6
risk of morbidities,  1560

low-density lipoprotein (LDL),  5
low-density lipoprotein receptor related protein 5

(LRP5),  688
low molecular weight heparin (LMWH),  1882
lower limbs,  1055
lower limit of viability,  61–8
lower urinary tract obstruction (LUTO),  813–15
LTOT model,  651–9
lumbar sympathetic blocks,  1874
lung development,  8–10, 475, 477, 1023
lung disease,  674–7, 2073–4

see also chronic lung disease
lung masses,  477–9
lung maturation,  33
lung vessels, ultrasound,  495
lungs

evaluation for size and function,  559
hypoplastic,  477
immaturity,  1431–43
inflammation,  36
inflation,  8–9
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mechanics,  9
postnatal,  11–13

luteal circulation,  1069, 1085, 1087
luteal conversion, intraovarian vascularization,  1028
luteal ovarian blood flow,  1070
luteal phase deficiency (LPD),  1385–6
luteinized unruptured follicle (LUF),  1026–7, 1029
luteinizing hormone (LH),  1026
Lyme disease,  2094
lymphocytes, fetal,  1183
lymphogranuloma venereum (LGV),  1698–9
lysosomal storage disease,  538

M-mode cursor,  1167, 1172
M-mode recording,  1167
McCune–Albright syndrome,  686
McRobert’s maneuver,  1933
macroglossia, 3D surface rendering,  425
macrolides,  1798–9
macrophages,  941–2
macrosomia,  1222

and mortality,  1331–4
causes of,  1350
cesarean delivery,  1352
complications,  1346
concept,  1326–7
congenital malformations,  1354–5
definition,  1348
diabetes mellitus,  1329–31, 1340–4
diabetic pregnancy,  70
environmental factors,  1338–40
epidemiology,  1327–34, 1341
incidence,  1330–1, 1348
intrapartum management,  1347
management,  1346–7
maternal factors,  1338–40
multifactorial,  1344
neonatal aspects,  1348–60
odds ratios,  1328
prevalence,  1328, 1333
prophylaxis,  1346
recurrence,  1329, 1340
risk factors,  1338
route of delivery,  1346–7
use of term,  1326, 1336

Magic-Cut,  427
magnesium

as tocolytic agent,  637–8
hypertension,  2055
IUGR,  1252

magnesium sulfate,  1394–5
magnetic resonance imaging (MRI),  334, 441–3, 455,

459–60, 466–7, 471–2
major histocompatibility complex (MHC),  693,

939–40, 1184
malaria,  1765–71

anemia,  1767
central nervous system (CNS) in,  1766
cerebral,  1767
clinical manifestations,  1765–6
congenital,  1770–1
diagnosis,  1766–7
drug therapy,  1769–70
effect on fetus,  1769
hypoglycemia,  1768

immunoglobulins,  1769
impact on labor,  1768
impact on pregnant women,  1767
liver problems,  1767
parasite and life cycle,  1765
pathogenesis,  1766
placenta,  1768–9
pulmonary edema,  1768
renal involvement,  1768
spleen problems,  1767
traveling during pregnancy,  1771

malarone in malaria,  1770
malformation

syndromes,  120
twin pregnancies,  504

malnutrition,  1229
clinical evidence,  1314
fetal,  1263
IUGR,  1250–1
maternal,  1263

malondialdehyde (MDA),  102, 104–5, 716
malpractice

alternative system reforms,  243–4
complication or error?,  230–1
frivolous,  228
historic perspective,  224
insurance claims,  237–8
insurance premiums,  243, 247
jury awards and settlements,  238
law,  224–9
meritorious,  228
mythology,  231–6
position and prospects,  247–8
prevalence,  238–41
role of physician,  234–5
specialized courts,  245
United States,  224–50

malpresentation,  763
managed care

physician as fiduciary,  135–6
professional virtues,  134–5

managed care organizations (MCOs),  135
manganese supplementation,  1132
maple syrup urine disease (MSUD),  1158–9
Marfan’s syndrome,  2086, 2098
marginal analysis,  280–1
maternal age, advanced,  2030–1
maternal blood, fetal cells in,  1182–8
maternal diabetes see diabetic pregnancy
maternal distress in labor,  2001–3
maternal–fetal interface, immunology,  938–46
Maternal–Fetal Medicine Units Network,  1418
maternal floor infarct,  749
maternal mortality,  257–60

and public health discrepancy,  2123–5
causes,  2131
clinical causes,  2131
delays leading to,  2138
developing countries,  2123–35
geographic and logistic causes,  2131
social causes,  2131
three-delay model,  2127

maternal mortality ratio (MMR)
developed countries,  2124–5
developing countries,  2123–4
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measurement,  2125–7
monitoring progress,  2127
UN indicators,  2127

maternal prepregnancy weight,  1329
maternal serum markers,  851–61
maternal stress and labor,  1998–2006
maternal weight gain,  1329
matrix metalloproteinases (MMP),  103, 682, 916–17,

1383–4
maturation,  1238
maxillary bone measurement,  1058
mean cerebral artery FVW,  1068
mean fetal arterial blood pressure (MAP),  646–7
measles,  1680, 1788–9

clinical manifestations,  1788
diagnosis,  1789
epidemiology,  1788
prevention,  1789
treatment,  1789
virus,  1788

Meckel–Gruber syndrome,  341, 1208
meconium

aspiration syndrome,  1457
clearing airway,  1964
peritonitis,  317

meconium-stained amniotic fluid,  1973–4
mediation in health care conflicts,  244
Medical Board Administrative Adjudication System,  245
medical ethics see ethics
Medical Injury Compensation Reform Act of 1975

(MICRA),  242
medical records in medical or medicolegal proceedings,  

241
Medicare,  233, 247
medicolegal aspects see legal aspects
medicolegal education,  231–6
mefloquine in malaria,  1769, 1771
megacisterna magna,  461–2
megacystis,  1208

diagnosis,  823
membrane decidua,  939
membrane potential,  633
membrane prostaglandin receptors,  626–7
membrane time constant,  633
membranes,  747–8

free,  734
meconium staining,  734
rupture of see preterm premature rupture of

membranes (PPROM)
sacculation of,  380

Mendelian inheritance,  192
meningitis,  120, 1752–7

acute aseptic,  1757
acute bacterial,  1752–6
acute viral,  1756–7
adjunctive corticosteroid therapy,  1754
antimicrobial therapy,  1754
enteroviral,  1756–7
Listeria monocytogenes,  1756
N. meningitidis,  1755
pneumococcal,  1754–5
S. pneumoniae,  1754
Streptococcus agalactiae,  1756
tuberculous,  1758–9
vaccination,  1756

meningomyelocele,  817–18
menstruation resumption,  1942
mental deficiency,  95
meperidine in labor,  1869
mesenchymal dysplasia,  752
mesenteric cyst,  318–19
messenger RNA (mRNA),  1216
meta-analyses,  278
metabolic disease,  537

antenatal diagnosis,  791
maternal inherited,  999–1004

metabolic disturbances
pre-eclampsia,  907
seizures,  86–7

metabolic responses to placental insufficiency,  974
metabolism, inborn errors,  805–8, 999, 1127–32,

1155, 1158, 1163
metachromatic leukodystrophy,  1159
methotrexate in ectopic pregnancy,  1098–9
methylmalonic acidemias (MMAs),  805–6, 1128–9
methylmalonic aciduria,  1128–9
methylxanthine, seizures,  88
metronidazole,  1707, 1801–2
mezlocillin,  1793
microangiopathic hemolysis,  2049
microchimera, autoimmune disorders,  1183–4
microdeletion 22q11, cardiac signs,  878
micronutrients and fetal growth,  1251
midazolam

in labor,  1870–1
status epilepticus,  92

midcavity delivery,  1894
middle cerebral artery (MCA),  447, 553–5, 580,

587, 591–3
middle cerebral artery peak systolic velocity

(MCA-PSV),  1597–8
algorithm for fetal surveillance,  556
areas for future research,  556
limitations,  555
management,  554–5
potential pitfalls,  555–6
technique,  553–4

midgut herniation, physiological,  1053
midsagittal section,  611
migrating trophoblast,  1039
migration of neurons,  417
mild pyelectasis,  1195
mild ventriculomegaly (MV),  1194–5
Millennium Development Goals (MDGs),  2132, 2135
mineral metabolism

abnormalities of,  1132–3
newborn,  6

minerals, IUGR,  1251
minocycline,  1797–8
miscarriage,  1147

ultrasound,  1072–84
use of term,  160

misoprostol,  1838, 1937, 1952
missed abortion,  1085–6
mitral stenosis,  2079
mitral valve disease,  2080
mitral valve prolapse,  2085
MK-801 in SGA,  1303
molecular biology techniques,  1138
molecular genetic techniques,  199
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monitoring
combined use of electronic and biochemical,  1529
critical appraisal of prospective studies,  1530–1
false-positive findings,  1530
preterm infant,  52–4
ventilation,  45
see also specific applications and techniques

monkeys, hydrocephalus,  1180–1
monoamniotic pregnancies,  503
monochorionic pregnancies, nuchal translucency,  895
monogenic diseases, diagnostics,  195
monozygotic (MZ) pregnancy,  889, 1552
moral action,  146
moral agents,  146
moral theory,  146, 148
mortality and macrosomia,  1331–4
mortality indicators,  258
mortality rate,  268

intrauterine growth restriction (IUGR),  1317
multiple births,  1561–7
small-for-gestational age (SGM),  1304

mosaicism,  1117
mother, use of term,  161
motor automatisms,  83–4
mouth movements,  948–9
mouthing,  433–4
Mozambique, safe motherhood initiative,  2141–2
multicystic dysplastic kidney disease,  336–7
multicystic renal dysplasia,  335–7
multifactorial disorders,  808–9, 1133
multifetal embryo reduction,  892–3
multifetal pregnancy reduction (MFPR),  201–8

alternative resolutions,  206–7
ethical issues,  206
outcome,  203–6
patient issues,  201–3
pregnancy loss rates,  203–4
procedures,  203
societal issues,  206–7
summary,  207–8

multiple carboxylase deficiency,  806–7, 1130
multiple gestation, intrapartum,  773
multiple gestations,  839
multiple marker-screening test,  1189
multiple organ failure syndrome,  1735
multiple pregnancy,  201, 292, 584

amniocentesis,  1116
birth registration,  1671–2
cerebral palsy (CP),  1667–75
chorionic villus sampling (CVS),  1108–9, 1609
chromosomal abnormalities,  767–70, 892
congenital anomalies,  1547–9
delayed interval delivery,  1653–66, 1816–17
delivery route,  1649–52
diagnosis and frequency of fetal loss,  1586
discordant infection/inflammation by chorion

type,  1815–16
documentation of prenatal behavior,  1616–18
early diagnosis,  763–4
epidemiology,  1535–51
fetal growth in,  770–2
fetal loss,  1120, 1586–90
fetal malformations,  767–70
first screening for Down’s syndrome,  889–96
genetic diagnosis,  1604–11

gestational age-specific perinatal mortality,  1562–3
growth discrepancy,  1598–9
hemodynamics,  1621
induction of labor,  1840–1
infection,  1814–18
infertility treatment,  1544–6
intrauterine behavior,  1612–34
invasive antenatal interventions,  1635–48
karyotype analysis,  892
longitudinal examination of growth, structure and

hemodynamics,  1615–16
loss rates following AC,  1608–9
malformations,  1599–608
maternal age,  1604–5, 1609–10
monochorionic (MC),  1635
mortality rates,  1546–7, 1561–7
multicenter studies,  1663–4
neurological impairment,  1672–3
nuchal translucency (NT),  893–4
pathological considerations of fetal loss,  1589
placenta,  739–42
placentation of,  1618–19
population-based risk of perinatal mortality and

morbidity,  1560–8
postnatal assessment,  1618–19
prenatal behavior,  1612–19
preterm birth,  1578–82
preterm deliveries,  773
selective feticide,  1641–5
sex proportions,  1549
treatment protocols,  1664–5
ultrasound,  1056–7, 1586, 1591–603
vaginal delivery,  1654–7
vanishing fetus,  1586–90
very high-order,  1661–3
zygosity of,  1552

multiple-organ failure (MOF),  34
multiple X syndromes,  1256
multizygotic pregnancy,  889
mumps,  1680, 1785–7

clinical manifestations,  1785–6
epidemiology,  1785–6
gestational,  1786
laboratory diagnosis,  1786
prevention,  1786
treatment,  1786
virus,  1785

muscle biopsy,  376–7
muscle tissue samples,  367
musculoskeletal disorders,  2091–100

analgesic and anti-inflammatory drug use,  2092
Mycobacterium tuberculosis,  1758
mycoplasma,  35
myelomeningocele,  453–5
myelomeningocoele, 3D surface rendering,  425
myocardial contractility,  348
myocardial depressant factor (MDF),  1735
myocardial dysfunction,  27, 29
myocardial infarction,  2081

use of term,  159
myocardium, birth,  13
myoma,  400
myometrium

action potentials,  634
active electrical properties,  634, 636
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effect of oxytocin,  638–9
electrical activity and contraction,  632–40
length constant,  633
pacemaker potentials,  634
passive electrical properties,  633
propagation of excitation,  637

N-acetyl-D-glucosaminidase (NAG),  370
Nairobi Conference on Safe Motherhood,  2132
naloxone

in respiratory depression,  1970
in resuscitation,  1456–7

nasal bone,  1057
development,  826
Down’s syndrome,  863
evaluation of,  834
fetal,  841
reference ranges by ultrasound,  834
screening,  825–36
three-dimensional assessment,  832–3
ultrasound examination,  830–2

nasotracheal intubation,  1966–7
National Collaborative Perinatal Neonatal Network

(NCPNN),  2160
achievements,  2162
coordinating center,  2160
future objectives,  2162
methodology,  2160–1
mission statement,  2160
research projects,  2161

National Commission for the Protection of Human
Subjects in Biomedical and Behavioral Research,  142

National Council on Radiation Protection and
Measurements (NCRP),  409

National Health Service Litigation Authority (NHSLA),  
221

National Institute for Clinical Excellence (NICE),  271
National Institute of Child Health and Human

Development (NICHD),  210, 1418
application of guidelines to intrapartum clinical

management,  1481–3
National Institute of Child Health and Human

Development (NICHD, Neonatal Research Network,  
2160

National Institute of Child Health and Human
Development (NICHD), research planning workshops
and research guidelines,  1477

National Perinatal Epidemiology Unit,  240
National Practitioner Databank,  246
National Society of Genetic Counselors (NSGC),  869
natriuretic peptides,  703–4
natural killer (NK) cells,  693

cytokine profile in,  696
near-infrared spectroscopy (NIRS),  28
necrosis, birth,  15
necrotizing enterocolitis (NEC),  34, 100, 118, 1433, 1814

nourishment problems,  1316
postnatal strategies,  36

negligence, four Ds,  245
Neisseria gonorrhioeae,  1687
Neisseria meningitidis,  1752
neomycin,  1800
neonatal alloimmune thrombocytopenia,  1143–9
neonatal anthropometry,  1231
neonatal complications,  1352–7

neonatal deaths,  2159
neonatal disease,  34–7
neonatal ethics see ethics
neonatal gut, structure and function,  1011
Neonatal Individualized Developmental Care and

Assessment Program (NIDCAP),  55–6
neonatal infection, preterm infants,  119–20
Neonatal Inhaled Nitric Oxide Study Group (NINOS),  44
neonatal intensive care units (NICUs),  49, 209–10

economics,  211
guidelines,  50

neonatal jaundice,  19–26
breast-fed neonates,  21
causes,  21–2
congenital non-obstructive non-hemolytic,  22
hemolytic,  21
physiological or developmental,  21

neonatal lupus syndrome,  2096
neonatal morbidity and mortality,  258, 1355
neonatal myoclonic encephalopathy,  88–9
neonatal respiratory distress syndrome (NRDS),

1431, 1433–8
neonatal seizure,  1483
neonatal teratoma,  121
neonatal thrombocytopenia,  1146
neonate

behavioral states,  949
pathology,  113–25

Neopuff Infant Resuscitator,  51
nephrourologic system

anatomy,  320–1
embryology,  320

nephrouropathy, fetal,  370
nervous system

development,  1021–3
functional development,  417
malformation,  1357–8

nesiodioblastosis,  1327, 1337
netilmicin,  1800
networks

definition,  2159–60
examples,  2160

neural development, fetal requirements,  1008
neural index,  1493

outcome probability,  1491–2
place and role of,  1492–3

neural tube defects (NTDs),  450, 662–73, 808–9,
865–6, 1133

diagnosis,  665–8
embryology,  662
etiology,  663–5
fetal surgery,  669
incidence,  671
management,  669–70
pathophysiology,  663
prevention,  670
prognosis and outcome,  670–1
recognized causes,  664
recurrence risk,  671
route of delivery,  668–9
types,  662
ultrasound,  666–8

neural tumors,  123
neuroblastoma,  341
neuroectodermal tumors,  123
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neurological complications in labor,  1881–2
neurological development in SGA,  1320–1
neurological impairment in multiple pregnancy,  1672–3
neurological injury, diagnosis,  1858–60
Neurological Injury Compensation Association

(NICA),  244
neuromotor outcome in IUGR,  589
neuromuscular disorders, gene therapy,  1159
neuro-morbidity,  34–7
neuronal death, markers for,  1292–3
neuropeptide Y (NPY),  703
neurosonography,  439
neurosyphilis,  1759
neurovascular development,  993–5
Nevo syndrome,  1327
newborn

evaluation,  1960–1
immediate care,  1961–2
maintaining warmth,  1962
oxygenation and ventilation,  3
tactile stimulation,  1962

Nicholas Perruche case,  219
nipple stimulation in labor induction,  1836
nitric oxide,  1398

cervic,  917
nitric oxide donors, hypertension,  2056–7
nitric oxide production,  716
nitric oxide synthase (NOS),  11–12, 628, 716, 917
NK cells, uterine,  940–1
nomenclature,  158–63
non-departmental public body (NPDB) reporting

system,  246
non-directive counseling,  133
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reentrant tachycardias,  1171–2
regionalization

and deregionalization of care,  49–50
United States,  260–2

regulatory T (Treg) cells,  695–6
relative bradycardia,  1075
relaxation enhancement (RARE) sequences,  443
relaxin

and its receptor,  623
labor induction,  1839

remifentanil in labor,  1869
renal agenesis,  322–4
renal artery,  492
renal changes, pre-eclampsia,  908
renal clearance function,  371
renal cystic disease,  333, 340
renal cysts,  338–40
renal ectopy,  324
renal failure,  1766
renal function

biochemical markers,  371
hypertension,  2048

renal involvement, malaria,  1768
renal pelvis, dilatation,  326–7

renal status, fetal puncture,  369–73
renal tumors,  340–2
renal vessels, ultrasound,  493–5
renomegaly,  370
reoxygenation, markers for,  1292–3
resistance index (RI),  575, 1042, 1069

fetal aorta,  599
middle cerebral artery,  599–600
nomogram,  580–1
umbilical artery,  599
uterine artery,  599–600

resistin,  704
respiration, causes of delayed onset,  1955
respiratory changes in pregnancy,  1867
respiratory distress, amniocentesis,  1120
respiratory distress syndrome (RDS),  39, 41, 63,

102, 1356, 1814
diabetic pregnancy,  71
in SGA,  1317

respiratory failure, newborns,  39
respiratory physiology at term gestation,  1868
respiratory system

disorders,  2067–75
physiological changes,  2067
premature pathology,  116

restrictive lung disease,  2073–4
resuscitation,  1955–78

ABC of,  1453
after-care,  1974
algorithm,  1963
anticipation,  1959
chest compression,  1456
documentation,  1458
endotracheal intubation,  1455
epidemiology,  1450
equipment,  51, 1960–1
ethical considerations,  1974–5
evaluation,  1453–7
guidelines,  1451, 1958–9
incidence,  1955
indication for,  1452–3
initial stabilization,  1962–3
meconium aspiration syndrome,  1457
medications,  1456, 1968–71
naloxone hydrochloride,  1456–7
newborn infants,  1450–60
oxygen supplementation,  1455–6
pathophysiology,  1956–60
personnel,  1959–60
postresuscitation care,  1458
practical management,  1451–7
preparation for birth, personnel, and

equipment,  1451–2
preterm infants,  1457
problems,  1971–2
response,  1457
response assessment,  1454
risk factors,  1452, 1959
selection of risk cases,  1451
suctioning,  1963–4
summary of practice and guidelines,  1459
techniques,  1963–71
training programs,  1458
ventilation,  1454–7, 1964–7
warmth, position, and suctioning,  1454
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withdrawal or withholding,  1457–8
resuscitative equipment in labor,  1881
retinopathy of prematurity (ROP),  34, 53, 62, 64, 99,

103, 106, 118, 1220, 1433
retrochorionic arteries,  1064
retrochorionic circulation,  1063
retrochorionic localization,  1078
retroplacental hematoma,  1076
retroviruses,  1156
reverse transcriptase inhibitors,  1718–19
reverse transcriptase-polymerase chain reaction

(RT-PCR),  758, 1164
reversed ductus arteriosus flow pattern,  571
rhabdoid tumor,  123
RhD alloimmunization,  801–2
RhD gene detection,  795
RhD isoimmunization,  802
rhesus alloimmunization,  584

IgG in,  797–8
IVIG in,  797–8

rhesus blood group antigens,  794
rhesus incompatibility,  794–6, 1135–6
rhesus isoimmunization,  799–801, 1117–18, 1135–6
rhesus negative patient, follow-up,  796
rhesus negative women,  1135
rhesus sensitization,  795
rheumatic aortic stenosis,  2079
rheumatic heart disease,  2079–80

mortality,  2077
rheumatic tricuspid valve disease,  2080
rheumatoid arthritis,  357, 2091, 2093–4
ribozymes,  1156
rifampicin,  1799
right/left atrium,  348–9
right–left shunting,  348–9
right to life,  162, 218
right ventricular cardiac output (RVCO),  563–5
right ventricular ejection force (RVEF),  566
right ventricular loading, effects on pulmonary

circulation,  566
rights of newborn baby,  217
rights of the child,  217
rights of the fetus,  217
rights of the mother,  217
risk approach, perinatal care,  258
risk assessment

perinatal care,  258
perinatal epidemiology,  254

risk management and litigation,  247
risk stratification,  267–8
RNA,  757, 761, 1156, 1263
Robert’s syndrome,  1210
ropivacaine, in labor,  1875
roxithromycin,  1798
rubella,  1124, 2036
rule consequentialism,  149
Runt’s syndrome,  1257–8
rupture of membranes see preterm premature rupture

of membranes (PPROM)

sacculation of membranes,  380
sacrococcygeal teratoma (SCT),  121, 494, 537, 816–17
SADDAN,  682–3
St. Paul Fire and Marine Insurance Company,  239
St Vincent’s Declaration,  69

salivary estriol, preterm delivery,  1425
Salmonella,  1740
salmonellosis

asymptomatic infection,  1742
clinical manifestations,  1741
diagnosis,  1742
epidemiology,  1740–1
pathogenesis,  1741
pathology,  1741
prevention,  1742
treatment,  1742–3

sanctity of life, vs. quality of life,  211
sarcoid,  2071–2
sarcoidosis,  2071–2
sarcoma,  122–3
saucerization technique,  2152
schizencephaly,  461
scoring index,  1196–7
screening, ethnicity,  862–70
screening tests

knowledge in,  867
principles of,  775
public policy,  780

second trimester, maternal serum screening,  863–4
sedative tranquilizers in labor,  1870
seizures

and jitteriness,  90
anesthetics,  88
apneic,  83–4
binding profile of drugs,  92–3
classification,  81–3
clonic,  82–3
congenital abnormalities,  87–8
correlation of time of onset and etiology,  85
definition,  79
diagnosis,  89–91
electroencephalographic,  91
electrolyte disturbances,  87
etiology,  85
explanations for,  79–80
focal clonic,  83
hypocalcemia,  87
hypomagnesemia,  87
incidence,  79
initial therapy,  92
intoxications,  88
intrauterine,  89
investigations,  89–91
isolated,  84
long-term treatment,  93
maintenance therapy,  92
maternal,  94
metabolic disturbances,  86–7
multifocal clonic,  83
myoclonic,  83
neonatal,  79–98
outcome,  93–4
pathophysiology,  79–81
pharmacology of antiepileptic drugs,  92–3
prognosis,  93–4
serial,  84
storage diseases,  87
subtle,  83–4
therapy,  91–3
tonic,  83
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selective fetocide in twin-to-twin transfusion
syndrome (TTS),  1153

selective reduction see multifetal pregnancy
reduction (MFPR)

self-effacement,  134
self-sacrifice,  134–5
semilobar holoprosencephaly,  457
semilunar valves,  349–50
sensor system development,  421
sepsis

early-onset neonatal,  119–20
neonatal,  33–4

septic morbidity,  1814
septic pelvic thrombophlebitis,  400
septic shock,  1680, 1733–9

clinical manifestations,  1736
definition,  1733
diagnosis,  1736–7
epidemiology,  1733
etiology,  1733
laboratory findings,  1736
obstetric and gynecological patients,  1738–9
pathogenesis,  1733–4
pathology,  1733–4
pathophysiology,  1734–6
prevention,  1738
prognosis,  1737–8
treatment,  1737

septicemia,  1680, 1733–9
clinical manifestations,  1736
definition,  1733
diagnosis,  1736–7
epidemiology,  1733
etiology,  1733
laboratory findings,  1736
pathogenesis,  1733–4
pathology,  1733–4
pathophysiology,  1734–6
prevention,  1738
prognosis,  1737–8
treatment,  1737

septo-optic dysplasia,  459–60
septum pellucidum, absent,  459–60
septum transversum defects,  315
serial amniodrainage in twin-to-twin transfusion syndrome 

(TTS),  1153
Serum, Urine and Ultrasound Screenings Study (SURUSS),  

851
sex chromosomes, abnormalities,  1256
sex determination,  197
sex selection,  185–7, 197
sex steroids,  1224
sexual activity, resumption,  1942
sexual intercourse, induction of labor,  1836
sexual steroids in SGA,  1300
sexually transmitted diseases (STD),  1679, 2035
sexually transmitted infections (STIs),  1681–716
Shigella,  1744–6
shigellosis,  1744–6

clinical manifestations,  1744–5
diagnosis,  1745
in neonates and young infants,  1745
prevention,  1746
treatment,  1745–6

short-rib polydactyly syndrome,  1210

shoulder dystocia (SD),  1347, 1928–35
cesarean delivery,  1931–2
definition,  1928
frequency,  1928
management at delivery,  1932–4
maternal and neonatal consequences,  1928–9
mechanism,  1928
practical issues,  2022–3
prediction of fetal macrosomia,  1929–30
prevention,  1931, 2007, 2011–22
risk factors,  1929–30

sickle cell disease,  1162
single-gene disorders associated with CHD,  675–7
single-nucleotide polymorphisms (SNPs),  36–7
sinus tachycardia,  355
sirenomelia,  1208
Sjogren’s syndrome,  357
skeletal defects,  1208–10

detection,  823
skeletal dysplasias,  678–92, 1209

associated with FGFR3 abnormality,  682
clinical aspects,  682–9
genes responsible for,  679–80
genetical aspects,  682–9
lethal type,  689–90

skilled birth attendant (SBA),  2136
skin, transition from intra- to extrauterine life,  16
skin biopsy,  373–6

complementary requirements,  376
complications,  376
diagnoses possible from,  375
indications,  374–5
samples,  373
technique,  374

sleep
analysis,  931–3
and fatigue,  925
clinical study,  925–34
control,  924
daytime naps,  927
disturbance,  925
factors,  925
impairment, clinical impact,  934–5
latency,  928
management guidelines,  934–5
maternal,  924–37
motor activity,  929–31
nocturnal rising,  928
nocturnal waking,  928
quality,  927–8
research methods,  924
stages,  924
times,  926

sleep–wake cycle,  925
small TCO,  1413
small-for-gestational age (SGA),  4, 1240–1, 1272–3,

1326, 1348, 1353
abnormal,  1296
biochemical changes,  1318
birth process,  1313
clinical symptoms in newborns,  1314
compositional changes,  1318
decision to terminate gestation,  1304–5
elective route of birth,  1306
factors to be taken into account,  1296
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gestations requiring delivery,  1305
growth disorders,  1318–20
immunological treatment,  1302
induction of birth,  1306
intrapartum control,  1307
management,  1296–312
management protocols,  1305
metabolic changes,  1318
mortality rate,  1304
neonatal examination,  1313–14
neurological development in,  1320–1
normal,  1296
obstetric anesthesia,  1307
one year catch-up growth,  1319
postnatal behavior,  1320
primary prevention,  1297
secondary prevention,  1297
tertiary prevention,  1297–307
therapeutic strategies,  1297–304
timing of delivery,  1304
use of term,  1313

small-for-gestational-age (SGA),  254
smiling,  433, 435
Smith–Lemli–Optiz syndrome (SLOS),  807–8
smoking, periconception care,  2032
social risk factors,  2033
Society of Assisted Reproductive Technologies (SARTs),  

201
sodium bicarbonate in resuscitation,  1969–70
sodium channels,  635
sodium nitroprusside (SNP),  646
sodium restriction, hypertension,  2055
soft tissue tumors,  122–3
Soliter infantile myofibromatosis,  122
Soto’s syndrome,  1327, 1337
sound attenuation,  956–7
sound environment,  957
sound intelligibility,  957
spasms,  83
specialized movement patterns, development of,  420
spectral Doppler flow velocity waveform,  871–2
spermatozoa, schematic presentation,  165
spina bifida,  451–3
spinal cord, development,  440
spine

chondrification centers,  1020
development,  1020
fetal,  821, 840

spondyloarthropathies,  2094–5
spontaneous abortion,  1074, 1088

amniocentesis,  1118
spontaneous interruptions of development of conception,  

1074
spontaneous turning during pregnancy,  1919
SQUID system,  1517
stacyclin/thromboxane imbalane,  1303
Staphylococcus aureus,  1752
starry sky reaction,  115
status epilepticus,  84, 92
stavudine (d4T),  1804
stem-cell therapy

Duchenne’s muscular dystrophy,  1163–4
in utero,  1160–3

stenosis,  316
steroid hormones,  621–3

steroidogenesis in fetoplacental unit,  699–701
steroids

antenatal,  35
biological function,  700–1
in hypotension,  30
postnatal,  36, 63
production,  699

STIC technique,  547–9
stillbirth,  113, 763, 1136, 1816
Stockholm trial,  848
stomach,  1055
storage diseases,  537

placenta,  744–5
seizures,  87

Streptococcus pneumoniae,  1752
streptomycin,  1800
stress incontinence,  2153
strict liability (no-fault) administrative system,  244
stroke, neonatal,  86
stromal cells, cervix,  918
structural defects

11–14 weeks,  1206–10
screening for,  1204
twin pregnancies,  1555

stuck-twin phenomenon,  503
subchorionic hematoma,  1076
subchorionic liquid collections,  1077
subchorionic localization,  1078
subcutaneous fat deposition,  1006
subdural hemorrhage,  86
subependymal pseudocysts,  469–70
subplacental localization,  1078
subtrochanteric muscle biopsy,  368, 376
subtrochanteric punctures,  377
sucking,  433–4
sudden infant death syndrome (SIDS),  118
suicide genes,  1155
superconducting quantum interference device

(SQUID),  1512–13
superior vena cava (SVC),  348, 495, 608, 610, 615
superoxide dismutase (SOD),  99, 101, 107, 716
supra-aortic arteries,  348
suprachiasmatic nucleus (SCN),  423
supraventricular arrhythmias,  2082
supraventricular ectopic beats,  356
supraventricular tachycardia,  355–7, 1171
sure cut system,  367
surfactant

maturation,  9
preterm infant,  51

surfactant proteins, animal species,  9–10
surgical therapy,  813–18

criteria,  1177
open surgical approaches,  815–18

survival rate,  281–2
susceptibility testing,  195–6
swallowing,  420–1, 433
sympathetic nervous activity,  7
synaptogenesis,  417
synchronized intermittent mandatory ventilation

(SIMV),  39, 42–3
syncytial knots,  751
syncytiotrophoblast,  1037–8
syncytiotrophoblast microvesicles (STBM),  718
synovial effusions,  2091
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syphilis,  1681–7, 2035
case detection and prevention,  1687
clinical manifestations,  1684
epidemiology,  1682–4
laboratory diagnosis,  1684–5
pathogenesis,  1681–2
recommended therapeutic regimens,  1686
serologic tests,  1685
treatment,  1685–7
see also neurosyphilis

systematic reviews,  277–8
systemic lupus erythematosus (SLE),  2091, 2095–6
systemic sclerosis (scleroderma),  2097
systolic/diastolic (S/D) ratio,  575, 579, 597

nomogram,  580–1
twin pregnancy,  590
umbilical artery,  590–1

T cells,  941–2
T sign,  1592
tachyarrhythmia,  1171–3, 1515–16
tachycardia,  355, 537, 1850, 1855, 2082
tachycardias,  355
TAR syndrome,  1123
temporal averaged maximum velocity (TAMV),  1042
temporal bone,  954
teratoma,  171
Term Breech Trial,  1925–6
terminal illness,  213
termination of pregnancy,  199, 514, 521
tetracycline hydrocloride,  1797–8
tetracyclines,  1797–8

and fetal growth,  1253
in malaria,  1770

tetralogy of Fallot,  354, 515, 876, 2087–8
Texas State Board of Medical Examiners,  246
Th1/Th2 balance,  625, 694–5
thalassemia,  536, 1162

case study,  2165–8
culture and religious barriers,  2168
educational barrier,  2167–8
financial barriers,  2168
geographic and psychological factors,  2168
population screening,  2166
premarital testing,  2166
prenatal diagnosis,  2166–7

thanatophoric dysplasia,  682–3
thermal regulation, birth,  15–16
thiobarbituric acid (TBA),  105
thionamides,  2103–4
thoracic viscera, embryology,  475
thorax

evaluation,  475–88
sonoanatomy,  476
ultrasound,  475–88

threatened abortion,  1087
thrombin generation, preterm delivery,  1425
thrombocytopenia,  1123

immune-mediated,  1125
thromboembolic disease, periconception care,  2031
thromboembolism, periconception care,  2030
thrombophilia

inherited,  2042–3
management with or without VTE,  2039
maternal issues,  2038–44

thrombophlebitis,  400
thrombosis,  1357

maternal issues,  2038–44
thromboxane,  12, 1261
thrombus and intervillous hemmorrhage,  750
thryoid hormones in RDS,  1433
thymus, atrophic cortex,  116
thyroid disorders,  804–5
thyroid function,  2101–11

abnormal maternal,  2102–5
changes at delivery,  2102
fetal,  2101
normal maternal,  2102

thyroid gland, development,  2101
thyroid hormones,  3

effect on fetal lung maturation,  2108–9
placental transfer,  2101

thyroid stimulating antibody (TSiG),  792
thyroid stimulating hormone (TSH),  4, 6, 1131, 2101
thyroiditis, postpartum,  2107–8
thyrotropin-releasing hormone (TRH),  1433,

2101, 2108–9
thyroxine,  1221–2, 2101
ticarcillin,  1793
time to peak velocity (TTP) intervals,  561–3
tissue inhibitor of matrix metalloproteinase (TIMP),  

103
tissue injury, birth,  14–15
tissue-nonspecific alkaline phosphatase (TNSALP),  686
tobramycin,  1800
tocolysis therapy, contraindications,  1394
tolerance induction,  942–3
toll-like receptors (TLRs),  625
tongue expulsion,  433–4
tort reform and finances,  247
tort reform measures,  242–3
total cervix occlusion (TCO),  1412
Toward Improving the Outcome of Pregnancy:

Recommendations for the Regional Development of 
Maternal and Perinatal Health Services (TIOP I),  260

Toward Improving the Outcome of Pregnancy, The 90s 
and Beyond (TIOP II),  261–2

Toxoplasma gondii,  1759, 1772–5
toxoplasmosis,  1124, 1772–5, 2036

children infected after birth,  1773
clinical picture,  1773–4
CNS,  1759–60
congenital,  1773–4
diagnosis,  1774
epidemiology,  1772–3
etiology,  1772
immune response,  1773
prevention,  1775
serology,  1774
treatment,  1774–5

tracheal atresia,  484
traditional birth attendants (TBAs),  2123, 2127–8,

2136, 2138, 2142, 2156–8
identification of obstetric complications and their

referral,  2157–8
impact on health outcomes,  2158
training,  2128

transabdominal sonography, technology,  439–43
transcutanaeous electrical nerve stimulation

(TENS),  1875
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transfer RNA (tRNA),  1216
transforming growth factor beta,  709, 939
transient osteoporosis of the hip,  2092–3
transient radicular irritation (TRI),  1874
transient sinus bradycardia,  357
transplacental hemorrhage,  801
transport services, high-risk pregnancies,  50
transposition of the great vessels,  2088
transvaginal color Doppler ultrasound,  1089
transvaginal sonography

cervix,  379–83
schema of,  442

transverse lie,  1912–14
second twin,  1913–14

TRAP sequence,  1599–601, 1635, 1641–2, 1644
trend gram, outcome probability,  1491
Treponema pallidum,  1684–5, 1759
Treponema pallidum subspecies pallidum,  1681
treponemal tests,  1685
Trichomonas vaginalis,  1705–7
trichomoniasis,  1705–7

clinical manifestations,  1706
epidemiology,  1705–6
laboratory diagnosis,  1706–7
pathogenesis,  1705
prevention,  1707
treatment,  1707

tricuspid atresia,  352, 2088
tricuspid regurgitation,  878
triglycerides,  1343
tri-iodothyronine,  2101
Tripartite Panel,  245
triplet deliveries

prevalence,  1539
rates,  1544
route,  1649
trizygotic (TZ),  1539

triplet pregnancies,  1056, 1657
delayed interval delivery,  1659
mode of delivery,  1656
multifetal reduction,  1650
MZ,  1540
population and techniques,  1653–4
screen test,  1189
sex proportion,  1550
TZ,  1540, 1543
ultrasound (US),  297

triploidy,  113, 115
trisomy 13,  213, 493, 823, 881, 1057, 1266
trisomy 18,  213, 464, 780, 823, 881, 883, 1057
trisomy 21,  515, 757, 827–9, 833–5, 877, 881–3,

885–6, 894, 1057, 1196–7, 1256
trophoblast

dysfunction,  714–23
thin,  1077

trophoblastic diseases,  724–30
gene expression profile in complete

moles,  725–6
malignant neoplasms,  725
molecular events,  729
molecular mechanisms,  725–7

trophoblastic growth,  1038
trophoblastic shell,  1038
trophoblastic thickness at embryonic implantation site,  

1076

trophoblastic tumors, placenta,  739
trophoblasts

complement regulatory proteins expression on,  694
human leukocyte antigen (HLA) expression on,  693–4
non-villous migratory,  1039

Tru-Cut method,  367
tuberculosis,  2071
tuberculous meningitis,  1758–9
tumor necrosis factor alpha,  34–5, 37, 625, 709–11, 718,
1423, 1766
tumoral vascular visualization,  469
tumors,  123, 171, 496

brain,  468–9
common types,  121–3
congenital,  120–3
embryonal,  120
etiology,  120
in hydrops,  536–7
intracranial,  123, 469
neural,  123
placenta,  737–9
renal,  340–2
soft tissue,  122–3
trophoblastic, placenta,  739
see also specific types

tumors and tumor-like lesions,  120–3
Turner syndrome,  516, 537, 876, 882–3, 1256
TV sonography,  390
TV ultrasound,  393
twin peak,  499
twin pregnancies,  293, 296, 301, 386

abnormal UA FVW,  590
acardiac,  503, 1599–601
amniotic fluid,  503–4
ANCs,  1436–7
cerebral palsy,  1558
cervical changes,  504
chorionicity,  1636
chromosomal abnormalities,  1555, 1593
complications,  1635
conjoined twins,  503, 1558, 1601–2
continuity of early inter-twin contacts,  1621
CVS,  1609
delayed interval delivery,  1658
delivery route,  1650–2
dichorionic,  1057, 1642
dichorionic-diamniotic,  764, 1056
dichorionic–monoamniotic,  764
discordant growth,  771
dizygotic (DZ),  1536–7, 1539, 1541–2, 1547,

1552–3, 1636
factors determining rates,  1540–6
fetal heart rate (FHR),  1619
first-trimester screening,  854–5
future research,  1630–2
genetic counseling,  1608
genetic factors,  1542–4
geographical variation,  1541–2
growth aberrations,  1555–6
growth discordance,  504
growth retardation,  1645
height factor,  1541
human immunodeficiency virus (HIV) infection,  

1817–18
intrapartum management of multiple gestations,  392
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intrauterine fetal death,  504
IUGR,  1257
malformations,  504, 1602
maternal factors,  1540
mode of delivery,  1655
monoamniotic (MA),  1557–8
monochorionic (MC),  1552, 1595, 1597, 1642–5
monochorionic biamniotic,  1594
monochorionic diamniotic,  1056
monochorionic–monoamniotic,  764
monozygotic (MZ),  171, 1150, 1537–8, 1541–2,

1544, 1547–9, 1554, 1593, 1636
nuchal translucency measurement in,  501
onset of reactions towards external stimuli,  1622–3
onset of twin activities,  1619–20
parity influence,  1541
placenta,  747, 1552
population and techniques,  1653–4
prenatal behavior under normal conditions,  1625–7
prenatal behavior under pathologic conditions,  1627–30
rate,  201
reactive FHR-FM patterns,  1623–4
S/D ratio,  590
seasonality factors,  1542
secular trends,  1535–40
selective termination,  892–3
sex proportions,  1549–50
single fetal demise,  1556
specific complications,  501–3
spontaneous FHR/FM patterns,  1621–2, 1626–7
structural anomalies,  1555
transverse lie,  1913–14
twin clinic,  1582
ultrasound,  291, 499–505
Weinberg’s differential rule,  1538
zygosity,  1537–9, 1636

twin reversed arterial perfusion (TRAP),  768, 1557
twin-to-twin transfusion syndrome (TTTS),  501–2, 763,

765–6, 772–3, 1150–4, 1554–7, 1606, 1629, 1635,
1639, 1641–4, 1646

abnormal Doppler findings,  1596–7
alternative methods of management,  1152–3
amniotic fluid,  1596
determination of monochorionicity,  1596
diagnosis,  1150–1
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expectant management,  1152–3
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screening and diagnosis,  1595–7
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Uganda, safe motherhood initiative,  2142–3
ultrasound,  191–2, 287, 763–74

2D,  543
2D/3D,  1025–36
3D,  359–65, 416, 489, 543, 1017–24

acquisition and display,  543–4
cine mode,  361
clinical applications,  545–50
display,  360–1

flow volume and perfusion studies,  545
functions,  440
history,  288
image optimization,  544–5
technology,  440
tomographic imaging (TUI),  443
transvaginal,  292–303

3D/4D,  287–311, 496
clinical application,  490
color and power Doppler,  543–51
display,  363–5
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visualization,  304

4D,  416–35
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color Doppler,  295
display,  362

abdominal,  288–91
acoustic output,  407–8
acoustic parameters,  407
admission test,  386–8
amniocentesis,  1115
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anemia,  552–8
aneuploidy markers in second trimester,  843–5
approach to screening,  823–4
beams,  406–7
bladder,  322
blood flow,  489–98
cervical,  1417–20
cervix,  379–85
chorionicity,  766, 890–1
chromosomal abnormalities,  880–8, 1189–98
clinical applications,  363–5, 409
color,  508
color Doppler,  341, 346–8, 362–3, 365, 388, 575, 872

cardiovascular pathology,  351–3
congenital heart defects (CHD),  871–9
data acquisition,  359
data review and networking,  427
diagnosis of NTDs,  666–8
diagnostic,  406–15
documentation, storage and networking,  550
Doppler,  410–12, 489, 508, 585, 871–2

2D/3D,  1025–36
applications,  408
blood flow velocity waveforms (FVWs),  584
effect of exercise,  597
fetal blood flow,  608–18
fetal descending aorta (FDA),  590–1
fetal hemodynamics,  1138
flow alterations,  1079–80
flow measurements,  597–604
flow waveforms

DV,  614
HV,  613
IVC,  613–14
triphasic forward,  613

hemodynamic profile,  1280–1, 1284
indications,  584–5
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machines,  407
middle cerebral artery (MCA),  591–3
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patterns, IUGR,  606–7
pulmonary circulation,  559–74
safety,  584
sonographic indices,  575–8
sonographic nomograms,  580–2
sonography,  176
three-dimensional,  1085–90
two-dimensional,  1085–90
umbilical artery,  585, 590
velocimetry, intrauterine growth restriction (IUGR),  
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gray-scale rendering,  424–5
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non-thermal effects,  408–9
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Doppler ultrasound,  585, 590
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with pulsatile pattern,  576
with reverse or absent end-diastolic flow,  587–9

umbilical blood flow,  1041, 1280–2
umbilical circulation,  575–83

changes in,  577
umbilical cord,  299–303, 733–4, 843

3D surface rendering,  426
catheterization,  810
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complex knot,  1650
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hemangioma,  753
identification,  1597
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prolapse,  1842
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umbilical hemodynamics,  606
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pulsations,  614
with continuous pattern,  576

umbilical venous pressure (UVP),  791–2
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Human Development report,  2160
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urinary tract
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ultrasound,  320–44

urine
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circulation,  576–7
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uterine contractility,  625–8, 1365–6
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uterine large granular lymphocytes,  940
uterine monitoring, preterm delivery,  1424

uterine myoma,  400
uterine rupture,  393, 1842, 1947
uterochorionic vessels (UCV),  1087
uteroplacental blood flow,  1062–4

hemodilution to,  1298–9
uteroplacental circulation,  575–83, 1037–9, 1085–7
uteroplacental insufficiency, IUGR,  1260–3
uteroplacental ischemia,  1254, 1383–4
uteroplacental vessels,  576
uterus,  632

developmental abnormalities,  400–1
utilitarianism,  133, 149

vacuum extraction,  1888, 1892–3
choice of instrument,  1893–4
complications,  1895–6
fetal injuries,  1895–6
maternal injuries,  1896

vaginal birth after cesarean (VBAC),  229–30, 238
vaginal bleeding in fetal loss,  1588
vaginal delivery,  1447
vaginal fluid

fetal fibronectin in,  1420–1
Gram stain examination of,  1422

vaginal hemorrhage,  1256
vaginal intrapartum bleeding,  390
vaginal operative delivery,  1888–98

conditions for,  1889–90
contraindications,  1890
frequency,  1888–9
indications,  1888–9
station of the fetal head,  1889–90

valaciclovir,  1804
vancomycin,  1797
vanishing twin phenomenon,  1586
varicella,  2036, 2070–1
vascular adhesion molecule,  714
vascular changes, birth,  10
vascular endothelial growth factor (VEGF/R), 710–11, 

715, 718, 905, 919, 1221, 1254, 1261
vascular mediators,  2046
vascular resistance in pregnancy,  902
vascular responses to placental insufficiency,  976–9
vascular system, development,  1043
vascularization-flow index (VFI),  1026, 1029–30, 1035, 

1088
vascularization index (VI),  1026, 1029–30, 1066, 1088
vasculitis,  2098
vasculogenesis,  1221
vasculo-syncytial membrane (VSM),  751
vasoactive intestinal polipeptide (VIP),  423
vasoconstriction in placentation,  716
VDRL (Venereal Diseases Research Laboratory) test,  1685
vein of Galen aneurysm,  466, 493
venous blood flow,  593, 1040, 1046
venous circulation,  593
venous system

anatomy,  608
classification of anomalies,  615
Doppler waveform patterns,  612
embryology,  608
normal Doppler findings,  610–14
physiology,  609–10
sagittal view,  611
structural anomalies,  615
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venous thromboembolism (VTE)
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prevention,  2039–40
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treatment,  2040
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